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Sustainability has become a vital issue in the textile and garment industry. Over the
years, the sector has implemented various initiatives and practices to reduce its environmen-
tal impact [1,2]. Today, almost all apparel brands, retailers, and supply chain partners of
textiles and garments encourage sustainability throughout the product lifecycle; in addition,
sustainability has become an increasingly important theme for consumers [3]. For instance,
one recent comparative study about sustainable textile consumption of young millennials
in two countries, the US and China, with data collected from 379 Chinese college students
and 590 US college students, revealed that sustainability is a large and influential consumer
segment for textile and garment consumption [4].

Product Environmental Footprint regulations at an EU level and among the NYC
Fashion Policies are the most up-to-date regulations that impact how marketers market
sustainable textiles and apparel. The same goes for the recent Higg Index, which refers to
Sustainable Apparel Coalition/Life cycle assessment (LCA) issues faced by H&M and how
marketers can/should use LCA data in communication. Thus, it has become harder for tex-
tile marketers to encourage sustainability in their advertisements to increase the purchase
intention of sustainable textile goods. Marketers should set a higher standard and focus
on public welfare and related environmental issues of sustainable textiles to persuade con-
sumers to purchase sustainable textile goods by emphasizing that their purchase decision
matters a lot with respect to environmental problems. Hong and Kang established a cause—
effect relationship between moral philosophy (i.e., idealism and relativism), moral intensity
(i.e., magnitude, temporal immediacy, probability, social consensus, and proximity), and
purchase behavior toward environmentally sustainable textile and apparel products for the
study of female Korean consumers of textile and apparel products dyed with natural and
organic dyes for the development of effective marketing communication strategies. It was
found that only the idealism of moral philosophy had a significant impact on overall moral
intensity. In contrast, moral intensity significantly impacted consumer purchase behavior
toward sustainable textile and apparel products [5]. Thus, textile marketers should stress a
higher idealism to ensure higher purchases of sustainable textile goods.

Textile marketers should also have good knowledge of textile materials so that they
can be ready to answer the queries of customers or consumers, media, and industry experts.
There have been concerns about microplastic pollution in the ocean due to microfiber
shedding in home laundering, and most consumers believe that only synthetic fibers
are prone to microfiber shedding. This microfiber shedding is not limited to synthetic
fibers; it is also related to natural fibers [6]. However, textiles’ biodegradability might be
another concern. Thus, the biodegradability of textile goods may be an additional perk for
sustainability. Some biodegradable polymers, including PLA fiber, have been proposed to
be used for sustainable textile materials [7]. However, most of the materials in the market
have a lower glass transition temperature and poor elasticity, making it challenging to fully
replace existing non-biodegradable fibers.

There is increasing interest in making other synthetic fibers biodegradable using chem-
ical or biochemical methods. However, much is remaining to explore the biodegradability
mechanisms and their ability to compost without compromising quality during usage.
Textile recycling, textile-to-textile recycling, or even garment-to-garment recycling might
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be another approach for sustainable textile manufacturing. There is increasing interest
in the industry to work towards a circular economy and there are various developments
taking place, such as pilots, to develop new garment-to-garment recycling technologies.
The textile fibers obtained from pre-consumer or post-consumer textile waste might be
reused to produce new materials with acceptable properties [8]. An interesting study from
Sweden revealed that some companies, e.g., Zhejiang Jiaren, offer fully post-consumer
chemical recycling of garments via depolymerization [9].

The second-hand clothing business might be an interesting strategy to reduce textile
waste. Recently, there has been an increasing trend for apparel and garment resale sites
such as Vestiaire Collective. Moreover, some new startups, e.g., Early Majority and Reflaunt,
have recently emerged in the second-hand cloth business, suggesting enormous potential.
However, to achieve successful business targets, careful, sustainable textile marketing
strategies, including but not limited to customer partnerships, innovative revenue streams,
and improved fashion and store appeal, are required [10].

Textiles have remained a significant income source for most countries [11]. Even today,
in New York only, there are more than 470 sheep, alpaca, and goat fiber farms and a large
number of fiber processing plants for converting raw fibers into final products [12]. More-
over, sustainable textile marketers should have updated knowledge about sustainability
trends. The trend of fast fashion in recent decades has emerged as a dominant business
model, i.e., Shein; it ensures that each garment is available to customers at a relatively
low price due to bulk production, causing health-related, social, and environmental issues
throughout the life cycle of textile products. Additionally, it yields higher textile waste to be
dumped into landfills. Bick et al. discussed the role of policymakers, consumers, industry,
and scientists in ethical consumption and promoting sustainable textile production [13]. On
the contrary, slow fashion encourages sustainable fashion design and ensures less textile
waste and overall human and environmental impact.

Recently, much research has been made focusing on sustainable textile marketing.
Karpova and coworkers studied the views on the impact of the fashion environment by
analyzing and interpreting comments made by the readers of the New York Times on sus-
tainability, focusing on fashion based on institutional theory [14]. They described how
fashion logic is challenged by its moral legitimacy because the values of logical materialism
are inconsistent with the importance of sustainability and focus on environmental justice.
Multala et al. presented a theoretical microeconomic model of clothing durability stan-
dards with which manufacturers may comply by supporting clothing libraries, which can
improve overall sustainability by promoting collaborative, sustainable clothing consump-
tion [15]. Wang et al. provided insightful managerial implications to fashion practitioners
to formulate product development and marketing strategies by identifying preferred prod-
uct attributes from the consumer-centric perspective [16]. We received many wonderful
publications in this Special Issue of Sustainability focusing on the theme of sustainable
textile marketing; in addition to these research works presented below, there is yet more to
explore in this research area.
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Abstract: Scientists worldwide are always interested in making new discoveries; thus, the scientific
literature has been growing exponentially. Keeping abreast of the body of literature at a rapidly
advancing pace poses significant challenges to active researchers and society. Although numerous
data resources have been made openly available, effectively navigating the vast amount of information
with heightened levels of uncertainty remains a significant bottleneck. Here, we searched and
analyzed the literature regarding antibacterial treatments in the textile industry. The Web of Science,
the most extensive database for scientific literature, was targeted to extract the data. We extracted the
raw data from the Web of Science Core Collection. The documents were published from 1998 to 2022,
from a total of 878 sources. A total of 3625 documents were found, 2898 of which were articles. A
total of 11,192 authors contributed to the topic during this period. We used the Bibliometrix sub-tool
Biblioshiny and extracted the basic information about the documents. With an annual growth rate of
26.27%, there was a boost in the literature during the period under study.

Keywords: antibacterial; textiles; bibliometric analysis; database; web of science

1. Introduction

Textiles can be considered a suitable source for the growth of microbes such as fungi,
bacteria, and even some protozoans [1]. These microbes affect not only textile materials
but also the end user. Besides other effects, microbe growth may generate unwanted
odor, discoloration, and contamination and reduce the fabric’s mechanical strength [2,3].
The use of antimicrobial textiles that eradicate microorganisms can stop the spread of
pathogens via textiles [4]. Antimicrobial agents are applied to textile substrates to create
antibacterial textiles, or textile fibers with intrinsic antimicrobial efficiency can be used
instead. Depending on the chemistry of the antimicrobial agent and the textile, there
are multiple ways to attach antimicrobial chemicals to textiles [5]. Consumers’ demand
for comfort and well-being and their views toward hygiene have generated a quickly
expanding market for antibacterial materials.

Consequently, there has been substantial research in this field in recent years [6].
Because they are hydrophobic, synthetic fibers have been shown to be more resistant to
microbial attack, while natural fibers are more susceptible. Thus, some researchers have
combined the effect of hydrophobicity and the antibacterial activity of textile materials
in their research [7]. Additionally, microbes can obtain nutrients from dust, sweat, and
soil [8]. About 85% of the total manufacturing of antimicrobial textiles is made up of
lingerie, activewear, socks, and shoe linings. A significant market for antimicrobial fibers
has also recently emerged in air filters, outdoor textiles, furniture, and medical textiles [9].

In addition to having antimicrobial properties, an antimicrobial agent must meet a
few prerequisites to be successfully applied to textiles and allow for their commercial
usage. The fundamental needs of an effective antimicrobial agent for textile substrates
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can be summarized as follows: they should have a preference for a particular fabric and
kind of fiber, be suitable to apply to textile substrates, be capable of eliminating unwanted
microorganisms yet keeping favorable microorganisms unaffected, inert to any chemicals
that may be used to treat the textile, and so on [5,10]. Furthermore, an infestation of fibers
by pathogenic bacteria can cause health problems such as asthma, allergic sensitization, or
eczema [11]. Therefore, textiles should be protected to resist bacterial attachment.

Textiles have significant potential to be used for biological and chemical applications,
particularly as antibacterial material [12,13]. There are several methods to protect textile
materials from microbes. The most general approach to protecting fabrics from bacteria is
based on antimicrobial agents in textile finishing, such as silver nanoparticles [14,15]. A
wide variety of antibacterial products and chemicals are currently available. The majority
of antimicrobial substances used in textile sanitizers have long been found in food preser-
vatives, antiseptics, bandages, and pool cleaners [16]. The attachment of these chemicals to
textile surfaces or their interaction with the fiber can significantly diminish their activity
and limit the availability of antibacterial agents.

Furthermore, the antibacterial ingredient may be gradually removed by washing and
using the textile. Metal salts (for example, silver), quaternary ammonium compounds, halo-
genated phenols (for example, triclosan), polybiguanide (for example, polyaminopropyl
biguanide), chitosan, and N-halamines are the most often used antimicrobial agents for
textile applications [17]. In addition, siloxane sulfopropylbetaine has also been proposed
for antibacterial cotton fabrics and is claimed to be an eco-friendly product [18].

Bibliometric analysis has recently gained immense fame in research in multiple
fields [19-33]. This research method can reveal the distribution patterns of articles pub-
lished in databases within a given topic, field, institution, and country. The Science Citation
Index Expanded from the Web of Science Core Collection of Clarivate Analytics, previously
known as Thomson Reuters, is the most valuable and widely used data repository for
analyzing scientific achievements across all research fields. Several factors play roles in the
popularity of bibliometric studies, such as the advancement, availability, and accessibility
of bibliometric software such as Gephi [34], Leximancer [35,36], and VOS viewer [37], and
the easy accessibility to scientific databases such as Scopus and Web of Science. More im-
portantly, bibliometric analysis plays a role in handling large volumes of scientific data and,
as a result, generates a high research impact. Bibliometric analysis can be used for various
reasons, such as to uncover emerging trends in article and journal performance, partnership
patterns, and research constituents, and to explore the intellectual structure of a specific
domain in the extant literature [38,39]. Bibliometric analysis helps to decipher and map
the cumulative scientific knowledge and evolutionary nuances of well-established fields
by making sense of large volumes of unstructured data in rigorous ways [29]. Therefore,
bibliometric studies foster innovation and help to build a strong basis for advancing a
research area in meaningful ways. Bibliometric analysis enables and empowers researchers
to (1) have a one-stop overview, (2) investigate knowledge gaps, (3) design innovative ideas
for investigation, and (4) position their intended contributions to the field.

Notwithstanding its merits, the deployment of bibliometric analysis does not fully realize
its potential. This occurs when bibliometric studies rely on a limited set of data and techniques
and provide only a piecemeal understanding of the field under study (e.g., performance analysis
without science mapping: [40]). Although some studies are available regarding the bibliometric
analysis of bacterial products in the textile industry [19,21,41], these studies lack some details
on the most relevant issues to the field, such as (i) the most frequently explored research topics,
(ii) publications with the most citations, and (iii) researchers with the most contributions to the
body of knowledge in the field, among others. Given that there has not been such discipline-
specific bibliometric research, we sought to analyze the literature on antibacterial treatments
in the textile industry between 1998 and 2022 since, according to the search on the Web of
Science, the first article appeared in 1998. Thus, we studied from the first article to the date of
export of the data and conducted a bibliometric analysis of the literature in the mentioned
timeframe to answer the following questions:
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What are the major types of publications?

What are the most often explored topics?

What are the most highly cited publications and authors?
What are the most highly cited journals?

Which country/region has the most cited publications?

SR

This bibliometric analysis demonstrates the importance of antibacterial textiles and
highlights leading papers, authors, institutes, countries, and so on. We believe that this
research can be helpful for researchers to understand and realize the importance of the
domain, also providing a basic understanding of the level of work related to antibacterial
textiles. Moreover, it will be helpful for industrials and professionals to endorse technology
development and aid funding agencies in deciding on the novelty and innovations of
antibacterial textiles.

2. Data Collection and Research Methodology
2.1. Data Collection

Web of Science (WoS), as one of the most comprehensive databases, contains articles
from high-quality scientific journals. For bibliometric analysis, selecting appropriate key-
words is crucial because they impact the research findings directly [42,43]; thus, we did not
use the Baidu index [44,45], which is considered a reliable source in China. We extracted
the raw data from the Web of Science Core Collection. Since the Web of Science does not
allow the export of all the data at once, we chose 500 files at a time. A total of eight files
were extracted; seven of them consisted of 500 documents, while the eighth consisted of
125 documents. These files were merged into a single file by using the Python program.
The single file of all the documents was then saved to the Python directory with the txt
extension. This single file was used for further data analysis.

2.2. Bibliometrix: An R-Tool

The number of academic publications is increasing rapidly, and it is becoming in-
creasingly unfeasible to remain up to date with everything being published. Moreover,
the emphasis on empirical contributions has resulted in voluminous and fragmented re-
search streams. This hampers the ability to accumulate knowledge and actively collect
evidence through earlier research papers. Therefore, literature reviews are increasingly
assuming a crucial role in synthesizing past research findings to effectively use the exist-
ing knowledge base, advance a line of research, and provide evidence-based insight into
the practice of exercising and sustaining professional judgment and expertise [46]. We
examined the scientific productivity of articles, productive authors, citable documents, the
most relevant institutions, cited countries, co-occurrence of keywords, thematic mapping,
co-citations, and collaboration of authors and countries. We used Biblioshiny to conduct
the performance and science mapping analyses [46].

2.3. Literature Search and Analysis

A comprehensive search of the primary scientific literature was conducted on 10
June 2022 on the Web of Science. The Web of Science is considered the most reliable and
authentic database among the research community. The search was further modified to

i i

include other terms, such as “antibacterial textiles”, “antimicrobial textiles”, “antibacterial
textile”, “antimicrobial textile”, “anti-bacterial textiles”, “anti-microbial textiles”, “anti-
bacterial textiles”, and “anti-microbial textile”, to extract specific scientific literature. The
following filters were manually activated for the search: (i) relevance, (ii) title and abstract,
(iii) year of publication, which ranged between 1998 and 2022, (vi) researchers, (v) research
categories, (vi) research type, (vii) source titles, and (viii) journal list. The source data’s
statistical details were downloaded as plain text files and processed with the bibliometric

analysis tool Bibliometrix [47,48].
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3. Results
3.1. Data Analysis

The documents are from 1998 to 2022 from a total of 878 sources. A brief description is
provided in Table 1. A total of 3625 documents were found, of which 2898 were articles.
A total of 11,192 authors contributed to the topic during the period under study. The
document’s average age was 5.14 years, and the average number of citations per document
was 22.8, totaling 110,295 references. The author’s keywords amounted to 7390, while the
KeyWords Plus reached 4808. There were only 149 documents attributed to a single author.
We found that one book chapter was published on the topic, along with three corrections
and twenty meeting abstracts. There were 308 review papers, 2 book review chapters, and
240 proceeding papers. We found three corrections, one news item, and one letter (refer to
Table 1).

Table 1. Main information about the data.

Description Results

Main Information About Data

Timespan 1998-2022
Sources (journals, books, etc.) 877
Documents 3625
Annual growth rate % 26.27
Document average age 5.14
Average citations per doc 22.8
References 110,295
Document Contents
KeyWords Plus (ID) 4808
Author’s keywords (DE) 7390
AUTHORS
Authors 11,192
Authors of single-author docs 118
Authors Collaboration
Single-author docs 149
Co-authors per doc 4.87
International co-authorships % 23.17
Document Types
Article 2898
Article; early access 1
Article; book chapter 1
Article; early access 89
Article; proceedings paper 43
Correction 3
Editorial material 1
Letter 1
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Table 1. Cont.

Description Results
Meeting abstract 20
News item 1
Proceedings paper 240
Review 308
Review; book chapter 2
Review; early access 17

3.2. Annual Publications

We used the Bibliometrix sub-tool Biblioshiny and extracted the basic information on
the publications. We can see a substantial increase in the number of publications each year,
with an annual growth rate of 26.27%. Only one document was published in 1998. The
article describes the synthesis, stability, surface activity, and antimicrobial properties of a
new family of cationic surfactants (the long chain arginylalkylamide dihydrochloride salts)
derived from the condensation of the amino acid arginine, and a long-chain alkylamine was
described. Based on Google Scholar metrics, this article has been cited by 40 researchers
as of the end of August 2022. The addition of documents to the literature was sparse
until 2007. From 1999 to 2002, not a single document was published. In 2003, one more
document was added to the literature. In this publication, the antibacterial activities of
a newly formed compound were measured with Escherichia coli 8099 as a Gram-negative
strain and Staphylococcus aureus ATCC 6538 as a Gram-positive strain. According to the
journal’s official metrics, this article has been cited by 39 researchers as of August 2022. No
document was added for the next three years, i.e., 2004-2006.

There was a considerable boost in publications in 2007. A total of 53 documents were
added to the literature in 2007 and 79 documents in 2008. There has been a continuous
increase in the number of documents published each year. In 2021, a total of 534 documents
were published, and by mid-2022, a total of 228 documents had been added to the literature,
as shown in Figure 1.
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Figure 1. Annual scientific production during each year. (Bar chart created by Origin Pro 2022b,
Northampton, MA, USA).
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3.3. Annual Citations

As more and more research has been conducted over time, the citations of the articles
has increased. In the beginning, there were few articles, and there was a decline in the
literature. In 1998, there was only one citation, and no citations were available from 1999
to 2002. In 2003, a total of 1.8 citations per year were available. For the next three years,
there was not a single citation available; however, in 2007, we can see exponential growth
in the number of citations, as shown in Figure 2. Until 2021, we can see that there has been
a diverse range of citations each year, increasing in some years and decreasing in others.
However, we can see a considerable rise in citations during the calendar year 2022.

Average Atrticle Citations per Year
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Figure 2. Average citations per year. The x-axis indicates years; the y-axis shows the average citations.
In 1998, there was a single citation, and there was an exponential rise in citations in 2007.

3.4. Most Relevant Sources and Corresponding Authors” Countries

We performed an analysis to identify the most relevant sources. We found that
the National Research Center, Egypt (NATL RES CTR), is at the top, with a total of 260
documents. The Islamic Azad University, Iran ISLAMIC AZAD UNIV), is second, with
a total of 177 documents; the third was Donghua University, China (DONGHUA UNIV),
with a total of 131 documents (Figure 3).
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Figure 3. The most relevant affiliated institutes. The x-axis indicates the number of documents; the

y-axis shows the institute name.
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Similarly, the corresponding authors” countries were evaluated. As shown in Figure 4,
China is the leading country regarding the corresponding authors, with a total of 144
multiple-country publication (MCP) documents and 578 single-country publication (SCP)
documents, followed by India, with an MCP of 78 documents and an SCP of 409 documents.

Corresponding Author's Country

Countries CHINA-
INDIA -

EGYPT-

IRAN-

UsA-

TURKEY -
POLAND -

ITALY -

ROMANIA -
KOREA-
PAKISTAN -
PORTUGAL -
GERMANY -
CZECH REPUBLIC-
SLOVENIA-
FRANCE -

UNITED KINGDOM -
BRAZIL -

SERBIA-
AUSTRALIA-

Collaboration
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N. of Documents
SCP: Single Country Publications, MCP: Multiple Country Publications
Figure 4. Corresponding authors’ countries. The x-axis indicates the number of published documents;
the y-axis shows the country names. China leads with a total of 144 MCP documents and 578 SCP

documents.

3.5. Most Relevant Author and Author’s Local Impact

The data were evaluated to identify the most relevant authors. Montazer M., with
71 documents, is the leading author, followed by Ibrahim N. A. and Simoncic B., with 34
documents (Figure 5). We also analyzed the data to determine the authors’ production over
time. The leading author, Montazer M., published two articles in 2007, one article in 2009,
two articles during the calendar year 2010, five articles in 2011, four articles in 2012, seven
articles in 2013, five articles each in 2014 and 2015, seven articles in 2016, nine articles in
2017, eight articles in 2018, six articles in 2019, two articles in 2020, six articles in 2021, and
only one article in 2022. The highest number of articles he published in a calendar year
is nine. Similarly, the authors” impact was evaluated. Montazer M., with a total of 3294
citations, is the leading author, followed by Mohammad F., with 1663 citations (Figure 6).

Most Relevant Authors
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Figure 5. The most relevant authors. The x-axis indicates the number of documents; the y-axis
indicates the authors’ names. Montazer M. leads with a total of 71 documents.
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Author Local Impact by TC index
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Figure 6. The most relevant authors concerning the total number of citations. The x-axis shows the

number of citations; the y-axis indicates the authors” names.

3.6. Most Frequent Words

The most frequent words used in the literature from 1998 to date were “textiles”,
which led with a total count of 597, followed by “nanoparticles”, with a total count of 457,
and “antibacterial”, with a total count of 445 (Figure 7).

Most Relevant Words
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Figure 7. The most relevant words used in the literature. The x-axis shows the number of occurrences;
the y-axis indicates the key terms.
3.7. Word Cloud of KeyWords Plus

The co-occurrence network was generated using the KeyWords Plus. The most relevant
words were “textiles” with a frequency of 597, “cotton” with a frequency of 286, and
“fabrics” and “fibers” with a frequency of 282 each, as shown in Figure 8.

12
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Figure 8. Word cloud of KeyWords Plus. Textiles, with a frequency of 597, is the leading term,
followed by cotton.

3.8. Most Cited Countries

We analyzed the data to identify the leading countries that have produced the most
publications. We found that China was at the top, with a total of 12,985 citations hav-
ing 1678 scientific productions, followed by India, with a total of 10,038 citations and
1080 scientific productions. Iran stands in the third position with a total of 8883 citations
and 544 documents, as shown in Figure 9 and Table 2

Most Cited Countries
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Figure 9. Most cited countries. The x-axis indicates the total number of citations; the y-axis shows the
names of the countries. Only the top 10 countries were selected.

Table 2. Country frequency in terms of scientific production.

Country Frequency
China 1678
India 1080
Egypt 610
Iran 544
USA 531
Turkey 362
Pakistan 310
Ttaly 263
Romania 253
France 245

13
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3.9. Most Globally Cited Documents

We found that “Antibacterial properties of nanoparticles”, a review article by Hajipour
M. ]. etal., 2012, is the most cited document in this field, published in the journal Trends in
Biotechnology [49]. This article is a review of the literature about antimicrobial activity in
multiple fields. The authors also mention the importance of nanoparticles in antimicrobial
activities. So far, this article has been cited in 1511 documents (Table 3).

Table 3. The most cited documents worldwide.

Title Authors Journal .Tot.al TC (Year) Reference
Citations

Antibacterial properties of " Trends Biotechnol.,

nanoparticles Hajipour MJ et al. 2012 1511 137.36 [49]
Nanosilver: A nanoproduct in Toxicol. Lett.,

medical application Chen Xetal. 2008 1357 9047 1501

The Chemistry and Applications Biomacromolecules
of Antimicrobial Polymers: Kenawy ER et al. 2007 ! 1165 72.81 [51]

A State-of-the-Art Review

Curcumin: the Indian solid gold Dastjerdi R et al. Colloldzglu (;'f ace B, 934 71.85 [52]

3.10. Most Relevant Authors and Authors’ Production over Time

We found that Montazer M. is the most relevant author, with a total of 71 documents,
followed by Simoncic B. and Ibrahim N. A., with a total of 34 documents for each author
(Figure 10). Similarly, we analyzed the data to identify the authors’” production over time.
We found that Montazer M. published two articles in 2007 and received 10.94 citations. A
significant boost was seen in his production in 2017, when he published nine articles in a
calendar year (Figure 11).
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Figure 10. Most relevant authors. The x-axis indicates the number of documents; the y-axis indicates
the authors’ names.
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Top-Authors' Production over Time
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Figure 11. Authors’ production over time. The x-axis indicates the year; the y-axis indicates the
authors’ names. The circle size shows the number of articles.

3.11. Most Relevant Sources

The most relevant sources were Fibers and Polymers, with a total of 156 documents,
followed by Cellulose with a total of 137 documents and The Journal of The Textile Institute
with a total of 104 documents, as shown in Figure 12. Similarly, the source of local impact
was found. Carbohydrate Polymers, with an H-index of 43, is the most impactful source,
followed by Applied Surface Science, as provided in Figure 13.
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Figure 12. Most relevant sources. The x-axis shows the number of documents; the y-axis indicates
the source name.

Source Local Impact by H index
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Figure 13. Source local impact based on H-index. The x-axis indicates the H-index measurement; the
y-axis shows the source name.
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3.12. Authors and Keywords

We identified the links between the authors, keywords, and sources. The most im-
pactful author was Montazer M., and the most impactful source was Cellulose. The most
frequent keyword was “cotton”, followed by “antimicrobial”, as shown in Figure 14.
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Figure 14. Links between authors, keywords, and sources.
3.13. Trending Topics

We analyzed the data to extract the trending topics from titles and abstracts. From the
titles, “antibacterial” was the most trending topic, with a total frequency of 908. The second
most trending topic was “antimicrobial”, which appeared 690 times in the literature, as
shown in Figure 15. The trending topics extracted from the abstracts were “antibacterial”,
with a frequency of 4299, followed by “fabrics”, with a frequency of 3718, as shown
in Figure 16. The other trending topics extracted from the abstracts were “properties”,
“antimicrobial”, “activity”, “surface”, and so on.
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Figure 15. Trending topics extracted from titles. “Antibacterial”, with a total frequency of 908, was
the most trending topic, followed by “antimicrobial”, with a total frequency of 690. The x-axis shows
the years; the y-axis shows the topic. The circle size indicates the frequency.
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Figure 16. Trending topics extracted from abstract. The x-axis shows the years; the y-axis indicates
the trending topics. The size of the circle indicates the frequency.

4. Discussion

Bibliometric analysis has been gaining immense recognition in research in multiple
fields [19,21-23,31,53,54]. This research method can reveal the distribution patterns of
articles published in databases within a given topic, field, institution, and country. Several
databases can be used to retrieve the raw data for bibliometric analysis, such as Scopus,
Web of Science, etc. The Science Citation Index Expanded from the Web of Science Core
Collection of Clarivate Analytics (previously known as Thomson Reuters) is the most
valuable and widely used data repository for analyzing scientific achievements across all
research fields. Bibliometric analysis helps in deciphering and mapping the cumulative
scientific knowledge and evolutionary nuances of well-established areas by making sense
of large volumes of unstructured data in rigorous ways. In this study, we extracted the raw
data from the Web of Science Core Collection. The documents, from a total of 878 sources,
were published from 1998 to 2022.

A total of 3625 documents were found, and 2898 were articles. A total of 11,192 authors
have contributed to this research field. We used the Bibliometrix sub-tool Biblioshiny and
extracted the documents’ basic information. We found a sizeable increase in the number of
publications each year, with an annual growth rate of 26.27%. Almost every scientific field
has significantly increased [55,56]. Our data date back to 1998, and only one document was
published that year. From 1999 to 2002, not a single document was published. In 2003, one
document was added to the literature. Not a single document was published for the next
three years. However, there was a boost in 2007, when a total of 53 documents were added
to the literature, followed by 79 documents in 2008. There has been a continuous increase
in the documents published each year. In 2021, a total of 534 documents were published,
and by mid-2022, a total of 228 documents had been added to the literature. As more and
more research has been performed with time, the citations of the articles are boosted.

In the beginning of the period under study, there were few articles, and there was
a decline in the literature. In 1998, there was only one citation; no citation was available
from 1999 to 2002. In 2007, we observed exponential growth in the number of citations, as
presented in Figure 3. There was a steep rise in citations during the calendar year 2022.
the National Research Center, Egypt (NATL RES CTR), has published 260 documents, the
leading institute among all. China is the top country in terms of the corresponding authors,
with a total number of 278 multiple-country publication (MCP) documents and 1118 single-
country publication (SCP) documents, followed by India with an MCP of 150 documents
and an SCP of 780 documents. Montazer M. was the most impactful author, with a total
of 6588 citations, followed by Mohammad M., with a total of 3326 citations. The most
frequently used word in the literature from 1998 to date is “textiles”, leading with a total
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count of 1160, followed by “nanoparticles” with a total count of 888 and antibacterial with
a total count of 848. Overall, nanotechnology, including nanofibers, has been useful for
anti-bacterial textiles [57,58]. The high number of publications shows that the policies and
funding agencies in certain countries are interested in exploring this particular research
area. Thus, reporting a country’s frequency of scientific production is significant. We found
that China was at the top, with a total of 25,970 citations having 3356 scientific productions,
followed by India, with a total of 20,076 citations and 2160 scientific productions. The
most relevant sources were Fibers and Polymers, with a total of 312 documents, followed by
Cellulose with 274 and The Journal of The Textile Institute with 208.

5. Summary
5.1. Conclusions

This study summarizes the importance of antibacterial textiles and suggests that
antibacterial textiles have been an important research topic over the past two decades. Our
thematic analysis showed that introducing nanoparticles to textile materials is the most
common approach for making antibacterial textiles. Bibliometric research is helpful for
deciphering and mapping the cumulative scientific knowledge and evolutionary nuances
of well-established fields by making sense of large volumes of unstructured data in rigorous
ways. With an annual growth rate of 26.27%, we have seen a considerable boost in the
literature. We suggest that a future study use multiple databases to extract data for analysis.
As for every study, this research has certain limitations, as we focused only on data from
WoS; thus, there might be some variation in the results if the data are taken from other
sources. This study does not contain any information about reviewers or top editors in this
field—since open publishing is being appreciated worldwide, we intend to analyze the
information on reviewers and editors in the future.

5.2. Implications

With the rapid growth of publications worldwide in every field of science and technol-
ogy, it has become difficult for researchers to read all papers and predict research trends.
Bibliometric analysis is an effective way to precisely cover a wide field to predict research
trends. For instance, in this study, we learned that silver nanoparticles have been widely
explored for antimicrobial applications and used mostly on cotton fiber. Moreover, chitosan
treatments are also widely used after the nanocoating finishing of textile materials. Thus,
this study would be useful for new researchers looking to choose an appropriate approach.
Moreover, it will help industrialists endorse the technology being studied the most. In
addition, this work can be useful for funding agencies to gauge the influence and research
gaps at a short glance, as this study summarizes numerous research works in one place.

5.3. Limitations and Future Research Directions

As with every scientific work, this study also has some limitations; for example, this
study only covers the articles published on the Web of Science and thus overlooks many
valuable works in other databases. Moreover, this study does not review the works of
various authors, as often presented in review papers—it only analyzes research trends
in the given field. Additionally, we did not analyze who reviewed the papers, such as
who was the most influential reviewer in the given field. Furthermore, this study does
not discuss whether the citations were self-citations and citations pushed by friends and
workmates. Moreover, we did not discuss the usage count of the articles. A detailed study
covering all these areas might be worth conducting to analyze the research direction more
effectively. In addition, different tools or software might yield different results, and a
comparison could be made. Finally, a similar field could be investigated by changing some
keywords related to this research direction.
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Abstract: The paper aims to identify characteristics of the driving force of the domestic handloom
textile industry of Sri Lanka. A qualitative data analysis methodology was chosen for the research.
Data were gathered from observational studies and semi-structured interviews. The observational
study was carried out in museum collections, scholarly written books, and research journal articles.
Semi-structured interviews were carried out with weavers, designers, technical instructors, and
administrative officers. Data were analyzed according to observational study, coding, and concept
development. Identified characteristics are interlinked with inherited craft knowledge, Buddhist
culture, and the networks of people who live and work in a particular industrial society. The industry
is developed through hands-on experience and prolonged engagement, where human resources are
the key factor. The research scrutinized seven concepts related to the sustainable survival of the
weaving structures. Learning is the direct enforcer. The infrastructure is supplied by the Textile
Department. The research suggests recognition of a consistent infrastructure supply chain as national
policy. The paper recommends to policymakers with the factors found to connect culture with an
active action plan.

Keywords: inherited knowledge system; human resource; learning; training; hands-on experience;
prolonged engagement; culture and tradition; handloom industry of Sri Lanka

1. Introduction

The objective of the paper is to identify characteristics of the driving force of the
domestic handloom textile industry [1] (p. 3) of Sri Lanka. The objective is examined by
addressing two questions which explore the relationship between inherited wearing struc-
tures of the domestic textile industry and their contribution to the cultural sustainability of
the country. The research questions are as follows,

How does the sustainability of the domestic textile industry relate to its inherited
knowledge culture?

What is the relationship between the market demand and the technical application of
design structures of their productions?

This research paper focuses on inherited handloom textile knowledge of Sri Lanka.
The significance of the research is concluded in several aspects. The basic definition and
concept of cultural sustainability and its behavioral pattern are discussed in the context of
Sri Lanka. Research findings are significant to the stakeholders of the handloom industry,
research, and policy making. The socio-cultural structure is analyzed. The Sri Lankan
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handloom textile industry then and now has been analyzed to understand the continuous
narration of the industry since ancient times. We record nine weaving structures that are
used in Sri Lankan handloom textiles today with the history of development, weaving
structure, technical drawing, and color. Characteristics which are identical to the Sri Lankan
local context are forwarded. It is emphasized that inherited knowledge is being adapted
to concurrent trends that are allowed for sustainable survival. Further, distinguishing
characteristics which show an intimately connected link between the inherited craft, the
craftsman, the product, and the market have been emphasized. It is viewed as a process of
a steady evolution in which human ability grows in terms of establishing new structures,
resolving issues, adjusting to ongoing social and cultural change, and working consciously
and imaginatively to realize new objectives.

First, the introduction discusses key phases, inspirations, and structural changes of the
domestic handloom industry of Sri Lanka from ancient times to today. Secondly, the intro-
duction discusses the relationships between sustainability and tradition and development.
A definition and explanation of sustainability is summarized by the views of scholars. It
discusses the relationship of culture with some selected creative industries of the world.

1.1. The Domestic Handloom Textile Industry of Sri Lanka

The domestic handloom textile industry of Sri Lanka is economically viable. This iden-
tified success is suggested to be sustainable in this research. There are many contributory
factors to this success. Of these factors, a large contribution comes from knowledge of inher-
ited weaving structures. This knowledge has been inherited from generation to generation
since ancient times and is now driven by a well-structured government body. The inherited
knowledge gives identity, cultural diversity, and emotional experiences which is the target
selling point in textile marketing of the consumer society today. The industry caters to
two main market levels: mass productions for the larger group of consumers and designer
productions for a niche consumer market. The second-level niche market is defined by
its own unique needs, the exclusiveness of designs, preferences, or identity that makes
it different from the market at large, but the cultural identity is higher there. The official
website of the Textile Department of Sri Lanka notes its linkage with the heritage which
dates to the time of Kuweni, the Princess of the Yaksha clan, who did textile spinning in Sri
Lanka in the 5th century BC and the continuing historical relationship with the inherited
textile production [2] (p. 123).

Sri Lanka possesses a successful domestic textile history which has continued since
ancient times and later it became the most successful handloom industry that earns profits.
Traditional knowledge of design and technology has been documented in textbooks that
give resource intensity to future usage. Coomaraswamy [3] (pp. 232-236) in Medieval
Sinhalese Art discusses hand-woven textiles and their inheritance, and families who had the
patronage of the King during the period of the Kandyan Kingdom of Sri Lanka (14th Cen-
tury AD—1815), the material used, color, product categories, domestic looms, and tools and
equipment are recorded with illustrations. Is it because scholars of the early 20th century
saw the direction of Sri Lankan art and craft headed and discussed a productive future?
Sri Lankan traditional art and crafts of today are associated with Kandyan art and craft
which was developed during the Kandyan reign (14th Century AD to 1815) of Sri Lanka.
Kandyan art has a living culture. Ananda Coomaraswamy records participant observa-
tions about Kandyan art and craft in the book on Medieval Sinhalese Art. His attempt was
like how William Morris developed new consumer art from Victorian art in Britain [4-6].
Coomaraswamy, who was much influenced by William Morris’s work, envisioned a similar
resurgence of traditional arts in Ceylon [7] (p. 2).

According to Ananda Coomaraswamy [3] (p. vi), the rise of commercialism is to blame
for the arts” downfall because the system of production has separated art from labor.
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When nations grow old

The arts grow cold

And commerce settles on every tree
[3] (p. vi)

His observations paved the way for the sustainable survival and development of
art in the future. He defines the differences between traditional art and consumer art as
follows: “Today commercial production forbids a union of art with labor” [3] (p. vii). This
is the main characteristic of the art and craft production of traditional society. Therefore,
tradition needs to join with modern technology to forward ideal innovations to the future
as suggested by Huntington [8]. “It is essential that mechanical production should in the
future be not abandoned but controlled in the real interests of humanity” [3] (p. vii). For a
reunion of art with labor, that machinery should be controlled. “Traditional society art was
developed by hand-work on it. To stop competition between machine and hand work in
today’s consumer society, we need to intelligently define and delimit the proper sphere
by restoring the entire control of production to the actual workers, as in the old guild
system. In history, the king or the overlord of the traditional community was the patron.
Appointing as associations servants, its craftsmen, and its artists, just as it now appoints
its judges, its preachers, its professors”. Coomaraswamy [3] (p. viii) says that art from
prophecy to amusement strikes at the root of any possible revival of true art, which has to
do, not with imitation, but with imagination. To reunite imagination with technique is as
necessary as to reassociate art with labor. Today, the hand-woven textile industry of Sri
Lanka is driven by these principles.

1.1.1. Tradition of Textiles in the Kandyan Kingdom of Sri Lanka (14th Century AD—1815)

Design, color, material, and tools and techniques characterize the textile tradition
of the past. Woven structures have been handed down from inherited families whose
families served the King during the Kandyan Kingdom. During the Kandyan Kingdom,
all lands belonged to the King [9] (p. 134). The civilians worked for the King and lived on
the King’s land. The caste and land tenure system known as Rajakariya, which assigned
professions according to caste, organized the ancient Sri Lankan society. The King granted
land (Nindagam) to the service castes in favor of giving them a variety of roles. Each
caste had the responsibility to provide the King with a specific type of labor [10] (p. 132).
Dumbara and Thalgune, two villages in Sri Lanka’s hill region known for their handloom
textile weaving, have carried on the hereditary legacy of indigenous textiles since the days
of the Kandyan era.

The weaving of homespun cotton continues in the Kandyan region and its surround-
ings. Coomaraswamy [11] (p. 203) says “Sri Lankan work is essential cotton”. Cotton yarn
was often used for weaving but occasionally silk and linen were also used [3] (p. 238). At
Sri Lankan museums, a variety of items are on display. These include bedspreads, hand-
kerchiefs, tuppotti (men’s body cloth), hela (women'’s saree), diya-kacci (king’s loincloth),
and kerchiefs (mottappiiliya—a cloth for head covering), shawls, pillowcases, belts, mats,
and carpets.

Color composition is created through the structure used. Blue and red stripes on white
cloth are common. The cloth was colored by dyeing. Colors used were red and blue on
white. Many designs and motifs are associated with the Kandyan Kingdom and have
continued in the current society.

In the case of weaving two classes, the first was limited in amount, for the court and
aristocracy and Indian in style, the second more strictly indigenous seen. It is shown that
more Indian weaving techniques penetrated the local tradition. It is clear from the Indian
term such as dik-jala (horizontal jala) which is used in weaving structures today. Jala means
net-like pattern which may have been derived from India. Woven textile productions have
been revived since the early 20th century. It is seen that hand-woven textile production
has been incorporated into a successful domestic industry which is incorporated into
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the local economy. Hand-woven textile productions have been revived since the early
20th century. It has been observed that hand-woven textile production has tried to be
incorporated into the local economy as a successful domestic industry. Several attempts are
recorded. Mrs. Coomaraswamy taught a class of Kandyan girls about inherited embroidery
techniques in 1905 and 1906. Prizes were offered through the Ceylon Society of Arts and
annual exhibitions were held in 1905 and 1906. Coomaraswamy [3] (p. 242) concluded that
“the best evidence of the value of such work, was the interest awakened in old traditions
and design”.

1.1.2. Sri Lankan Handloom Textile Industry Then and Now

The handloom industry has developed in leaps and bounds over the years. By
the early 20th century, a proper industry had not been developed. Coomaraswamy [3]
(p. 242) describes the current market demand for handloom textiles in 1905. If it were
not for the demand for bed linens produced by the Kandy Art Association, the industry
would struggle to thrive. Later, traditional textile crafts emerged as the top provider of
consumer demand.

The handloom industry in Sri Lanka is concentrated especially in the Western, Eastern,
Northwestern, and Southern Provinces. Handloom is a household or cottage industry in Sri
Lanka, where experienced hands manufacture high-value items. Ukkubanda Dolapihille
was sent to Japan in 1906 by Anagarika Dharmapala, who paid for the trip out of his
riches, to receive training in textile industry technologies. As a result, the Hewawitharana
Training School in Rajagiriya, Sri Lanka, was created on 4 December 1912 as the country’s
first-ever textile industry education provider. According to records, weaving inspectors
were appointed during the British administration in 1920, and by 1945 the country had
198 display centers, 81 weaving schools, and 55 handloom workshops [12] (p. 70). There
are 14 textile industry training schools established to sustain the human resources of the
industry today. There are two design schools in operation under the Department of Textile
Industry aimed at producing trained personnel for the handloom textile industry. The
first offers a six-month Basic Training Course and the second a Final Certificate Course in
Textile Industry (NVQ Level 04) over 13 months. Male and female pupils who complete
the Final Certificate Course in Textile Industry (NVQ Level 04) are recruited to a course
(12 months) which is called the Advanced Textile Industry Training Schools of Design. At
present, the textile industry training and research activities are carried out here making use
of the natural colors in the Rajagiriya Natural Color Mixing Unit. Further, the Research,
Training, Designs, and Services Institute was established in Katubedda, Moratuwa. This
institute comprises divisions such as the Training School of Design in Katubedda, Museum,
Designs Division and Lab. The handloom industry in the nation reached its zenith in the
1960s and early 1970s due to support and encouragement from the ruling party at the time.

In 1965, the Cabinet authorized a plan to establish 1000 handloom centers throughout
the country, with the primary goal of employing 25,000 people. The budgeted amount was
18.2 million rupees [12] (p. 80). Each center was supposed to have six looms and teach
25 students how to weave. The weavers of each center were to form co-operative society at
the end of the six-month training session. The initiative began in 1966 to promote “Swadeshi
Textiles”. Volunteer organizations responded magnificently, with 420 building sites for
these centers said to have been provided by individuals. The number of handlooms in the
country was predicted to increase to 70,000 after this initiative was completed. Around
70,000 installed looms were recorded in 1967 [13] (p. 22). According to the Industrial Prod-
uct Regulation Act of 1965 and restrictions on foreign exchange, the country’s fundamental
textile and garment needs provided a protected domestic market for handloom producers.

The institutions engaged in handloom and power loom activities were responsible for
meeting the apparel needs of Sri Lankans until the Department of Textile Industries was
founded on 7 July 1977. Before the implementation of free economic policies in 1977, the
World Bank performed a survey that found the highest number of installed looms to be
115,000 [13] (p. 2) However, due to different issues, only around 30% of these looms were
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operational. The Handloom Industry was concentrated in specific sections of the island
during this time, primarily in the Western, Northwestern, Central, Southern, and Eastern
Provinces. Cabinet approval of a five-year development plan for 790 handloom villages
came in 1990. This plan would add 16,000 more looms to the inventory and employ close
to 24,000 people [13] (p. 5). The objectives were then changed to include 40,000 new looms,
60,000 new jobs, and a 60-million meter increase in the annual production of hand-loomed
textiles. However, only 193 villages had been built by the end of June 1991, and only about
3000 weavers were employed. The Western Province is the largest contributor, followed by
the Eastern and Central Provinces. Approximately 962 private producers are operating,
with small, medium, and large-scale units. The export business is dominated by four main
corporations. A total of 771 production center were owned by eight provincial councils.
Around 15,000 people are employed in the industry, with a large proportion of them being
women [12] (p. 80).

Sri Lanka produces ready-made clothing, soft toys, hand-woven carpets, tapestries,
upholstery fabrics and curtaining, dress textiles, bed linen, table linen, and stationery items
such as writing pads, books, notebooks, and albums with handcrafted covers.

Small and medium-scale producers dominate the handloom sector. There are also
some large-scale producers. The following are the three categories in which the industry
can be classified export-focused private businesses, indirect exporters, subcontractors, and
individual suppliers; provincial councils that oversee the government’s industrial facilities;
and cooperative—cooperative societies.

The next political regime began in 2005 and lasted until 2014; political imperatives and
programs for the development of crafts are considered as being intertwined. The Minister
of Industry and Commerce established a Task Force in 2012 to create “a vibrant, globally
competitive, and sustainable Handloom Industry with an internationally renowned brand
identity” by the president’s Mahinda Chintana or Vision for a New Sri Lanka, a policy
framework. The Task Force was charged with examining industry issues and developing
a business model for the industry’s long-term sustainable development. The Task Force
concentrated its research on four major areas: marketing, training, design, technology, and
entrepreneurship development. They analyzed the whole sector and produced the above
cause-and-effect graph showing seven components that have an immediate effect on the
resilience of Sri Lanka’s handloom sector.

The product, market, profitability, environment, and the 3Ms, or man, machine, and
material, are all important considerations. The Task Force, determined the seven factors
such as product, market, profitability, environment, manpower, machinery and material
have a direct impact on the sustainability of the Sri Lankan handloom sector [13] (p. 11).

Furthermore, the Task Force encourages and facilitates the marketing of handloom
products to ensure the industry’s long-term viability and maximize benefits to all stake-
holders as the Ministry of Industry & Commerce, Export Development Board and (EDB)
producers [13] (p. 14).

The research Task Force made two recommendations for achieving the goals of Sri
Lanka’s handloom textile industry.

1. An export promotion handbook has been produced by EDB and the Department
of Commerce. Establish a brand identity, including a name and logo, active local
marketing targeted at the tourism industry, and high-end sales through upscale stores
and department stores.

2. Involve well-known supermarket companies in production and distribution.

The total value of handloom exports in 2018 was 0.96 million USD, while it was
0.935 million USD in 2019 (Jan to Nov). The top markets for Sri Lankan handloom textiles
are as follows: European Union (Austria, Italy, Belgium, Switzerland, Germany, the United
Kingdom, Sweden, and France), United States, Australia, Japan, United Arab Emirates,
Norway, and the Maldives. The following organizations collaborate with government
agencies to address issues relating to the handloom industry to support it: Sri Lanka
Institute of Textile and Apparel, University of Moratuwa (UOM), National Enterprise
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Development Authority (NEDA), Department of Textiles [14]; Ministry of Industry and
Commerce (p. 5).

1.2. Basic Definition and Concept of Sustainability

The basic definition of sustainability is the enduring well-being of human societies and
communities [15] (p. 88). The concept is widely discussed in a consumer society in many
disciplines such as science, agriculture, engineering, medicine, art, and culture extensively
in such wide areas today [16] (p. 215), [17] (p. 3), [18] (pp. 1-2), [19] (p. 877). Therefore,
sustainability has become an important topic in every aspect of life, and it has conjoined
with the process of development. The history of sustainable development has also evolved
as a concept, originating from the science of economics [20] (p. 2).

According to the definition of development, it is “an evolutionary process in which hu-
man potential improves in terms of creating new structures, coping with issues, adapting to
continual change, and working consciously and creatively to reach new goals” [21] (p. 92)".
It is a socio-economic situation in a country where the demands of the populace are met
through the sensible and sustainable utilization of natural systems and resources. Although
at times it was mostly focused on economic activity that led to environmental deterioration
and the depletion of natural resources, that definition has evolved in recognition of the
close connections between society and the environment [8].

Intergenerational equity is a sustainability trait. Intellectual aspects of a society that
have been passed down from generation to generation are processed by cultural capital [22]
(p. 15).

This results in three interconnected realms or spheres of sustainability that explain
the connections between the environmental, economic, and social facets of sustainable
development [20] (p. 8), [23] (p. 681). It was observed that as a progressive movement,
human potential is important in development. Further, human capital is key and without it
political or economic development is impossible. Culture stands for the norms, values, and
identity of a society. Culture stands for the best solutions and practices achieved through
coping, adapting, and creating such processes. Therefore, it is observed that culture makes a
pervasive influence in all societies. It is because culture itself is an indicator of development.

1.2.1. Culture Suggests an Intellectual Property Economy in Sustainable Development

According to Tipps [24] (p. 208), the traditional cultures” development is hampered
by the rules, beliefs, and values that surround them. Developmental tradition assesses
as changing processes [24] (p. 212). Native social and cultural aspects are a significant
source of modernity. Considering the structural mechanisms underlying the interaction
between societies is advised by Tipps [24] (p. 212). This concept provides the connection
with the objective of the paper which is to identify characteristics of the driving force of the
domestic economic institute. Further, additional key factors that explain the nature of their
political and economic autonomy include the effects of colonial dominance, international
political relations, trade, and cross-national flow.

The culture of contemporary civilizations, which is characterized by the accumulation
of capital and industrialization, which are compatible with development, must thus be imi-
tated by traditional communities for them to advance [25] (p. 49). In general, this approach
aims to raise traditional societies’ living standards through economic development and the
introduction of modern technologies [8].

This idea urges us to conjoin traditional knowledge with current technology even in
1976. The concept of sustainable development has expanded. Some theorists stressed on
the cultural pillar in sustainable development [26] (p. 33), [27] (p. 5), [28] (p. 5).

The cultural industry, which is another economic area with growth potential, includes
the intellectual property economy. Many people agree that the cultural industries and the
arts sector serve as platforms for artistic expression and as indicators of regional and societal
identity [26] (p. 41). The cultural industries, often known as mono-culture economies,
enable a more competitive development platform [26] (p. 46). The field of sustainable
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development has been acknowledged as one that protects the environment and uses fewer
natural resources [27] (p. 5). The intellectual and emotional components of society, such as
values, traditions, and cultural standards, are what some academics refer to as the “culture
dimension” of sustainable development [28] (p. 11). Culture is emphasized as the economy
of intellectual property in this discussion.

1.2.2. Sustainability Objectives Are Based on Economy, Community, Social Values, and Culture

A critical component of the conversation on sustainability is centered on social and
cultural values [27] (p. 5). Scholars argue that sustainable development is incomplete
without culture. Keywords of sustainability such as slow lifestyle, recycling, up-cycling,
eco-friendly production, and consumption had been merely rooted in life then. In 1999,
Sweden adopted the concept that cultural heritage is a driving force of a sustainable
society. The Swedish government believes that a connection between natural resources and
cultural heritage is essential to the achievement of a long-lasting, high-quality environment.
Tourism largely depends on the well-being of inherited art and culture of the country [29]
(p. 7). Culture gives the art, heritage, and cultural identity for sustainable development [26]
(p. 36). Addressing the “social and economic opportunities and requirements to mainstream
investments in cultural heritage and the living arts” is the major goal of the relationship
between culture and sustainable development [26] (p. 35).

Cultural marketing in Ubud, Bali [30] (p. 4209) Dakshina-Chitra in Southern India [31]
(p. 694), and Chinese lacquer art, China [32] (p. 423) achieved the highest tourist attractions.

In Tokyo, Japan, a special initiative that began in 2002 attempts to inspire kids to
try their hand at various crafts during lessons offered in 60 schools and taught by ac-
knowledged professional craft MSEs in silk weaving and ceramics [33] (p. 16). Thailand’s
creative industries have been encouraged to use local knowledge and skills to produce
handicrafts under the “One Tambon One Product” (OTOP) idea. In 2004, 29,000 productive
communities signed up for the initiative, a significant rise from 16,000 in 2003. By 2004,
their sales had reached 874 million USD, and by the end of 2005, they were projected to
reach 1 billion USD [33] (p. 12). Traditional art and crafts have been based on distinguished
communities since ancient times in Sri Lanka. Reed works in Pasyala, pottery in Molagoda,
Brassware in Pilimathalawa, handloom textile in Thalagune, and mat weaving in Dumbara
are famous tourist destinations which resemble traditional art and craft values. Skills and
knowledge are considered as inheritance and the wisdom of the ancestors. The knowledge
is strictly given by father to son. They serve at the annual procession at the temple of
the tooth relic in Central Province without any monetary gain. Nurse [26] (p. 35) in his
book “Culture” identifies four disputed definitions of culture that point to the adoption of
attitudinal changes to achieve sustainable growth.

1. A mental condition that has developed, as in “a person of culture” or “a cultured person”.

2. The development processes, such as “culture interests” and “cultural activities.”

3. The tools used in these processes are referred to as “the arts” and “humane intellectual.
works” in culture.

4.  Finally, as “a comprehensive way of life,” “a signifying system,” and a means of
expressing, experiencing, and exploring a social order.

s

According to Mazzocchi [15] (p. 77), “indigenous knowledge may supply, evaluating
the principles that govern indigenous relationships with nature, such reciprocity and
caretaking.” Through indigenous, perceptive principles, and multiple cultural viewpoints,
different cultures and their knowledge systems contribute to sustainability.

Learning from indigenous ideas such as customs and ancient norms and values may
aid modern cultures in making better decisions and policies [15] (p. 89).

“We show respect for a plant by accepting its offering with respect” [15] (p. 81). Many
indigenous civilizations from around the world share concepts like interconnectedness, reci-
procity, and caretaking. Ideal sustainability calls for a giving, reciprocal, and caring attitude
as well as a sense of interconnectedness and dependency on the natural environment.
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1.2.3. Sustainable Textiles in the Past

Textiles are the world’s largest waste today (dyeing, finishing, decomposed material).
Therefore, sustainability in clothing and textile has become a well-known area for seeking
sustainable ways of production systems. Scholars focus on the concept of an ideology
of use rather than materialistic answers. It implies that usage ideology determines the
durability, which is helped by materials, design, and construction [34] (p. 236).

Scholars are invited to find better solutions from traditional practices from inherited
knowledge [35,36] (p. 80). Scholars try to identify the transcendent qualities of traditional
practices. According to Fletcher [34] (p. 230), “the ability of a traditional design process
to reach into the life world of the user and influence behavior appears to be weak, and in
the context of fashion clothes, weakened further by fashion’s social nature, which sees it
influenced by human exchanges and actions as well as material objects, rather than just
physical objects. There are long-lasting clothes, but they are more influenced by an ideology
of usage than by the physical durability or the quality of the interaction between the user
and the object”.

Traditional knowledge is interwoven with the environmental, cultural, social, and eco-
nomic four pillars of sustainability, those who are interested in fostering the development of
sustainability. In fact, according to the World Intellectual Property Organization, traditional
knowledge can aid in the sustainable growth of a community [37] (p. 84). According to
Article 25 of the United Nations Charter, “Indigenous people have the right to maintain,
control, defend, and develop their traditional knowledge, including to protect and develop
their intellectual property over such traditional knowledge [37] (p. 84)”.

Traditional literary, artistic, or scientific works, performances, innovations, scientific
discoveries, designs, marks, names, and unreleased information would all fall under this
category. Environmental, biological, cultural, social, and economic aspects are all linked by
traditional wisdom. Traditional knowledge has economic worth, which cannot be separated
from other values.

Matale, Thalagune village, and Dumbara designs at Dumbara are famous for unique
traditional handloom textiles. They live as textile communities reluctant to share or publish
skills, techniques, and designs that they protect as ancient wisdom.

These members also serve in the textile industry with the employees who newly gain
education from the textile school. It is observed that they have an identical problem-solving
system which is unique to their living surroundings. Their sustainable practices, culture,
and tradition are bound with customs, beliefs, and norms, therefore they differ from other
countries. Therefore, it is seen that the way of developing a sustainable lifestyle differs due
to cultural factors. Handloom weaving and related techniques are supportive factors in
their living culture.

Documentation enables traditional knowledge to be ascertained for future references
by our next generation. The holders of such traditional knowledge are growing old,
and many die taking their knowledge with them to the grave [38] (p. 24). Therefore,
documentation of traditional knowledge has its advantages.

The inherent characteristics of the Meghalayan artists in the northeastern part of India
indicated a great love for textile art through ancestry, enthusiasm, inventiveness, and pride.
External considerations made clear the importance of the local administration, the economy,
and the ease of living in maintaining the traditional textile arts in this area [39].

Bali is home to a wide variety of traditional textiles whose knowledge and folklore
allude to the abilities and philosophies that emerge in society as a result of the interplay
between the diverse cultures, religions, social environments, and natural elements [40].
Analysis showed that despite the ingenuity and invention of the Balinese handwoven cul-
ture business, which improved people’s desire for preserving their tradition and strength-
ened their feeling of identity, the cultural worth of handwoven textiles was still present.
Further investigation based on the cultural value found that the sustainability of Balinese
handwoven textiles is largely affected by local knowledge.
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Nationalist groups were gaining ground in colonial nations all over the world in the
19th century. The resurgence of local languages, indigenous faiths, and cultural expressions
was a key component of these nationalist movements. Irish traditional crafts were revived
in part owing to William Morris (1834-1896) of the Arts and Crafts Movement. Local
wisdom plays a pivotal role in sustainable development all around the world.

It is observed from the literature review that sustainability has been a lifestyle in
traditional society. Sustainability and culture are inextricably linked together. The evolution
of traditional cultures is hampered by the norms, beliefs, and values that bind them.
Therefore, traditional societies must imitate to advance. The achievement of sustainability
goals depends on local economies, social and cultural values, and a change in attitude.

Indigenous knowledge is based on caretaking which is crucial to indigenous rela-
tionships with the environment. According to academics, indigenous concepts including
ancient norms, beliefs, and rituals may aid modern cultures in developing better policies
and decisions.

The literature review suggests the concept of an ideology of use rather than materialis-
tic answers in analyzing sustainable textiles as a creative process.

2. Materials and Methods

The objective of the paper is to identify characteristics of the driving force of the
domestic handloom textile industry of Sri Lanka. In UNCTAD 2011 textiles are part of
the valuation of crafts and their contribution to the sustainable development goals focus
on south Asia. It focuses on policies for sustainable tourism, strengthening human and
institutional capacity, and optimizing the developmental potentials of services [41] (p. 53).

To better understand the issue and improve the reliability of the results, this study
combined qualitative research approaches. The following discussion covers data collecting
and analysis methods.

2.1. Data Gathering Techniques

In this study, the data were gathered using two different methods: observational
studies of museum collections, scholarly written books, and research journal articles and
data were gathered from semi-structured interviews. The two methods are briefly dis-
cussed below.

2.2. Observational Studies: Museum and Handloom Teaching Observation

Observational visits were made to the Textile Museum in Katubedda attached to the
Handloom Teaching School in Moratuwa, in Colombo District during March and April
2022, which showcased the history of handloom textiles in Sri Lanka for nearly 45 years,
exhibited an array of woven structures utilized in the handloom industry, Sri Lanka. Obser-
vation is useful for understanding people’s daily routines and for giving the researcher a
glimpse into the interviewee’s perspective [42] (p. 39). The visits were made to observe
the product categories, materials, different handloom textiles with finishing techniques,
woven structures, National Award-winning handloom products, manufacturing machin-
ery and equipment, and portfolios of weaving structures that were utilized in the recent
past of Sri Lankan textile history. Additionally, relevant objects and woven structures
were visually recorded. The findings were written down on a sheet. The teaching of
handloom textile weaving in the school is also observed on the same premises. Studies
of the two-year curriculum of handloom weaving and weaving structured observations
carried out. Different looms and machinery were utilized for weaving. All the looms
were photographed, and descriptions were noted down on a sheet. Woven structures and
productions were recorded.

Collections of ancient textiles are on display at the National Museum of Colombo and
the Museum of Kandy. Woven structures, design and motifs, colors, and product categories
were examined. Textiles belong to the Kandyan Kingdom of Sri Lanka.
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2.3. Semi-Structured Interviews

Semi-structured interviews are a common qualitative research method [43] (p. 194) to
get the answers to two inquiries that look at the connections between inherited woven struc-
tures of the handloom textile industry and their contribution to the cultural sustainability
of the industry. In a semi-structured interview, questions are prepared that are consistent
and methodical and are guided by defined themes to elicit more in-depth responses to
help steer the conversation toward the subjects and concerns that the interviewers want to
learn more about, and to incorporate several major themes that will be covered during the
interview [44] (p. 245).

e  How does the sustainability of the domestic textile industry relate to its inherited
knowledge culture?

e What is the relationship between the market demand and the technical application of
design structures of their productions?

The interviews ended with an open-ended question asking for additional comments
on a variety of handloom woven structures. For conducting interviews, interviewees were
selected from the industry employees who were considered ideal since they were awarded
National Textile Awards for many years for handloom products of traditional woven pat-
terns with a considerable bent to crafting modern patterns on handloom products. Further,
the study was conducted on exploring the sustainability related to its inherited knowledge
culture and the connection between the market demand for both the productions’ technical
implementation to the sustainability of the industry.

The purpose of the interviews was to identify the inherited knowledge and its con-
tinuation throughout history, we explore an array of questions to the employees of the
industry. Qualitative researchers often rely on the interview as the basic method of data
gathering [45] (p. 646). What are the weaving structures that practices in the industry?
What are the tools and techniques, material, color, design and motifs, and products related
to each structure? Who are the industry employees? What are thier linkages to inherited
craft families or traditional education obtained from the industrial school? How do they
adapt to the consumer demands of today? What are the infrastructure plans implemented
by the administration to earn profit from the market? What are the market levels that
they cater to? How to design knowledge and the skill vary according to the market level
Such key points were questioned. The interviewees responded in their way. Although the
information obtained from qualitative interviews cannot be generalized, its exploratory
nature enables the gathering of rich information that can address issues about which little
is now known [46] (pp. 391-392). According to Seidman “the desire to comprehend other
people’s experiences and the significance they place on them lies at the heart of interview-
ing [47] (p. 3). The ability for interviewees to respond in their own words, according to
how they think and use language, is important. If the researchers seek to comprehend how
the respondents view the social milieu under study, it tends to be extremely helpful [44]
(p. 243). Semi-structured interviews, for instance, can be used to better understand how
people interpret and construct meanings about their roles and work environments [44]
(p. 246). We recorded interviews by writing clear descriptions of their experiences and
thought processes.

The information gleaned from interviews provides another analytical choice for the
“documentary method of interpretation (DMI)” [48] (p. 6)”. Interviewees were selected
according to institutional hierarchy and the expert knowledge of each weaving technique.
Additionally, the actual interviewing procedure is strictly controlled to ensure that re-
searchers are impartial and consistent throughout all interviews [49] (p. 4). The craft
artisans, such as Weavers and Designers, officers such as Provincial Directors, Technical Of-
ficers, and Instructors employed in the handloom textile industry, are known for the history
and development of the handloom textile clusters in Sri Lanka. Accordingly, 11 interviewees,
both male and female, were selected. It was assumed that all participants could accurately
identify the woven structures and known evolution of the handloom textile industry in Sri
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Lanka. Interviews were held in April and May 2022 with four Weaving Instructors, three
Instructors, one Professor of Textile, one senior academic of Textile Engineering, one design
in charge, weavers, and one officer in the Textile Department.

Details of the interviewees and the purpose of the interviews are given in Table 1.

Table 1. Interview summary.

Code

Interviewee Details Purpose of Interview

Interviewee 1

Self-experiences in handloom weaving
Weaver To understand the woven material behavior and different structures
The knowledge gained from Training Sessions

Interviewee 2

Self-experiences in handloom weaving
Behaviorand final look of the different yarns in textile products
Weaver The knowledge gained from Training Sessions
Method of designing
Identification of demanding products and designs

Interviewee 3

Availability of material for the production
Production strategy and production target
Annual turn over
Marketing and selling the products
Provincial Director Organizing the Annual Textile Competition
Organize buyer -seller forum
Capacity enhancement of MOU with State Universities
Forecasting new trends
Strategies used to motivate weavers

Interviewee 4

Traditional weaving practices that hailed from inheritance
Current market demand for traditional woven products
Traditional folklore about weaving
Types of Dumbara woven structures

Weaver

Interviewee 5

Professor of Textile Innovations—Banana fiberhandloom products

Engineering
Availability of raw material
Interviewee 6 Senior academic with a The efficiency of the Supply Chain in the handloom industry
doctoral in Textile Engineering Utilizing advanced technology in the handloom industry

comparison of the infrastructure available in the past and present

Interviewee 7

Educational qualification for a professional weaver

Instructor, Textile School Quality of the human resources for the handloom industry

Interviewee 8

An ability to learn woven structures, produce a technical drawing, costing

Retired Teacher, Textile School the end-product, and mechanical knowledge of textile production

Interviewee 9

Identification of capability to blend two different woven structures
Accuracy of using proportionate woven designs
Weaving Instructor The ability of self-learning capacity
Experience gained from overseas training and inspiration
from Indian designs

Interviewee 10

The institutional procedure of designing and producing
handloom textile products
Designer In Charge Evaluating customer feedback
Costing the end-product
Considering customer satisfaction and demand

Interviewee 11

The capability of handling weaving shraft designs (native word—polu rata)
Own experimentation in handloom weaving
Achieved awards for handloom
The knowledge gained from Training Sessions
Utilizing new knowledge for the Annual Textile Competition
The self-satisfaction of the job

Weaving Instructor

2.4. Data Analysis

Data were analyzed according to steps of observational study, coding, and concept
development. First, handloom textile-related items were observed and recorded. Then
gathered items were categorized according to weaving structures, color, design and motifs,
tools and techniques used. Observational study of research items helped to identify the
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links between research items and the factors that affect items. Memo-ing was carried out
while observing. Identified links revealed themes or codes. Codes themselves show links
with the socio-cultural context of Sri Lanka. Coded data were analyzed with socio-cultural
factors. Derived coded data explore concepts. The chart below shows how data were
analyzed and concepts scrutinized.

‘ Observational study of items |

] o+ [

Weaving structures Lotus flower (Nelum)
of Jamdani Swan (Hamsa)

Petals (Palapeti)
\) See link
between two

items or more

Coding data

Factors affect items

1.Trainning from India + Traditional Design

2. Seminar
3.Special workshops
(Jamdani & weaving structures)

Concept Development

® Hybridization of different cultural features was
proceeded through “LEARNING”

® Prolonged engagement / constant practice allows to
merge that foreign cultural factors to the culture

REALIZATION

sustainable living culture of handloom textile weaving

3. Results
3.1. How Does the Sustainability of the Domestic Textile Industry Relate to Its Inherited
Knowledge Culture?

Data were categorized into different themes which showed similar characteristics to
the two research questions of the research.

3.1.1. Weaving Culture Shows a Strong Connection with Buddhist Customs, Rituals,
Norms, and Values

Historical roots and development show that inherited weaving structures have been
handed down from generation to generation. This section sets out the technical drawings
of each basic weaving structure which are currently in use. Dumbara Rata, Mal Baama,
Plain weave, and Shaft designs (Polu rata) show direct links with native culture, folklore,
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and tradition. Weaving culture shows a strong connection with the Buddhist ideology such
as customs, rituals, norms, and values. Intricate design patterns and skills are not given by
the artisans for recording as they considered it as their hereditary wisdom.

e ’‘Dumbara Rata” weaving technique

Dumbara Rata weaving shows folklore-based design and motifs, color and weaving
structure. Rata means designs. Dumbara Rata weaving structures were originally woven
in black, ash, and white. According to folk stories, the pattern has a history which goes
back to the dates of Kuweni (5th century BC) (a warrior queen of the country). It is said
that when Prince Vijaya came from north India, he met her while she was spinning cotton
threads. According to the legendary story, she owned a cotton farm in Dumbara in the
central hills of the country. When she was expelled by Prince Vijaya later on, she cursed
and then burnt the field of her cotton farm. The ashes rose high in the sky and blanketed
the land with patterns. Dumbara Rata weaving patterns have taken inspiration from the
ancient pattern and continued since then. Beliefs, customs, and norms became a lifestyle,
and it is the intellectual property of the handloom weavers today.

During the Kandyan Kingdom, a village known as Dumbara was famous for mat
weaving [3] (p. 243,334), (plateXXXIV). It was observed that now they applied mat weaving
designs to textiles. Weaving culture has changed over time according to market demand.

“My great ancestors served for the last king of Kandy, Sri Wickrama Rajasinghe. He pro-
vided Dumbara mats for the Temple of the Tooth relic annually. That is our responsibility
and service to the great Buddha. We live on lands donated by the King. Now we make
only wall hangings with many colors. Wall hangings of Dumbara Rata are demanding
among both locals and foreigners. We all know folk stories about the history of Dumbara
Rata. Our grandmother and relatives told us. I will carry on weaving further”.

(Interview 4, Weaver, 2022)

It is seen that weaving is their lifestyle. Artisans guard inherited craft knowledge.
They have identified the value of ancient craft. It is observed that traditional customs,
norms, values, and Buddhist culture are the direct factors of the sustainable survival of the
weaving culture.

Figure 1 showcases a method of patterning where some weft threads perform the
function of creating the design motifs while other weft threads weave the ground fabric.
Traditionally the warp and the weft of the ground fabric were both of unbleached cotton
yarn. The design picks were colored red, and dark blue, green, and black.

e ’Mal Baama’ weaving technique.

This is the most common and extensively demanding style in handloom consumers
of Sri Lanka since the Kandyan era. Ananda Coomaraswamy records many historical
handloom textiles with this technique [3] (plates XXVIII and XXIX). Many ancient textile
samples and products are on display at the National Museum of Colombo and the Museum
of Kandy. Most of the designs resemble Kandyan-era flora and fauna designs and motifs.
Artisans collections, museum collections, consumer’s collections and items that are in the
outlets for selling show similar consistency in design and motifs. The total appearance of
the art looks like a decoration. Figure graphics are artistically and symbolically developed
based on natural figure forms. The most common floral design is the lotus. Sri Lankan
culture is based on Buddhism. The lotus is a sacred flower which is interpreted in many
abstract forms in every item of the handloom fabrics. Swan is the famous animal motif in
handloom textiles. It is believed that swans are competent in distilling milk from water.
It is an influential animal that can identify good merit from bad attitudes. Moreover,
geometric designs are the most common design element. A traditional form of creepers
called “palapethi” is common in this weaving technique.
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Figure 1. Technical drawing and the drafting plan of Dumbara weaving structure (drawing by
KPN Bhaggya).

Mal Baama is shown in Figure 2. Fabrics with intriguing textures can be produced by
selecting a weave pattern that varies the proportion of under and over threads. Materials
with visual patterns can be created by employing colored threads and, in a similar manner,
selecting which threads should appear across the design at particular times. Weft thread
should be joined with three shafts and weaved by the pattern. By choosing a weave pattern
that mixes the ratio of under and over threads, fabrics with interesting textures can be
created. Materials with visual patterns can be fashioned by using different colored threads
and choosing which threads appear at the top of the design (over the threads) at certain
points in a similar way. Three shafts should be combined and weft thread should be weaved
according to the design.
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Figure 2. Technical drawing of ‘Mal Baama’ technique (drawing by KPN Bhaggya).

e  Plain weave technique

Figure 3 is known as plain weave which is the oldest and most commonly used
weaving structure. Plain weave is woven with each weft thread passing over and beneath
each warp thread. Clothes of plain weave were white or limited colors during the Kandyan
Kingdom of the 18th Century. The famous Kandyan blue cloth which is traditionally
called ‘kalu kangan’ was also made of plain weave [3] (p. 233). Except for green (seen
very rarely indeed), only the three colors, red, white, and blue are found even in the
most ornamental woven cloths. The materials were also made into betel bags. Today,
this weaving technique is applied to produce color combination sarees which is the most
demanded category among customers. A spectrum of colored sarees is produced today. It
was observed that plain weaving has experimented with color application. Natural dye is
another area which has been given more attention by the industry. Sustainability presented
by the use of natural dyes has been an age-old tradition of Sri Lanka. A dye lab has been
established in Katubedda Textile Weaving School for research and innovation in natural dye.
Natural dye application is another category in the National Handloom Competition. Recent
research by the authors of this article presented natural dye substances, dye recipes, and
natural mordants which show the traditional practice of handloom textiles in Sri Lanka [50]
(pp- 58-83).

e  Shaft designs (Polu rata) weaving technique.

Figure 4 shows shaft designs (Polu rata). rata means designs.This weaving technique
uses different heald shafts and foot treadles to weave the fabric design [51] (p. 128).
According to the drafting thread pattern and lifting foot treadles pattern, the design is
woven in the fabric. Shaft designs (Polu rata) are often done in association with four or six
shafts (polu) to create colorful delicate designs. Six shafts create more intricate designs than
four. These designs are known as mal baama (creating designs with shafts).

3.1.2. Cross-Fertilization Features to Enrich the Collection of Design and Motifs and Woven
Structures from Time to Time

Different techniques and tools have been introduced from time to time. Shaft designs
(Polu rata), Dumbara Rata (Indigenous weaving designs), Mal Baama, and Plain weave were
seen in the retrieved artifacts inherited from the Kandyan era of Sri Lanka. Some products
are on display in the curatorial department at the National Museum of Colombo. Most of
the original objects are recorded in photographs and sketches. Coomaraswamy [3] (p. 235)
says that “some design techniques called mal petta, para mala and dethi mala are mentioned.
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Figure 3. Technical drawing and the drafting plan of the plain weave structure (drawing by KPN Bhaggya).

Dik Border (Papolu Design)

Drafting plan

Lifting plan

Figure 4. Technical drawing and the drafting plan of creating dik border” (horizontal boarder) design
by shafts. (drawing by KPN Bhaggya).
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Mala gives the meaning of the flower. The names of the many patterns found on old
clothes are now forgotten. Old weaving is considered as a combination of weaving and
tapestry and colorswere limited to red and blue”.

New weaving techniques were introduced in the 1970s. Interviewers claim that Dobby,
Jacquard, Jamdani, Dik border structure, (Dik border is also known as Dik Jala), and Warp
printing were introduced by India.

e Dobby weaving technique

Figure 5 is called Dobby weaving technique and consists of small figurative designs
(floral or geometric) woven repeatedly into the cloth, created with a dobby attachment on
the loom and a combination of two or more basic weaves. A plastic tape with punched
holes that controls the raising and lowering of warp yarns controls the weaving pattern. It
has a maximum of 32 harnesses. Dobby is commonly used for borders of sarees.

Dobby Design

Drafting plan

®
7 Lifting plan

12345678

Design

Figure 5. Technical drawing and the drafting plan of dobby weaving technique (drawing by KPN Bhaggya).

e  Jacquard weaving technique

The Jacquard weaving technique, which is depicted in Figure 6, is used to create
all-over figured fabrics such as brocades, tapestries, and damasks. It is woven on a loom
with a Jacquard attachment to control individual warps. Two or more basic weaves are
combined to create the Jacquard weave, with different weaves used for the design and
background. The “punch card” control system is what makes Jacquard remarkable. The
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extra weft or extra warp in handloom Jacquard design is the design thread that creates the
embossed impression on the fabric. One weft yarn is used to weave the ground cloth, and
an additional weft is introduced at intervals to form a decorative pattern on the surface of
the cloth in an extra weft structure [52] (p. 2864). To accentuate the extra weft, the ground
fabric is normally woven with a simple structure such as a plain or twill weave, but various
structures can be employed. A set of warp yarns is used for the ground cloth in an extra
warp structure, and another set of warp yarn is put up on separate shafts to allow it to be
woven independently from the ground cloth [53] (p. 128). Jacquard is commonly used for
borders of sarees.

Jacquard fabric
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Figure 6. Technical drawing and the drafting plan of Jacquard weaving technique (drawing by
KPN Bhaggya).

e  Jamdani weaving technique.

Jamdani is a weft weaving technique showcased in Figure 7 and is the practice of
delicate “Parsi Gara” on a loom. By manually combining a denser thread with the delicate
warp threads of Jamdani, designs are inlaid into the cloth. This method is famous in Bengal,
India. Jamdani is a weaving method that employs additional or supplemental weft to
produce a motif. Interviewers claim that this weaving technique was introduced in India.
Now, this technique is used with Sri Lankan traditional designs for handloom sarees. It was
observed that the hybrid formation of indigenous design with foreign influence became Sri
Lankan. On the other hand, traditional designs meet new technology. These two factors
affect their traditional way of life as handloom weavers. These two factors directly affect
the cultural sustainability of the handloom textile industry.

e  Dik Jala (Horizontal jala) weaving technique

Figure 8 shows the Dik Jala design structure. The Jala technique in weaving involves
raising the Warp threads via the Jala. The weaving technique is used to weave the borders
of the sarees. Four heald shafts and four -foot treadles are used to weave the “dik jala”
design. The key benefit of this method is that it is simple to create a corner design element
at the intersection of a border and cross-border design. interviewees claim that this weaving
technique was introduced in India. Now, this technique is used with Sri Lankan traditional
designs for handloom sarees.

“I have made another machine part for Dik Jala. This is my innovation. It worked. Now I
weave neat, beautiful dik jala sarees which are demanding among customers”.(Interview 1,
weaving Instructor, 2022)

It was observed that the prolonged engagement of the same skill teaches them solu-
tions. They have their solutions.

40



Sustainability 2022, 14, 9439

“Jamdani” Design

TS =
oy i i i
T S R R
i o S :
e - h %’:i
@ ﬁ-_ll -||-j|'i- oL
He ﬁ! r ) ot

Drafting plan

" " Lifting plan
Design

Figure 7. Technical drawing and the drafting plan of ‘Jamdani’ structure (drawing by KPN Bhaggya).

e  Warp printing technique.

Warp printing is a method of placing the design on the warp threads shown in Figure 9.
The fabric must be a plain woven fabric. The warp threads are painted with fabric dyes
according to design motifs. After drying the warp threads, the weaving process can
proceed. Interviewers claim that this weaving technique was introduced in India. Now,
this technique is used with Sri Lankan traditional designs for handloom sarees.

“I learnt from my father. My grandmother is very skilled in handloom textile weaving.
Then I joined the industry. I had 37 years of working experience in the handloom textile
industry. Jamdani, Dig Jala, Haras jala, catch card and Warp printing such weaving
techniques were introduced in 1970 from India. During 1990 we had a training program
in South India. They did not train us; they just wove in front of us. We spent lots of
time observing how they weave beautiful designs. As we are skillful at weaving, we could
learn those techniques by ourselves. After 1970 textile products were given variety with
these newly introduced techniques”. (Interview 8, Retired Teacher, Government Textile
school, 2022)

Tt is seen that education has been continuous during 37 years of experience. Cross-
fertilization features entered the weaving culture through education.

3.1.3. Experiential Learning in Weaving Structures with New Yarns

The weaving structure is visualized through yarn, color, and design application. Rayon
yarns were introduced in the early 21st century, as were fancy yarns (Interview 1, 2, 3,
4, 8, and 11, 2022). Smooth, rough, glossy, and cozy textile qualities were introduced.
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Fancy yarns and yarns made from rayon fibers are used in ceremonial sarees such as
wedding sarees. Whole rayon sarees are woven. Rayon and cotton are mixed in designing
sarees. Weavers and designers do experiments using fancy yarns in different weaving
structures. They are well-experienced, educated, and trained artisans. Some weavers have
experimented with combinations of fancy yarns with weaving structures.

“The Provincial Director gave linen fiber. I wove a sarong and a shirt. But I feel that the
material is hard in texture. I think if I wash it with soap it will soften. I will try natural
softener as well”.(Interview 1, weaver, 2022)

“I had 12 years of experience, we had only cotton yarn until 2003. Then we were
introduced to rayon and fancy yarns. It is a glossy fiber. Now I am using fancy yarn for
wedding sarees” .(Interview 2, weaver,2022)

“Dik Jala” Design

Drafting plan

Lifting plan

Design

Figure 8. Technical drawing and the drafting plan of ‘Dik Jala” weaving technique (drawing by
KPN Bhaggya).
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Figure 9. Technical drawing and the drafting plan of ‘Dik Jala’ structure (drawing by KPN Bhaggya).

e  Mixing two structuresmake an innovation: learning through experiments

Employees who had systematic education and were trained at the government textile
weaving school tend to experiment with new weaving structures. They do trial and error
experiments, change the normal order of the traditional weaving process to create new
techniques or mix two techniques to create a new one. New creations were accepted by the
design committee and allowed permission for taking orders. These combined design sarees
attract customers and receive orders (Interview 1, weaver, 2022). The employee trained the
new employees as well.

“I intentionally did. I wove the border of the saree from twill to strengthen the border. I
changed the normal order of the weaving of Shaft designs (Polu rata) technique. I com-
bined Shaft designs (Polu rata) and the twill techniques. I did the border from Dik Jala and
designs were added to the center of the saree from Jamdani” .(Interview 1, weaver, 2022)

Weavers learn and their skill has been enhanced from their prolonged engagement in
the same work.

“I have 22 years of experience. First, I wove designs with plain weave. First, I created
designs from only 2 shafts. Now I have experienced doing 2 to 6 or 8 shafts. Because I
have been doing this for 22 years”.(Interview 11, Weaving instructor, 2022)

“I have 22 years of experience. I learn from trial-and-error experiments. Hakaback and
plain weaving structures don’t go together. Huckaback is good for towels and pillowcases.
Shaft designs (Polu rata) go well with plain weaving techniques. Twill weaving technique
gives delicate soft fabric which is suitable for clothing material”.(Interview 9, Weaving
instructor, 2022)
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e  Mixing two yarns: An innovative yarn

In 2020, a new fiber created from a mixture of banana and cotton was experimented
and it was announced by the Ministry of Industry and Commerce that the attempt had
succeeded (Interview 5, Professor in Textile, 2022). Research scholars state that raw material,
dye supply chain, tools, techniques, and advanced technology infrastructure should ensure
supply consistency to fulfil the demand and supply of innovation. (Interview 6, Senior
Lecturer, 2022). This fact is considerable even in the handloom industry today. All yarns
and dye are imported from India today (Interview 3, Provincial Director, 2022). In the
past, the infrastructure was established in the local context. Sri Lankan woven textiles are
essentially cotton in ancient times. It is said that cotton was extensively grown in Sri Lanka
since ancient times [3] (p. 235).

3.1.4. New Technology for Traditional Tasks of Weaving

Traditional tasks associated with weaving are modified with new technology. Spinning
is a time-consuming task. In 2019, with the collaboration of the University of Ruhuna, the
Southern Province of Textile Department developed an effective machine for spinning. It
reduced the cost and saved time and energy (Interview 3, Provincial Director, 2022). Semi-
automated winding machines were developed with the collaboration of the University of
Ruhuna. Three machines were given to three centers in three districts: Poddala center in
Galle, Vellamadama center in Matara, and Dammulla center in Hambantota.

3.1.5. Inherited Traditional Knowledge Is Protected by Imposing Rules

European designs and motifs are not allowed for the Annual National Textile Competi-
tion. Rules and regulations of the competition are documented and handed over to panel of
judges before the commencement of the judging. Competitors are given awareness through
Instructors and Designers of each Provincial Council Department before the preparation
of the products for the annual competition. Weavers and designers are given traditional
Sri Lankan designs from the book of Ananda Coomaraswamy’s Medieval Sinhalese Art at
their annual training, seminars, and the weaving textile school. Therefore, as the norm
European designs are hardly practiced in handloom textiles even for the local market. Due
to prolonged engagement of the system, all employees are pertinent to the survival of the
structure of the existence of the industry.

“I have participated in several workshops where I had a good opportunity to observe
traditional designs of birds, flowers, animals, creepers, and geometric designs. During the
workshop, I drew a technical drawing of traditional swan (hamsa) design, lotus flower and
geometric designs. because those designs are demanding in the local market. It took time.
Because there were so many details to be drawn accurately and proportionately. Then in
the evening, I experimented on a table loom to practice my technical drawing of (swan)
design. I learned a lot. Now I am practicing these detailed designs for sarees”.(Interview 9,
Weaving instructor, 2022)

“I absorbed many advanced techniques by observing how Indian weavers did, sometimes
I copied Indian designs and used them in weaving. But I am careful not to take too many
Indian-looking designs” .(Interview 9, Weaving instructor, 2022)

“In 2000 pethampili (a weaving technique) designs were at a basic level. Those days we
didn’t do weft pethampili, we did only pethampili for warp. Now pethampili is done for
both warp and weft lines. I do lots of experiments with pethampili. I experimented with
pethampili with natural dyes and tie-dyes. I won a Golden Award at the Annual National
Handloom Competition for a saree of pethampili that was made of both warp and weft
lines” .(Interview 11, Weaving Instructor, 2022)

3.1.6. Both Traditional and Contemporary Knowledge Is Institutionally Structured

The artisans who have education from the textile schools are recruited in each district’s
department. A range of subjects weaving, designing, coloring, raw material, machines,
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marketing, and administration particular to the handloom textile industry are taught at
these schools.

“I studied the basics of textile weaving. Maths related to textiles. There, recogni-
tion of yarn, yarn counting, yarn numbering techniques, costing, technical drawings,
around 40 weaving techniques and mechanical drawings are taught”.(Interview 8, Retired
Teacher, Government Textile School, 2022)

Employees who complete and get through the examination after two years are re-
cruited to the Textile Department. Therefore, the industry comprises educated, trained, and
skillful employees (Interview 7, Instructor of the Government Textile school, 2022). New
professions are created according to thedemand such as dye master, designer, merchan-
disers, and development officers. According to the administrative regulations, Designers,
Instructors, and Marketing Officers are given comprehensive training programs throughout
the year from time to time. Apart from that, according to the regulation all the employers
of each category of the Textile Department must undergo twelve hours of training per
year. The authorities make sure to conduct these training schedules each year to further
the development of the industry. The progress of the training programs is evaluated in
a five-year strategic plan (Interview 3, Provincial Director, 2022). It was observed that
experience and training help them to identify more advanced techniques and designs.

“I had training in India. I absorbed many advanced techniques by observing how Indian
weavers did, sometimes I copied Indian designs and used them in weaving”.(Interview 9,
Weaving instructor, 2022)

3.2. What Is the Relationship between the Market Demand and the Technical Application of
Their Productions?

3.2.1. Production Priority Is Given to Demanding Textile Designs and Products at the Market

The product range has increased due to customer demand throughout history. During
the Kandyan Kingdom, items such as mats, quilts or sheets, carpets, pillowcases, aprons or
bathing drawers for men, kerchiefs or shawls, or towels were produced [3] (p. 232). Today,
the product catalogue of the Annual Textile Competition indicates 19 product categories.
The weavers and designers are being educated about world handcrafts by the internet.
They tend to create new designs for the annual textile competition taking inspiration
from global demanding products, shapes, techniques, colors, and materials (Interview 9,
Weaving instructor, 2022).

Designing is often dependent on the availability of material and Color. Designs are
copied from the textbook given by the weaving textile school of the Department. The
design committee also recommends designs. There are resources which provide designs to
weavers such as textbooks, design schools, and design committees.

The Textile Department has noticed that during the last 5-6 years (2018-2022), demand
factors have risen dramatically for design sarees (Interview 2, weaver, 2022). There was a
shortage of importing thick threads (2/30) which were used for designing. Therefore, they
have stopped fewer demanding products which were designed as pillowcases and created
sarees only. This situation has increased during the COVID-19 pandemic period and due to
the economic crisis of the country.

3.2.2. Annual, Monthly Events Forecast New Customer Demands

The Annual National Exhibition forecasts new customer demands. The award-winning
sarees are reproduced on customer demand. Therefore, instructions are given to keep a
technical sketch of the saree. In 2021 the Mahamodara outlet of Galle District was able to sell
90% of award-winning design sarees. There was a dramatic demand for pethampili sarees
during 2019/2020. The demand is also high for color combination sarees and bedroom sets
(Interview 3, Provincial Director, 2022).

The annual competition is set in two steps. Products are selected from the provincial
level by a particular panel of judges. Then, selected products are sent to the national
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level and judged by the national team of judges. A range of products is presented for
the competition. After the competition at the provincial exhibition and at the national
exhibition many productions are sold at a high rate. There are a considerable number of
weavers who are competent in intricate woven structures. It was observed that weavers
tend to create intricate designs by using complex structures only for the Annual National
Textile Competition known as “Ransalu”.

“I utilize the knowledge acquired from training sessions to present an excellent product
for the Annual Competition. I use simple weaving techniques to produce sarees for today’s
normal orders” .(Interview 11, Weaving Instructor, 2022)

However, they do not often practice them. There is a fixed rate paid for each product at
their weaving centers. The weaving centers assigned a target number of products for each
weaver for each month. One weaving center is given 750 production targets for a month
and depending on the above adjustments it is enabled to fulfill the target (Interview 2,
weaver, 2022). The most demanding products are made due to the availability of material
and color. Each weaver who exceeded the target number is paid an incentive. Incentives
are paid for several tasks, including dyeing and weaving. The weaver is paid 5% for 1 m
(Interview 3, Provincial Director, 2022). The target consumer is the government official who
often wears an official dress saree, ohori, or a shirt for duty. The Textile Department organizes
a Trade Fair once a month in government offices, and schools, and allows consumers to buy
products on an easy payment system which is very famous among the government officers
in Sri Lanka. This easy payment system removed all the barriers of cash in the hand buying
system. The total amount for the products will be deducted from their monthly salaries
at a minimum rate (Interview 3, Provincial Director, 2022). This system is convenient to
the consumer and ultimately, they tend to buy local handloom products. Therefore, it is
always exceeding the expected profit of the Handloom Textile Industry.

“We have enough work, and we are well paid for the target work”.(Interview 11, Weaving
Instructor, 2022)

In this system, it was observed that some common product categories with moderate
designs are the target selling point of the mass market. Weavers are reluctant to sacrifice
their overpaid incentives to carry out experiments with intricate woven structures which
take time and a lot of energy and have not been paid an extra amount. As a result of the
lack of weaving in such intricate and complex woven structures designs, there are hardly
any such products available in the current mass market.

Customer demand is observed by the feedback given by the customers to the in-house
weaving technical officer at the outlets. There is a monthly committee in each province
to evaluate the progress of their sales composed of Provincial directors, Instructors, and
Designers. The Chief Designer of the committee and the technical experts evaluate the
customer feedback and give necessary guidelines to fulfill the demand. At this meeting,
the committee is focused on the cost per meter against the required design. They tried to
give the best solution to the customer demand and satisfaction. (Interview 10, Designer In
charge, 2022).

The buyer-seller forum is important in identifying the textile demand (a buyer-seller
program that permits pre-scheduled interactions between exhibitors and buyers from
domestic traders) (Interview 3, Provincial Director, 2022). This forum is set up by the
Provincial Council after the Provincial competition is over, inviting outside business parties
to buy their existing products. This forum allows businesses to connect directly with key
buyers to meet and do business.

4. Discussion

There is a direct correlation between sustainable survival of the handloom weaving
structures with Buddhism, inheritance, knowledge, customs, folklore, norms, values,
traditional education, modern education, traditional institutions, and today’s government
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institutional structure. The direct factors are discussed according to two questions of
the research.

4.1. How does the Sustainability of the Domestic Textile Industry Relate to Its Inherited
Knowledge Culture?

4.1.1. Traditional Customs, Norms, and Values Are Based on Buddhism

Most common designs and motifs resemble the philosophy of Buddhism, and they
are represented in cultural practices of Buddhist religion and lifestyle as discussed in the
results points in Sections 3.1.1 and 3.1.2. Sri Lankan art and craft were based on Buddhist
culture. The most common designs in the handloom textile products are the lotus flower
and swan. The lotus signifies purity in Buddhist culture. The swan is a symbol of the good
merits and bad. These textile motifs have been continued since ancient times to the present
day emphasizing the cultural link between the past and present. “The values seem to be
path dependent” [23] (p. 49). Therefore, the belief systems are so robust and enduring, it is
impossible that the traditional value system will lose its power [23] (p. 49).

4.1.2. Inherited Craft Knowledge Is Preserved by Artisans

The artisans are reluctant to expose their skills, tools, and knowledge for public usage
as pointed out in Sections 3.1.1 and 3.1.2. The inherited textile knowledge is considered
a treasure and the ancient wisdom of their ancestors. On the other hand, they use their
maximum capacity to compete in the annual competition to produce the most identical
traditional handloom product. The artisans identify the demanding value of inherited
knowledge. They take care of the knowledge; the knowledge takes care of them. This
attitudinal caretaking is seen in Dumbara Rata weaving technique (Indigenous weaving
technique). There is a living culture in the concept of art and living. Designs, colors, and
weaving structures are recorded in folklore which gives Sri Lankan cultural identity.

4.1.3. Cross-Fertilization Features to Enrich the Collection of Design and Motifs and Woven
Structures from Time to Time

Traditional design and muotifs, tools, techniques, materials, product categories, color,
and market have been influenced and increased by foreign trends from time to time. Foreign
training, seminars, and workshops helped to increase the cross-fertilization features of the
industry as pointed out in Section 3.1.3. This shows how inherited knowledge developed
through hybrid culture and fertilized with different cultural values. It was observed that
traditional craft knowledge has been modified by modern technology as pointed out in
Section 3.1.4. Traditional handloom textiles were influenced by multifaceted machines such
as Dobby, Jacquard, Jamdani, Dik border, and Warp printing, the researchers identify that
traditional Sri Lankan designs are woven in Indian introduced handloom machine called
‘Jamdani’ signifies cross-cultural features of a living culture. “Tradition changes; it is not
stagnant” [23] (p. 49).

4.1.4. The Knowledge of the Weaving Structures Survived through the Constant Practice
of Artisans

Artisans are Systematically Involved in Constant Learning as pointed out in Sections 3.1.1-3.1.5.

The practice is demanded by a sound market. Both traditional and contemporary
knowledge is institutionally established. In the traditional society, youngsters learn from
the elders of the family. Today;, it is identified that systematized training and pedagogical
structure lead the way in the industry. As in Japan, and Thailand, identified learning and
training are proactive tools in protecting the heritage [31] (p. 16). The Department arranges
annual workshops, seminars, and foreign training, and implements a research center for
each province to encourage employees to increase their creativity. Human resources are
craft artisans who are the employees in the industry. Technology will only be a facilitator.
The human touch of a product is unique. Identity and authenticity are the most demanding
selling points in both high-end and mass markets. “Products must transform into crafts of
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use and cultivate and amplify the skills, habits of mind, and abilities of users to generate
more inventiveness and longevity [32] (p. 236)”.

4.1.5. Traditional Technology was Modified with Concurrent Technology

It was shown that traditional technology was modified with concurrent technology
during the course of time as Pointed out in Sections 3.1.3, 3.1.4 and 3.1.6. That helped the
survival of the traditional knowledge, innovations, and adaptation to consumer society.
Techniques were combined to create an innovation. New material introduction and increase
in experiments are key turning points in adapting the traditional system to modern society.
Inherited knowledge successfully walked from the traditional society to consumer society.
This fact suggests that tradition needs to cooperate with concurrent technology.

4.2. What Is the Relationship between the Market Demand and the Technical Application of Design
Structures of Their Productions?

4.2.1. Production Priority Is Given to Demanding Textile Designs and Products at the Market

Textile designs are the demanding factor as pointed out in Section 3.2.1. It is seen that
product range has been increased due to gradual consumer demand.

4.2.2. Annual Competition and Exhibition, Monthly Trade Fair, Buyer-Seller Forum, and
Design Committee Meeting Constantly Identify the Most Demanding Customer Selling
Point in Handloom Textile Productions

National exhibitions and the competition added value to the industry. Methodically
and systematically selected artisans are awarded annually. Imposing rules and regulations
on the handloom industry employees of the traditional design culture are protected. It
was observed that artisans identify the event where their art and craft knowledge and
skills are evaluated. Their target customer is penetrated through lower level to high-end
designer level from annual competitions, trade fairs, and exhibitions. Traditional weaving
techniques are presented in a variety of products, at their peak of traditional art and craft
value. Therefore, it is seen that the handloom textile market is stabilized in the local
cultural context.

5. Conclusions

The discussion section scrutinized seven concepts related to the sustainable survival of
the weaving structures” handloom sector in Sri Lanka. Learning is the direct enforcer. These
concepts are recommended as the survival-driven forces of the industry. The weaving
structures, design and motifs, and color of the handloom industry were based on Buddhist
culture. There is an existing living culture. The living culture of handloom textile has been
continuing through continuous learning of many weaving structures since ancient times.
The learning enabled making an identity and demand in weaving structures. Artisans are
persuaded to learn weaving techniques, design and motifs, and color from their education
system. It is seen that there has been a consistency in forwarding design applications since
ancient times. The same traditional design and motifs have been used since ancient times.
In the 1970s, a variety of weaving techniques were introduced. This collection of weaving
techniques provided ample opportunities to produce various products with traditional
designs and motifs. The product range has been increased. Inherited knowledge was
passed down from ancestors to the new generation from learning and practicing. The new
technology of weaving structures is fused with traditional knowledge. It was noticed that
newly learnt knowledge of weaving structures became a tradition through practice. Then,
the next factor shows that training, seminars, and workshops with such a variety of learning
styles enable a bridge between traditional knowledge and new technology. Innovation
on material tools developed through a creative learning process which is being tried to
address the millennium customer desires. Annual national exhibition and competition,
monthly trade fair, buyer-seller forum, and design committee meetings where customer
demand, availability of material, durability, and cost factors overlap and juxtaposed give
insight into the most economically and culturally viable products.
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This found identical authentic learning structure has been adapted in today’s industry.
The ancient textile industry was taken care of by the King. In ancient times, their art and
craft were modified and evolved through education gained from inheritances. Artisans
who were involved in learning art and craft were involved in the occupation as well.
Traditional social organizations protected both art and artisans. Today, the same structure
has been reformed and organized to protect the artisan and the industry. The artist is
accommodated in a structured institute where the artisan acquires constant learning as
training. The learning introduced them to new technology, foreign trends, tools, techniques,
and materials such as infrastructure, which industry requires constantly. Learning gives
insight and the ability to the artisan to adapt to today.

The industry is developed through hands-on experience, and prolonged engagement,
where human resources are the key factor. The infrastructure is supplied by the Textile
Department. The research suggests recognition of a consistent infrastructure supply chain
as national policy. The paper recommends policy makers with the factors found to connect
culture with an active action plan.
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Abstract: The circular economy is one of the crucial issues in fashion because the fashion industry
is a major global polluter. Many consumers are adopting a more sustainable lifestyle and it shows
in their buying preferences and behaviors. This study aims to predict sustainable fashion apparel
consumption using an extended version of the belief-attitude—intention framework, by investigated
the moderating effect of generational cohorts. Particularly, the study emphasizes the rental apparel,
second-hand apparel, and recycled apparel markets. Survey data were collected from 135 Generation
X consumers, 134 Generation Y consumers, and 139 Generation Z consumers in Taiwan. Structural
equation modeling and the bootstrapping method were applied to test the hypothesized relationships.
The findings determined environmental consciousness, perceived value, and perceived risk as key
predictors of consumers’ sustainable apparel purchase intentions. The findings also showed that the
generational cohort negatively moderated the relationship between environmental consciousness
and sustainable apparel purchase intentions. Therefore, fully understanding consumers’ purchase
intentions regarding sustainable apparel is an indispensable topic for both academia and industry
in a circular environment. Moreover, the fashion industry should concentrate more on promoting
sustainability and ecologically friendly apparel products as well as developing multi-generational
marketing strategies.

Keywords: fashion industry; sustainable apparel; environmental consciousness; perceived value;
perceived risk; purchase intention; generational cohort

1. Introduction

The fashion industry is widely believed to be the second largest polluting industry
on the planet, and the environmental damage is increasing as the industry grows [1,2].
According to Niinimaki et al. [3], garment production is responsible for around 20% of
industrial wastewater pollution from dyeing and finishing textiles, 8-10% of carbon dioxide
emissions, and more than 92 million tonnes of waste produced per year. Meanwhile, fast
fashion has caused a considerable rise in the quantity of garments produced and thrown
away [4]. Recently, these problems throughout the textile and fashion supply chains have
appealed to consumers’ growing concerns and demands for sustainable products made
according to ecological and social principles, and thus a growing number of firms are
committing to minimizing their detrimental impacts on ecosystems and societies [5-7].
However, consumers’ understanding of sustainable apparel are often vague, and their buy-
ing decisions between sustainable and non-sustainable apparel often depend on aesthetic,
functional, and financial benefits, resulting in low involvement of consumers’ sustainable
apparel consumption [8-10]. For that reason, it is critical to clearly identify the important
factors affecting sustainable apparel purchase intentions.

In the field of sustainable fashion consumption, renting and buying second-hand or
recycled clothing are considered as sustainable options, and there is an increasing body of
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literature that recognizes the relationship between consumers’ environmental conscious-
ness, perceived values, perceived risks, and purchase intentions [11-13]. In addition, recent
evidence confirms that consumers of different generations have different sustainable con-
sumer behaviors due to their different living backgrounds and environments [14-17]. So
far, however, much uncertainty still exists about the relationship between environmental
consciousness and purchase intention in the sustainable apparel market, and it is still
not known how different generations moderate sustainable apparel purchase intentions.
Therefore, this study attempts to show how an individual’s environmental consciousness
affects their sustainable apparel purchase intention through perceived values and perceived
risks, and to recognize the moderating roles of the generations. In this study, sustainable
fashion apparel covers rental clothing, second-hand clothing, and recycled clothing, and
the targeted sample group consists of Generation X, Generation Y, and Generation Z. The
study presumes that consumers who have high environmental consciousness may present
a stronger behavioral intention to purchase sustainable fashion apparel, and a moderating
effect of generational cohort may exist in the consumers’ sustainable apparel purchase
intention.

This study makes an important contribution to the circular fashion industry and
provides valuable insights for fashion brands or retailers to understand the different gen-
erations’ sustainable apparel consumption preferences and behaviors regarding different
sustainable apparel products. The rest of the study is organized as follows: Section 2
presents the literature review on circular fashion, environmental consciousness, perceived
value, perceived risk, and generational cohort theory; Section 3 introduces the research
methodology and sample profile; Section 4 displays the hypothesis testing results for the
three types of sustainable apparel, and in particular, the moderating effects of genera-
tional cohorts are presented; Section 5 examines the empirical findings in detail; Section 6
summarizes the main findings and limitations of the current study, with future research
recommendations.

2. Theoretical Framework
2.1. Circular Fashion

The circular economy aims to change the linear material flow, which directs many
manufacturing operations, into closed-loop models that emphasize that resource and
residual waste are shared, repaired, reused, or recycled [18,19]. A circular model for fashion
generates green products and services for customers, while contributing to a prosperous
fashion industry and environmental regeneration [20,21]. Given the consumer’s growing
awareness of sustainable consumption, there has been an increasing amount of literature
on alternate models of clothing consumption [22-25]. Kim et al. [12] classified sustainable
fashion products into three types: second-hand clothing, upcycled clothing, and recycled
clothing. Machado et al. [26] demonstrated that the second-hand clothing business model
is a way of decreasing resource use where waste in the form of used goods is reused, and
product lifespans are extended through transferring ownership. Additionally, Clube and
Tennant [27] and Shrivastava et al. [28] showed that online rental of used clothing is an
emerging business model that bolsters circular fashion practices linked to environmental
and economic sustainability. As a result, the circular fashion industry aims to promote the
re-use and recycling of clothing. In the current study, we investigated the three different
types of sustainable apparel consumption: rental clothing, second-hand clothing, and
recycled clothing.

2.2. Environmental Consciousness

Environmental consciousness is considered as a complex concept built upon cognitive,
attitudinal, and behavioral components as well as environmental knowledge [29,30]. Ac-
cordingly, environmental consciousness is an element of the belief system that contributes
to specific mental influences linked to one’s tendency to participate in the eco-friendly
behavior regime [31]. To date, many recent studies have highlighted that environmental
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consciousness has become a vital component of the consumer decision-making process
in the sustainable consumption context [32-35]. For example, Kautish and Sharma [36]
and Zhang et al. [37] validated the relationships among environmental consciousness,
perceived values, and behavioral intentions for green products. Wang et al. [38] revealed
that perceived value regarding quality and price was a mediator of environmental con-
sciousness and green purchase behaviors. Similarly, Hasan et al. [39] confirmed the positive
relationship between environmental concerns, consumer attitudes, and a willingness to
purchase organic cotton clothing. Souza et al. [40] posited that environmental conscious-
ness, perceived values, and risk factors are key predictors of environmental purchase
behavior. Szabo and Webster [41] indicated that environmental beliefs have positive effects
on perceived value and negative effects on perceived risk. Therefore, these subsequent
hypotheses are proposed:

H1: Environmental consciousness is positively associated with perceived value.

H2: Environmental consciousness is negatively associated with perceived risk.

2.3. Perceived Value and Perceived Risk

Perceived value is a customer’s personal assessment of a product’s utility [42]. Accord-
ing to the consumption values theory, consumers’ product choice behaviors are established
on five perceived values: functional, emotional, social, epistemic, and conditional [43]. In
the textile and apparel domain, a multidimensional perspective of perceived value has
been widely adopted to investigate consumers’ sustainable clothing purchase behaviors.
Bielawska and Grebosz-Krawczyk [44] analyzed data from 496 Polish consumers and con-
cluded that emotional, conditional, and environmental values had significantly positive
influences on purchase behavior regarding eco-friendly clothing. Baek and Oh [45] studied
consumers’ adoption intentions regarding fashion apparel rental services and revealed that
functional, economic, and emotional values boost attitudes and intentions. Chun et al. [46]
suggested that social value, emotional value, functional value, economic value, and eco
value all have positive influences on behavioral intentions regarding recycled fashion
products. Chi et al. [47] identified the perceived green value of recycled polyester-made
athleisure apparel products as a multidimensional construct, including functional value,
social value, emotional value, conditional value, and epistemic value. Considering this
evidence, it seems that perceived value positively affects behavioral intention regarding
sustainable apparel products or services. Therefore, the following hypothesis is proposed:

H3: Perceived value is positively associated with sustainable apparel purchase intention.

In previous studies on consumer decision-making behaviors, researchers conceptu-
alized perceived risk as customers’ beliefs about the uncertainty and potential negative
outcomes of purchasing a product or service [48-50]. To date, several studies have high-
lighted various types of risk that are associated with consumers’ purchase intentions, such
as time, financial, social, psychological, physical, and performance risk [51-55]. In the
case of online fashion rental services, Lee et al. [13] demonstrated that financial risk, per-
formance risk, and social risk have a negative effect on usage intention. Similarly, Yoo
et al. [56] proposed that key obstacles to consumer purchase intentions regarding upcycled
apparel were social, financial, and performance risks. Moreover, hygiene concerns are
suggested to be a strong barrier to the purchase intention of sustainable clothes [24,57-59].
Park and Choo [60] and Kim et al. [12] proved that sanitary risk negatively affects the
intention to purchase second-hand, upcycled, and recycled clothing. Collectively, these
studies suggest that perceived risk negatively influences behavioral intentions regarding
sustainable apparel products or services. Therefore, the following hypothesis is proposed:

H4: Perceived risk is negatively associated with sustainable apparel purchase intention.
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2.4. Generational Cohort Theory

Mannheim [61] proposed the generational cohort theory (GCT) and stated that a
generational cohort is a set of individuals born within a particular span of time who share
a similar age and stage of life. More specifically, a generation refers to a cohort of people
who have comparable age and experience similar social, economic, political, and cultural
events [62—-64]. As a result, each generation would inherit a collective consciousness and
develop unique values, belief systems, peer personalities, and behavioral tendencies [65].
According to Dimock [66], the generational cohort can be divided into five age groups: the
Silent Generation (born 1928-1945), Baby Boomers (born 1946-1964), Generation X (born
1965-1980), Generation Y (also known as Millennials; born 1981-1996), and Generation Z
(born 1997-2012). With members of Generation X and Y representing the largest percentage
of today’s workforce, and the oldest members of Generation Z are entering the workforce,
the targeted sample of this study was Generations X, Y, and Z. In essence, Generation Xers
are those born before the widespread adoption of digital technology; Generation Yers are
also known as digital natives and technology is part of their everyday lives; Generation
Zers have been exposed to the internet, to social networks, and to mobile systems.

Thus far, many previous studies in the field of marketing have demonstrated that an
individual’s decision-making processes [67,68], online shopping orientations [69-71], social
media and technology usage [72,73], brand engagement and loyalty [74], and sustainable
consumption behaviors [17,75] could be modified by that individual’s generational identity.
Much of the current literature on sustainable fashion apparel consumption pays particular
attention to generational differences. Kim [76] pointed out that there are significant dif-
ferences in the cognitive, affective, and behavioral responses to fashion luxury products
between Millennials and Baby Boomers. Gazzola et al. [15] confirmed that the younger
generations today are more aware of sustainability and the circular economy. Liang and
Xu [77] found that Generation X demonstrated a high resistance to second-hand clothing
products, while younger generations held stronger perceived values and purchase inten-
tions regarding second-hand clothing than their older counterparts. Overall, the evidence
reviewed here seems to suggest a moderating role for generational cohorts. Therefore, the
subsequent hypotheses are proposed:

HS5: Generational cohorts moderate the direct effects of environmental consciousness on (a) perceived
value, and (b) perceived risk.

Heé: Generational cohorts moderate the direct effects of (a) perceived value, and (b) perceived risk on
sustainable apparel purchase intention.

2.5. Conceptual Model

Drawing on the belief-attitude-intention framework and the generational cohort the-
ory, the purpose of this study is to explore the impact of environmental consciousness
on perceived value, perceived risk, and sustainable apparel purchase intentions, and to
investigate how generational differences moderate the association between environmen-
tal consciousness and sustainable apparel purchase intention. The conceptual model is
displayed in Figure 1, which encompasses the above-mentioned five dimensions.
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Figure 1. Conceptual model of this study.

3. Methods
3.1. Sample and Procedure

The current research investigated the determinants of consumers’ sustainable apparel
purchase intentions, and further examined the moderating role of generational cohorts.
A survey approach was used to conduct this quantitative study, with the samples for
the study drawn from Taiwan. Individuals aged below 56 were the targeted sample in
this study, and the sample size of 200 or more for this study was determined because a
minimum sample size of 200 is recommended for survey studies of behavior/cognition [78].
This study employed the SurveyCake online survey platform to collect the target samples.
SurveyCake (https://www.surveycake.com/ (accessed on 3 September 2021)) is a market
research platform that surveys internet users, and was used because it contains millions
of users and offers representative sampling techniques where questionnaires can be sent
to specific demographic groups to obtain accurate audience samples and target numbers.
Participants who completed all scales for three types of sustainable clothing received TWD
100 as an incentive. A total of 408 valid responses were obtained between October and
December 2021 and used for statistical analysis.

3.2. Measurement and Analytic Method

The survey started with a brief outline of the investigation’s purpose and illustra-
tions of three types of sustainable apparel: rental clothing, second-hand clothing, and
recycled clothing. The questionnaire included two sections: (1) demographic: gender,
age, marital status, monthly discretionary income, average monthly apparel expenditure
and sustainable apparel purchase experience; (2) survey: items measuring environmental
consciousness, perceived value, perceived risk, and sustainable apparel purchase intention.
All multi-item instruments were measured utilizing 5-point Likert scales (1 = Strongly
disagree, 3 = Neutral, 5 = Strongly agree) and were well-established measurements adapted
from previous studies. Environmental consciousness was evaluated using three items from
Wang et al. [38]. To access the perceived value in purchasing sustainable apparel products,
five items related to functional, emotional, social, epistemic, and environmental value were
measured referring to Kim et al.’s [12] and Bielawska and Grebosz-Krawczyk’s [44] studies.
As for perceived risk, four items measuring social, financial, performance, and sanitary risk
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were adopted from Yoo et al. [56] and Kim et al. [12]. Items measuring sustainable apparel
purchase intention (3 items) were taken from Lee et al. [13] and Yoo et al. [56].

For data analysis, descriptive analysis, confirmatory factor analysis (CFA), structural
equation modeling (SEM) analysis, and moderation analysis were used. SPSS software was
utilized in the study to analyze demographic data and moderation effects. A confirmatory
factor analysis (CFA) was used to evaluate how well the survey results matched the
hypothesized measurement model. CFA enables researchers to systematically test specific
prior hypotheses about the structure underlying survey results and to compare alternative
measurement models with respect to explanatory power; this makes CFA a valuable tool
for theory testing and building [79]. In addition, the hypotheses were tested by applying
SEM, which is the most commonly used estimation method for robust analysis of data in
the behavioral and social sciences [80]. CFA and SEM were performed adopting AMOS
software.

3.3. Sample Profile

The sample profile shown in Table 1 was obtained via a descriptive analysis of the
data. The sample consisted of 33.1% (n = 135) generation X, 32.8% (1 = 134) generation
Y, and 34.1% (n = 139) generation Z, indicating that the sample sizes for the three cohorts
were equivalent. Of the 408 respondents, 245 (60%) were female and 163 (40%) were
male. Most respondents in Generation X were married (67.4%) and the Generation Z
respondents were predominantly (77.7%) single. As for their discretionary income, more
than 60% of Generation X respondents had over TWD 20,000 a month, while the Generation
Z respondents indicated a monthly discretionary income of less than TWD 20,000 (60.4%).
In terms of average monthly apparel expenditure, between TWD 1001 and TWD 4000 was
the most common, followed by less than TWD 1000. For the sustainable apparel purchase
experience, most respondents had purchased second-hand and recycled clothing but had
never used clothing rental services.

Table 1. Sample profile.

Generation X Generation Y Generation Z
Variable (Ages 41-56) (Ages 25-40) (Ages 9-24)
Number (%) Number (%) Number (%)

Gend Male 58 (43.0%) 54 (40.3%) 51 (36.7%)

ender Female 77 (57.0%) 80 (59.7%) 88 (63.3%)

A Married 91 (67.4%) 57 (42.5%) 31 (22.3%)

Marital status

Single 44 (32.6%) 77 (57.5%) 108 (77.7%)

<TWD 10,000 13 (9.6%) 25 (18.7%) 42 (30.2%)

10,001-20,000 37 (27.4%) 35 (26.1%) 42 (30.2%)

Monthly Discretionary Income 20,001-30,000 35 (25.9%) 35 (26.1%) 38 (27.3%)
30,000-40,000 29 (21.5%) 21 (15.7%) 14 (10.1%)

>TWD 40,000 21 (15.6%) 18 (13.4%) 3 (2.2%)
<TWD 1000 39 (28.9%) 33 (24.6%) 43 (30.9%)
Average monthly anparel 1001-4000 63 (46.7%) 71 (53.0%) 65 (46.8%)
gex o dituyrepp 4001-7000 21 (15.6%) 16 (11.9%) 18 (12.9%)

P 7001-10,000 9 (6.7%) 6 (4.5%) 12 (8.6%)

>TWD 10,000 3 (2.2%) 8 (6.0%) 1 (0.7%)
Ever use clothing rental Yes 60 (44.4%) 60 (44.8%) 57 (41.0%)
services? No 75 (55.6%) 74 (55.2%) 82 (59.0%)
Ever buy second-hand clothing Yes 84 (62.2%) 92 (68.7%) 83 (59.7%)
or resale used clothing? No 51 (37.8%) 42 (31.3%) 56 (40.3%)
. Yes 89 (65.9%) 90 (67.2%) 76 (54.7%)

?

Ever buy recycled clothing? No 46 (34.1%) 44 (32.8%) 63 (45.3%)
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4. Results
4.1. Reliability and Validity

A confirmatory factor analysis was utilized to examine the reliability and validity of
the measurement model. Table 2 exhibits mean and estimated factor loadings (FL) for each
item and Cronbach’s «, composite reliabilities (CR), and average variance extracted (AVE)
for each dimension. All FL values ranged from 0.709 to 0.914, and the AVE for all constructs
was between 0.512 and 0.815, surpassing the 0.5 cutoff value. The value for CR should
exceed 0.7. The coefficient values of CR in this study were between 0.758 and 0.930. All
estimated FL, AVE, and CR values met the relevant criteria, providing significant evidence
of convergent validity [81]. In addition, Cronbach’s « was used to evaluate the internal
reliability of the measurements. The Cronbach’s « values for all dimensions were in the
range of 0.825-0.928, surpassing the suggested threshold of 0.7 [82]. Thus, these results
reveal that the measurement of this study was reliable and valid. From the table, it can be
seen that the highest AVE, CR and Cronbach’s « values were for the sustainable apparel
purchase intention dimension (AVE = 0.512, CR = 0.758, Cronbach’s « = 0.825), while
the lowest AVE, CR and Cronbach’s « values were for the environmental consciousness
dimension (AVE = 0.815, CR = 0.930, Cronbach’s « = 0.928).

Table 2. Results of reliability and validity analyses.

Dimension Items Mean FL Statistics

1. The balance of nature is very

delicate and can be easily upset. 4219 0.709
' 2. IThave sw1Fched products for 1127 0711 CR =0.758,
Environmental ecological reasons. AVE =0.512,
consciousness 3. When I have a choice between Cronbach’s
two equal products, I purchase the a=0.825
one less harmful to other people 4153 0725
and the environment.
1. This sustainable clothing is well
made and worth the money. 3784 0874
2. Purchasing this sustainable
clothing makes me feel good. 3699 0909 CR=0.917,
P ived val 3. Purchasing this sustainable AVE = 0.690,
ereetved value clothing can give its owner social 3.599 0.801 Cronbach’s
approval. o =0.889
4. This sustalr?able clothing offers 3756 0.815
uniqueness.
5. This sustainable clothing helps 3.953 0.744
save resources.
1. This sustainable clothing would 3201 0.840
not be durable.
2. This sustainable clothing is
unlikely to be hygienic. 3600 0788 CR =0.890,
P ived risk 3. I would not feel comfortable AVE = 0.668,
ereerved ris wearing this sustainable clothing in 3.421 0.783 Cronbach’s
public. o =0.889
4. 1 think it is not worthwhile to
spend money on this sustainable 3.210 0.857
clothing.
1. I am willing to visit a store that
Sustainable sells this sustainable clothing. 3662 0883 CR = 0.930,
apparel 2. T am willing to visit the website 3544 0914 AVE = 0.815,
purchase of this sustainable clothing. i ’ Cronbach’s
intention 3. I am willing to recommend this 3.653 0911 o =0.928

sustainable clothing to others.

Sustainable clothing corresponds to rental clothing, second-hand clothing, and recycled clothing. The mean is the
average of the numbers of the three types of apparel. Significance level: p < 0.05; p < 0.01; p < 0.001.
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4.2. Hypothesis Verification

Structural equation modeling (SEM) was carried out to examine the interrelationships
between environmental consciousness, perceived value, perceived risk, and sustainable
apparel purchase intention using the AMOS software. Table 3 shows the main research
hypotheses for overall sustainable apparel; except for H2, all other research hypotheses
were supported. In detail, environmental consciousness had a significant positive impact on
perceived value ( = 0.364, p < 0.001), and perceived value had a significant positive impact
on sustainable apparel purchase intention (3 = 0.919, p < 0.001), whereas perceived risk
had a significant negative impact on sustainable apparel purchase intention (3 = —0.122,
p < 0.001). No significant influence was found between environmental consciousness and
perceived risk (f = 0.014, p > 0.05). In terms of the differences between apparel types, for
rental and second-hand apparel, H1, H3, and H4 were supported, but H2 was not supported.
As for recycled apparel, H1 and H3 were supported but H2 and H4 were not supported,
indicating that perceived risk did not significantly mediate the relationship between envi-
ronmental consciousness and recycled apparel purchase intention. Moreover, the results
for model fitness yielded from AMOS were as follows: x2/df = 2.487, RMSEA = 0.060,
RMR = 0.034, GFI = 0.913, AGFI = 0.890, CFI = 0.932, IFI = 0.933, NFI = 0.903, RFI = 0.907,
and NNFI = 0.923. All values met the threshold suggested by Hu and Bentler [83]. It can
therefore be concluded that the proposed model reasonably explained the collected data.

Table 3. Hypothesis testing results for the three types of sustainable apparel.

Overall
Hypothesis  Path 1:{ en:::l Sej;md;ialmd I}:Cy:lz‘li Sustainable
pPp PP PP Apparel
H1 EC—PV Supported (+) Supported (+) Supported (+) Supported (+)
H2 EC—PR  Notsupported Notsupported Notsupported Not supported

H3 PV—SAPI  Supported (+)  Supported (+)  Supported (+)  Supported (+)
H4 PR—SAPI  Supported (—)  Supported (—)  Notsupported  Supported (—)
EC: Environmental consciousness; PV: Perceived value; PR: Perceived risk; SAPI: Sustainable apparel purchase

intention; Overall sustainable apparel covers the three types of sustainable apparel. Significance level: p < 0.05;
p <0.01; p <0.001.

4.3. Moderating Effects of Generational Cohorts

The bootstrapping method was performed using SPSS Process Macro to examine
if generational cohorts moderated the relationship among environmental consciousness,
perceived value, perceived risk, and sustainable apparel purchase intentions. Table 4
provides the hypothesis testing results for H5 and H6. Regarding overall sustainable
apparel, a moderating effect of generational cohorts was found in the relationship between
environmental consciousness and perceived value (3 = —0.140, CI = —0.2683~—0.0120),
indicating that the relationship between environmental consciousness and perceived value
was significantly more positive for the younger generations compared to Generation
Xers. A moderating effect of generational cohorts was found in the relationship between
environmental consciousness and perceived risk ( = —0.313, CI = —0.4827~—0.1445),
indicating that the younger generations would show stronger negative associations between
environmental consciousness and perceived risk than would Generation Xers. Thus, H5
was fully supported. Additionally, results also show that generational cohorts moderate
the influence of perceived risk on sustainable apparel purchase intention (3 = —0.161,
CI = —0.2889~-0.0325). That is, younger generations would show stronger negative
associations between perceived risk and sustainable apparel purchase intention than would
Generation Xers. However, the moderating effect of generational cohorts on the relationship
between perceived value and sustainable apparel purchase intention was not significant
(B =0.018, CI = —0.2159~0.0002). H6 was therefore partially supported.
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Table 4. Hypothesis testing results for the moderator.

Rental Second- Recycled Overall
Hypothesis Path Apparel Hand Apparel Sustainable
Apparel Apparel
H5 (a) EC—PV Supported Supported Supported Supported
(EC x GC) (=) =) =) (=)
H5 (b) EC—PR Supported Supported Supported Supported
(EC x GC) (=) (=) (=) (=)
H6 (a) PV—SAPI Not Not Not Not
(PV x GQC) supported supported supported supported
Hé (b) PR—SAPI Supported Supported Not Supported
(PR x GC) (=) (=) supported (=)

EC: Environmental consciousness; PV: Perceived value; PR: Perceived risk; SAPI: Sustainable apparel purchase
intention; GC: Generational cohorts; Overall sustainable apparel covers the three types of sustainable apparel.
Significance level: p < 0.05; p < 0.01; p < 0.001.

5. Discussion

This study set out to examine the relationship between environmental consciousness
and sustainable apparel purchase intention and to determine whether generational differ-
ences moderate the relationship. We divided current sustainable apparel into three types
(rental clothing, second-hand clothing, and recycled clothing) and targeted Generations
X,Y, and Z. In terms of Hypotheses 1 and 3, we tested the relationship between environ-
mental consciousness, perceived value, and sustainable apparel purchase intention, and
found that environmental consciousness strongly affected sustainable apparel purchase
intention through perceived value. These results are consistent with studies that examined
the influence of environmental concerns on consumers’ value perceptions and purchase
intentions, specifically those conducted by Hasan et al. [39] and Baek and Oh [45], who
found that environmental concerns and perceived values were directly related to consumer
decision-making on purchasing eco-friendly clothing. A possible explanation for this might
be that environmental consciousness is viewed as an important component of the consumer
decision-making process in the context of sustainable consumption [34,35]. That is, the
more environmentally conscious the consumers, the stronger their value perceptions and
behavioral intentions become regarding sustainable apparel goods.

As for Hypotheses 2 and 4, we tested the relationship between environmental con-
sciousness, perceived risk, and sustainable apparel purchase intention. Surprisingly, this
study did not find a significant association between environmental consciousness and
perceived risk. In other words, high environmental consciousness does not lead to a lesser
risk perception of sustainable clothing. This inconsistency may be due to the growing level
of environmental awareness, and the increasing number of fashion brands and retailers
committed to providing services and products that combine environmental awareness
with quality and performance [5-7]. In terms of the relationship between perceived risk
and sustainable apparel purchase intention, the results support a negative direct effect of
perceived risks relating to rental and second-hand clothing on purchase intention; however,
no evidence of a remarkable effect of perceived risks relating to recycled clothing was
detected. A possible explanation for this might be that rental and second-hand clothing
may be perceived to be more unsanitary than products made of recycled materials [12,59].
These results reflect those of Yoo et al. [56] who also found that the risks perceived by
buyers differed according to the product characteristics when purchasing sustainable
fashion products.

For Hypotheses 5 and 6, we tested the moderating effects of generational cohorts in
all paths and found these cohorts weakened the effect of environmental consciousness on
perceived value, and perceived risk and the effects of perceived risk on sustainable apparel
purchase intentions. The results revealed that Generation Zers would show stronger
associations between belief, attitude, and intention compared to Generation Yers and Xers,
presenting evidence of moderation by generational cohorts. These results are in line with
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those of previous studies [15,17,75,76]. For instance, Liang and Xu [77] confirmed that the
younger generations perceived higher values and held higher purchase intentions regarding
sustainable apparel products than their older counterparts. In summary, although not all
the hypotheses were confirmed, the empirical results strongly support a positive effect of
the environmental consciousness and perceived value on sustainable apparel purchase
intention, and a negative effect of the perceived risk on sustainable apparel purchase
intention. These results imply that the consumers’ willingness to purchase sustainable
clothing is significantly related to environmental consciousness and valence perceptions.
Additionally, the findings of this study suggest that consumers’ sustainable consumption
behaviors could be modified by generational cohorts, proving that young consumers are
driving the market for sustainable products and services.

6. Conclusions

This study was conducted to disentangle the factors determining the consumers’ sus-
tainable apparel purchase intentions including rental, second-hand, and recycled clothing,
and to explore the moderating effect of generational cohorts. The most obvious finding to
emerge from the study is that environmental considerations and perceptions are important
factors in explaining consumer sustainable apparel purchase intention, and a moderating
effect of generational cohorts exists in the consumers’ sustainable apparel purchase inten-
tions. The present study generates theoretical contributions by synthesizing five research
dimensions in the sustainable apparel consumption domain. Specifically, this study ad-
vances our understanding of sustainable apparel consumption by exploring consumers’
environmental consciousness, perceived value, perceived risk, and purchase intention for
different sustainable apparel products. Moreover, this study is the first comprehensive
investigation of the moderating role of generations in consumers’ pro-environmental atti-
tudes and behaviors regarding sustainable apparel products. Overall, the present study
provides a deeper insight into the rapidly expanding field of circular fashion consumption
and suggests that sustainable apparel purchase intention varies across market segments
and generations.

This study has two main practical contributions. Firstly, it can be a guideline for
retailers and marketers in the fashion industry to understand the factors to be considered in
promoting sustainable apparel. Particularly, enhancing environmental and functional value
may be an effective way of facilitating consumers’ sustainable apparel buying intentions.
Moreover, it is possible to increase buying intention of sustainable apparel products by
reducing consumers’ risk perception through promoting specific and genuine environ-
mental friendliness in products from eco-friendly brands. Secondly, it provides a deeper
insight into how consumers’ sustainable shopping attitudes and behaviors can vary across
the different generations. For younger generations, marketers should promote the idea of
buying less, and produce fashion products that are made with minimal and environmen-
tally friendly resources. Meanwhile, to make older generations more knowledgeable about
sustainable apparel products, marketers and policy enforcers should spread information
about sustainable issues through legal guidelines, media reports, and public relations in the
manufacturing and marketing sectors of companies. However, there are certain limitations
that restrict the generalizability of these findings. Firstly, the sample size and the target sam-
ple impeded the generalization of the results. A larger sample size is required to improve
the generalizability of research findings. This study was conducted in Taiwan, and further
research could be conducted in other countries to extend the understanding in sustainable
fashion consumption from a global perspective. Secondly, this study relies on data col-
lected using a questionnaire. Future studies should be undertaken to provide an in-depth
view regarding the customers’ perceptions and behaviors when purchasing sustainable
apparel, by utilizing qualitative techniques such as open-ended survey questionnaires and
interviews. Thirdly, this study does not consider the impact of demographic factors such
as gender, monthly discretionary income, and marital status. Future work is needed to
validate demographic differences in consumers’ environmental awareness and sustainable
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behaviors. Finally, unifying the four well-known constructs may not fully elaborate the
consumers’ sustainable behaviors, so future studies should consider incorporating other
psychographic and social factors (e.g., lifestyles, values, subjective norms) associated with
behavior regarding green consumption.
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Abstract: The formation of the globalization pattern of regional ethnic culture brings new opportuni-
ties for the sustainable development of cultural capital. In order to solve the problem of mismatch
between the high development demand of regional ethnic costumes and their traditional design
methods, this study proposes an innovative design method for regional ethnic traditional costumes,
taking the Yunjian, a cloud-shaped sash-like shoulder garment as an example. Firstly, we deeply
explored the historical and cultural connotation of the Yunjian through fieldwork and literature
research. Then we sorted out and refined its elements, colors and structural features. We classified the
patterns according to the composition forms and clarified the path of pattern creation based on fractal
theory. We combined the representative elements of Yunjian with the fractal algorithm and proposed
the design model of Yunjian fractal pattern. Finally we verified the feasibility of the proposed design
method through design practice. The results show that the Yunjian garment created by the method of
this paper can better reflect the characteristics of fashion art and ethnic culture.

Keywords: sustainability; digital design; regional ethnic culture; cultural capital; revitalization;
Yunjian; traditional garment

1. Introduction

Ethnic traditional costumes are not only intangible cultural heritage carrying the spirit
and centripetal force of national culture, but also cultural capital and wealth containing
great revitalization value [1]. With the formation of the globalization of regional ethnic cul-
ture, Chinese regional fashion has become part of the global popular style [2]. The Yunjian
is a unique costume item placed on the shoulder in ancient China, which has a rich art form
and profound cultural heritage, and has a prominent position and high research value in
the Han Chinese costume culture. The culture of traditional Yunjian garments is constantly
being explored and moving towards the world fashion stage. This market-oriented fashion
phenomenon has transformed the regional ethnic “cultural heritage” into “cultural capital”
that can be transferred, and brought opportunities for sustainable development to the re-
gional ethnic traditional culture, which was facing a crisis of discontinuity. The worldwide
popularity of Chinese traditional costume styles has put forward higher demands on the
design and development methods. With the development of artistic aesthetics and value
experience, the emerging culture of ethnic fashion has changed the clothing consump-
tion behavior of modern people. More scientific and efficient innovative design methods
that take into account ethnic characteristics and modern fashion need to be researched
and developed.

The rapid development of science and technology can give new possibilities to artistic
expression. Research on the innovative design of costumes is not uncommon, but most
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of the studies focus on material and functional innovations. Few researchers have intro-
duced computer algorithms into the innovative design of ethnic costumes with remarkable
results. Nowadays, fractal algorithms have received a lot of attention from researchers.
Mathematician Mandelbrot was the first to use the term fractal to describe a figure or
phenomenon with similar properties. Fractal patterns contain self-similarity between the
whole and the parts, with the possibility of infinite iteration and repetition. Currently,
there is a lot of literature applying fractal theory to modern design. A Laubsted explored
the mathematical logic behind fractal geometry and fractal art [3]. JZ Zhang et al. used
fractal geometric methods to analyze traditional furniture shapes and decorative arts, and
concluded a design method applicable to furniture shapes in practice [4]. JC Driscoll used
fractal dimension and Vollendorf method to create unique fractal compositions and tried to
apply them in architectural design development [5]. However, fewer research results have
applied fractal theory to the design of regional ethnic traditional costumes with fractal art
features and concluded a proven systematic approach. The Yunjian costumes created by
ancient Chinese ancestors are not lacking in fractal art features, but have not been formed
into a scientific and systematic pattern design system based on fractal theory. This study
proposes an innovative method for Yunjian costumes based on the Newtonian function
model, aiming to expand a new way of inheritance, innovation and application of national
costumes.

2. Research Background

Yunjian is draped over the front and back of the shoulder. In Chinese, the meaning
of “Yunjian” is “a colorful cloud on the shoulder”, because people wear it as beautiful as
a colorful cloud. Yunjian was developed during the Five Dynasties and Ten Kingdoms
period (907-979 AD). At that time, it had no decorative meaning. It was mainly used to
protect the collar and prevent the hair from staining the clothes. During the Qing dynasty,
the decorative meaning of the Yunjian was greater than its practical function, and it became
an indispensable decorative garment for women as part of their wedding ceremony. The
Yunjian was rich in color, beautifully crafted, and had a very distinctive structure and
design. In this section, we will introduce and analyze the pattern themes, color rules and
structural features of the Yunjian.

2.1. Pattern Theme

Most of the patterns in traditional Chinese folk costumes come from life and are
influenced by the background of the times, people’s beliefs and local customs [6]. The
common pattern images in Yunjian can be broadly divided into plant, animal, character,
artifact and text categories. The common plant themes are pomegranates, grapes, pumpkins,
loquats, and so on. The Chinese pronunciation of “many seeds” is the same as “many
sons”, so the Chinese people give pomegranate an auspicious meaning of many sons and
many blessings. People also like the round shape and golden skin of pumpkins, which
they believe symbolizes completeness and wealth. The long, curved and tough vines of
the pumpkin symbolize longevity and family prosperity. In addition to the melon and
fruit patterns, the lotus flower, which symbolizes harmony between husband and wife,
and the peony flower, which symbolizes wealth and elegance, are also common motifs
in the Yunjian. Animal motifs include bats, butterflies, Chinese unicorn, cranes, dragons
and phoenixes. The Chinese pronunciation of “bat” is the same as “happiness”, so bat
patterns are loved by Chinese people as a symbol of happiness. The Chinese unicorn is
a mythological animal in China. In mythology, the appearance of the Chinese unicorn
usually means that good things are about to happen. As a symbol of hope and good luck,
the Chinese unicorn pattern is often found in the clothing of Chinese nobility. Ruyi, coral,
pearl, vase, ivory and other objects are also common subjects for auspicious patterns. Word
patterns are usually derived from the deformation of words with auspicious meanings and
good wishes, such as Shou (longevity) word patterns, Wan (ten thousand) word patterns
and Xi (joyful) word patterns. Character patterns are mainly chosen from the subjects of
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maids, babies, couples and so on. These characters usually form lively scenes of life, such as
farming, marriage, boat trips, flower viewing, children playing, etc. The common patterns
in the five main themes and their line drawing extracts are shown in Figure 1.

Plant pattern Artifact pattern Character pattern

Lotus pattern

? “

2 i < =
Pomegranate pattern ~ Ruyi pattern Lotus leaf pattern ~ Marriage pattern

= 1
g

Animal patterns Word pattern

T

Yy & y K .3
/ by >4 )

{

Butterfly pattern Bat pattern ~ Xi(joyful) word pattern water word pattern

Figure 1. Representative Yunjian pattern themes and line drawings.

2.2. Color Rules

The color scheme of the Yunjian garment follows the two traditional color rules
of “Homochromatic system” and “Contrast color system” in ancient costumes. Yunjian
costumes commonly use five colors (white, cyan, black, red, yellow) as the main colors for
large areas, while using related average colors for auxiliary embellishment. The same color
series of Yunjian focuses on the harmony and unity of colors. Contrasting colors are used to
adjust the color according to brightness, purity and area size to achieve a lively visual effect.
There has been related literature that classifies Yunjian colors into three categories according
to the rules of color usage, which are primary colors, auxiliary colors and decorative colors.
Primary colors of Yunjian mainly refers to the fabric base color. Auxiliary colors refer to
the embroidery, applique and other process colors to meet the overall or local modeling
needs of the garment. Auxiliary colors usually have no obvious effect on the visual effect
of Yunjian colors. The decorative colors mainly refer to the complicated, small block of
gorgeous colors in the Yunjian costume.

2.3. Structural Features

Although the Yunjian is used as a costume accessory most of the time, it is worn in the
visual center of the body. Therefore, it plays an important role in the overall structure of the
costume. The modeling of Yunjian has unique artistic charm and regularity, its structure
can be divided into hierarchical structure and external structure [7].

The hierarchical structure of the Yunjian can be divided into four categories: the
single-piece structure, the multi-layer structure, the connected structure and the mixed
structure. Different structure of Yunjian gives people completely different style feeling.
The earliest Yunjians were basically symmetrical single-piece structures that were simple,
lightweight, and suitable for children to wear. Modern children’s bibs are developed from
this. The multi-layer structure are single pieces of shaped Yunjians laminated together,
this kind of design is ordered and looks richer. The connected structure Yunjian is light,
it consists of the overall shape breaking down and cutting off the excess padding parts
to form the skeleton, and then putting it together in an orderly manner. The connected
structure Yunjian is more complex, it not only requires fine single piece, but also pays more
attention to the overall arrangement effect. The mixed structured Yunjian combines all of
the above forms and is more elegant and refined.

The appearance structure of the Yunjian can be divided into two types: centrifugal
structure and centripetal structure. The centrifugal structure is centered on the neckline
and spreads out in a straight line to lead the sight outward. The centripetal structure is a
contraction from the periphery to the center, and the visual center is more focused. When
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the Yunjian is worn on the body, its shape outline can be divided into crescent-shaped,
semi-circular and T-shaped, as shown in Figure 2.

centripetal structure centrifugal structure  crescent-shaped semi-circular T-shaped

Figure 2. Cloud shoulder structure and shape.

Analyzed from the overall visual effect, the Yunjian has rich formal aesthetic character-
istics. The modeling of the Yunjian reflects an orderly aesthetic, with a sense of symmetry
and balance between the individual pieces. The same single-piece shape and form are used
repeatedly, while the decorative elements are varied to give it a sense of rhythm.

3. Research Methods
3.1. Elemental Derivation Methods

This study focuses on the derivative design of pattern elements through the morpho-
logical displacement method. The morphological displacement method can summarize the
derivation process of the elements into a regular design language [8]. The basic elements
of the Yunjian pattern are moved in a directional way by the morphological displacement
method, and the size of the elements and the logic of the displacement trajectory can be
changed during the movement. We take the classical element of the Yunjian pattern, Ru
Yi pattern, as an example, and show 8 predefined rules of morphological displacement
derivation in Figure 3. The combined use of different rules and their derivation results are
shown in Figure 4.

Rule 1 Rule 2 Rule 3 Rule 4

R Yo R2 Q RIEN LY
Horizontal Vertical @, Horizontal ] Narrow
displacement displacement flipping
50
Rule 5 Rule 6 is\o_ Rule 7 p Rule 8 90°
RS R6 > RS /\
(R Qe @ @@ &
- g a
Vertical Point-centered Ax1s centered Axis-centered

flipping rotation rotation rotation

Figure 3. Elemental derivation rules.
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Figure 4. Example of the application of derivative rules.
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3.2. Color Extraction Method
3.2.1. K-Means Clustering Algorithm

Color design is one of the most direct ways to convey the aesthetics of a garment [9].
Clustering algorithms can merge and extract colors from existing patterns based on a preset
range of color fields. k-means is an iterative solving algorithm for cluster analysis [10].
It uses a circular positioning technique to translate different intervals to improve the
quality of interval delineation. The algorithm selects K objects as initial clustering centers.
The algorithm assigns each object to the closest cluster center and calculates the distance
between each object and the center. When all objects are assigned, the cluster centers are
recalculated based on the existing objects in the class. Applying the k-means clustering
algorithm to Yunjian pattern color extraction and making color cards can analyze the color
distribution more accurately and quantitatively [11,12].

3.2.2. Color Analysis Method Based on HSB Model and L*a*b* Model

Compared with the common RGB and CMYK color models, L*a*b* is a description
model with a wider range of colors [13]. Considering that Yunjian garment focuses more
on subjective color imagery feeling in artistic expression, we introduced HSB model, which
is closer to human sensory intuition based on L*a*b* color model. In this research, the two
color models L*a*b* and HSB are combined to analyze color. We extracted the RGB values
of the colors in Adobe photoshop, and obtained the L*a*b* color axes by converting the
RGB values through the XYZ intermediate parameters. The specific calculation is shown in
Equations (1) and (2).

Converts RGB values to XYZ values:

X 0.412 453 0.357 580 0.180 423 R
Y | = | 0212 671 0715 160 0.072 169 G 1)
zZ 0.019 334 0.119 193 0.950 227 B

Conversion of XYZ values to L*a*b* values.

Y
L= 1]6f<Y—> —16

n

ol(3) o)
o () (£

Xn = 95.047, Y, = 100.000, Z,, = 108.883. The a and b values of the L*a*b* model
parameters are used as the horizontal and vertical coordinates to plot the color distribution
scatter diagram. In addition, we extracted the HSB values of the colors through Adobe
photoshop and made a histogram for statistical analysis [14]. L*a*b* color distribution
scatter diagram and HSB histogram can show the color usage rules of the Yunjian garment
more intuitively.

3.3. Pattern Design Method

The overall structure of the Yunjian garment is symmetrical, and the combination of
each single piece has regularity and repetition. Such a symmetrical structure makes most of
the Yunjian patterns have the fractal characteristics of self-similarity and repetition iteration.
Based on this feature, this study uses the fractal art principle of escape time algorithm to
innovate the design of Yunjian pattern. The escape time algorithm is a computer graphics
generation algorithm based on iterative function f,. Assuming that fis a variational iterative
function, fo(x) = x, f1(x) = f(x), f2(x) = {(f(x)), fas1(x) = f(fn(x)), n =0, 1, 2---. The
computer establishes a coordinate system in the graphical determination region, brings
the pixel coordinates in the region into the iteration function in turn, and judges whether
the pixel coordinates converge under the given iteration function. Because of the different
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number of iterations for different convergence point divergence points, we can get the
pattern with rich structure and conform to the preset parameter fractal characteristics.
Based on the symmetrical and divergent skeletal structure of the Yunjian pattern, we chose
the Newton iterative fractal prototype that fits this feature. The structure of the Newton
iterative fractal prototype can be expressed by the formula as shown in Equation (3).

F(Zn)
F(Zn)’

Znp1 = Zn— (n=12,-") 3

F(z) is a complex function, z = x + yi, X, y are variables, and i is an imaginary number.
In the specific calculation, generally F(z) = z — 1, and p is a positive integer greater than
2, so the iterative formula can be rewritten as Equation (4).

(p—1zh+1

-1
pzh

Znt1 = J(n=12) 4)

We can change the p-value in Equation (4) according to the specific design requirements
to obtain different evolutionary results based on Newton's iterative fractal prototype to be
used as the key design material for the Yunjian garment pattern.

3.4. Evaluation Methodology

This study uses a rank sum algorithm to determine the weights of each indicator in the
evaluation system. We invited an expert panel of senior related practitioners to score the
importance of the evaluation indicators [15]. Before calculating the weights, we conducted
consistency tests on the expert opinions, as shown in Equations (5)—(7).

X2 = m(n—1)w 5)
w=5/ [(12)71m2 <n3 — n)] (6)
S=YL R — (LK) /n @

X2 is the statistic, Rj is the rank sum of the jth indicator, m is the number of experts,
and n is the number of indicators. By substituting Equations (6) and (7) into Equation (5),
we can check whether the experts’ opinions are consistent by calculating and comparing.

The specific calculation of the evaluation index weights is shown in Equation (8).

aj = 2[m(1 +n) — Rj] /[mn(1 +n)] (8)

After determining the evaluation indexes, evaluation item weights and evaluation
scales, we adopt a questionnaire survey conducted both online and offline to conduct a
comprehensive evaluation of the design practice results [16].

4. Design Practice
4.1. Yunjian Pattern Derivation

We extracted several common elements from the Yunjians and combined them into a
new pattern. Then we apply the morphological displacement method to mirror and rotate
the elements to generate a new pattern with prototypical features.The pattern can be used
as a new basic element unit. We have completed several representative Yunjian element
units by this method, as shown in Figure 5. These element units will be further used in the
subsequent design.
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Figure 5. Basic pattern unit generation process.

4.2. Yunjian Color Design

% RS (18°)]
—— 5

In this research, five color intervals were created using the K-means clustering algo-
rithm, and the clustered colors were batch normalized and averaged by the color distance
value AE. The image cluster partition of the 5 groups of images is set to consist of all
colors within AE < 5 pixels. To achieve the desired effect, we obtain the color share of
the Yunjian pattern by presetting the color separation value with the distance value and
multiple clustering calculations. Then we clarify the color collection area and size by image
cluster partitioning, as shown in Table 1. HSB represents hue, saturation, brightness and
RGB represents the colors of red, green and blue channels [17]. The RGB color extraction

results of each group of Yunjian patterns are shown in Table 2.

Table 1. Yunjian color extraction.

Main Color Image Cluster Partitioning Color Ratio (%)
White 5 -
series 257 246 20.7 155 135
c F [ .

yan
series 239 224 213 200 124
I
Black i
series 815 53 51 47 34
1 ] ] ]
Red
series &5 312 222 194 173 99
BN L] ]|
Yell.ow /(/%%\/ P s
series Y % 331 228 184 179 7.8
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Table 2. HSB values and RGB values of colors.

White Series
RGB

HSB

Cyan series
RGB

HSB

Black series
RGB

HSB

Red series
RGB

HSB

Yellow series
RGB

HSB

O
194/177/169
19/13/76
o
116/138/132
164/16/54
[

12/7/8
348/42/5

191/176/166
24/13/75

A
234/185/138
29/41/92

O]
227/216/208
25/8/89

B
150/177/165
153/15/69
|
165/142/121
29/27/65

208/75/70
2/66/82
=

178/139/112
25/37/70

|
44/41/46
276/11/18
|
47/36/40
338/13/28
[
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From Figure 6, it can be seen that most of the extracted colors are warm colors, and
a small amount of colors are distributed in the neutral and cold color regions. In terms
of saturation, most of the colors are low-saturation colors, a small number of medium-
saturation colors, and no high-saturation colors appear. In terms of brightness, the color
distribution is relatively uniform, and there are few low brightness colors.

Neutral colors
(cold-warm)

Neutral colors
(warm-cold)

Warm colors

Low Medium High 0 Low

g 1 ) Medium  High
saturation  saturation saturation

brightness brightness brightness

Figure 6. Number of different hues, saturation and lightness in the color extraction results.

According to Equation (2), we plotted the scatter diagram of color distribution of five
color families with the a value as the horizontal coordinate and the b value as the vertical
coordinate, as shown in Figure 7.
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Figure 7. Distribution of color dots for the five color series.

The L-axis represents brightness, with values from 0 to 100 indicating brightness from
black to white. The a-axis represents the relative colors of red and green, and the b-axis
represents the relative colors of yellow and blue.

As can be seen from Figure 7, the distances between the dots of the white and cyan
series are relatively close to each other and are concentrated around the origin L value. The
dots of the black series are not far from the origin, but their positions are scattered and
their colors differ in hue. The dots of the red series are all located in the first quadrant
and distributed in a diagonal line, but the distance between the dots is farther. The yellow
series is similar to the red series, the a-value gap between each of their dots is small and
the b-value is relatively scattered. In general, the dots of the five color series are basically
distributed in the first quadrant and concentrated near the L value of the origin, with a
small number of dots scattered in more distant locations.

The histogram statistics of the HSB color model and the scatter plot of the L*a*b*
model both confirm that the Yunjian garments usually choose warm colors, low saturation
colors, and evenly distributed color brightness.

4.3. Yunjian Fractal Pattern Designcolor Design

According to Equation (4), when p = 4, 6, 8, 20, we can obtain the Newton iterative
fractal diagram when the “arms” of the fractal are equal to the corresponding values,
as shown in Figure 8. We can know that the value of the real part of the exponent p is
proportional to the number of “arms” of the Newtonian fractal, and the area of the central
intersection circle increases gradually as the value of p increases. We rewrite the Exponent
(Re) index in the primary Newton fractal in the Ultra Fractal software platform in version
6.04 to make the model match the pattern structure according to the design characteristics
of the Yunjian. When the exponent is 4, 6, 8, and 20, different models and their mapping
patterns are obtained. This research lists four series of Yunjian fractal pattern processes
produced by different exponent real parts.

When we set the Exponent (Re) index to 4, we get two new models with completely
different forms and effects by adding Inverse mapping, Glass Hemisphere mapping and
Triangle Inequality Average external mapping respectively. On top of that, we can further
superimpose new mappings or formulas to pursue more complex and exquisite pattern
effects. After selecting the mapping, we add a color factor with the Yunjian style in the
Adjustment Gradient window in the model and change the opacity to achieve the desired
effect. Similarly, when the Exponent (Re) index is 6 or 8 or 20, the corresponding fractal
pattern can be obtained by the same procedure. It can be seen that the final fractal patterns
obtained are extremely different due to the different settings of indices. We made 8 fractal
patterns according to the model. These patterns conform to the basic composition form of
the Yunjian pattern with infinitely subdivided fractal features and brilliant colors, which
can reflect the exquisite and complicated style features of the Yunjian to a certain extent.
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Figure 8. Yunjian fractal pattern design process.

4.4. Yunjian Clothing Design

In order to make the fractal pattern not lose the original characteristics of the Yunjian,
we integrated the representative element unit of the Yunjian into the fractal pattern and
made the design processing of mirroring or rotating according to the structural character-
istics of the fractal pattern. We subjectively processed the elemental units to make them
blend naturally, and finally finished the fractal pattern. We combined the typical outer
outline structure of the Yunjian with the fractal pattern and removed the outer pattern
to obtain 8 tiling style figure of the fractal Yunjian. The production process is shown in
Figure 9.
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Figure 9. Cloud shoulder shape design process.

This research focuses on 8 styles of Yunjians, combined with modern clothing to
complete a series of Yunjian clothing design, as shown in Figure 10. The series of garments
are simple in design, and the overall style is casual and comfortable. In the color selection
of the series, we retained the traditional color custom of using the same color scheme as
the overall clothing, and only added a small amount of contrasting colors in the details to
enrich the color layers. The styles of this collection are mostly skirts, mixing Yunjians with
modern casual style blazers, loose shirts and halter skirts brings us a new fashion feeling.
And the Yunjian became the highlight of the whole set.
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Figure 10. Series of Yunjian clothing design development.

4.5. Yunjian Clothing Design Evaluation

This research determined the presentation effect evaluation index U according to the
characteristics of the Yunjian garment, U = (uy, up, uz, uy) = (shape, structure, pattern, color,
aesthetics). A five-level scale criterion was used, V = (vy, V2, v3, V4, v5) = (very bad, bad,
mediocre, good, very good). A team of expert judges, consisting of eight relevant senior
practitioners, ranked the importance of the five indicators for recovery effects, and the
results obtained are shown in Table 3.

Table 3. Evaluation index importance ranking.

Rank Shape Structure Pattern Color Aesthetics
P, 1 2 4 3 5
P, 2 1 3 4 5
P, 1 2 3 4 5
P, 2 1 4 5 3
Ps 1 2 4 3 5
Pe 1 2 3 4 5
P, 1 4 2 3 5
Pg 2 1 5 4 3
Rank Sum (R;) 11 15 28 30 36

Assuming that the 8 judges did not agree on the importance of the 6 recovery effect
indicators, we calculated X% = 22.300, took the significance level a = 0.01, and the degree
of freedom df = 4, checked the table to get X3 ;; (4) = 13.277. Since X> = 22.300 > 13.277,
we can assume that the 8 judges’ opinions are significantly consistent.

The weights of each indicator were calculated from Equation (8) as: a; = 0.3083,
ap = 0.2750, a3 = 0.1667, a4 = 0.1500, a5 = 0.1000, yielding the weight of each indicator A =
(0.3083, 0.2750, 0.1667, 0.1500, 0.1000).

After identifying the evaluation items, evaluation scales and evaluation item weights,
we took online and offline questionnaires at the same time. We set the survey target
as university students aged 18 to 25 who have knowledge of Yunjian clothing, and we
collected a total of 146 questionnaires, of which 139 were valid, resulting in a valid rate as
95.2%. The data of our survey questionnaires are shown in Table 4.

Table 4. Statistics of questionnaire results.

Evaluation Indicators Very Bad Bad Mediocre Good Very Good
Shape 0.00 0.01 0.12 0.38 0.49
Structure 0.00 0.03 0.16 0.28 0.53
Pattern 0.02 0.12 0.05 0.10 0.71
Color 0.00 0.03 0.10 0.18 0.69
Aesthetics 0.01 0.08 0.09 0.28 0.54
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We can get the matrices from this table:

0.00 0.01 0.12 0.38 049
0.00 0.03 0.16 0.28 0.53
R=1] 002 012 0.05 0.10 0.71
0.00 0.03 0.10 0.18 0.69
0.01 0.08 0.09 0.28 0.54

Using equation B = A-R for the calculation:

0.00 0.01 0.12 038 0.49
0.00 0.03 0.16 028 053
B=[ 03083 02750 0.1667 0.1500 0.1000] - | 0.02 0.12 0.05 0.10 0.71
0.00 0.03 0.0 0.8 0.69
0.01 0.08 0.09 028 054

= [ 0.0043 0.0438 0.1133 0.2658 0.5727]

The comprehensive evaluation results show that 11% of the evaluators think the design
effect of the Yunjian garment is “mediocre”, 26% of the evaluators think the design effect
is “good”, and 57% of the evaluators think the design effect is “very good”. According to
the principle of maximum affiliation, the effect of this series of Yunjian apparel design was
evaluated as “very good”. Therefore, the Yunjian fractal pattern design model proposed in
this study can be better used and practiced in clothing products.

5. Conclusions

Yunjian garment is an important intangible cultural heritage of the Han Chinese,
with artistic expression and profound cultural connotation of oriental intentions. Under
the globalization of regional ethnic culture, the Yunjian has also become a sustainable
cultural capital with great revitalization value. By analyzing the motifs, color principles
and structural rules of the Yunjian, this study proposes a digital innovation design method
for regional ethnic costumes based on the Newtonian fractal model and carries out design
practice. The comprehensive evaluation results show that the Yunjian costume designed
by the design method proposed in this study has a good combination of ethnic cultural
core and modern fashion communication characteristics. Taking the Yunjian garment as
an example, this study tries to explore the capital revitalization method of regional ethnic
fashion culture based on digital design method, aiming to provide theoretical and practical
reference for the sustainable design of regional characteristic fashion culture.
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Abstract: Digitalization is not only blurring boundaries between the real world and virtual space, but,
since COVID-19, it has also made the traditional fashion industry less reliant on physical materials.
In this context, digital fashion and virtual design have emerged. Although China has started to
digitally distribute cultural products based on the digitization of museums, there is still a gap in
the field of digital fashion. In order to achieve the sustainable development of Chinese traditional
costume culture and explore the Sinicization of digital fashion, this article proposes to transfer
Chinese traditional costumes into a series of digitalized commodities, serving as computer game
skins for online sales. This research involved the construction of a hypothetical model based on the
technology acceptance model (TAM), including perceived usefulness, purchase price perceptions,
perceived playfulness, cultural elements authenticity, satisfaction, and purchase intention through
the related literature. In total, the survey data of 219 Chinese game players were collected, and a
structural equation model (SEM) was constructed to verify these research hypotheses. The results
showed that perceived playfulness and cultural elements authenticity had a positive effect on the
players’ satisfaction and purchase intentions, whereas perceived usefulness had a negative influence
on the players’ satisfaction and purchase intentions. In addition, purchase price perceptions had no
significant negative effect on the players’ satisfaction or their purchase intentions. Overall, this study
contributes to the co-development of digital fashion and traditional costume culture in China, as well
as the improvement of product design and marketing management for game companies.

Keywords: digital fashion; digitalized collection; online game; Chinese traditional costume; virtual
game items; structural equation modeling

1. Introduction

Global political and economic changes, coupled with the ongoing COVID-19 pandemic,
have further instilled the necessity for rapid digital innovation in fashion [1]. Fashion
designers and brands are attempting to enter the virtual space and computer game world
in new ways [2]. The first virtual fashion brand, Tribute Brand, allows consumers to upload
a photograph of themselves without consideration of size or gender; the consumers then
receive a digital garment with zero pollution. The Fabricant, a Dutch fashion company,
came under the spotlight after they auctioned a digital-only dress called Iridescence for
cryptocurrency worth USD 9500 in May 2019 [3]. Furthermore, various luxury brands
have collaborated with game companies to launch game character clothing. Gucci was the
first brand to partner with Drest, a game in which players make themselves up as hyper-
realistic supermodels. More recently, more than 200 other luxury brands, such as Prada,
Off-White, and Christian Louboutin, have joined this trend [4]. Digital fashion refers not
only to a processing tool for the development and visualization of virtual goods, but also
as a marketing or educational tool for online shops and virtual museums to manufacture
digital-only end goods for virtual use [5]. Recent examples of cooperation between fashion
brands and game companies show that digital fashion might become an essential part of
business management and fashion design practice [2].
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In the post-epidemic period, China has formed a new creative cultural model, namely,
“museums + digital collections” based on the digitization of museums [6]. To bequeath Chi-
nese traditional culture, the National Museum of China, the most representative museum in
China, has launched a series of digitalized collections through digitalization technology [6].
However, compared with foreign countries, China has paid little attention to digital fashion.
Therefore, in order to achieve the sustainable development of Chinese traditional costume
culture and explore the Sinicization of digital fashion, this paper proposes to transfer
Chinese traditional costumes, dating from hundreds of years ago and now collected in
museums, into digitalized commodities, serving as game character skins for sale. The paper
also investigates the factors in Chinese game players’ intentions to purchase traditional
costume skins by constructing theoretical models and hypotheses.

Prior studies centered on the positive effects of games. For example, online games
bring not only leisure and pleasure to players [7], but they have also enhanced their
cognitive abilities [8], learning capabilities [9], prosocial thoughts [10] and cooperation [11],
aiming at specific problems or specific groups. However, further research about the
intention to purchase virtual goods in computer games needs to be conducted. In their
research about Habbo Hotel, an online game, Lehdonvirta et al. [12] found that even
nonrealistic digital clothing is regarded as a commodity, and users are willing to pay
for virtual goods. Therefore, the exploration of the factors influencing the purchase of
virtual goods in computer games can reveal players’ intentions of use, and improve the
service quality of game companies and the operating performance of online games. Laura
Belmond, a fashion expert from a sustainability nonprofit, claims that this virtual clothing
could help replace fashion-focused pieces that are worn just once, potentially reducing
the amount of waste that this industry generates [4]. Furthermore, the combination of
online games and traditional clothing can be considered as an attempt to lead modern
fashion consumption and the sustainable development of Chinese traditional costumes in
a digitalized manner [13].

The technology acceptance model (TAM) is currently the most influential model for
explaining and predicting people’s behavior in their use of products and information
technologies [14]. Considering the virtual items’ specificity, this paper presents some
adjustments based on the TAM. Gefen and Straub classified the TAM according to the
purpose of use, and argued that when the information technology or product is used as a
tool to achieve other purposes, the perceived ease of use has no significant influence on the
intention of use [15]. In this paper, after an interview with five players using traditional
costume skins to play games, it was found that using game skins is not operationally
difficult. Therefore, the perceived ease of use was removed from the research model in
this paper.

2. Literature Review and Hypothesis Deduction
2.1. Perceived Usefulness

Perceived usefulness is the degree to which users think that using a particular service
or product would enhance their job performance [16]. In the TAM, perceived usefulness
is considered to be the main factor influencing users’ attitudes and intentions, both of
which ultimately determine their behaviors. The positive effect between perceived use-
fulness and users’ attitudes was verified in previous studies, such as the willingness to
use mobile networks [17], educational technologies [18], MOOCs [14] and virtual-reality
simulations [19]. In the study of online game platforms, it was pointed out that if players
perceive a game platform as useful, they will continue to use it, which will also positively
affect their purchase intentions toward virtual goods on the platform [20]. Similarly, if a
virtual item is perceived as useful, game players will be more likely to acquire positive
emotions when using it and tend to purchase it. Therefore, the following hypotheses
are proposed:
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Hypothesis 1 (H1). Perceived usefulness has a positive correlation with the Chinese players’
satisfaction from using traditional costume skins.

Hypothesis 2 (H2). Perceived usefulness has a positive correlation with Chinese players’ intentions
of purchasing traditional costume skins.

2.2. Purchase Price Perceptions

From the consumers’ perspective, the purchase price is what is given up or sacrificed
to obtain a service or a product [21]. Purchase price perceptions refer to the consumers’ con-
sideration of the price to evaluate something’s worthiness or utility [22]. Previous research
indicated that the higher purchase price perceptions negatively influenced the consumers’
perceived value and purchase intentions, whereas lower purchase price perceptions were
positively related to the consumers’ perceived value and purchase intentions. Li et al. [23]
concluded that perceived price perceptions negatively affected the users” willingness to
pay for an online Q&A platform. Hsiao [24] found that perceived price perceptions had a
negative influence on perceived value in the research of the willingness to pay for social
networking services. Some game players may consider skins, a virtual good, as a low
practical value commodity compared with a physical good. Others may think that they can
obtain a similar game experience using some free skins, thus it is not necessary to pay for
them. Therefore, the following hypotheses are proposed:

Hypothesis 3 (H3). Purchase price perceptions have a remarkably negative correlation with the
Chinese players’ satisfaction from using traditional costume skins.

Hypothesis 4 (H4). Purchase price perceptions have a remarkably negative correlation with
Chinese players’ intentions of purchasing traditional costume skins.

2.3. Perceived Playfulness

Perceived playfulness was used in the study of child behavior first. Barnett [25]
defined it as the ability to draw satisfaction and fulfill one’s intrinsic motives interacting
with an activity or a behavior. Previous research showed that if users had a greater
ability to perceive the playfulness trait, they would achieve more positive emotions and a
higher level of satisfaction. In the study of computer usage, it was found that perceived
playfulness positively influenced users” consumption behaviors. Martocchio et al. [26]
concluded that perceived playfulness made users show a higher performance and higher
emotional responses when performing computer training tasks. Moon et al. [27] found that
perceived playfulness can increase individuals’ perceptions about concentration, curiosity
and enjoyment while using the World Wide Web, and it had a much more significant
influence on use intentions than perceived usefulness and perceived ease of use. Game
skins, a visually stimulating element in the game design, offer not only a specific image to
game characters, but they have also provided a visual experience for game players. For
players, game skins can bring them more excitement and pleasure, resulting in buying
more game skins. Therefore, the following hypotheses are proposed:

Hypothesis 5 (H5). Perceived playfulness has a positive correlation with the Chinese players’
satisfaction from using traditional costume skins.

Hypothesis 6 (H6). Perceived playfulness has a positive correlation with Chinese players’ inten-
tions of purchasing traditional costume skins.
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2.4. Cultural Elements Authenticity

Authenticity is often used to appeal to consumers in beverage and food advertisements
because it is regarded as a criterion for evaluating cultural products [28]. Littrell et al. [29]
noted that authenticity included “uniqueness and originality, workmanship, cultural and
historical integrity, aesthetics, function and use, craftspeople and materials, as well as shop-
ping experience and geniuses”. Laroche et al. [30] first proposed the term cultural elements
authenticity and introduced it into the study of purchase intentions toward international
brands using Chinese elements. According to Lee et al. [31], consumers’ attitudes toward
traditional cultural products are divided into four levels, which are cultural /historical in-
tegrity, uniqueness, manufacturing properties and aesthetic properties. Cultural /historical
integrity refers to conventional cultural products with authentic historical value and tra-
ditional cultural connotation, originated from the original culture. Aesthetic properties
refer to the materialistic features of the pattern, color and design that conform to traditional
aesthetic satisfaction. In addition, Lee et al. concluded that Chinese consumers pay more
attention to cultural/historical integrity and aesthetic properties of cultural products, and
both of them positively influence their purchase intentions.

Laroche et al. [30] borrowed Lee et al.’s [31] definition of traditional cultural prod-
uct attitudes (TCPs) and defined cultural elements authenticity as cultural uniqueness
originating from the original culture and consisting of integrity and aesthetic features.
Laroche et al. [30] came to a conclusion that for Chinese consumers and Chinese immi-
grants, cultural elements authenticity had a positive impact on purchasing international
brand products with Chinese cultural elements. Traditional costume skins with ancient
Chinese clothing elements, such as traditional colors, patterns and styles, meet Chinese
consumers’ aesthetic requirements and are consistent with cultural and historical values in
modern society. Therefore, the following hypotheses are proposed:

Hypothesis 7 (H7). Cultural elements authenticity has a significantly positive correlation with
the Chinese players’ satisfaction from using traditional costume skins.

Hypothesis 8 (H8). Cultural elements authenticity has a significantly positive correlation with
Chinese players” intentions of purchasing traditional costume skins.

2.5. Satisfaction and Purchase Intention

Consumer attitudes and purchase intentions have been studied in many models, such
as the theory of planned behavior (TPB) [32] and technology acceptance model (TAM) [33].
Satisfaction is one of the consumer attitudes, referring to the consumers’ assessment of
the service and product characteristics to meet their expectations [34]. Purchase intention
is a tendency of consumers’ behaviors [32]. Previous studies [35,36] showed that the con-
sumers’ satisfaction positively affected their purchase intentions. Therefore, the following
hypothesis is proposed:

Hypothesis 9 (H9). Satisfaction has a significantly positive correlation with Chinese players’
intentions of purchasing traditional costume skins.

On the basis of the above theoretical discussions and research hypotheses, this research

proposes the following model (see Figure 1). This theoretical model includes six constructs
and nine relevant research hypotheses.
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Figure 1. The theoretical model in this study.

3. Research Methods
3.1. Data Collection

This research adopted a questionnaire survey to collect data via WENJUANXING,
which is a professional online questionnaire survey platform in China (https://www.wjx.
cn/?source=baidué&plan=%E9%97 % AE%E5%8D%B7 %E6%98%9F %EF %BC %88 %E6%AD%
A3%E5%B8%B8%EF %BC%89PCé&keyword2=%E9%97%AE%E5%8D%B7%E6 %98 %9F%E5
%93%81%E4%B8%93%E6%A0%87%E9%A2%98, accessed on 17 March 2022). The targeted
respondents in this research were Chinese players who have played online games before.
Before distributing questionnaires, we conducted a predictive test at first and then modified
the questionnaire items according to the feedback. To acquire more authentic and credible
research results, we set the first question as, “Have you played online games before?” If
participants had not, the questionnaire would come to an end. A total of 251 questionnaires
were collected in this survey. After removing 32 invalid samples, the number of valid
ones remaining were 219, yielding an effective recovery rate of 87.25 percent. The analysis
results of the sample characteristics are displayed in Table 1.

Table 1. Demographic characteristics of respondents.

Sample Category Number Percentage
Gend Male 77 35.2%
ender Female 142 64.8%
Under 18 5 2.3%
18-25 144 65.8%
Age 26-30 67 30.6%
31-40 2 0.9%
Above 40 1 0.4%
Below bachelor’s degree 35 16.0%
Educati Bachelor’s degree 107 48.9%
cation Master’s degree 57 26.0%
Doctoral degree 20 9.1%
Below 1000 20 9.1%
1000-3000 116 53.0%
3000-5000 20 9.1%
Income (RMB) 5000-8000 24 11.0%
8000-10,000 17 7.8%
Above 10,000 22 10.0%
. Fashion industry 79 36.1%
Occupation Non-fashion industry 140 63.9%
Experience of buying Yes 147 67.1%
chinoiserie skins No 72 32.9%
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3.2. Variable Measurement

This paper involved six measurement items, namely, perceived usefulness (PU), pur-
chase price perceptions (PPP), perceived playfulness (PP), cultural elements authenticity
(CEA), satisfaction (SAT) and purchase intention (PI). All constructs and items were derived
from relevant mature scales. All questionnaire items and reference sources are shown in
Appendix A (Table A1l). Perceived usefulness drew on the scale developed by Davis [16],
and three items were adopted, such as, “Using traditional costume skins enables me to
accomplish tasks more quickly”. Purchase price perceptions refer to the scale used in
the research by Voss [37], for example, “The price I have to pay is very unreasonable”.
Three measurement items for perceived playfulness were adapted from the research by
Moon [27], such as, “Using traditional costume skins stimulates my curiosity”. The scales
used in the study by Laroche [30] for cultural elements authenticity were referred to, such
as, “Traditional costume skins look nice”. The measurement scales for satisfaction from
Oliver [38] and Hsu [39] were used, and, for purchase intention, from Perriens [40] and
Cronin [41]. The questionnaire items were adjusted appropriately according to the context
and respondents in this study. All items included in this paper used the Likert 7-point scale.
Among them, “1” means “strongly disagree” and “7” means “strongly agree”.

4. Empirical Analysis and Hypothesis Test Results
4.1. Reliability and Validity

SPSS 23.0 software (IBM, Armonk, NY, USA) was used to test the reliability of the
measurements. As seen in Table 2, the Cronbach’s « coefficient values of perceived use-
fulness, purchase price perceptions, perceived playfulness, cultural elements authenticity,
satisfaction and purchase intention ranged from 0.898 to 0.964, which was well above the
recommended acceptable level of 0.70, indicating high reliability of the measurements.

Table 2. Results of reliability analysis.

Construct Item Factor Loading Cronbach’s o CR AVE
PU1 0.851

Perceived Usefulness PU2 0.862 0.908 0.908 0.766
PU3 0.912
PP1 0.883

Perceived Playfulness PP2 0.932 0.927 0.928 0.812
PP3 0.887
PPP1 0.935

Purchase Price Perceptions PPP2 0.886 0.903 0.905 0.761
PPP3 0.790
CEA1 0.896

Cultural Elements Authenticity CEA2 0.910 0.921 0.923 0.800
CEA3 0.877
SAT1 0.938

Satisfaction SAT2 0.965 0.964 0.964 0.900
SAT3 0.943
PI1 0.893

Purchase Intention P12 0.863 0.898 0.899 0.746
PI3 0.835

The validity test used AMOS 26.0 software to implement a confirmatory factor analysis
to verify each construct validity. As presented in Table 2, the standardized factor load
coefficients of each variable were between 0.790 and 0.965, which exceeded the reference
value of 0.50. The combined reliability (CR) values of all constructs were greater than
0.80, manifesting a good convergence effect of the scales. Moreover, the average variance
extracted (AVE) values of each variable ranged from 0.746 to 0.900, surpassing the judgment
standard of 0.50. Furthermore, the square root of the AVE was more significant than
the Pearson correlation coefficient between the variable and other variable (see Table 3),
demonstrating that each construct has a high level of discrimination validity.
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Table 3. Correlation matrix and AVE.

Construct CEA PP PPP PU SAT P1
CEA 0.894
PP 0.534 0.901
PPP —0.146 —0.127 0.872
PU 0.319 0.515 —0.381 0.875
SAT 0.770 0.606 —0.247 0.446 0.949
PI 0.749 0.703 —0.199 0.404 0.871 0.864

4.2. Model Fitting

The AMOS 26.0 software was used to assess the goodness-of-fit indices of this model.
Table 4 presents the statistical indicators of the model fit test. The CMIN value of this
study was 226.155, of which lower is better. The CMIN/DF value was 1.885, meeting the
criteria of 1.0 and 3.0. The values of CFI, IFI, TLI and NFI were 0.972, 0.972, 0.964 and 0.942,
respectively, all of which outstripped the acceptable level of 0.90. In addition, the RMSEA
value was 0.064 < 0.08 and the SRMR value was 0.036 < 0.05, both of which showed that
the fitting effect of this model is good.

Table 4. Main indicators of model fit test.

Model Fit Indices Evaluation Index (Acceptable Level) Values of the Model

CMIN/DF 1.0 < CMIN/DF < 3.0 1.885
CFI >0.90 0.972

IFI >0.90 0.972

TLI >0.90 0.964

NFI >0.90 0.942

SRMR <0.05 0.036
RMSEA <0.08 0.064

4.3. Hypothesis Test

The results of hypothesis testing are shown in Figure 2 and Table 5. Perceived useful-
ness had a negative effect on satisfaction (3 = 0.107, p = 0.069 > 0.05) and purchase intention
(B = —0.071, p = 0.178 > 0.05). Purchase price perceptions did not have a significantly
negative bearing on satisfaction (f = —0.091, p = 0.067 > 0.05) and purchase intention
(B = —0.016, p = 0.716 > 0.05). Perceived playfulness engendered a significantly positive
influence on satisfaction (3 = 0.214, p < 0.001) and purchase intention ( = 0.289, p < 0.001).
Cultural elements authenticity produced a positive influence on satisfaction (8 = 0.608,
p < 0.001) and purchase intention (5 = 0.141, p = 0.037 < 0.05). Satisfaction positively af-
fected purchase intention ( = 0.615, p < 0.001). Therefore, the results support H5, H6, H7,
H8 and H9, whereas H1, H2, H3 and H4 are invalid.

Table 5. Hypothesis testing results.

Hypothesis Estimate Std. Estimate CR P Conclusion
H1 (PU — SAT) 0.098 0.107 1.818 0.069 Rejected
H2 (PU — PI) —0.060 —0.071 —1.348 0.178 Rejected
H3 (PPP — SAT) —0.090 —0.091 —1.828 0.067 Rejected
H4 (PPP — PI) —0.015 —0.016 —0.363 0.716 Rejected
H5 (PP — SAT) 0.227 0.214 3.441 e Supported
Hé6 (PP — PI) 0.286 0.289 5.022 e Supported
H7 (CEA — SAT) 0.745 0.608 10.239 b Supported
H8 (CEA — PI) 0.161 0.141 2.086 0.037 Supported
HO9 (SAT— PI) 0.573 0.615 8.133 xx Supported

Note: *** means p-value is less than 0.001.
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Figure 2. The influence between variables in the structural model.

4.4. Mediating Effect Test

According to the analysis above, it was found that satisfaction has a mediating effect
between perceived playfulness and purchase intention, and between cultural elements
authenticity and purchase intention. The bootstrap method was conducted to test the
mediating effect of satisfaction. The number of bootstrap samples was 5000. The test results
are illustrated in Table 6.

Table 6. Mediating effect of satisfaction.

Path Effect Size Boot Standard Error BootCI Confidence (Lower Bound) ~ BootCI Confidence (Upper Bound)
Indirect effect 0.130 0.056 0.034 0.258
PP — SAT — PI Direct effect 0.286 0.073 0.153 0.442
Total effect 0.416 0.087 0.251 0.593
Indirect effect 0.427 0.104 0.235 0.644
CEA — SAT — PI Direct effect 0.161 0.106 -0.035 0.376
Total effect 0.588 0.096 0.416 0.792

The results presented that the bootstrap 95% confidence interval of the direct influence
of perceived playfulness on purchase intention and the mediating influence of satisfaction
were (0.153, 0.442) and (0.034, 0.258), and did not contain 0 between the upper and lower
limits. This indicates that perceived playfulness can directly predict purchase intention
and pass the mediating influence of satisfaction to indirectly predict purchase intention.
The direct effect action value was 0.286, and the satisfaction mediation effect action value
was 0.130, accounting for 68.75% and 31.25% of the total effect. Concerning the mediating
role in the relationship between cultural elements authenticity and purchase intention, the
bootstrap 95% confidence interval of mediating effect did not contain 0, but that of direct
effect contained 0. This means that cultural elements authenticity only passes the mediating
effect of satisfaction to indirectly predict purchase intention.

5. Discussion

This paper probed into the bearings of Chinese game players’ purchase intentions
toward traditional costume skins. According to the empirical analysis results, perceived
playfulness and cultural elements authenticity positively impacted satisfaction and pur-
chase intention, whereas perceived usefulness engendered a negative effect on satisfaction
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and purchase intention. Furthermore, purchase price perceptions did not have a signifi-
cantly negative bearing on satisfaction and purchase intention. Finally, it was indicated
that satisfaction played a partially mediating role in the link between perceived playfulness
and purchase intention, and a full mediating role in the link between cultural elements
authenticity and purchase intention.

First, H1 and H2 were rejected, as we demonstrated that using traditional costume
skins did not improve game performance or accomplish tasks more quickly in the computer
game, which is inconsistent with previous research [19,20]. Game items, designed to
enhance the communication between online games and game players, provide functional,
decorative and social values for game users in the virtual world [42]. The drivers of
purchasing virtual items are classified into three categories, namely, functional attributes,
hedonic attributes and social attributes [43]. Functional attributes refer to how virtual
goods can provide performance advantages and new functionalities for game players,
which is the same as perceived usefulness in this paper. Functional attributes of virtual
items have a strong effect on users’ purchase intentions, but many of the apparently highly
desirable virtual goods lack these functionalities [43]. In this case, the goods’ desirability
can possibly be traced to the social or affective value that they contain. Traditional costume
skins, a visual symbol, are the highly desirable virtual items that Lehdonvirta proposed.
From the players’ perspective, traditional costume skins neither help improve the game
characters’ performance and game players’ concentration, nor advance the game process
during the game. It is the reason why perceived usefulness has a negative correlation with
the players’ satisfaction and purchase intentions.

Second, the research findings indicated that purchase price perceptions did not have a
significant negative influence on the players’ satisfaction and purchase intentions, thus H3
and H4 were rejected, which is in alignment with the finding of adopting e-learning [44].
If the value consumers gain from a product or service is higher than the cost they pay,
purchase intention will be formed. If the value is lower, users will reject this product or
service. In the context of e-learning, when learners are truly glad to learn using a system,
they are willing to trade costs to obtain a better learning performance [44]. Similarly, if
game players truly like traditional costume skins, they are willing to pay for a better game
experience. Before they purchase traditional costume skins, players will evaluate whether
perceived values (playful and cultural attributes) of virtual items are higher than the cost
or not. In fact, players value the more emotional and social values that traditional costume
skins hold, and perceive risks brought by the expense relatively less.

Third, the research outcomes manifested that perceived playfulness exerted a signif-
icant positive effect on the users’ satisfaction and purchase intentions, thus H5 and H6
were adopted. Perceived playfulness is the same as hedonic attributes mentioned in this
paper, which are connected with aesthetic qualities. If the aesthetic aspects of virtual items
are amply compelling, users may acquire hedonistic delight from experiencing them [43].
Game items centered on the affective value, such as game skins and hairstyles, can alter aes-
thetic properties and game scenes to make game users much more entertained [42]. Recent
research on online games stressed the emotional value, demonstrating that games enable
players to provoke increased pleasure and arousal [45,46]. Virtual items and augmented
products in the game not only enhance the game characters’ appearance and image [42], but
also help players to regulate their negative attitudes into positive ones [47]. Therefore, tradi-
tional costume skins with a unique appearance can stimulate players’ psychological arousal,
making them feel pleased and excited, which eventually generates a positive influence.

Fourth, cultural elements authenticity produced a significant positive influence on the
players’ satisfaction and purchase intentions, in accordance with Laroche et al.’s finding [30].
Besides giving rise to individualistic hedonism, the visual appearance of traditional costume
skins can also be considered as connected with their social value. The cultural elements
authenticity reflects the same meaning as social attributes of virtual goods, but social
attributes put more emphasis on cultural elements attached to virtual items compared
with hedonic attributes [43]. Traditional costume skins, inspired by traditional costumes
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dating from hundreds of years ago and collected in museums, have Chinese traditional
cultural elements. Authenticity makes not only virtual goods valuable, but it also offers the
emotional resonance and cultural identity to game players. By purchasing and displaying
traditional costume skins, game players can express their love and pride in Chinese culture,
and establish an affective bond with other players, which also strengthens the emotional
communication among Chinese people.

6. Conclusions
6.1. Theoretical Implications

This paper provides some academic implications. At first, the introduction of cultural
elements authenticity into the exploration of purchase intention of digital fashion expands
the research perspective and scope of digital fashion. Atacac (2016-), Carlings” digital-only
collection (2017-), and The Fabricant (2018-), the earliest commercial examples of digital
fashion, have put more emphasis on how to transfer traditional and material practices
into new digitized ones using 3D software [5], but there has been a lack of introducing
traditional costume elements into the realm of digital fashion. Digital fashion is a much
more sustainable and inclusive method for fashion practice [5]. This paper proposed the
combination of digital fashion and a digitalized collection, exploring the possibility of this
combination for a mixture of sustainability and the collectible value [48]. Overall, digital
fashion promotes the sustainable development of Chinese traditional costume culture and
points out a direction suitable for Chinese digital fashion.

Furthermore, this paper expands the TAM and applies it to the realm of digital fash-
ion. Now, many developed extensions of the TAM are more suitable for the information
age [44,49]. However, in the current context, it still has some shortcomings due to the lack
of consideration on how social and cultural factors influence users’ acceptance of technol-
ogy [44]. This study introduces cultural elements authenticity into the TAM to analyze
the influence of virtual goods on the consumers’ satisfaction and purchase intentions from
cultural perspectives. We also found that the influence of cultural elements authenticity
on satisfaction is more significant than that of perceived playfulness, which suggests that
cultural elements authenticity should be given priority when game companies design Chi-
noiserie game skins. In addition, this study also demonstrates that the perceived usefulness
of traditional costume skins has no significant effect on the consumers’ satisfaction and
purchase intentions. It indicates that consumers value hedonic and social attributes of
virtual goods more than functional attributes of physical goods in the digitalization era.
Therefore, this study provides a rich and varied map for researchers who use the TAM
aimed at physical goods and virtual items.

6.2. Managerial Implications

First, this study argues that the expense is not a major factor to prevent consumers
from purchasing virtual goods, and Chinese players are willing to pay for game skins due to
the matched entertainment value and cultural value, which is coincident with the findings
of the intention to purchase digital clothing for online games [12] and to use e-learning
systems [44]. Game companies have to care about the balance between costs and values
that game players gain. Indeed, players want to be protected, and they usually assess
the risk rather than the fee before buying a game item. Therefore, when designing skins,
game companies should give priority to meeting players’ needs for perceived playfulness
and cultural elements authenticity. Meanwhile, perceived values including perceived
playfulness and cultural elements authenticity compensate for perceived risks such as
purchase price perceptions, which stimulate players’ desire to purchase and maximize
benefits of virtual goods. Furthermore, cultural elements authenticity of traditional costume
skins could enhance the Chinese game players’ cultural pride and cultural self-confidence,
leading the young generation to form correct cultural values and life values, and promote
the high-quality development of the digital culture industry.
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Second, in order to enhance the players’ experience, game companies should take
into account the comprehensive utilization of various game objects with Chinese cultural
elements. Narrative transportation theory can be applied to form an explanation. Narrative
transportation refers to a distinct mental process, an integrative melding of the attention,
imagery and feeling. When individuals are absorbed into a story, they will be immersed in
events occurring in the story and feel some aspects of the world that are inaccessible [50].
When using Chinese cultural elements, game companies could adopt matching game
characters, scenes and plots that conform to Chinese historical and cultural values. It could
attract people to play the game and become lost in the narrative game, stimulating their
curiosity, imagery and exploration, and in turn, increasing players’ continuous intentions of
playing the game [50]. Furthermore, using traditional costume skins could build affective
bonds between game users and game characters, and enhance their cultural identity in
the real world and well-being in the virtual world. Previous research showed that in
order to increase game users’ exposure to pleasurable stimuli, game companies should
take aesthetic and emotional decorative game goods, for instance, character skins, into
consideration [42]. Such innovative game items could provide value for game players,
increasing their purchase intentions [47]. Therefore, this study reveals that game companies
should take into account the game scene and game plot design that match character skins
to evoke game users’ positive emotions through narrative transportation.

6.3. Limitations and Future Research

There are still several limitations in this paper. First, prior research on digital fashion
focused on three categories: communication and marketing, design and production, and
culture and society [51]. The combination of digital collections in the museum and game
skins proposed in this paper is connected with design and production, but does not fully
show the digital fashion practice in China. Therefore, communication and marketing and
culture and society should also be taken into account in terms of exploring the sinicized
digital fashion. With the rapid development of digital fashion and the rapid reflection of
the fashion industry in China, many Chinese fashion brands have stepped into the digital
world. Taking Balabala, the best children’s wear brand in China, as an example, it recently
released the first digital girl in the world, called Gu Yu, and plans to have interactions with
real models in the upcoming Metaverse show [52], which provides a digitally innovative
experience for Chinese families and children.

Second, this study did not separately explore the respondents’ purchase intentions
toward traditional costume skins who have not purchased chinoiserie skins before. Analyz-
ing the psychology and behavior of these potential customers could help game companies
to design items that are suitable for more players.

Finally, this study did not consider the influence mechanism of some moderating
variables on game players’ purchase intentions. For example, it could be taken into consid-
eration whether players’ positive emotions stimulated by cultural pride or happiness could
lead to higher purchase intentions when they see game items with Chinese elements. For
future investigations, cultural pride and cultural identity developed by purchasing cultural
products with Chinese elements are expected to be further analyzed.
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Appendix A.

Table A1l. Measurement items.

Construct Items References
Using traditional costume skins enables
PU1 . .
me to accomplish tasks more quickly.
Perceived Usefulness PU2 Using traditional Fost‘ume sk?ns- allows Davis [16]
me to accomplish more missions.
I find the traditional costume skins
PU3 . .
useful while I play online games.
PPP1 The price I have to pay is a rip-off.
Purchase Price Perceptions PPP2 The price I have to pay is very Voss [37]
unreasonable.
PPP3 I would not be pleased to pay this price.
PP1 Using traditional costume skins
stimulates my curiosity.
Perceived Playfulness PP2 Using traditional costume skins leads Moon [27]
to my exploration.
PP3 Using traditional costume skins arouses
my imagination.
CEA1 Traditional costume skins look nice.
Traditional costume skins have
Cultural Elements Authenticity CEA2 traditional elements such as colors and Laroche [30]
patterns.
CEA3 Traditional costume skins conform to
my cultural knowledge.
I am satisfied with my decision to use
SAT1 i .
traditional costume skins.
Satisfaction SAT2 I am pleaseq With the experien‘ce of Oliver [38]
using traditional costume skins. Hsu [39]
SAT3 My cho1ce' to use trad{honal costume
skins was a wise one.
PI I'would be tempted to try traditional
costume skins.
Purchase Intention P2 Twould be't(.empted to look a'ctively for Perrie;n [40]
traditional costume skins. Cronin [41]
PI3 I would recommend traditional

costume skins to my friends.
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Abstract: In view of the current lack of fashion brand competitiveness and innovation in China,
this paper puts forward the concept of fashion brand image value creation and analyzes it from
five dimensions: fashion brand image design, image publicity, brand aesthetics, brand charm, and
brand function. This paper explores the relationship between fashion brand image value creation,
customer participation behavior, experience value perception, intention, trust, and loyalty based on
consumer value co-creation and experience value perception theories. On this basis, the structural
equation model is used to test the research hypothesis empirically. An online survey questionnaire
was subsequently developed and conducted to verify validity and reliability by statistical analysis.
The results show that the value creation of fashion brand image will positively impact brand loyalty.
Customer participation behavior and experience value perception play an intermediary and chain
intermediary role, and customer participation willingness and fashion brand trust play a regulatory
role. This study provides new ideas and references for the value creation of fashion brand image and
provides quantitative scientific data for fashion enterprises to grasp the direction of brand image
value creation and implement brand construction and marketing strategies.

Keywords: value creation; brand loyalty; customer participation behavior; experience value perception;
structural equation model

1. Introduction

With the development of technology and the transformation of market competition,
garment enterprises have realized the importance of branding. However, while the garment
industry is developing towards “branding”, it faces some problems, such as low compet-
itiveness, insufficient innovation and creativity, and insufficient brand value promotion
space utilization [1,2]. Therefore, it is in the interests of individual garment businesses to en-
hance brand competitiveness, innovation and creativity and create higher brand value [3,4].
Currently, fashion brand image value creates a direction for fashion enterprises to address
these issues [5]. Fashion brand image value creation can meet the new needs of consumers
and enable customers to identify the differences between brands and product categories
to improve the competitiveness of brands, and finally bring more significant economic
benefits to enterprises, prolong their life and increase the value of brands [6]. Therefore,
to enhance brand competitiveness and brand value, the creation of fashion brand image
value has been a key topic of common concern in business and academia [7-9]. At the
same time, enterprises or brands will also encounter many challenges when creating brand
image value [10]. For example, brands do not pay enough attention to brand aesthetics,
which leads to low brand image value innovation ability and reducing customer stickiness.
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In the process of brand image value creation, due to the lack of a correct direction of value
creation activities, fashion brand image value creation is poor, customers’ perception of
brand image value creation is low, and finally reduces brand loyalty [11-13].

Previous research on fashion brand value creation focused on the use-value of brand
products, but the space for value creation of product use-value was limited. In order
to create a more significant value space, fashion brand value creation should be quickly
transferred to more personalized service provision, customer experience, and co-creation.
Therefore, this paper explores the influencing mechanism of fashion brand image value
creation on brand loyalty based on consumer value co-creation and experiential value
perception theory to provide quantitative scientific data for fashion enterprises to conduct
the brand image value creation and marketing strategies. Keeping this idea in mind
following questions were explored through this research.

1. What effect does the value creation of fashion brand image, customer engagement
behavior, and perceived value of fashion brand experience have on brand loyalty?

2. What impact does fashion brand image value creation have on customer participation?

3. What impact does customer participation behavior have on the perceived value of
fashion brand experience?

4. What role do the customer participation behavior and apparel brand experience value
perception play in influencing brand image value creation and brand loyalty?

5. What role does the customer participation intention play in influencing brand image
value creation on customer participation behavior?

6.  What role does the fashion brand trust play in influencing customer engagement
behavior and the perceived value of fashion brand experience on brand loyalty?

This research would be beneficial for textile and fashion marketers to understand
the influencing mechanism of image value creation of Chinese fashion brands based on
consumer value co-creation and experiential value perception theory. Also, it would be
helpful for academia to understand its influence more deeply.

This introduction has shown that from the point of view of fashion brand image,
increasing fashion brand image value creation is preferable, while knowing which factors
and how to influence fashion brand image value creation is also important. In the next
sections, we have reviewed the value creation of fashion brand image, experiential value
perception, consumer value co-creation, and participation behavior in order to see which
factors could contribute to achieving a larger portion of fashion brand image value creation.
Furthermore, the research hypotheses and theoretical model have been established in
Section 3, to explain and influence the mechanism of fashion brand image value creation
and brand loyalty in Section 4, as empirical tests. The article concludes with a discussion of
the findings in Section 5, their implications and suggestion, and future research directions
in Section 6.

2. Literature Review
2.1. Value Creation of Fashion Brand Image

Brand value creation is an important research content in the field of fashion brands.
High-value brands can reduce marketing costs and bring premium income to enterprises,
so enterprises are increasingly concerned about brand value creation. France et al. believe
that brand value creation is to satisfy customers’ pursuit of higher value with new brand
value [14]. Duan and Qu believe that brand value creation results from enterprises” brand
investment [15]. Jayaraman and Luo proposed that brand value creation is a means for
enterprises to establish a competitive advantage through brand power, brand image, and
reputation [16]. Since the ultimate goal of brand value creation is to enable customers to
form a unique brand experience. The content of brand value creation includes products,
services, innovation, brand image, brand relationship, etc. [17]. Based on scholars’ research
on brand value creation, it can be found that the connotation of brand value creation has
not been clearly defined. Therefore, fashion brand image value creation refers to a series
of innovative and creative activities produced by enterprises that aim to create additional
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brand value based on the original limited value space to meet customers’ higher goal value
pursuit and maximize brand image value.

Brand image is indispensable in creating brand value, so this paper believes that the
connotation of value creation of fashion brand image can be defined with the help of the
connotation of brand value creation. The connotation of the fashion brand value creation
can be defined as the fashion brand or enterprise using all aspects of innovation to create
brand image, to let the brand grow based on original finite value space, to create additional
brand value, to satisfy customers with the brand image value’s pursuit of a higher goal, to
maximize the value of the brand image.

2.2. Consumer Value Co-Creation

At present, many scholars believe that in value co-creation, customers are the co-
creators of value, and what they co-create with enterprises is the experience value. Prahalad
and Ramaswamy [18,19] point out that there are multiple interaction points between
consumers and enterprises, enabling them to achieve value co-creation and a personalized
experience. Zaborek and Mazur [20] believe that value co-creation is a positive interactive
process between consumers and enterprises. Consumers actively contribute their wisdom
and labor and cooperate with enterprises to invent, design, and provide valuable products,
services, and experiences for other consumers. Andreu, Sanchez et al. [21] believe that
consumer value co-creation broadly means consumers lead value creation activities.

Similarly, Pongsakornrungsilp and Schroeder [22] point out that the dominant player
in value co-creation is consumers, and value is reflected in the experience of consumers.
Consumer value co-creation can also be understood as customer participation. For example,
Nambisan and Baron [23] point out that customers can satisfy their needs for informa-
tion, emotion, and other content by participating in product innovation to realize value
co-creation. Auh et al. [24] believe that customer participation value co-creation is an active
customer participation behavior. Customers contribute knowledge, experience, and re-
sources in participation, which can provide value to themselves and enterprises at the same
time. Payne et al. [25] put forward that customer participation is the critical factor in value
co-creation, reflecting the contribution degree of customers in value co-creation. To sum
up, the connotation of consumer value co-creation includes the concepts of “consumers
as value co-creators” and “customer participation”. Therefore, the text defines consumer
value co-creation as consumers, as the subject of value creation, who participate in value
creation activities and create value together with enterprises.

Marcos and his peers [26] believed that engagement is the source of experience and
the primary way to realize value co-creation. Zhang et al. [27] show that the primary ex-
pression mode of value creation is interaction, and both the interaction between consumers
and enterprises and among consumers can bring good experience value to customers.
Luo and coworkers [28] proposed that customer participation value co-creation is the
premise for customers to obtain co-creation experience value. Based on the viewpoints
of the above scholars, it can be known that the essence of co-creation is experience value,
and the premise of producing experience value is customer participation or interaction.
Based on this, Mandlik and Kadirov [29] proposed a mechanism model of consumer value
co-creation, including anamorphic, process, and result. Antecedent variables are composed
of factors that affect customer participation value co-creation. These variables will influ-
ence the experience value by influencing customer value co-creation behavior and finally
impacting customer loyalty. Moise et al. [30] pointed out that customer participation in
value co-creation, perceived risk, unique needs, control desire, and organizational support
as motivation variables will affect customer participation in value co-creation behavior.
Finally, customers can gain unique consumption experiences or value perception in value
co-creation, and enterprises can gain brand loyalty.

Based on the studies of the above scholars, the internal mechanism of consumer value
co-creation conforms to the “motivation-process-result” model. Among them, customer
participation in value co-creation varies according to different research fields, and the
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motivation will impact customer participation in value co-creation (customer participation
behavior). Experiential value or perceived value can be either a process variable or a
result variable of customer participation in value co-creation, but it is always produced by
value co-creation. Customer and brand loyalty are the direct result variables of consumer
value co-creation.

2.3. Customer Participation Behavior

Existing research on consumer value co-creation primarily focuses on the level of
customer participation behavior. Dai and Gu [31] define the connotation of customer partic-
ipation from different research fields: Consumer participation refers to the specific behavior
in which customers help create value in participating in products and services based on the
traditional consumption field. Based on virtual community, customer participation behav-
ior is a dynamic behavior of forwarding, sharing, and leaving comments. However, both
emphasize the initiative of consumers or users in the process of participation. Growth [32]
believes that customer participation is customers’ behavior in service production and deliv-
ery, also called customer cooperative production behavior. Bove [33] states that customer
participation behavior is a necessary consumer value co-creation behavior, and enterprises
expect this behavior. Based on the above analysis, the connotation of customer participation
behavior is defined as the behavior that consumers must take to successfully realize value
creation in producing and delivering products or services.

Scholars have studied the constitutive dimensions of customer participation behavior.
Ennew and Binks [34] proposed that customer participation is essentially the behavior and
process of customer participation in value creation, mainly including three dimensions:
information sharing, responsible behavior, and interpersonal interaction. Yi and Gong [35]
believed that information sharing should be based on information search and thus divided
into four dimensions of consumer participation behavior: information search, information
sharing, responsible behavior, and interpersonal interaction. Bu Qingjuan et al. [36] divided
customer participation behaviors in virtual communities into help-seeking, interpersonal
interaction, feedback, and advocacy. Wu and Chen [37] divided customer participation
behavior into three dimensions: information sharing, cooperation, and joint decision
making according to the degree and process of customer participation. Participation
behavior in consumer value co-creation behavior focuses on the interaction behavior
between consumers and enterprises. Therefore, this paper chooses responsibility behavior
and interpersonal interaction as the dimensions of customer participation behavior. In
addition, the willingness of consumers to participate in value co-creation is the prerequisite
for the occurrence of participation behavior, and it is influenced by the information provided
by brands to consumers. Therefore, information search and information sharing are also
considered the dimensions of customer participation behavior in this study.

2.4. Experiential Value Perception

Experiential value perception is a new concept that combines customer value per-
ception, experiential value theory, and customer consumption behavior. The experience
value perception comes from value co-creation and interaction between customers and
brands [38]. Consumers’ perceived experience value refers to consumers’ perceived pref-
erence and evaluation of branded clothes and products [39]. The experience value is the
cognition and evaluation of customers on enterprise services and advertisements based
on their perception [40], which tends to be a psychological feeling formed by the interac-
tion of experience and feeling on many vital points. This study proposes that experience
value perception is consumers’ comprehensive feeling and evaluation of many experience
elements in value creation or other activities.

Scholars in different research fields have different classifications of perceived dimen-
sions of experiential value. Kim and Oh [41] point out that the corresponding dimensions of
experiential value perception are functionality, emotion, and social and experiential value
perception in social networks. For mobile data services, experience value perception is
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divided into practicality and hedonic experience value perception. Huang [42] believes that
customers’ experience value perception includes functional experience value perception
and emotional experience value perception in the social field of the mobile short video.
This paper holds that the experiential value perception under consumer value co-creation
manifests as practical, functional, and social experiential value perception. The connotation
of emotional experience value perception can be defined as an inner feeling generated by
consumers’ processing and analysis of perceived information through thinking activities
such as association based on their own experience and experience. Specifically, it refers to
the value of feelings such as “fun” and “relaxation” obtained in the process. Functional
experience value perception refers to consumers’ perception of functional utility, shown
by the brand’s inherent attributes and primary performance. Social experience value
refers to the customer’s perception of the brand image value or symbolic value during the
experience, such as the brand’s social status, social reputation, and other content.

3. Hypotheses and Model Establishment
3.1. Research Hypotheses

The high quality of garments impacts the buyer’s choice, particularly knowing the
raw material source [1]. A high-value brand image can bring higher consumer loyalty
and brand premium to a brand. Chen and Zhang [43] believe that customer-centered
and value-oriented brand image value creation has successfully created brand awareness,
reputation, and loyalty as brand value creation can affect consumers’ cognition, trust, and
loyalty to brands through value co-creation. Joshi and Sharma [44] believed that brand
value creation based on consumer participation would directly affect customers’ repeated
purchase behavior. Dai et al. [45] point out that value creation can help brands attract
more customer groups and gain higher brand loyalty. Brand value creation includes many
aspects, among which the value creation of the brand image is one of them, and it can bring
positive effects to enterprises, including price premium, customer satisfaction, and brand
loyalty [46]. In conclusion, brand image value creation has a positive impact on brand
loyalty; therefore, Hypothesis H1 is proposed in this paper:

Hypothesis H1. The value creation of fashion brand image has a positive effect on brand loyalty.

Enterprises will transmit various resource information to consumers in value creation,
including corporate values and corporate culture connotation [47]. This will have an impact
on customer participation in product development and upgrading. Consumers began to
actively participate in the process of value creation through the internet [48], during which
the value creation of enterprises’ products or services would promote the participation of
consumers, and such customer participation behavior is reflected in the contribution of
customers’ knowledge, skills, and experience in the consumption field. Wu and Chen [37]
pointed out that consumers play value creators, and value co-creation with the brand is
inseparable from the brand’s offerings. Brand elements’ design and production activities
and other aspects will affect the consumer’s participation behavior [1].

Similarly, in the process of creating the value of fashion brand image, the realization
method of creating the value of fashion brand image will increase the impression of the
brand image in consumers’ minds, enhance consumers’ perception of the brand image,
and thus promote the creation of consumers’ value co-creation behavior. For example,
differentiated marketing can meet the unique needs of customers. The customer’s unique
demand is an essential motivation for participating in value co-creation and significantly
influences customers participating in value co-creation.

To sum up, value creation will influence customers’ participation behavior or value co-
creation behavior to contribute their knowledge and experience through value transmission.
Accordingly, Hypothesis H2 is proposed in this paper:

Hypothesis H2. Fashion brand image value creation has a positive impact on customer participation.
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When analyzing the relationship between customer participation behavior and brand
loyalty, customer participation behavior in participating in value co-creation will enhance
customers’ understanding of the enterprise, thus promoting brand loyalty [49]. Based on
the co-creation theory of consumer value, Hoyer and coworkers proposed that customer
engagement enhances brand loyalty by improving the brand experience [50]. Etgar [51]
points out that consumers can have a high level of interaction with enterprises through
cooperative behavior and information sharing (cooperative behavior and information
sharing are the manifestations of customer participation behavior). Consumers enjoy
more autonomy and control during this period to satisfy their personalized needs and
preferences, thus enhancing brand loyalty [52]. Experience-based consumer value co-
creation is a high level of customer participation mode, providing innovative thinking
for enterprises and positively influencing consumer loyalty [16,19,27]. Thus, customer
participation in consumer value co-creation will promote brand loyalty, and in the process
of participation, it is continuously strengthened and consolidated. Accordingly, Hypothesis
H3 is proposed in this paper:

Hypothesis H3. Customer engagement behavior has a positive impact on brand loyalty.

Zhao [53] believes that experience value is essentially the value of customers’ subjective
perception and is affected by customers’ participation behavior. In the research field of value
co-creation, Yang [54] proposed that customers have initiative, and their active participation
can enable them to obtain unique consumption experiences and promote the generation of
experience value perception. Customers’ participation in value co-creation can enhance
their sense of identity with enterprise value, thus enhancing experience value perception,
including emotional, social, and functional experience value perception. My-Quyen [55]
believes that experience value perception can be obtained from the function, efficiency, and
other physical attributes of customer participation in value co-creation activities or creating
certain feelings. Zhang and Chen [56] believe that customers’ participation in value co-
creation will generate deeper emotions for brands, namely, improving the value perception
of emotional experience. Vahdat [57] and Tang [58] proposed that luxury goods are not
available in luxury marketing, so customer participation behavior has a more significant
impact on emotion and social experience value perception.

In conclusion, under the value co-creation mode, customer participation behavior will
affect the perceived value of the fashion brand experience. Therefore, Hypothesis H4 is
proposed in this paper:

Hypothesis H4. Customer participation behavior has a positive impact on the perceived value of
fashion brand experience.

There are many driving factors of brand loyalty, among which is customer perceived
experience value. Paulose and Shakeel 2021 [59] believe consumers are loyal to brands with
high perceived experience value. From the perspective of customer participation value
co-creation, experience value perception is affected by customer participation behavior,
affecting customer loyalty to the brand. Zhao [53] points out that when customers partic-
ipate in value co-creation, their emotional experience value perception and recreational
experience value perception are strengthened, and their feelings towards products are deep-
ened. As a result, they have a higher brand commitment and loyalty and actively promote
and recommend brands and products to others. Zhang and coworkers [60] pointed out
that customers’ perceived emotional and functional experience value would promote their
trust and loyalty to the brand. Guan [61] points out that the value of the social experience
will significantly meet consumers’ psychological and spiritual needs and then promote
consumers to have a strong cognition, association, and loyalty to the brand. It can be seen
from the above that the perceived value of fashion brand experience will have a positive
impact on brand loyalty. Therefore, Hypothesis H5 is proposed in this paper:
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Hypothesis H5. The perceived value of fashion brand experience has a positive impact on brand loyalty.

In the process of customer participation in value co-creation, enterprises or brands
make full use of the valuable resources brought by consumers through the participation
of consumers, complete the process of value creation and delivery, and obtain economic
returns and customer satisfaction loyalty. Nardi et al. [62] proposed that brand value
creation could affect consumers’ cognition and attitude towards the brand through cus-
tomer participation, including customer satisfaction, trust, and loyalty. Therefore, it can be
inferred that customer participation during value co-creation plays an essential role in the
relationship between value creation and brand loyalty. Chen [63] points out that brands
will guide brands to grasp the consumption trend through accurate customer information
exchange, information sharing, and other participating behaviors conducive to improving
customers’ brand recognition, association, satisfaction, and loyalty in value creation activi-
ties. Focusing on introducing new materials in the garment industry or proposing logistics
models for the supply chain has been practiced for a long time [64,65]. The enterprise or
the brand value creation pattern changed under value-creating behavior or participation
behavior [27]. They maintained that primary performance for our customers to participate
in the brand product research and development, production, logistics, and marketing leads
to value creation concerns from use-value to the experience value transfer, thereby enabling
customers to form a higher quality of brand loyalty. In conclusion, brand value creation
will promote brand loyalty under the influence of value co-creation behavior or customer
participation behavior. Therefore, Hypothesis H6 is proposed in this paper:

Hypothesis H6. Customer participation plays a mediating role in the relationship between the
value creation of fashion brand image and brand loyalty.

With the coming of the era of the experience economy, value creation is rapidly
shifting to customer experience, and customer participation in the behavior of value co-
creation is the premise of customer experience value perception. Teng and Tsai put forward
from tourism management that the value creation of tourism brands will affect tourists’
perception of tourism experience value through their participation behavior [66]. For
example, when tourists join the brand’s interactive social activities, their participation
behaviors such as information exchange and sharing will impact the value perception
of social experience. Brand value creation under customer participation behavior would
impact experiential value perception; that is, customer participation behavior has a specific
mediating effect on the influence relationship between brand value creation and experiential
value perception [16,19,67]. From experiential marketing, Yoo et al. [68] point out that
brand value creation must rely on certain material carriers and bring different experiential
value perceptions to customers through their participation behavior. Therefore, in creating
the image value of a fashion brand, the carriers of its experience value are image design,
image publicity, brand aesthetics, brand charm, and brand function, which will impact the
perception of experience value through the customer’s participation behavior.

Experiential value perception significantly affects the relationship between participa-
tion behavior, “information exchange and interpersonal interaction”, and tourist loyalty.
Since customer participation in value co-creation can impact customer loyalty through
experience value perception. Fang et al. [69] believe that user participation in the context
of value co-creation can benefit both customers and brands. Customers’ participation
behaviors (comments, inquiries, and interpersonal interactions with other consumers) in
the online shopping environment can improve customers’ perception of experience value,
thus improving their repeated purchases, recommendation, and other behaviors [6,70].
In conclusion, customer participation behavior positively impacts brand loyalty, and the
perceived value of fashion brand experience plays a significant role in this influencing
relationship. In other words, customer participation behavior can positively affect brand
loyalty through the perceived value of the fashion brand experience.
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Therefore, the image value creation of fashion brands can make customers perceive the
experience value of fashion brands through customer participation behavior and positively
impact brand loyalty. Therefore, Hypothesis H7 is proposed in this paper:

Hypothesis H7. Customer participation behavior and apparel brand experience value perception
play an intermediary chain role in brand image value creation affecting brand loyalty.

The willingness of customers to participate in this paper refers to the willingness of
consumers to participate in value co-creation, which originates from consumers’ cognition
of value creation activities to a certain extent and is the basis for participating in value co-
creation [71]. Venkatesh and Davis [72] believe that consumers” willingness to participate
directly influences actual participation behavior. In the context of customer participation, it
should be noted that the “willingness” is customers’ attitude toward their participation
in product creation and shows in her research that willingness can regulate consumers’
behavior of participating in value creation. When consumers are highly willing to partici-
pate, they want to participate in value-creation activities. The customers usually gradually
generate the willingness for value co-creation in the interactive atmosphere created by
enterprises and then produce value co-creation behavior. Based on the above analysis,
the willingness of customers to participate in value co-creation can promote customer
participation behavior. Therefore, Hypothesis HS is proposed in this paper:

Hypothesis H8. Customer participation intention plays a moderating role in the influence of brand
image value creation on customer participation behavior.

Gavilan [73] points out that customers’ trust in hotels is mainly based on other con-
sumers’ online participation behaviors. For example, online reviews of hotels will affect
customers’ trust in the hotel brand to some extent. Brand trust is a process of regulating
the influence of customer participatory value co-creation on brand loyalty through the
level of customer perceived risk and perceived value. When customers’ perceived risk or
value is higher, their desire to participate in the value co-creation will be stronger, leading
to more active participation behavior of customers to enhance brand loyalty. After the
occurrence of participatory behavior (value co-creation behavior), customers will have
a psychological evaluation of the brand, namely brand trust, and thus affect consumer
loyalty [35,38]. Azize [74] believes that users’ shared and interactive participation in the
brand community will increase brand loyalty, and users’ trust in the community plays
a moderating role. Thus, consumers’ participation in value co-creation can deepen their
understanding of enterprises and help them establish emotional links with enterprises.
Moreover, under the influence of brand trust, consumers’ repeat purchase behavior and
recommendation intention will be further enhanced.

Based on the above analysis, fashion brand trust plays a facilitating role in the relation-
ship between customer participation behavior and brand loyalty. Therefore, Hypothesis
H9 is proposed in this paper:

Hypothesis H9. Fashion brand trust plays a moderating role in influencing customer engagement
behavior on brand loyalty.

Consumer experience value perception results from a comprehensive feeling, which is
essential for understanding the customer-brand relationship. For example, in the virtual
brand community, only when consumers first form trust in the brand community will they
take the initiative to deeply understand the brand products and services in the community
to obtain the perception of experience value and finally form brand loyalty. Elena and
Jose [12] believe that value perception is influenced by trust, and customers with high
brand trust will get more perceived benefits and value than other consumers, and it is easier
to form brand loyalty. The experience value perception generated by customer value co-
creation behavior will positively impact brand loyalty through brand trust. In addition, the
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level of consumer trust is positively correlated with the value perception, and the interaction
between the two will further determine brand loyalty. The consumers’ level of trust in
brands will affect their access to brand resource information, thus affecting their perception
of experience value and ultimately influencing consumers’ brand attachment [45].

In conclusion, the relationship between perceived experience value and brand loyalty
is disrupted by brand trust, and when consumers form brand trust, they are more likely to
generate brand loyalty. Therefore, Hypothesis H10 is proposed in this paper:

Hypothesis H10. Fashion brand trust plays a moderating role in influencing the perceived value
of fashion brand experience on brand loyalty.

3.2. Theoretical Model Establishment

Taken together, this theoretical model is established based on consumer value co-
creation theory and experiential value perception theory. This is achieved by combining the
above research hypotheses, this paper takes the customer participation behavior and the
perceived value of apparel brand experience as the intermediary variable and the customer
participation willingness and brand trust as the moderating variable and constructs a
theoretical model of the impact of apparel brand image value creation on brand loyalty, as
shown in Figure 1.

H1

Clothing
brand image
value
creation

Customer
engagement
behavior

Brand
loyalty

Customer
participation
intention

Clothing
brand
experience
value
perception

H7

Figure 1. The theoretical model for this study.

4. Empirical Test and Data Analysis
4.1. Item Development

The measurement scale in this paper is based on the relevant mature scale to be
screened and modified. Among them, customer participation behavior mainly borrows
from the scale of Yi and Gong [35]. The perceived value of fashion brand experience is
mainly based on the scale of Shin [75] and Hennigs [76]. Brand loyalty is mainly based
on the measurement scale of Guan [61] and Apenes Solem [11]. Customer participation
intention is mainly based on the scale of [53]. Brand trust is mainly based on the scale of
Elena and Jose [12].

There is no mature fashion brand image value creation scale, so it is necessary to
develop a measurement scale. This paper constructs an index system of fashion brand image
value creation based on the grounded theory, which includes five dimensions, including
image design, image publicity, brand aesthetics, brand charm, and brand function, and
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29 indexes. Based on much literature and previous studies, a suitable measurement scale
was formed through modification and adjustment, as shown in Table 1.

Table 1. Measurement scale of fashion brand image value creation.

Dimension Number Secondary Index Item Reference
D1 Product image design Product image design novel.
1D2 Store image design Store image design is unique.
. . - . Brand identity image design has Cai [4] Marine [7]
Image design 1D3 Brand identity image design : denziﬁca t%on. g Cai and Cheng [77]
D4 Packaging design The packaging design is simple
and generous.
1D5 Price image design Reasonable price image design.
. . - The brand designer image is consistent
Pl Designer image publicity with the designer image in my mind.
P2 Advertising image promotion Brand ads usually get my attention.
1P3 Service image publicity Branded service usually satisfies me.
Image publicity P4 Corporate image publicity The brand that belongs to t}}e enterprise has a Fu and Cao [78]
good reputation.
5 Customer image promotion Customers of brands L'lsually have a good
personal image.
The promotional activities of the brand can
1P6 Promotion image publicity continually deepen my impression of
the brand.
BA1 Brand style The brand style is usua'lly popular with
the public.
BA2 Brand symbol Brand symbols are usually aesthetic.
The use of brand color is usually in line with
. BA3 Brand color the public aesthetic concept. Godgy [79]
Brand Aesthetics Cai [4]
BA4 Brand design Brand patterns are usually representative
BA5 Brand poster Brand posters are l.lsually unique
and original.
BA6 Brand store atmosphere The store atmosphere is usually pleasant
and comfortable.
BC1 Brand concept The brand concept is in line with the
public concept
BC2 Brand spirit The brand spirit is positive
BC3 Brand culture Profound brand culture
Brand Charm BC4 Brand reputation Good brand reputation Koenigsberg [80]
BC5 Brand personality Strong brand personality
BCé6 Brand added value The brand has added brand value.
BCY Brand value orientation The public can recognize brand value
orientation
s . This brand makes it easy for me to
BF1 Recognition function distinguish myself from other brands.
BF2 Quality commltmept and The brand’s products are of reliable quality.
assurance function
. BE3 Communication and The brand can convey the brand or product Ma (81]
Brand function shopping guide function message to me. Gu i:; )[(Eﬂ 82]
BF4 Competition function The brand has a highly competitive
advantage
BF5 Value chain function The brand will usually cooperate with

well-known brands
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4.2. Data Collection

The questionnaire survey was used to collect data, and online questionnaires were
distributed through the "Questionnaire Star” software. As a principal target to investigate
the perceptions of fashion brand image value creation by diverse types of consumers,
all consumers who had ever purchased branded clothing via physical or internet shops
were the subject of our research. For the purpose of matching the subjects” characteris-
tics, we asked consumers to choose what brands they were concerned about. A total of
642 questionnaires were issued, of which 567 were valid, with an effective rate of 88.3%. In
order to ensure the reliability and validity of the questionnaire, this study first conducted
a pre-survey within a small group, and this questionnaire was partially modified based
on the pre-survey results. The descriptive statistical results of the final survey samples
collected are shown in Table 2. It can be seen from the table that all ages, occupations,
regions, and monthly incomes were involved in the survey, indicating that the selection of
survey groups was reasonable.

Table 2. The basic information of survey samples.

Statistical Variables Sample Size Proportion (%)

Mals 27 47.629
Gender ae 0 62%
Female 297 52.38%

<18 19 3.41%
19-25 185 32.68%
Age 26-30 157 27.63%
31-40 110 19.34%
41-50 70 12.35%

>51 26 4.59%

Party and government officials 41 7.23%

Professional and technical personnel, 53 9.35%

doctors

Teachers 63 11.11%

Company management cadre 30 5.29%

Occupation

Company worker 115 20.28%
Students 184 32.45%

Business service worker 42 7.41%

Self-employed 36 6.35%

Other 3 0.53%

High school and below 55 9.65%
Junior college 84 14.88%

Education background

Undergraduate 245 43.26%
Master’s degree or above 183 32.21%
<1500 RMB 167 29.45%
1501-3000 RMB 71 12.52%
Monthly income 3001-5000 RMB 114 20.11%
5001-8000 RMB 137 24.16%

8001-12,000 RMB 54 9.52%

>12,001 RMB 24 4.24%
First-tier cities 173 30.51%
Second-tier cities 222 39.15%

Place of abode N i,

Third line cities 104 18.34%
Fourth tier cities or other areas 68 12.00%
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4.3. Reliability and Validity Test

Data testing was carried out on the measurement scale of value creation of fashion
brand image, mainly including reliability and validity test, factor test, and goodness of fit
test of the model. In the exploratory factor molecule, the cumulative variance contribution
rate of the scale was 73.061% > 60%, and the overall KMO and Cronbach’s « values were
0.946 and 0.965, respectively, both greater than 0.7. Meanwhile, the KMO and Cronbach’s o
values of each dimension also reached the acceptance standard. In the confirmative factor
analysis, the standardized factor loading (EFA) was between 0.648 and 0.912, meeting the
criteria of greater than 0.5, and the combinatorial reliability (CR) and square extraction
variance (AVE) also met the criteria of 0.7 and 0.5. In the goodness of fit test of the model,
the chi-square to the degree of freedom ratio (X2/DF) is 2.898, which is less than 3, AGFI
and GFI are more significant than 0.8, and NFI, CFI, TLI, and IFI are all greater than 0.9.
The measurement scale has good reliability and validity based on the above analysis.

SPSS25.0 was used for reliability and validity tests and confirmative factor analysis in
this study. The specific results are shown in Table 3. Cronbach’s « coefficient and KMO
value of each measurement variable meet the accepted standard of the lowest 0.5, and
Cronbach’s « coefficient and KMO value of the whole model are more significant than
0.7, which can be considered good reliability and validity of the model. In addition, the
combined reliability and mean-variance of all the measured variables were within the

acceptable range, and the confirmatory factor analysis results were good.

Table 3. The test of model reliability and validity and confirmatory factor analysis.

Bartlett’s Test of Sphericity

. . Measurement o After
Dimension Ttem CITC Deleting @ KMO Chi- Degrees o EFA CR AVE
Square of Significant
q Freedom
D 0.730 0.864 0.775
P 0.727 0.863 0.811
Fashion brand image 0.888 0.888  1274.11 10 0.000 0.899  0.642
value creation BA 0.716 0.866 0.859
BC 0.768 0.854 0.832
BF 0.700 0.870 0.723
CPB1 0.745 0.913 0.794
CPB2 0.813 0.903 0.852
Customer engagement CPB3 0815 0903 0922 0851  2291.85 15 0.000 0865 0923 0.666
behavior CPB4 0.771 0.909 0.818
CPB5 0.760 0.910 0.777
CPB6 0.757 0911 0.785
Emotional AEVP1 0.694 0.871 0.767
exy;earliéice AEVP2 0.840 0750 0.875 0.694  831.85 3 0.000 0o1g 0883 0716
perception AEVP3 0.752 0.832 0.849
Fashion ) FEVP1 0.802 0.846 0.851
brand ex- Functional
perience  experience FEVP2 0.748 0.866 0.892 0.805  1193.63 6 0.000 0.801 0904 0.701
value per-  sense of FEVP3 0.802 0.844 0.901
ception value
FEVP4 0.697 0.883 0.792
Value SEVP1 0.686 0.863 0.758
perception SEVP2 0834 0749 0.873 0.695 82047 3 0.000 0913 0881 0713
of social
experience SEVP3 0.755 0.823 0.854
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Table 3. Cont.

Bartlett’s Test of Sphericity

Dimension Metsurement qrre SAfer o kMo Chi.  Desrees EFA CR AVE
g Square of Significant
! Freedom
BL1 0.695 0.861 0.756
BL2 0697 0861 0.882 0.814 1394.81 10 0.000 0753 0.884  0.604
Brand loyalty BL3 0.765 0.844 0.808
BL4 0.774 0.843 0.828
BL5 0.652 0.871 0.736
CPIl 0.780 0.903 0.829
Customer participation CPI2 0.838 0.852 0910 0.747 1081.33 3 0.000 0.899 0911 0.774
intention ’ : ’
CPI3 0.837 0.853 0.909
BT1 0.799 0.850 0.731
BT2 0.730 0.875 0.894 0.813 1210.69 6 0.000 0.712  0.850 0.588
Brand trust
BT3 0.829 0.837 0.893
BT4 0.703 0.886 0.716

Overall KMO = 0.927, Bartlett test chi-square value = 10,153.84, Sig value = 0.000, Cumulative variance contribution
rate = 74.78%, overall Cronbach’s « coefficient = 0.954.

4.4. Goodness of Fit Test of Model

AMOS22.0 was used for the goodness of fit test of the model in this study, and the
specific results are shown in Table 4. Since when X2/DF is less than 3, RMR is less than
0.05, RMSEA is less than 0.08, AGFI and GFI are greater than 0.8, and other indicators are
greater than 0.9, it indicates that the model has a good degree of the fitting. It can be seen
from the table that all indicators of each measurement variable meet the requirements, so it
can be considered that the relevant results of each measurement model are relatively ideal.

Table 4. The test of model goodness of fit index.

Fashion Brand Customer Fashion Brand Brand Customer
Fitting Index Inz:age Yalue Engagerpent Experience. Value Loyalty Participe.ltion Brand Trust
reation Behavior Perception Intention
CMIN 71.613 17.928 76.321 55.384 5.274 31.216
X2/DF 2.170 2.988 2.544 2.408 2.637 1.951
RMR 0.020 0.029 0.033 0.012 0.039 0.026
RMSEA 0.049 0.063 0.056 0.053 0.033 0.044
GFI 0.939 0.988 0.972 0.945 0.918 0.944
AGFI 0.911 0.958 0.948 0.927 0.859 0.908
NFI 0.953 0.992 0.977 0.946 0.942 0.913
IFI 0.956 0.995 0.966 0.948 0.945 0.937
CFIL 0.956 0.995 0.966 0.948 0.945 0.937

4.5. Hypothesis Testing

The test results of the theoretical model are shown in Table 5. H1 path coefficient is
0.602, and the T value is 6.324, which meets the significant standard, indicating that the
value creation of fashion brand image has a significant positive impact on brand loyalty.
Therefore, Hypothesis H1 is established. H2 path coefficient is 0.863, T value is 16.182,
reaching the significant standard, indicating that the value creation of fashion brand image
has a significant positive impact on customer participation behavior, so the assumption of
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H2 is valid. The diameter coefficient of H3 is 0.500, and the T value is 4.475, which reaches
the significant standard, indicating that customer participation behavior has a significant
positive impact on brand loyalty. Hypothesis H3 is established. The path coefficient of H4
was 0.876, and the T value was 18.436, which reached the significant standard, indicating
that customer participation behavior had a significant positive impact on the perceived
value of fashion brand experience. Hypothesis H4 was established. The path coefficient of
H5 was 0.481, and the T value was 4.287, which reached the significant standard. Based on
the above analysis, the perceived value of fashion brand experience significantly impacts
brand loyalty, so hypothesis H5 is established.

Table 5. The result of a hypothesis test.

Hypothesis Path Coefficient S.E. T Value p-Value Conclusion
H1 0.602 0.107 6.324 o Support
H2 0.863 0.067 16.182 o Support
H3 0.500 0.116 4.475 o Support
H4 0.876 0.039 18.436 ox Support
H5 0.481 0.123 4.287 o Support

Note: *** indicates that p is significant below 0.001.

4.6. Mediation Effect Test

In this study, the Bootstrap method was used to test the mediating effect of Hypothesis
H6 customer participation behavior, the chain mediating effect of Hypothesis H7 customer
participation behavior, and the perceived value of fashion brand experience. When testing
Hypothesis H6, a simple mediation model (Model4) is used to analyze the mediation
effect of customer participation behavior under controlling the basic information of the
survey objects. The test results are shown in Table 6. The upper and lower limits of the
bootstrap95% confidence interval do not contain 0, the direct effect value is 0.451, and
the indirect effect value is 0.322, accounting for 58.34% and 41.66% of the total effect,
respectively. It shows that customer participation has a significant (partial) mediating effect
on the relationship between the value creation of fashion brand image and brand loyalty,
and hypothesis H6 has been verified. When testing Hypothesis H7, Model6 analyzes
the chain mediating effect between customer participation behavior and fashion brand
experience value perception under the same control of basic information. The specific
results are shown in Table 7. The upper and lower limit of the BootCI confidence interval
does not contain 0, the direct effect value is 0.463, and the indirect effect value is 0.180 and
0.158, respectively. This indicates that customer participation behavior and fashion brand
experience value perception have an intermediary chain role (partial intermediary) in the
impact of fashion brand image value creation on brand loyalty. Hypothesis H7 is verified.

Table 6. Customer Participation Behavior Mediation Effect Analysis Results.

Path Effect Value Boot Standard BootCI I:,ower Limit of BootCI FJpper Limit of Effec:‘.
Error the Confidence Interval the Confidence Interval Proportion
Total effect 0.773 0.0455 0.7506 0.8993 -
Direct effect 0.451 0.0515 0.5610 0.7633 58.34%
Indirect effect (fashion
brand image value creation 0322 0.0393 0.0593 02163 41.66%

— customer participation
behavior — brand loyalty)
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Table 7. Chain Effect Analysis Results.

BootCI Lower Limit of the

BootCI Upper Limit of the

Path Effect Value Boot Standard Error Confidence Interval Confidence Interval
Total effect 0.801 0.0347 0.7323 0.8684
Direct effect 0.463 0.0455 0.3523 0.6130
Indirect effect (fashion brand image value
creation — customer participation 0.180 0.0434 0.0928 0.2638
behavior — brand loyalty)
Indirect effect (fashion brand image value
creation — customer participation 0.158 0.0391 0.0195 0.1715

behavior — fashion brand experience
value perception — brand loyalty)

4.7. Moderation Effect Test

This study used a hierarchical regression model to examine the moderating effect of
customer participation intention and brand trust. Under the condition of controlling the
basic information of the survey objects, the interaction items of “fashion brand image value
creation x customer participation willingness”, “customer participation behavior x brand
trust” and “fashion brand experience value perception x brand trust” were respectively
introduced for regression analysis. The specific results are shown in Table 8. After introduc-
ing the interaction term, the value of the adjusted R square gradually increases, indicating
that the model is better fitted. In addition, the normalization coefficient was 1.320, 1.321,
and 1.472, and the T value was 7.034, 5.903, and 5.923, respectively, and the p was signif-
icant at the level of 0.01. This indicates that interaction items have a significant impact
on customer participation behavior or brand loyalty. Customer participation willingness
has a significant moderating effect on the impact of fashion brand image value creation
on customer participation behavior, and brand trust has a significant moderating effect on
customer participation behavior on brand loyalty. At the same time, the perceived value of
fashion brand experience also has a significant regulating effect on the influence of brand
loyalty. Therefore, Hypotheses H8, H9, and H10 have been verified.

Table 8. The results of moderating effect.

Customer Participation

Behavior Brand Loyalty Brand Loyalty
Variable Variable Variable
Standardization Standardization Standardization
Coefficient T Value Coefficient T Value Coefficient T Value
Gender 0.060 2.098 Gender —0.065 —1.797 Gender —0.026 —0.786
Age —0.013 -0.430 Age 0.050 1.365 Age 0.104 3.059
Occupation 0.003 0.103 Occupation 0.018 0.510 Occupation 0.007 0.219
Education —0.014 —-0.484 Education 0.000 0.002 Education —0.008 —0.251
Income —0.046 -1.560 Income 0.050 1.351 Income 0.026 0.757
Residence —0.055 -1.908 Residence 0.031 0.868 Residence 0.016 —0.472
Fashion brand
Fashion brand image Customer experience
mag 1.201 *** 16.368 engagement 0.561 ** 2.939 P 0.745 **+* 4.234
value creation . value
behavior N
perception
Customer
participation 1.038 *** 6.442 Brand trust 0.983 *** 5.721 Brand trust 0.140 ** 3.142
intention
Fashion brandllmage Customer Fashion brand
value creation engagement experience
x customer 1.320 *** 7.034 gage 1.321 # 5.903 periend 1.472 % 5923
articipation behavior x value perception x
pwillingncss brand trust brand trust
. Adjust R .
Adjust R squared —0.002-+0.557—50.597 squared ~0.006—+0.369—0.378 Adjust R squared —0.006—30.466—50.477
change change
change
F value change 0.811—78.665—82.524 F value change 0.517—37.398—33.189 F value change 0.517—55.206—48.94

Note: *** means p is significant at the level of 0.001, ** means p is significant at the level of 0.01.
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Image design

5. Discussions

The empirical results show that fashion enterprises can further form brand loyalty
by promoting consumers’ value co-creation and enhancing experience value perception
when carrying out value creation activities. The SEM model was developed to establish the
relationships among variables as follows in Figure 2.

Image publicity

Brand aesthetics

0.65%* .
0.78** Image design
0.76%*
0.81%* Image publicity
o
0.86** 081 Image publicity

Brand charm

- ok
0.83** 078 Image publicity
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. Image publicit

fashionm
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behavior perception
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Information Search : 0.71%* Emotional experience
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Information Sharing - = DEEp =
- - 0.81%* 0.86 Functional experience
Information Sharing value perception
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Responsible behavior 0.84 0.71%* social experience
ke Vi i
Interpersonal interaction 0.83 value perception
1 - - - 0.71%*
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Figure 2. The graphical representation of the SEM model. ** means p is significant at the level of 0.01.

Assuming the establishment of H1 indicates that creating fashion brand image value
will directly affect brand loyalty when fashion enterprises carry out value creation activities,
consumers’ perception of various elements of fashion brand image can be improved, thus
enhancing brand loyalty. Hypotheses H2, H3, and H6 show that customer participation
plays an intermediary role in the relationship between the value creation of fashion brand
image and brand loyalty. When consumers’ perception of various elements of the value
creation of fashion brand image is high, it will stimulate consumers’ interest in participating
in the co-creation and then produce customer participation behavior, impacting brand
loyalty. Furthermore, customer participation behavior belongs to creating the necessary
link of consumer value. It can make consumers and brand both sides establish good
relations of cooperation, to a certain extent, also affect the customer to the enterprise’s
trust, so that customers have a positive attitude orientation and enhance customer repeat
purchase desire, to enhance the brand loyalty further.

It is assumed that H2, H4, H5, and H7 are established, indicating that the creation
of fashion brand image value will first affect consumers’ customer participation behavior
and then influence brand loyalty through the role of perceived experience value, that is,
customer participation behavior and perceived experience value of fashion brand have
an intermediary chain role. The fashion brand experience value perception needs to be
based on consumer value co-creation in fashion brand image value creation. According
to the theory of consumer value co-creation, consumers’ positive perception of fashion
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brands will promote them to participate in the value co-creation, and the inevitable result
of participating in the value co-creation is to produce a unique consumption experience,
during which consumers will generate value perception of experience elements, namely,
experience value perception. In addition, this perception usually leads to a favorable
orientation; consumers will have a more profound emotional attachment to the brand, thus
have a higher brand commitment and loyalty to the brand, and will actively promote and
recommend the brand and products to the brand.

The establishment of Hypothesis H8 indicates that creating fashion brand image value
on customer participation behavior is regulated by customer participation willingness.
Consumers will evaluate and judge the value creation of fashion brand image based on their
perception. When consumers are interested in the value creation of fashion brand image,
they will hope to better experience fashion brand products or services by participating in
value creation. Therefore, the degree of consumers’ interest in the value creation of fashion
brand image and the degree of consumers’ desire to participate in the value creation is
customers’ willingness to participate in this influence relationship. Furthermore, the more
interested they are, the stronger their hope is, their willingness to participate, and easier to
generate customer participation behavior.

It is assumed that the establishment of H9 and H10 indicates that the process of cus-
tomer participation behavior on brand loyalty and the process of apparel brand experience
value perception on brand loyalty are both regulated by apparel brand trust. From the
perspective of consumer value co-creation, consumers’ trust in fashion brands will affect
their behavior in value co-creation and further affect their purchasing decisions. When
consumers have high trust in fashion brands, they are more active in value co-creation;
Through such frequent brand interaction, consumers will have a sense of dependence on
fashion brands and thus form brand loyalty. According to the theory of experiential value
perception, brand trust strongly correlates with consumers’ experiential value perception.
When consumers trust a brand, it indicates that they have a high psychological evaluation
of the brand and will actively acquire more information related to the brand or product,
resulting in a positive perception of the brand, and thus promoting the generation of
brand loyalty.

6. Conclusions
6.1. Theoretical Implications

This research provides a comprehensive view of the factors that influence brand
loyalty: customer participation behavior, perceived experience value, brand trust, and
fashion brand image value creation attributes. Customer participation causes good relations
between consumers and the brand and develops brand trust through positive attitude
orientation by enhancing customer repeat purchase desire and brand loyalty. Thus, brand
value creation activities improve fashion brand image and enhance brand loyalty. The
customer participation behavior is developed before brand loyalty through the role of
perceived experience value. The value creation of a fashion brand image depends on
consumers’ perceptions. The consumers’ interest or desire (i.e., participation willingness)
of the value creation of fashion brand image is related to their hope (i.e., trust) with brands.
Fashion brand image value will directly affect brand loyalty. Customer value co-creation
and participation behavior on brand loyalty and purchasing decisions are regulated by
apparel brand trust. Brand trust strongly correlates with consumers’ experiential value
perception. More brand interaction results in more brand or product information, causing
higher brand psychological evaluation, which ultimately causes higher brand positive
perception, higher brand loyalty, and trust in brand trust.

6.2. Practical Implications

In terms of promoting consumer value co-creation, it can be achieved by enhancing
the interaction between customers and brands based on empirical results. First, fashion
enterprises need to open interactive social platforms on websites such as Sina Weibo,
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Xiaohongshu, Facebook, and WeChat to establish a social network connection between
brands and consumers. Secondly, fashion enterprises should set appropriate usernames
and other essential information, including corporate brand logos and related pictures in
social media accounts, which is conducive to gaining the attention and trust of other users.
Third, fashion enterprises need to establish an effective information feedback mechanism to
obtain the consumption needs of online consumers, which requires enterprises to enhance
their proactive awareness and actively release topics and activities to enhance interaction
and realize value co-creation. In addition, fashion enterprises can also set up an influencers
business department, focus on content marketing, and in the form of a network broadcast
and soft text push to trigger the discussion among users and brands.

The primary way to increase offline interaction among consumers and brands is to
use the star effect. Fashion enterprises can invite stars to participate in offline activities
to attract consumers to experience the scope of brand activity atmosphere and take the
opportunity to promote consumers to participate in value co-creation. Secondly, fashion
enterprises can enhance the interaction with consumers by opening offline experience stores
to experience the category of fashion brand concept. For example, fashion enterprises can
transform fashion shows into offline experience stores with different themes in different
regions. Consumers can experience the design concept and development concept of brand
clothes and jointly discuss their views on the concepts to achieve value co-creation.

In terms of enhancing the perception of experience value, it can be achieved by en-
hancing the brand information symmetry perceived by consumers. Fashion enterprises
can choose to join the virtual brand community to solve asymmetric brand information
perceived by consumers. Releasing many high-quality contents related to the brand in
the virtual community and setting keywords and title classification information can make
consumers better understand the brand and improve it. Secondly, to enhance informa-
tion symmetry, fashion enterprises should standardize the transmission mechanism of
brand information and actively send “screening” information to consumers to realize the
transformation of information to consumers’ demands. For example, when consumers
have low information perception of brand connotation, spirit, concept, and culture, fashion
enterprises should promote the spiritual content of fashion brands and reduce the output
of material content such as products, posters, and stores to reduce information asymmetry.
For example, training offline sales personnel to explain the brand story and history can
effectively improve customers’ understanding of the brand connotation.

6.3. Limitations and Future Research

The present study has a few limitations. First, this study is limited to Chinese clothing
consumers in a particular geographical region. Hence, further testing of other objects
across different geographical regions is required before these results can be generalized.
Second, the participants filling out questionnaires based solely on the understanding of
mass consumers is not comprehensive enough and more survey samples of occupations
for apparel enterprise practitioners can be added to further ensure the accuracy of the
research. Third, Fashion brand image value creation is currently a relatively new concept
in the field of public cognition. Through the form of questionnaires, especially in the form
of online distribution, it is easy to cause some respondents to have a partially thorough
understanding of the research topic and cause the conclusions to be inconsistent with the
real ideas. It can also be considered to use scientific and technological means to improve
the accuracy of the recovered data, or to try to use mathematical analysis methods and
experimental methods to break through the limitations of research methods. Therefore, we
invite future research in this area. Finally, different target consumer perceptions of fashion
brand image value creation may lead to inconsistent results, thus it is recommended that
other consumers from different countries be selected as subjects for investigation in the
future. Further research emphasizing different subjects should be undertaken in other
countries for different market-oriented targets.
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Abstract: The idea of generating high-value practical materials, such as activated carbons, from
agricultural wastes as a raw material has been a quite important trend recently due to its positive
contributions to the environment and resource savings from biomass. In this paper, activated
carbons prepared from durian husk waste by the KOH chemical activation method are studied.
We focus on the effects of stages of the activating temperature on their properties. The optimum
conditions for activation were a KOH/char ratio of 1:2 at the first and second activation process at
the temperatures of 400 and 800 °C, respectively. The characterization results of Fourier transform
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and Brunauer-Emmett-Teller
(BET) surface area showed that the obtained activated carbons have a high surface area and small
pore size. The adsorption/desorption isotherms of the obtained activated carbons showed type I and
type Il isotherms. The chemical structure of obtained activated carbons did not show any variation
in the surface functional groups. A feasible method to produce the activated carbons with a high
surface area and high adsorption capability from durian husk waste was eventually demonstrated.

Keywords: activated carbons; durian husk; activation; waste utilizations; adsorption

1. Introduction

Durian is a one of most famous fruits consumed locally and exported in the Southeast
Asia region, especially in Malaysia and Thailand. A large quantity of durian fruit is
produced per year for commercialization [1]. However, it is well known that not the entire
durian fruit is edible. The outer part of the durian skin normally weighs more than half
of the total of this fruit, and this cannot be eaten and is thrown away. Large quantities
of durian husk waste are being produced, which is becoming an environmental problem.
Therefore, it is worthwhile to find a solution to this problem. Generally, durian husk waste
is usually discarded at a landfill site and ends up in open burning, which can release
harmful pollution into the air, increasing the air pollution to the environment [2,3]. In
the past decade, the idea of utilizing biomass from agricultural wastes as a raw material
for the production of valuable material has attracted the interest of global researchers.
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Activated carbons, carbonaceous material with a large surface area and high porosity,
are one of the most commonly obtained materials produced from agricultural wastes. In
recent times, this material has received much attention from the scientific community as
it is renewable, low-cost, and environmentally friendly. The surface area and pore size
distribution are important factors in the determination of activated carbon’s performance,
such as its adsorption and mechanical properties [4].

Recently, activated carbons with high surface area and pore volumes have been pro-
duced from various sources of agricultural wastes such as coal [5-7], coconut shell [8,9],
sawdust [10,11], sugarcane bagasse [12], rice straw, and husk [13] plant materials [14-18],
including agricultural industrial by-products such as coffee bean husk [19,20]. Among
these precursors, durian husk waste is also a main source within agricultural industrial
practice in the production of potential activated carbon due to its effectiveness and in-
expensive cost as a raw material. In general, activated carbon is used in a wide range
of environmental applications. In particular, it is a common material used as an adsor-
bent for adsorption or treatment in water purification, such as heavy metal removal in
groundwater [21-23], wastewater treatment [24,25], and for the removal of volatile or-
ganic compounds (VOCs) [26], carbon dioxide [27], pigments, and odors [28]. It is well
known that the potential efficiency of activated carbons depends on their surface area
and active surfaces. Thus, it is very important to prepare activated carbon with a high
surface area and high porosity in order to enhance its adsorption capacity due to these
characteristics, which are particularly suitable for specific applications [29-31]. Currently,
activated carbon is manufactured via physical or chemical stimulation processes, such as
the physical activation of pyrolysis to produce char followed by steam gasification [32,33],
and chemical activation, such as using solutions of zinc chloride [34], phosphoric acid [35],
potassium hydroxide [36], sodium hydroxide [37], and so on. Besides this, the nature of
raw materials has also commonly affected the pore structure and pore size distribution
of activated carbon. A functional activated carbon will be obtained through a two-step
process: (i) hydrothermal carbonization of the raw materials in an atmosphere without
oxygen followed by the activation of the resulting char. In this stage, most of the non-
carbon elements, such as hydrogen and oxygen, are removed in a gaseous form by pyrolytic
decomposition, resulting in carbon with a fixed mass and a rudimentary pore structure;
(ii) secondly, the activation step can be performed as follows: an appropriate amount of
obtained char is mixed with an activating agent and then initiated by heating the samples
in the furnace from room temperature until the desired temperature is reached. This step
is employed to enlarge the diameter of fine pores and also to create new pores so that the
adsorptive power of the carbonization product is enhanced [38—40]. It is well known that
the activated carbon is not only used as an adsorbent for the removal of polluting molecules
in the environment but is also widely used for supercapacitors’ electrode materials, catalyst
carriers, and reinforcement materials [41-44]. Recently, several studies have reported about
the method of activated carbon production, but there have been no studies into the effect
of the activating temperature on the surface area and porosity structures of the obtained
activated carbon. Therefore, it is worthwhile to further examine this parameter and how it
affects the properties of activated carbon.

In this research, carbonized durian husk was used as a precursor for the production
of activated carbon by chemical activation with potassium hydroxide; due to its cost
effectiveness, it is used as an activating agent for producing activated carbon. The effects
of the stages of the activating temperature on the properties of activated carbon were
investigated. Then, a comparison of the iodine absorption capacity of activated carbon was
performed to study the specific surface area and the amount of porosity in adsorption. In
addition, the results of Fourier transform infrared spectroscopy (FTIR), scanning electron
microscopy (SEM), and Brunauer-Emmett-Teller (BET) surface area are investigated and
discussed.
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2. Materials and Methods
2.1. Materials

Durian husk (Monthong varieties) was collected from a local durian market in the
Chonburi province of Thailand. The characteristics of durian husk waste are given in
Table 1. Hydrochloric acid with a purity of 85% was purchased from Sigma—Aldrich (Ger-
many). Potassium hydroxide and sodium hydroxide were purchased from Ajex chemical
(Germany) and sodium thiosulfate of AR-grade was purchased from Loba Chemie (India).
Other chemical agents were analytical grade purity and used as received without further
purification.

Table 1. The characteristics of durian husk waste.

Contents Result (%)
Moisture 30.34
Ash 425
Volatile 76.70
Carbon 21.10

2.2. Activated Carbon Preparations

As a first step, the durian husk waste was cut to 3-5 cm. Then, it was repeatedly
washed with distilled water to remove dust and other inorganic impurities. After that,
the clean durian husk was dried at a temperature of 100 °C for 24 h in the hot-air oven to
reduce its moisture contents, and it was stored in a desiccator. In the carbonization process,
the char was produced by carbonizing the samples of dried durian husk in a fixed-bed
batch reactor in an atmosphere without oxygen. The reactor was filled with samples and
was placed in a furnace (Model 30400, Barnstead Thermolyne, USA). The furnace was
heated from room temperature to 600 °C, kept at that temperature for 3 h, and then cooled
down to room temperature overnight. The obtained char was crushed in a crusher (Model
ZM200, Restch, Germany) to obtain particles with sizes between 800 to 1000 ym and then
stored in desiccators for further use. After the carbonization process, the mass yield of the
char was calculated, and we found that the yield average was 73.58% of the total mass. The
activation process of char was carried out as follows: the char was impregnated by soaking
appropriate amounts of the char with different ratios of potassium hydroxide at room
temperature for 24 h, as shown in Table 1. After the impregnation process was completed,
we used into two processes for activations: (i) in Process I, denoted as DH1-DH3, the
impregnated precursors were poured onto a porcelain disc and placed in the furnace for
their first activation at a temperature of 400 °C for 1 h. Then, the activation process was
carried out by adjustment to the second activation at a temperature of 600 °C for 3 h, and
then the material was cooled down to room temperature. (ii) In Process II, defined as
DH4-DH6 code samples, these activated carbons were heated to the second activation
temperature of 800 °C for 3 h under the same conditions as in the Process I preparation.
Details of the process conditions for preparing activated carbon are shown in Table 2.

Table 2. Sample identification, activation process conditions, and yield for activated carbon preparation.

Samples Carbonization KOH:Char First Activation Afgfr‘:tliin Yield
o . o o
Temperature (°C) Ratio Temperature (°C) Temperature (°C) (%)
DH1 600 1:4 400 600 83.95
DH2 600 1:2 400 600 86.48
DH3 600 1:1 400 600 80.27
DH4 600 1:4 400 800 79.95
DH5 600 1:2 400 800 85.45
DH6 600 1:1 400 800 75.47

All activated carbons were washed sequentially with a 0.5 N HCl solution in order to
eliminate excess KOH. Consecutively, activated carbon powders were repeatedly washed

119



Sustainability 2022, 14, 5896

(X/M) =

{(Ny x126.93 x V1) — [(V1 + Vha1) / VE] X (NNays,05 X 126.93) X ViNay$,05 }

with distilled water until reaching a neutral pH. After that, these powders were dried in an
oven at 110 °C for 24 h and stored in a desiccator before further use.

2.3. FTIR Spectroscopy

The chemical structure of the obtained activated carbon was verified by using a FTIR
spectrometer (Invenio, Bruker, USA) in ATR mode equipped with a diamond crystal, which
was used for the tests. All the spectra were recorded in transmittance mode with 4 cm ™!
resolution in the wavenumber range of 4000-400 cm~! under ambient conditions.

2.4. lodine Number Analysis

The iodine number is a technique commonly employed to determine the adsorption
capacity of activated carbons. In this paper, the iodine number was determined according
to the standard test method ASTM D 4607-94 [45]. The procedure of the experiment can
be briefly explained as follows: 1.0 g of dried activated carbon samples were placed in a
250 mL flask, and 10 mL of 5%wt. hydrochloric acid was added. The flask was swirled
until the activated carbon became wet; then, the flask was boiled for 1 minute to degas the
sulfur dioxide on the surface samples and cooled down to room temperature. Then, 100 mL
of stock iodine solution (12.7 g of Iodine (Merck) and 19.1 g of potassium iodide (Merck)
in 1 L of de-ionized water) was added into the sample flask, and the mixture was shaken
for 1 minute in the magnetic stirrer (Model C-MAG HS7, IKA, Germany) and the samples
were filtered. Then, 50 mL of filtrate was titrated with 0.1 N sodium thiosulphate until
the solution become pale yellow. Then, approximately 1 mL of starch solution (1 wt.%),
used as an indicator, was added, and titration slowly continued with sodium thiosulphate
until the solution changed from blue color to colorless. The iodine number is the amount
of adsorbed iodine per gram of samples (X/M), the value of which was calculated by
Equations (1) and (2):

o M

C= (NNa25203 X VNa25203) (2)

where Ny and Nnp,s,0, are the concentration of iodine solution and sodium thiosulfate
solution (N), respectively. V1, Ve, Vi, and Via,s,0, refer to the volume of iodine solution,
hydrochloric acid, filtrate used in titration, and the consumed volume of sodium thiosulfate
solution (mL), respectively. M is the mass of activated carbon (g).

2.5. Morphological Measurement

The morphological surfaces of the obtained activated carbon were examined via SEM
(JSM-6610LV, JEOL, Japan) at an accelerating voltage of 10 kV. Each sample was attached
to the stubs with double-sided carbon tape. Then, the samples were sputtered with gold
under vacuum before observation. The average pore sizes for each activated carbon were
investigated by using the image analysis software Image J (ver. 1.45, USA).

2.6. Specific Surface Area

The specific surface area, total pore volume (Vr), micropore volume (Ve), mesopore
volume (Vn), and average pore size (Dp) of the obtained activated carbon were scrutinized
via nitrogen adsorption Brunauer—-Emmett-Teller (BET) analysis on a Micrometrics 3Flex
Version 5.02 apparatus. The cell containing the sample was weighed before degassing.
Approximately 0.2 g of sample powders were placed in a test tube in order to removes
contaminants such as water vapor and adsorbed gases from the samples. The samples were
degassed at 200 °C for 16 h before the measurements.
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3. Results and Discussion
3.1. FTIR Spectroscopy

FTIR spectra were collected for the characterization of the surface functional groups
of prepared activated carbon. Figure 1 depicts the FTIR spectrum of all activated carbons
obtained after the chemical treatment with KOH followed by the different conditions, as
shown in Table 1. The IR spectrum of the char sample was used to compare the spectra of
the obtained activated carbons. We found that the weaker broad band around 3380 cm ™!
revealed the stretching vibrations of the O-H bonds of the mixtures that were adsorbed
onto the surface of activated carbon. A peak at around 2100 cm~! shows the presence of a
triple bond between carbon—carbon atoms (alkynes group) with stretching vibration [46].
Compared to the char spectrum, it was found that some changes could be noted in the
position and intensity of some peaks in the activated carbon spectrum. A new strong peak
appeared around 1030-1100 cm !, which was because of the C-O stretching vibrations of
carboxyl or carbonyl groups. This probably indicates the formation of an oxidation reaction
during treatment with KOH in the activation process. Furthermore, we also found that the
absorption peak in the regions between 1500 and 1600 cm ™! could be ascribed to C = C
aromatic ring stretching vibration, which is generally found in carbonaceous material [47].

Transmittance (a.u.)

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

Figure 1. FT-IR analysis of the obtained char and activated carbons.

3.2. lodine Number Analysis

It is well known that the indirect value of the iodine number also indicates the porosity
of activated carbon, which is correlated with the micropore volume. A higher iodine
number meant a higher porosity on the surface determined by iodine absorption. Therefore,
iodine number analysis was used to analyze the porosity of DH1-DH5, and char was
also used for comparison. The iodine adsorption capacity of all the activated carbon is
illustrated in Figure 2. It is confirmed that the process parameters affected the porosity of
the obtained activated carbon, which was found to be higher than char. Besides this, we
found that the impregnation ratio between KOH and char has a profound effect on the
adsorption properties of activated carbon. At the given activation temperatures, the iodine
numbers of the activated carbons increased with an impregnation ratio increased from
1:4 to 1:2 and decreased with the KOH:char ratio increased to 1:1. From our experimental
results, the highest iodine number was achieved at the impregnated ratio of 1:2, as shown in
Figure 2. The iodine numbers of char, DH1, DH2, and DH3 are 717, 959, 971, and 933 mg/g,
respectively. In addition, the effect of the activation process on the adsorption capacity was
studied. It was found that the iodine numbers increased with increases in the temperature
of the second activation process, which can be compared with DH2 and DH5 in Figure 2.
At the given impregnation ratio, DH5 showed the highest values, at 1037 mg/g, of its
iodine number compared with the other activated carbon. This is probably due to the
effect of pore structure formation within the char structure during the activation process.
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As mentioned above, the iodine number is commonly used in industries as a measure of
adsorption capacity, reflecting the number of micropores in the carbon. This value indicates
the approximate internal surface area of activated carbon. The relationship between the
iodine number and the internal surface area of activated carbon has been well-established
in the literature for various precursors [48-50]. It is well known that the iodine number
has a direct proportional relationship with the specific surface area. Comparing recent
studies, the iodine number of activated carbon from agricultural wastes has been reported
to be up to 1000 mg/g, which is in accordance with the previous studies by Saka [51],
Toledo et al. [52], and Anderson et al. [53]. Thus, the results of this study can suggest that
the biochar from durian husk can be used as a candidate as a precursor in the manufacture
of activated carbon with a highly porous structure for specialized industrial sorbents.
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Figure 2. Effect of various preparation conditions on iodine number of activated carbon.

3.3. Morphological Measurement

An SEM instrument was used to observe the surface morphology of the materials
obtained. Based on the iodine numbers, DH2 and DH5 were selected as desired activated
carbons due to their high exhibited iodine number values. Therefore, we focused on
investigating their surface morphologies, and the char was also compared in this study.
Figure 3 shows the SEM micrographs of char, DH2, and DH5, respectively. From the image,
it is clear that the durian husk can produce char and activated carbon composed of porous
structures, with the appearance of roughly similar structures from all samples. However,
the images suggest that the average pore diameters of the samples are quite different. As
mentioned above, the pore sizes of activated carbon would be directly affected in terms of
several of their properties, such as adsorption and mechanical properties. Therefore, it is
worthwhile to further examine the pore sizes of the obtained activated carbon. Figure 4
shows the SEM images and the surface porous diameter distributions for the char and
activated carbon materials. DH5 shows that the surface porosity is smaller than DH2 and
char, respectively. In Figure 4, it can be seen that the average surface porous diameters of
char, DH2, and DHS5 are 6150 + 2.86, 5060 & 2.01, and 3790 + 2.37 nm, respectively. The
averages diameter of the pore structure decreased with an increasing activation temperature.
This investigation qualitatively confirms in the same trends the results of the iodine number
discussed earlier. Thus, we suggest that the surface structures of obtained activated carbon
depend on the temperature and method of the activation process.
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Figure 3. SEM images of the surface morphologies of char (upper), DH2 (middle), and DH5 (lower)
with different magnifications.
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Figure 4. SEM images and the surface porous diameter distributions of char, DH2, and DHS5.

3.4. Specific Surface Area

In this part, DH2 and DH5 were selected as desired activated carbons due to their high
iodine number values. In addition, char was also investigated for comparison. Figure 5
illustrates the nitrogen adsorption/desorption isotherms of the char, DH2, and DH5. The
adsorbed volume of DH5 is higher than DH2 and char, respectively. However, it was
found that the isotherm curves for the char sample showed that N, adsorption/desorption
exhibited a pattern of a type Il isotherm, according to [UPAC classification of isotherms [54].
This type of isotherm is a general characteristic of porous carbons that have large-sized
pores. On the other hand, the N, adsorption/desorption isotherms of DH2 and DH5 were
exhibited as types I and II, indicating that there were many micropores in the materials.
The rapid rise of adsorption/desorption isotherms in the low relative pressure region
also indicated that there were microporous or small mesoporous structures. The textural
characteristics of char and activated carbon prepared under different activation conditions
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are listed in Table 2. The Spgt and Spangmuir increased significantly compared to char. Addi-
tionally, it can be observed from the data that the BET and Langmuir surface area increased
with increases in the temperature of the second activation process when comparing DH2
and DH5. On the one hand, the pore size of DH5 was found to be the smallest of the three
materials, which corresponded with similar trends in the results for the surface area. This is
probably due to the increase in the activation temperature indicating the increase in extent
of the reaction between KOH and char. Thus, the increased extent of the reaction aids in
the enhancement and generation of new pores in the char, resulting in a higher surface
area and pore volume, as presented in Table 3. It is well known that the activation process
can contribute to the carbon structure, allowing the process to produce a more ordered
structural skeleton. Typically, the pore creation process would occur in four stages: (i) the
opening of previously accessible pores, (ii) creation of new pores, (iii) widening of the
existing pores, and (iv) combination of the existing pores due to pore wall breakage [55].
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Figure 5. Nitrogen adsorption—desorption isotherms for char, DH2, and DH5, respectively.

Table 3. Microstructural characteristics of char and activated carbons.

Samples (ISnBZ];;) S?:%;;‘;“ (CI:l/;r/ ) (cr::f)/g) (cxan/g) (1’11)1‘51)
Char 68.10 13.97 0.07 0.02 0.07 4.63
DH2 359.98 398.30 0.26 0.04 0.18 4.10
DH5 608.03 666.22 0.34 0.12 0.08 3.96

4. Conclusions

We successfully produced activated carbons with a high porosity and high surface
area to volume structures from durian husk waste via a chemical activation method. The
condition of the activation process directly affected the physical properties of the obtained
activated carbons. The porosity and surface areas of activated carbons increased with the
increases in temperatures during the second activation process. The average iodine number
was exhibited to be up to 1320 mg/g. FTIR spectra also indicated only characteristic peaks
of activated carbons without any new sign of functional groups. SEM images also revealed
that all the activated carbons with various pore sizes and porosities were related to the
temperatures in the second activation process. The specific surface area, pore volume, and
pore size were further confirmed by BET investigations. It was found that the DH5 exhibited
the highest surface area and pore volume of the three samples, which agreed with the
results of iodine numbers and SEM investigations. The adsorption/desorption isotherms
of activated carbons produced within the range of temperatures and impregnation ratios
were a mixture of type I and Il isotherms. In summary, we demonstrated the advantages
of the utilization of such an inexpensive material through a simple preparation method.
This work opens up a new approach to producing activated carbons for applications in the
environment and industries, such as for adsorbents and battery electrodes.
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Abstract: This research study aims to achieve a developing country’s sustainable development in
the clothing industry by exploring consumer behavior to a willingness to purchase organic cotton
clothing (OCC) and apparel retailers’ responsibilities. Organic cotton clothing development in the
fashion industry could play an important role in textile and environmental pollution and create new
business opportunities for green clothes. Survey data was collected from top cities in Bangladesh,
and 303 useable responses were collected (81.5% male and 18.5% female). In our survey, 60.7% of
the participant was employed. This research model was inspired by the Theory of Reasoned Action
(TRA) and added some new variable that influences purchase willingness under OCC fashion in
developing countries like Bangladesh. The findings of this study stated that consumer environmental
concerns and consumer attitudes positively impact the OCC purchase willingness of Bangladeshi
consumers. Also, the authenticity and fashionable of OCC products have a significant impact
on Bangladeshi consumer purchase intention. Product Performance found an indirect effect on
Bangladeshi consumers’ intention. Furthermore, this study will find that the Bangladeshi market
is already very aware of the sustainability movement and concerned about environmental issues.
Retailers should focus more on environmental awareness of OCC textile and authentic OCC items.
Also, this study will update previous research findings on consumer attitudes toward OCC fashion
in the Bangladesh market.

Keywords: organic cotton clothing (OCC); purchase willingness; brand responsibility; sustainable clothing

1. Introductions

Different types of unsustainable consumption patterns in today’s world face several
environmental problems such as pollution, greenhouse gas, global warming, etc. It’s now
become a global issue [1]. The textile and fashion industry is one of the environmental
polluters in the industrial sectors [2]. For covering our bodies from weather and other social
purposes, human beings use natural materials found in the environment. Nowadays, these
natural materials are used in different products and have different types of applications.
Cotton is the most widely recognized fiber as well as widely used raw material in this
textiles industry. Except for a few artificial fibers, this industry is based on different types
of cotton. We get cotton through our agriculture system. In the modern days, many things
are involved in our agriculture system that has serious effects on the environment. Our
cotton consumption increases every year, with world cotton consumption growing 2.66
percent in the 2021-22 seasons [3]. Naturally grown cotton does not harm the environment
unless fertilizers, pesticides, and other harmful chemicals are used [4]. But now, the use of
fast-growing cotton and the production of traditional cotton fiber using various chemicals
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harms the soil, water, and air, resulting in pollution of the environment [5]. Organic agri-
cultural practices advance a more secure, eco-friendly and do not harm living creatures;
organic fertilizers, natural pesticides, and insecticides are used [6]. So, organic cotton is
much better for farmers, consumers, and all living things. According to the US Census
Bureau, the current world population is 7.8 billion [7], and UN DESA predicted 8.5 billion
by 2030 and 9.7 billion by 2050 [8]. According to current solutions, people need to have
cloth and cotton consumption, and demand will increase. One of the most challenging
issues is global warming and climate changes directly connected with CO2 emissions [9].
1.22 to 2.93 billion tonnes of CO, are added to our environment by textile industries. The
carbon footprint of cotton is a remarkable top, around 2—4 t per hectare. On the other side,
compared to traditional cotton, organic cotton has 40% less “global warming potential”
and suggests a 91% reduction in natural water consumption [10]. In this situation, we
strongly believe Organic cotton clothing practice can be one of the great solutions for this
industry, making it more sustainable and environmentally friendly. Not only in western
developed countries but also in developing countries like Bangladesh. Because many
recent studies on sustainable development and the green movement are based on western
developed countries while less intention on developing countries such as Bangladesh [5].
Sustainable fashion practice offers a way to solve many environmental problems related
to production and fashion consumption [11].Recent studies on consumer willingness to
purchase behavior find that growing awareness and environmental concerns influenced
consumer purchase decisions on organic clothing cotton [12]. We believe that consumers
can influence the transformation of fashion companies towards sustainability through their
purchasing decisions [13]. Also, the fashion industry should be aware of environmental
safety, human safety, and other remarkable corporate social responsibilities. A study on
European consumers believed that fashion brands should take the challenge this climate
change and environmental protection [5].In many developed countries, fashion retailers
focus on organic clothing products to increase their market share [14]. Many renowned
brands and retailers were making a profit from organic clothing. Brands like Nike, H&M,
C&A, and Wal-Mart have introduced 100% organic materials [15]. ‘2025 Sustainable Cotton
Challenge’ from May 2017 textile industry motivate clothing brands and retailers to make
100% of the cotton they use come from sustainable sources by 2025 [16]. Clothing Com-
panies should reduce their environmental carbon footprint; in many ways, ethical sales
are growing but not enough categories in the market [12]. Consumer willingness depends
on many things; relevant literature from previous research summarizes that high product
costs, less choice, aesthetic difficulties, the credibility of information, and uncertainty about
the actual environmental benefits were the main limitation for consumers to purchase
eco-friendly products, including clothing [12]. Consumer demand for green products is
also connected with price and income strategies, especially green products on the market
sold at a higher price than regular products (Wilson and Ilartsen, 2010) [17]. However,
nowadays, environmentally concerned consumers are growing and they are shown to pay
a premium price for eco-friendly products [18]. Boks And Stevels indicate that consumers
are willing to buy green products when their income and budget increases [19]. A study
on organically grown products (OGPs) already proved that monthly household income
is statistically significant and positively influences the consumer purchase intentions of
organically grown food products [20].

There are a lot of studies available on consumer behavior toward Organic personal
care products and organic food products. But only a few studies are available on OCC
purchasing behavior intention [14]. Therefore this study inspired by The Theory of Rea-
soned Action (TRA), also modified and extended other essential variables that impact
willingness to purchase intention OCC. TRA is an old model, but many researchers of
consumer behavior-related studies inspired their research fields and questionnaires on this
model. TRA model is widely used and extended in many ways [21,22].
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Bangladesh Fashion Market

Economic growth changes rapidly, and most manufacturing units are developed in
underdeveloped countries. Environmental issues are not a priority in developing countries,
but they are a significant threat to the world [4]. World population ranking Bangladesh is
now world rank 8 [23], besides Bangladesh also 2nd largest clothing manufacture whole
over the world [5]. According to the world bank, this COVID-19 limitation Bangladesh’s
economic growth rates pick up to 6.9 percent in the year 2021, and last decade fastest-
growing economy in the world [24]. According to overall economic growth, Bangladesh’s
domestic market size is also increasing, and some global brands are already active in
the Bangladeshi market. This includes the German leading sports brand Puma, and the
popular Japanese brand Uniqlo which started their retail business in Bangladesh a few
years ago [25]. Similarly, in the last decades, several local brands have had strong positions
in the Bangladeshi market like ‘sailor’, ‘yellow’, “Aarong’ and other brands which are
doing well, and these brands are also undertaking sustainable initiatives. For example,

‘sailor” and ‘Aarong’ are introducing natural cotton examples: organic cotton, Bamboo fiber

and Jute fiber products. Therefore, organic products and their impact on the environment
has always been an important research topic, although less focus is placed on studying
consumer purchase behavior in developing countries.

2. Literature Review and Hypothesis Development

Today’s generations are more concerned word is sustainable fashion, sustainable fab-
rics, and natural fibers. Abrar, M investigated consumer purchase behavior of green organic
textile products in developing countries such as Pakistan. This study finds that consumers
have a positive attitude toward purchasing organic products. The study suggests that retail-
ers create consumer attitudes towards organic clothing products and increase consumers’
purchase intention for organic clothing products [14]. Hae Jin Gam also studies mothers’
willingness to purchase OCC for childrens” product segment. The result found that moth-
ers’ environmental concerns significantly impact their involvement in OCC, significantly
influencing mothers” willingness to purchase OCC [12]. In a case study on organic cotton
clothing in Hawaiian consumers, Lin’s also discussed and found that consumers are willing
to pay more when consumers are more concerned about protecting the environment or
involved in environmental issues [26]. Gwendolyn Hustvedt [27], has shown that con-
sumers are motivated by their belief in the benefits of buying organic clothing. It is clear
that it explains how organic cotton clothing supports organic farming; it is another way to
promote the environmental benefits of buying organic cotton clothing. Previous studies on
similar topics, green eco-friendly marketing, and consumer purchase behavior mentioned
that intricacy of information, product advantages, functional benefits and positioning of
green products, and the celerity of environmental effects benefits were the crucial barriers
to purchasing eco-friendly products [28].

2.1. Theory of Reasoned Action (TRA)

The theory of reasoned action (TRA) used to predict and understand consumer be-
havior, and their behavioral intention developed by Ajzen and Fishbein 1980 [29] is a
belief-attitude-behavioral intention model. In the TRA model, when consumers implement
a purchasing activity, they benefit from that behavior and gain approval from others. TRA
seeks to predict consumer purchasing and intent [21]. TRA theory has been extensively
accepted and strongly used in multiple studies such as marketing, consumer motivations,
promoting recycling behavior, the intent to engage in sustainable behaviors, and the attitude
toward luxury fashion goods [29]. Researchers also modified and added the TRA model to
their research plan. A recent study’s effects of government subsidies on green smartphones
successfully used the TRA model and added new variables [21]. We will also find some
variables that also affect consumer buying behavior. This study is also an expansion of TRA.
In addition, consumer environmental concerns, fashionable products in organic segments,
product authenticity, performance, and consumer economic conditions are also important
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research values in this study. Environmental concern is assessed as a subjective norm in
the TRA in this research. This study also introduces brand responsibilities like original
and authentic organic cotton products and focuses on fashionable organic apparel that can
strongly affect consumer purchasing behavior.

2.2. Environmental Awareness and Concerns

Environmental awareness and concerns have obtained great attention from consumers
all over the world. When consumers are conscious of environmental issues, they raise
concerns about the environment and human life. Previous researchers have also found
that consumers more aware of the environment are more likely to be involved in ethical
purchases. Another research paper also investigated environmental concerns related to
ethical behaviors and consumers’ willingness to pay more for green electricity [30]. In a case
study on organic cotton clothing in Hawaii, resident consumers found that when people are
aware of protecting the environment, they have more intention to purchase OCC items [26].
In this study, we similarly investigate in our target consumers whether environmental
concerns have affected consumers’ purchase intentions under OCC buying intentions.

Hypothesis H1. Environmental concerns have a significant positive impact on willingness to
purchase OCC.

According to the TRA model, attitudes affect the intent to engage in behavior, which
affects actual behavior. Attitude is the level at which a person has a favorable or unfavorable
opinion of behavior [30]. Many studies have already proved it in different research fields.
Kim and Chung found that attitude influenced consumer purchase behavior for organic
skincare items [31]. In previous studies, Yan, Hyllegard, and Blaesi also mentioned that
attitude predicts consumer purchasing intent for ethically produced fashion items [30].
Therefore, we assume that the results may be similar. Thus, we suggest the below:

Hypothesis H2. Attitudes have a significant positive impact on willingness to purchase OCC.

2.3. Brand Responsibilities in Eco-Friendly Fashion

Brand responsibilities and awareness allow the retailer to provide a long-term ethical
plan. It is also an important marketing strategy to attract consumers, especially in the
eco-friendly market. Eco-friendly brands also benefit if they are promoted with an image
of nature with environmental and social responsibility [32]. In previous research works,
it has been found that ethical fashion and style are related important factors for making
a decision, and was also mentioned by consumers willing to boycott unethical brand
leaders [33]. Some consumers have a different idea about OCC, and they still doubt its
quality, finishing, and design. It is common for consumers to expect something good from
green products when they make purchasing decisions [32]. This study investigates whether
the fashion and trend of an organic apparel product affect consumers’ purchase intention.
Therefore, in this research, we proposed that:

Hypothesis H3. Fashionable and trendy products have a significant positive impact on willingness
to purchase OCC.

Consumers who want to buy organic cotton clothing are also expected to focus on
the performance of the clothing. The previous research found that consumers who used
“organic” as a criterion when purchasing clothing products believed that a quality product
is a result of purchasing their organic cotton clothing [34]. Product performance and
quality are important variables that influence consumers’ decisions to purchase. When
the consumer is not satisfied with the product’s effectiveness, it evaluates the purchasing
experience as a time risk [35]. Thus, in this research, we proposed that:

Hypothesis H4. Product performance has a significant positive impact on willingness to purchase OCC.
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Some clothing brands claim their product are organic, but most of the time, they
do not carry any certified organic label. Previous researchers have already noted that
certified environmental claims can enhance consumers’ confidence in the environmental
performance of a product and the quality of the organic label product [34]. In addition,
some consumers have doubted the authenticity of the product. This study investigates
whether products authenticity affects consumers’ purchase intention of eco-friendly OCC
products. We proposed that:

Hypothesis H5. Product authenticity significantly impacts willingness to purchase eco-friendly
OCC fashion.

2.4. Purchasing Power of “Green Clothes”

Consumer purchasing power and economic growth are also important factors in their
purchase decision, especially organic clothing, as many researchers mentioned that green
products are usually available in the market at a higher price, and when consumers’ income
increases, their shopping budget also increases. Researchers point out that consumers are
more interested in purchasing green products when their income and budget increase [32].
Consumers are willing to pay more for green and renewable products when they are aware
of the environmental advantages [30]. Therefore, in this research, we proposed that:

Hypothesis H6. Consumer economic growth and condition can significantly influence consumers’
willingness to purchase eco-friendly OCC Fashion and willingness to pay premium purchasing.

Based on the above literature review and theoretical analysis, this study proposes the
following conceptual research model. The model is illustrated in Figure 1.

0 CONSUMER ATTITUDES AND ENVIRONMENT VARIABLES

« Environmental Concerns—H1

« Attitudes—H2

o

BRAND RESPONSIBILITIES AND INITIATIVE (BRAI)

+ Fashionable and trend—H3

Willingness to purchase 0CC
(organic cotton clothing)

+ Product performance —H4

|-
Ll
+ Product authenticity— H5 /

O PURCHASING POWER

- Economic condition— He |/

Figure 1. Conceptual model of this study.

3. Methods

The choice of research methods must be fair and appropriate to the research problem
and should be selected based on the study objectives. The online survey was taken with
more than 303 adult consumers. We believed that a quantitative research method using
a survey is the best way to collect basic information from Bangladeshi consumers. Final
data collection and all data evaluation will be IMB SPSS Statistics.,version 22, Release
22.0.0.0,64-bit edition (Hangzhou, China). Our survey data was examined through a
reliability and validity test, factor loading, Cronbach’s Alpha, and other reliability tests
were done. The comprehension of participants” questions from a survey may differ from
what the researchers anticipated. It is perhaps impossible to answer the research question
evaluation. At that point, the validity of the construction and its reliability needs to be
verified [36,37]. Understanding both directions, as well as the strength of the relationship
between the research constructs within this study, a Pearson correlation analysis was
also done. Pearson’s method of correlation evaluates the linear relationship between two
variables. The coefficient can be between —1.00 to 1.00, where —1.00 shows a negative

133



Sustainability 2022, 14, 4827

relationship, 0 shows no relationship, and 1.00 is a positive relationship. After confirming
that the coefficient of a reciprocal relationship is statistically significant, the strength of
the relationship can be discussed and measured [37,38]. Finally, a regression analysis is
done for understanding the impact of all variables because researchers utilize regression
coefficients and their significance to estimate the importance of each construct. The most
commonly used is multiple simultaneous regressions, where all IV regression calculations
are taken at once. The regression coefficient gives an analysis of the direct impact of each
IV on the DV when considering other IVs [39].

3.1. Question Design

This research questionnaire was adopted from previous research and a few of the
author’s questions according to the research direction [5,15,32,37,40-42]. Based on an online
survey written in English. The first few questions are consumer demographic questions
that determine their social position. The other question is to determine their involvement,
knowledge, daily activities, attitude toward OCC, and willingness to purchase on OCC.
Multiple-choice questions and a rating scale plan the question layout for this survey. This
survey asks for the responses to each item question is placed on a 5-point Likert scale with
“1 = strongly disagree, to 5 = strongly agree” [5].

3.2. Sample

This study was conducted quantitatively using the online survey method, Google
online survey form used, and distributed survey links mainly using social networks.
The survey was distributed to a random sample of more than 303 young consumers.
Overall, 303 valid questionnaires have been completed. All questionnaire surveys were
self-administered to respondents who lived in the top two cities in Bangladesh. Out of
303 responses, 81.5% were male consumers, and 18.5% were female. Almost 60.7% of
responders were employed, and the rest of the, worked in business, were unemployed, and
were students. The demographic information of the participants is presented in Table 1.

Table 1. Demographic information of the sample.

Variable Description Percentage (%)

Gender Male 81.5
Female 18.5

Others 0

Age <18 13
19-25 28.1

26-35 64.4

3645 59

>46 0.3

Education Below undergraduate 53
Undergraduate 28.4

Graduate 46.5

postgraduate 19.8

Employment level student 20.8
Employed 60.7

Unemployed 6.3
Business holder 11.2

Income level <14,000 BDT 21.1
15,000-25,000 BDT 19.8

25,000-50,000 BDT 30

50,000-100,000 BDT 22.1

>100,000 BDT 6.9
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4. Results Analysis

Many scholars mentioned that a coefficient of 0.7 or above represents the threshold
for reliability. Others believe that values of 0.6 or above are also acceptable [37]. Our
Cronbach’s Alpha is 0.851 and KMO is 0.830; both are reliable and suitable for our studies,
presented in Table 2.

Table 2. Cronbach’s Alpha Reliability Statistics.

Reliability Statistics

Cronbach’s Alpha Based on
Standardized Items

Cronbach’s Alpha N of Items

0.851 0.853 33

Table 3 shows the results of this analysis. Most of the correlations were significant at
the p level of <0.01. However, product performance (PP) correlates with purchase intention
(PI) at the significance level of p < 0.05. There are some differences also; some correlations
did not have statistical significance, such as FT and PI. Great correlation strength is between
FT and PP with an r of 0.635. In the other EC, AT, PA, and Econ constructs, this variable
significantly correlated with all other constructs.

Table 3. Inter-correlations for all constructs.

Variables EC AT FT PP PA ECon P1
EC Environmental concern — 0.404 ** 0.314 ** 0.244 ** 0.404 ** 0.364 ** 0.361 **
AT Attitude — — 0.292 ** 0.258 ** 0.448 ** 0.509 ** 0.483 **
FT Fashionable and trend — — — 0.635 ** 0.379 ** 0.295 ** 0.111
PP Product performance — — — — 0.321 ** 0.271** 0.115*%
PA Product authenticity — — — — — 0.578 ** 0.526 **
ECon Economic condition — — — — — — 0.592 **
PI Purchase intention — — — — — — —

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

The independent variables significantly predict consumer purchase intention (PI),
F(6,296) = 42.336, p < 0.001, which indicates that our independent factors are an impact on
consumer purchase intentions. Moreover, The R? = 0.462 depicts this model explaining
46.2% variance in purchase intention. Table 4 shows the summary of the findings.

Table 4. Model Summary.

Adjusted R .
Model R R Square Square Sig. F Change
1 0.6802 0.462 0.451 0.000

@ Predictors: (Constant), EConv, PPv, ECv, ATv, PAv, FTv.

Table 5 reveals that applying all the IVs at once creates a multiple correlation coefficient
(R? = 0.462). It implies that 46.2% present of the variance in purchase intention of organic-
cotton clothing can be explained by all constructs taken together. The standardized beta
coefficient () is considered to compare each IV’s influence size directly. Table 5 shows that
economic condition (Econ, £ = 0.362) has the greatest impact on PI, product authenticity
(PA) (8=0.259), AT (8 = 0.198), FT (8 = 0.158) and EC (8 = 0.105). Econ’s positive sign of
3 means that a 1 standard deviation (SD) increase in Econ’s generates a 0.362 SD increase
in the predicted PI. The p-value facing every IV points out if that variable is important,
adding to the calculation for explaining PI from the entire group of IVs. As a result, Econ
(p = 0.000), PA (p = 0.000), AT (p = 0.000), FT (p = 0.006) and EC (p = 0.034) are the sole
constructs that are importantly contributing to the explanation.
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Table 5. Regression analysis overview for all constructs.

Hypotheses R‘e/g:iegslslt:n 8 T p-Value I;?]; ;T;ZZS
H1 EC>PI 0.105 2.130 0.034 Accepted
H2 AT > PI 0.198 3.779 0.000 Accepted
H3 FT > PI —0.158 —2.747 0.006 Accepted
H4 PP > PI —0.043 —0.765 0.445 Rejected
H5 PA >PI 0.259 4.626 0.000 Accepted
He ECon > PI 0.362 6.463 0.000 Accepted

R? = 0.462, F (6296) = 42.336, p < 0.001.

We provide a summary of this study’s findings, both accepted and rejected hypotheses.
This study examines the factors influencing Bangladeshi people’s purchasing intention
toward eco-friendly organic cotton clothing (OCC). In addition, the authors strive to
find the effects of those factors, including environmental concern (EC), attitude (AT),
fashionable and trend (FT), product authenticity (PA), and economic condition (Econ), as
well as product performance (PP). The overall model generated from linear regression
analysis is statistically significant. The findings of our studies are consistent with many
previous studies.

In this study, H1 EC toward eco-friendly OCC was found to have a positive effect
on PI, with a standardized regression coefficient () of 0.105 (p = 0.034). Past research
examined influencers of PI toward eco-friendly OCC among American mothers’ willingness
to purchase OCC [12]. It was revealed that the EC is significantly influenced by consumer
involvement in OCC, and the effect was found to be positive (8) of 0.33 (p = 0.04). In
addition, another researcher examined factors motiving male consumers Awareness of the
environmental consequences has a positive impact on male consumers’ engagement in eco-
friendly clothing. Its results are also positive and (8) of 0.180 (p = 0.001) [2]. In addition, a
study on purchase intention towards OCC and the result shows that EC had a insignificant
positive impact on purchase intention () of 0.216 (p =0.168) [14]. The results of Table 5
show that there was a significant relationship between the environmental concern variable
and the purchase intention in OCC (p = 0.034, R? = 0.462). The p-values were positive and
statistically significant, indicating that participants with greater environmental concerns
showed a higher intent to purchase OCC. Therefore, H1 was accepted. Furthermore, H2
is confirmed as AT significantly and positively influences the PI, with a standardized
regression coefficient (1) of 0.198 (p = 0.000). Previous research studies on purchasing green
apparel products found that attitudes will positively influence the consumer purchasing
intent towards green clothing products and it was found to be significant and 3 = 0.17 for
American consumers similar to beta  value with our studies [43]. In addition, another
examined factor motiving on male consumer and AT had a significantly positive impact on
male consumers for engaging in eco-friendly clothing. Its results were also positive and (£3)
of 0.284 (p = 0.000) [2]. A past researcher also examined influencers of PI toward eco-friendly
clothing among American university students. It was revealed that the Pl is significantly
determined by AT, and the effect was found to be positive. Similarly, in purchasing
bio-cotton apparel among female Korean households items, researchers found AT as a
significant and positive influencer (8 = 0.34) [37]. There are some differences, however;
recent surveys of the USA and Bangladeshi consumers’ organic cotton clothing purchase
behavior comparative studies found that AT is not significant in PI toward OCC purchases
in the Bangladesh market. With a standardized regression coefficient for Bangladesh
consumer (8) of 0.19 (p = 0.349) [5].We can argue this point because this result variation
may be due to the number of participants. The studies were based on only 51 participants
from the Bangladeshi market. Moreover, it has been shown that fashionable and trendy
products (FT) have a significant impact on PI (8 = —0.158) (p = 0.006), which supports
H3. In addition, the negative sign indicates that more perception of limited availability
regarding eco-friendly bio cotton clothing is associated with lower degrees of PI. A previous
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study already investigated consumer fashion consciousness having a positive impact on
purchase intention of fast fashion products with (8 = 0.375) (p = 0.000) [44]. Previous
researchers also found that fashion and style are related factors in making decisions to
purchase clothes [33]. Fashionable products are among the trendiest items, and consumers
share and find the latest trend in real-time [45]. In our studies, we also find that fashionable
products have a significant impact on PI. Therefore, a lot of large retailers may have to
rethink their design practices according to eco consumers’ requirements and introduce
more organic cotton clothing.

Next, product authenticity (PA) was found to have a significant influence on PI
(8=0.259, p = 0.000). H5 is supported. In addition, the positive sign indicates that more
positive PA is related to greater degrees of PI. Previous studies also mentioned that the
effect of authenticity on purchase intention is significant [46]. Recent studies also found
that product authenticity had a positive impact on PI (3 = 0.221) for Iraqi Facebook users.
It is recommended that marketers should provide practical and honest information in their
promotion messages [47].

In this study, economic condition (Econ) toward purchasing organic cotton clothing
was found to be the highest of all constructs and has a positive effect on PI, with a standard-
ized regression coefficient (£8) of 0.362 (p = 0.000). The results in Table 5 show that consumer
purchasing power and consumer economic growth positively influence consumer purchase
intention. Therefore H6 was accepted. Consumer economic growth and income always
influence purchase intentions. Previous studies have shown that high-income respon-
dents have a strong desire to purchase through social media websites [48]. However, a
survey of Pakistani consumers found that there was no relationship between income and
purchase intentions [49].

Though another hypothesis in our model, product performance (PP) had a relation in
our correlation model, H4 was not accepted in consumers’ PI toward green OCC products
in the Bangladesh market. Product performance (PP) with a standardized regression
coefficient (8) of —0.043 (p = 0.445). In our studies, both the lowest Beta (£8) values and
p-value are more than our acceptable level. When we surveyed organic products that
are not durable, 29.4% of participants replied neutral and 21.1% disagreed. The same
participants were asked another survey question about organic cotton styles and fashion,
32.3% agreed, and almost 15% strongly agreed that organic cotton did not fully fit their
style and fashion. Therefore, in that survey, we can point out that consumers in the
Bangladesh market are more concerned about fashion and style than product lifetime.
Finally, we determine the effect of environmental concerns, attitudes, fashionable products
on organic clothing segments, product performance, and economic growth on the purchase
intention of consumers of OCC products. This study will find that the Bangladeshi market
is already very aware of the sustainability movement and concerns about environmental
issues. Bangladeshi consumers show a positive attitude toward OCC items. Bangladeshi
markets have a good potential for all kinds of organic cotton clothing. Retailers should be
concerned and take the initiative in their eco-friendly clothing design practice, also take
the initiative and emphasis the values of organic cotton in our environment and human
life. Fashion retailers should be concerned promote honest and transparent information
to consumers because product authentication is one of the important factors in consumer
purchase decisions, especially when consumers are aware and willing to purchase eco-
friendly OCC items. This research can be conducted in different sectors and countries
using the qualitative method through focus groups. This study will be beneficial for
the environmental improvement and economic growth efforts among policymakers, our
academy, and all over the textile industry. This study enables them to design strategies
that ensure interaction with consumers to promote desirable behavior towards organic
cotton clothing products. Figure 2 illustrates the effect of IV on dependent variables (e.g.,
PI). Arrows with a solid line represent a statistically significant effect when accompanied
by them; the dashed line shows a non-significant effect.
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Figure 2. Summary of revised model. All values are standardised regression coefficients. ** p < 0.00,
* p<0.05.

5. Limitations and Future Research

This study was conducted in the top two busiest metropolises in Bangladesh, Dhaka,
and Gazipur. Bangladesh is a country of population density. Future research can examine
both urban and rural contexts such as income by accurately presenting different population
profiles such as age, level of education, and population. Furthermore, this research work
can be replicated in other developing countries, and future research should include other
theories or methods. Future researchers could verify the proposed research model on other
products such as home textiles and luxurious items that are made from organic cotton or
other sustainable textiles.

Research survey items on “Willingness to Purchase Organic Cotton Clothing in
Bangladesh” added below in Appendix A Table A1.
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Appendix A

Table Al. Research Survey item and sources.

Variable

Item

Source

Environmental concern

It is time for environmental groups to get more radical.

I am extremely worried about the state of the environment.

We are in a serious negative impact of environmental issues.

I feel personally helpless to have much impact on the environment.

[40,42]

Attitudes

Buying organic cotton clothing instead of conventional clothing would feel like
the morally right thing to do.

Buying organic cotton clothing instead of conventional apparel would make
me feel like a better person.

Buying organic cotton clothing instead of traditional clothing will feel more
beneficial to the environment.

[15]

Fashionable
and trend

In my opinion, organic cotton clothing is only popular at the moment.
Organic cotton clothing does not come in different styles that fulfill my need.
In my opinion, organic cotton clothing is not trendy and fashionable.

[37,41]

Product Performance

organic cotton clothing is of good quality and has a better lifetime.

Organic cotton clothing is not as high-quality then conventional

cotton clothing.

Organic cotton clothing will not be durable when cleaned (e.g., color fades,
form changes)

[37]

Product authenticity

I'suspect that I can’t distinguish real organic cotton clothing.

I only believe in organic cotton garments that have been

authoritatively certified.

I will be more likely to purchase eco-friendly OCC fashion if their apparel
Brand makes sure their product is Authentic.

Not all businesses claiming to sell organic cotton clothing are credible

Those businesses that often advertise environmental friendliness do not all sell
real organic cotton clothing

I sometimes don’t believe that some businesses claim that their clothes are
organic cotton clothing.

[15,42]

Economic condition

The cost of organic apparel was the same as nonorganic apparel. I would be
more likely to buy more organic apparel.

I'am willing to pay more for eco-friendly products (i.e., green, organic).

Is the current financial development and growth affecting your

shopping behavior?

According to financial development, did you concern that clothing and
shopping expenses are increased?

[15,32,41]

Purchase intention

I'would gladly buy more organic cotton apparel if I could find it easily.

I desire to buy organic cotton clothing if it’s health and environment friendly.
I'am willing to pay more for organic cotton clothing if it’s fashionable and
fulfills my needs.

The next time you go shopping, I will likely purchase organic

apparel products.

[5,15]
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Abstract: The textile industry in South Korea is characterized by excessive water consumption,
high concentrations of wastewater, hazardous chemicals, and high energy consumption. This study
aimed to analyze Best Available Techniques Reference Documents (BREFs) based on best available
techniques (BATs) and BAT-associated emission levels (BAT-AELs) and identify potential solutions
for tackling environmental pressure from the South Korean textile industry. Therefore, the existing
practices of the textile dyeing and finishing industry in South Korea were compared with those
from the BREFs of the European Union. Many existing BATs in South Korea are related to reducing
water consumption. There is also a strong focus on BATs for reducing wastewater discharge and
achieving energy-saving during treatment rather than after treatment, which differs from other
industries. Moreover, BAT-AELs were derived for chemical oxygen demand, suspended solids, and
total nitrogen for treating non-biodegradable, highly polluted wastewater. Furthermore, BREFs
related to atmospheric pollution included dust generated from the heated fabrics in the finishing
process that contained cadmium and phenolic hydrogen chloride from dyes and raw materials in the
fabrics. Notably, the European Union has not specified BAT-AELs for the textile industry, whereas
South Korea has tailored BAT-AELs for toxic and hazardous chemicals. Thus, numerous green
techniques to reduce emissions and energy consumption are being implemented in South Korea.

Keywords: BAT; BAT-AEL; K-BREF; environmental integrated permit; textile industry; South Korea

1. Introduction

The Integrated Environmental Permit System was introduced in the European Union
(EU) in 1996 as an integrated environmental management system for pollution prevention
and control in different industries. Subsequently, the EU published Best Available Tech-
niques Reference Documents (BREFs), which specify techniques for controlling pollutants,
pollution emission levels, and other information, to support this system [1,2]. South Korea
enacted the Act on the Integrated Control of Pollutant-Discharging Facilities on 1 January
2017, which applies to water and air quality for Type 1 and Type 2 business sites across
19 industries. Type 1 sites include workplaces that generate >80 tons of air pollutants
per year or emit >2000 m® of water pollutants per day. In contrast, Type 2 sites include
workplaces that generate 20-80 tons of air pollutants per year and emit 7002000 m? of
water pollutants per day [3,4]. The Integrated Environmental Permission System of South
Korea applies to each business site (unlike in the EU) because it is focused on large-scale
business sites. This permit system aims to establish a method that can control discharge fa-
cilities in an integrated manner and facilitate the implementation of optimal environmental
management techniques. These techniques can be applied to each business site in line with
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their features to effectively reduce pollutants generated from their corresponding economic
activities [5]. Therefore, a customized license/permission system can be introduced with
one integrated permit instead of approximately 10 licenses and permits [6,7]. In particular,
the Integrated Environmental Permission System is composed of BREFs, which are required
for integrated environmental control planning, emission impact analysis, and an integrated
environmental control system [8,9]. From this perspective, BREFs include the current
status and overall processes of representative industries, including the primary industrial
knowledge regarding various processes and techniques, ranging from raw material input
to pollutant emissions and treatment techniques.

BREFs are normally compiled via a comprehensive examination of business sites
included in the Integrated Environmental Permission System, which considers the cur-
rent status of each industry, emitted pollutants, and the best available techniques (BATs)
that are economically achievable. BREFs play the role of providing business sites in the
industries subject to integrated environmental control with BATs to reduce the genera-
tion and emission of pollutants and support them to efficiently enforce environmental
control. In practice, BREFs are used as the reference tool to elucidate the processes when
preparing an integrated environmental control plan and evaluate existing techniques and
emissions. Furthermore, BAT-associated emission level (BAT-AEL) can be introduced and
used as the primary data for quantifying the maximum emission criteria and emission
impact analysis. Although BATs are not mandatory, they are becoming practical permission
standards for setting the maximum emission criteria. In general, BREFs are published
by the BREF Secretariat at the National Institute of Environmental Research (Incheon,
South Korea), which provides practical support, such as for the preparation and publication
of BREFs. Practical support implies the determination of details, such as the procedure and
composition of BREFs, composition, and operation of technical working groups (TWGs),
and operation of BREF Deliberation Committee under the Central Environmental Policy
Committee [10]. Generally, BREFs are created to establish the standards for an integrated
permit, and 17 BREFs have been published for 19 industries. The BREF for the textile dyeing
and finishing industry was published in 2020. The domestic textile industry imports, dyes,
and processes textiles produced internationally. Unlike other industries, it features multiple
materials and fibrous assembly processes. Additionally, the domestic textile industry is
mainly composed of small businesses, which use a larger amount of water and discharge
high volumes of wastewater in relation to the size of the business. From an environmental
perspective, chemicals such as dyes result in high concentrations of hazardous chemicals in
discharged water.

The textile industry involves excessive water consumption, high concentrations of
wastewater discharge, hazardous chemicals [11], and consumption of large amounts of
energy, thereby requiring efficient BREFs to overcome these challenges. The present study
aimed to assess the improvement of standards by analyzing the BREFs of South Korea
and comparing them with those of the EU. The present study introduced BREFs based
on BATs and BAT-AELs for South Korea. The specific objectives of the study were to
(1) analyze BREFs of the textile dyeing and finishing industry in South Korea and (2)
propose an efficient national management route by comparing the existing practices in
South Korea with the BREFs of the EU textile industry.

2. Materials and Methods
2.1. Processes of the Textile Dyeing and Finishing Industry

The textile industry processes include (1) spinning, which produces yarns; (2) fabric
manufacturing, which produces fabrics; (3) dyeing and finishing of the fabricated fabrics,
which produce the final clothing. The textile industry is composed of processes with high
value-added organic correlations that lead to finished products for clothing, manufactur-
ing, and exports. Notably, the textile industry in South Korea is only composed of the
dyeing and finishing industry because all the raw materials are imported from other coun-

144



Sustainability 2022, 14, 2209

tries. The domestic textile industry in South Korea is diminishing as it advances towards
international markets.

The textile dyeing and finishing industries focus on processing; they differ consider-
ably from other domestic industries in terms of integrated permits. The textile industry
features multiple raw materials, processes, and emitted pollutants, which are changed by
the combination and use of materials, fibrous assemblies, and manufacturing processes,
as well as by many overlapping and similar processes. Although other industries com-
pose classification systems by-products and processes in the BREEF, the textile industry has
overlapping processes that are minimized by distinguishing contents by material, fibrous
assembly, and process. Thus, all contents of the textile industry can be included when
analyzing BATs (Table 1). The BREFs of the textile industry in the EU comprise a wider
range of processes than those in South Korea because the former industries grow cotton,
produce yarns, and manufacture and process fabrics by themselves.

The textile dyeing and finishing industry inevitably consumes large volumes of water
to dye fabrics, thereby generating large amounts of wastewater. In particular, dyeing 1 kg
of fabrics requires approximately 200 kg of water. Moreover, the water consumption is large
relative to the size of the business [12]. The business size and daily water consumption
were compared using the 2019 Water Emission Management System (WEMS) data in this
study. To this end, the average daily water consumption of businesses with Type 1 water
quality, which are subject to integrated permits, was used.

The comparison of the textile dyeing and finishing industry processes between South
Korea and the EU is indicated in Figure 1. Figure 2 shows that the textile industry uses
large amounts of water relative to the business size; the textile industry is the third-
largest consumer of water, whereas the business size is the smallest, among 17 indus-
tries (businesses with 50 employees or less are small according to the Ministry of SMEs
and Startups [13]).

Table 1. Classification system of the textile dyeing and finishing industry in the South Korean Best
Available Techniques Reference Documents (BREFs) [14].

Classification Content

Cotton and cellulose
Polyester
Materials Nylon
Wool
Silk, etc.

Pre-treatment (singeing, desizing, scouring, mercerizing,
bleaching, etc.)
Dyeing/Printing
Post-treatment (dehydration, drying, coating, finishing)

Processes

Raw materials
Yarns
Weaving
Knitting

Fibrous assembly types
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Figure 1. Comparison of the textile dyeing and finishing industry processes between (a) South Korea
and (b) the European Union (EU) [14,15].
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2.2. Environmental Problems in the Textile Dyeing and Finishing Industry

Owing to the inherent characteristics of the industry, the textile dyeing and finishing
industry consumes a large amount of water in the dyeing process and generates high-
concentration wastewater because of the use of chemicals such as dyes. Thus, water
pollution has emerged as a major environmental issue associated with the textile indus-
try [17]. Wastewater contains high concentrations of hazardous pollutants from dyes and
chemicals that are challenging to treat [18]. According to the Ministry of Environment
Guidebook for Licensing and Permission of Wastewater Discharge Facilities, 32 types of
water pollutants have been identified in the textile dyeing and finishing industry. This
list includes 18 types of water pollutants that can exist, such as biochemical oxygen de-
mand(BOD), chemical oxygen demand (COD), and total nitrogen (T-N), and 14 types of
specific substances harmful to water quality, such as chrome, cadmium, and formaldehyde.
The discharge list is shown in Table 2 [18]. Moreover, large amounts of energy are required
to treat industrial wastewater, which is challenging, owing to its high temperature in the
industrial treatment systems [19].

The major environmental pollutants discharged from the textile dyeing and finishing
industry can be classified into air and water pollutants (see the process-related classification
in Tables 2 and 3). All the processes of this industry generate wastewater, as they all
use water. Moreover, because chemicals represent the input in the first process, and the
following processes are continuously conducted, heavy metals and unreactive dyes are
discharged from all processes due to the chemicals in wastewater. Additionally, the COD
of the emissions is high. From the perspective of air pollution, dust aerosol (i.e., harmful
particulate matter) is mainly generated in the drying process. Moreover, gaseous pollution
can be generated by producing formaldehyde from the use of chemicals as raw materials.
According to the BREFs of the textile dyeing and finishing industry in the EU, the use
of water and chemicals for dyeing and the generation of wastewater are reported as the
emerging environmental problems in South Korea. The use of pesticides is also an emerging
environmental problem because pesticides are involved in the processes of manufacturing
yarns and textiles, such as cotton farming.

Table 2. List of water pollutants discharged from the textile dyeing and finishing industry [19].

Classification Pollutants

Copper and copper compounds, lead and
lead compounds, mercury and mercury
compounds, cyanide compounds,

Specific substances hexavalent chrome compounds, cadmium
harmful to water quality and calcium compounds, dichloromethane,
(14 types) chloroform, 1,4-dioxane, diethyl hexyl

phthalate (DEHP), acrylonitrile,
naphthalene, formaldehyde, and

Water pollutants epichlorohydrin
discharge list

Organic matter (biochemical oxygen
(32 types) demand (BOD) and chemical oxygen
demand (COD)), suspended solids (SS),
total nitrogen (T-N), total phosphorus (T-P),
oils (mineral oil), oils (animal and vegetable
oils), nickel and nickel compounds,
manganese and manganese compounds,
barium compounds, fluorine compounds,
detergents, zinc and zinc compounds, iron
and iron compounds, chrome and chrome
compounds, perchlorate, phenols, and
acids and alkalis (pH)

Water pollutants
(18 types, excluding
specific substances)
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Table 3. Raw materials, process descriptions, and major environmental problems associated with

major manufacturing processes in the domestic textile dyeing and finishing industry.

Process Raw Materials Process Description Major Environmental Problems
A process of adding a Air — Volatile organic compounds (VOCs)
. Weak acid, oxidative acid, P . 8 Water — High BOD load, discharges many
Desizing . chemical (thickener) to impart . .
water, alkali (Na,CO3) non-biodegradable matters, high
strength . .
concentration of solids
Scourin Alkali (NaOH), surfactant, A process of removing Water — High pH, BOD, and COD; high
8 water impurities for uniform dyeing alkalinity; and toxic substances
A process of removing . .
Bleaching Bleach (e.g., HyO,), water coloring matters after Water — Bleach resé?;;s’ high pH, S5, and
scouring
. . A process of improving the .
Mercerizing Alkali (NaOH) gloss and strength of textiles Water — Strong alkalinity
Air — VOCs, energy
Dvein NaOH, dye, surfactant, water, A process of coloring textiles Water — High COD and BOD, odor,
yemnsg additives (e.g., oxidant) using chemicals alternative oxidase (AOX), heavy metals,
additives, discharge of undyed dyes
Printin Pigment, dye, A process of applying specific ~ Air — VOCs, methanol, formaldehyde, etc.
& additives (e.g., oxidant) patterns or designs to textiles ~ Water — SS, AOX, COD is higher than BOD
A process of impartin Air — dust, sulfur oxides, formaldehyde,
Finishing Heat, resin, softener p p & energy, etc.

desired properties to textiles

Water — SS, energy

2.3. BATs and BAT-AELs of the Textile Dyeing and Finishing Industry

BATs are formulated as a result of the experts” meetings in the corresponding re-
search/industry domain [1,5]. Such expert meetings include TWGs, whose members are
primarily the experts at workplaces, industries, and academia. According to Article 24,
Paragraph 5 of the Act on the Integrated Control of Pollutant-Discharging Facilities, BREFs
are created based on the opinions and decisions of TWG members. They are published after
being edited under the supervision of the National Institute of Environmental Research
through the deliberation of the Central Environmental Policy Committee. BATs are deliv-
ered through the investigation of current status, in-field investigation, and license/permit
review for 236 business sites in the textile dyeing and finishing industry subject to the
integrated environmental control, primary data survey for three years for Korea, and
20 TWG meetings and small group meetings [14].

Unlike those of other industries, BATs for the textile dyeing and finishing industry
have been formulated according to the classification systems that rely mostly on mate-
rial, fibrous assembly, and process. Thus, the overlapped contents were minimized while
describing all three characteristics (material, fibrous assembly, and process). They were
classified according to the material within each process, and the shapes of fibrous assem-
blies were described in the detailed process description of each material. Thus, BATs were
largely divided into general BATs, which comprised commonly applied and process BATs.
Then, the process BATs were divided into pre-treatment, dyeing, and finishing processes.
Additionally, BATs were separately derived according to the material within each pro-
cess. Moreover, raw materials for each process, pollutants emitted, and BATs for treating
pollutants were presented in integrated process diagrams.

BAT-AELs are mainly the lower and upper limits established for a range of pollutant
discharge levels during normal operation by applying the derived BATs. Thus, these are
the maximum permissible discharge levels that serve as a reference point for the permitted
emission standards [20]. The maximum emission criteria are selected based on the pollutant
items and upper limits derived from BATs. They are explicitly described in the Act on
the Integrated Control of Pollutant-Discharging Facilities and are directly applied to the

148



Sustainability 2022, 14, 2209

i i Drafting/plate manufacture
Use of exaitonment fendly Minimize dye waste and pollutant emissions by using a digital printing

= dyes

Use environmentally improved

St iy m Dust | | Treatment linked to
@ Use a print paste feeding terminal treatment
" system plant
NaOH
Sodium hydrosulfite ) Washing Wastewater
Water

Recovery and recycling of
~— print paste

softener o Dust, NOx, 80x | Facility by combustion
Antistatic agent e control

business sites. Additionally, the national certified data are used for setting the BAT-AEL
values. Therefore, we applied the 2015 data for Stack Emission Management System
(SEMS), Tele-Monitoring System (TMS), Water Emission Management System (WEMS),
and Water Tele-Monitoring System (WTMS) of the business sites subject to the integrated
environmental control of the textile dyeing and finishing industry [14]. The air pollutants
were classified by the type of facilities according to the Clean Air Conservation Act. In
contrast, the water pollutants were classified by region according to the Water Environment
Conservation Act. Subsequently, the classification system for calculating linked emission
levels was established, and BAT-AELs were calculated according to Seo et al. [21] by
considering the classification system of BREFs.

During this process, COD, SS, and T-N were derived; they are all essential for treat-
ment because wastewater is highly concentrated and contains mostly non-biodegradable
components. Furthermore, the total suspended particles generated from heating the fabrics
in the finishing process and the cadmium and phenolic hydrogen chloride generated from
the dye residues in fabrics were included in the considered air pollutants. In particular,
pollutants such as cadmium and phenol are classified as hazardous chemicals, and only
trace amounts are discharged from the textile dyeing and finishing industry. It should also
be noted that they were additionally selected for BAT-AEL through TWG meetings because
they were considered as the subject of priority control, due to being hazardous chemicals
that can harm the human body.

3. Results and Discussion
3.1. BATs

The integrated process diagrams related to the textile dyeing and finishing processes
that apply BATs are presented in Figures 3 and 4.

=~ method
Dye Dust 1
Preparation 5 = e Facility by absorption
Thickener —*| Printing
Water Wastewater

Inspection/rolling

Figure 3. Example of integrated process diagram and BATs for the printing process (BAT No. is the
number of BREF as shown in Table 4).
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Cotton fabrics —|

Fabric input

air P waste () BAT No.

— @ Water and energy saving through integration and optimization of
Singeing =" pretreatment processes
@ Reduction of water pollutants using enzyme in scouring process
NaCH —
Peroxide P : Y =
o ; Desizing/Scouri — .._ﬁ
Desizingyscouring ﬁ;ﬂs Blgx{ching ng/ Dust Facility by absorption
er
Wastewater
— . I e
sulfide dyes spacian Dyeing Wi linked to
Use of environment-friendly terminal
— dyes treatment plant
Soapil it
OBpIG e — Washing Wastewater
@ < i Water
After-soaping using enzyme
= Dust, Hydrocarbon, = —
Silicone softener Formaldehyde ~ —+ Facility by + Facility .by
Antistatic agent Drying (Tenten absorption adsorption

Water repellent

ing dyeing technique (pH improvement,

) Reducton of polutants by imp

ofp
" alternate process)

Packaging

Product release

Reduction of chemicals by stabilizing the pH of the dyeing reactor to lower defect rate
— and improve reproducibility

Incineration (outsourcing)

= Waste

Figure 4. Example of integrated process diagram and best available techniques (BATs) for the cotton
and cellulose dip dyeing process (BAT No. is the number of BREF as shown in Table 4).

The textile dyeing and finishing industry features numerous BATs for processes to
reduce water consumption, considering the discharge of wastewater-centered pollutants
and excessive water consumption. For the final versions of BATs, discharge and energy-
saving techniques were particularly high in the manufacturing and finishing processes,
rather than after treatment, compared with the currently published BATs of other industries
(Table 5). In other industries, most BATs are often associated with post-treatment techniques,
that is, treatment after discharge. However, the ratio of process BATs in the textile dyeing
and finishing industry was found to be 84%, which is nearly twofold higher than that of
discharge reduction techniques in processes (47.5%) among the 13 currently published
BREFs. Additionally, the BATs for saving water by reusing water or integrating processes
were derived and shown in Table 5. This indicates that many green techniques to reduce
discharges and energy consumption are being developed and used.
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Table 4. Examples for pollutant reduction BATs in the production processes of the textile dyeing and
finishing industry.

Classification

BAT No * Description

Dip dyeing

A technique to save water and energy consumption by integrating and
optimizing individual pre-treatment processes applied to cotton materials.
a. Application of integrated pre-treatment process for cotton textiles
b. Optimization of cotton warp pre-treatment

16

A technique to decrease the defect rate by stabilizing the pH of the bath in
32 which dyeing reaction occurs and to reduce the use of chemicals by
improving reproducibility

Printing

A technique to reduce pollutant discharge through the recovery and
recycling of print paste
43 a. Recovery of print paste from the supply system of a rotary screen printing
machine
b. Recycling of residual print pastes

A technique to minimize the waste of dyes and the discharge of pollutants
using a digital printing method
a. Use of a digital jet printing method for bulky textiles
b. Use of inkjet digital printing method for flat textiles

45

* BAT number of BREF for textile industry [14].

Table 5. Comparison of pollutant reduction BAT ratios in production processes.

Classification

Number of BATs

In Manufacturing Facilities In Prevention Facilities

BATs in textile manufacturing BREF, Korea 42 (84%) 8 (12%)

BATs in BREFs, Korea 590 (48%) 651 (52%)

3.2. Comparison with EU-BREF

Similar to South Korea, the EU has formulated general BATs, which can be applied to
the entire textile industry, and process BATs, which are applicable only to certain processes.
Similar techniques are included in the general and process BATs. This implies that the
businesses of the textile industries in South Korea and the EU are currently using similar
techniques. The number of BATs in the EU is 113, which is nearly twofold, compared with
BATs in South Korea (Table 6). This difference is driven by the existence of yarn- and fabric-
manufacturing processes. Furthermore, in the EU, the processes and BATs of the carpet
industry are also specified. Moreover, separate BATs for effluents and wastes are derived
among BATs in the EU; for example, BAT for monitoring effluents, wherein the discharged
cooling water is reused as process water, and the solid waste is collected and disposed
of separately [15]. Unlike South Korea, the EU does not use many process techniques,
while the wastewater of the textile industry is generally non-biodegradable. Notably,
wastewater treatment is important because of the high concentration of organic matter in
the wastewater. In particular, the dedicated BATs for wastewater must be highlighted for
this purpose. Among the conventional BATs, those associated with improving the water
and energy consumption efficiencies by integrating and optimizing individual processes in
pre-treatment can be used for this purpose. There were common BATs for using automated
systems in dye injection and supply and recycling water used in the dyeing process. In
the printing process, common BATs included the techniques for minimizing dye wastes
and pollutant discharges by utilizing a digital printing method and advanced techniques
such as environmentally friendly printing thickener. In the finishing process, as in the
printing process, many common BATs for saving energy have been formulated, such as
heat recovery or smart inverter installation when operating tenter (dryer) facilities.
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For example, in South Korea, there are wastewater-related BATs to reduce the discharge
of water pollutants using the enzymes in the scouring process for pre-treatment and reduce
pollutant discharge, such as minimizing the use of chlorine-based bleach. In the EU, there
are BATs to facilitate wastewater treatment using either biodegradable lubricant or an
easily degradable thickener. From the dyeing perspective, there are BATs in both the
EU and South Korea for reducing chemical use by stabilizing pH in dyeing reaction and
for reducing chemical discharge by removing non-permeated dyes on the textile surface.
In addition, techniques to apply a chrome-free dyeing method for wool dyeing have
been derived as a BAT. Specifically, the chrome-free dyeing method has been listed as an
environmental control technique in the EU BREF, but it has not been considered as a BAT in
South Korea. However, BATs have been proposed for decreasing discharge by the reduced
use of chemicals in the dyeing process. The EU has also formulated techniques to reduce
chemical use, but they are characterized by many BATs pertaining to the dyeing process
for carpet and wool. Notably, these techniques are frequently used in Europe. From the
printing perspective, BATs for minimizing dyes have been derived using a digital printing
method, thereby reducing pollutant discharge. This is achieved using environmentally
friendly print pastes in South Korea and the EU. However, the technique for improving the
economy using pigments with a lower production cost than dyes has been proposed as a
BAT only in South Korea.

BATs in the EU are focused on wastewater, whereas South Korean BATs are focused
on various pollution sources, including air pollution, odor, and noise. The EU BATs
have generally adopted primary industrial techniques by investigating and registering
the techniques of many countries that belong to the EU. In contrast, BATs in South Korea
have adopted the methods directly used in workplaces through a complete survey of
workplaces, resulting in more reasonable results because the individual permit system is
based on workplaces rather than on pollutants. Therefore, the BATs of South Korea include
environmental techniques in general, such as those pertaining to air pollutants, odor, and
wastewater. Furthermore, South Korea could derive more subdivided BATs of the textile
industry (based on materials) than the EU. This is recommended because South Korea, in
contrast to the EU, seemingly only deals with dyeing and finishing processes.

Table 6. Comparison of BATs between Korea BREF (K-BREF) and European Union BREF (EU-BREF).

Classification K-BREF EU-BREF
50 BATs in total 113 BATs in total
BATs - General (15) B General (39)
} Process (35) - Process (63)
- Effluent and wastes (11)
BATs about the reduction in Separate BATs about the
general pollutant discharges carpet industry and about the
from business sites as well as  treatment of effluent and
about water quality wastes (sludge)
Characteristics _ ; .
Reduction of air - Sludge treatment of the
pollutants .
. . carpet industry
- Reduction of noise and
X . Effluent and waste
vibrations treatment
- Reduction of odor
3.3. BAT-AEL

Table 7 shows the classification system for each textile dyeing and processing industry
deriving BAT-AEL. The BAT-AEL derived from analysis based on the classification system

is shown in Tables 8 and 9.
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Table 7. Classification system for pollutant emission facilities in textile dyeing and processing

industry for BAT-AEL derivation.

Main Category Middle Category

Small Category

Detailed Category

Process facilities

Pre-treatment
facilities

Dyeing facilities

Finishing facilities

Textile dyeing and

finishing industry Common facilities

Solid particle storage
facilities

Incineration facilities

Waste gas

200 kg-h~1

Incineration facilities

Less than 2 th™!

Wastewater/waste

200 kg-h~!

incineration facilities

Less than 2 t-h™!

Table 8. BAT-AELs for air pollutants.

BAT-AELs for Air Pollutants

Classification
Pollutants Unit BAT-AEL
Dust nqg-Sm371 4-24
Pretreatment HCI ppm 1-4
Cadmium mg~Sm371 0-0.1
HCl ppm 1-2
Dyeing /finishing Phenol ppm 0-2
Hydrocarbon ppm 7-34
Sulfur oxides mg-Sm?> ! 4-27
Waste s Carbof; ppm 21-154
Incineration incineration monoxide
facilities HCI ppm 2-13
Was.te‘f\later(waste Sulfur oxides mg-Sm?® ' 5-27
incineration
Table 9. BAT-AELSs for water pollutants.
. BAT-AELs for Water Pollutants
Classification
Pollutants Unit BAT-AEL
>2000 t/day—clean area COD mg~L’1 18-30
>2000 t/day—clean area SS mgL~! 2-17
Clean area T-N mgAL*1 12-30

3.4. Limitations and Further Studies
3.4.1. BATs

In South Korea, all environmental management techniques applied in business sites
have been considered BATs. Compared with the EU BATs, the South Korean BATs are
advantageous because they are site-specific and directly applied. This is because these
BATs had been developed through field surveys of all business sites, thereby providing
and supporting tailored measures for business sites.
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Moreover, although the EU BATs are focused on techniques related to wastewater in
the textile industry, the BATs of South Korea have been derived for environmental manage-
ment techniques. They are tailored to deal with air pollution, odor, and waste managed
by business sites, although techniques related to wastewater also exist. However, BATs
in South Korea have considerable limitations. As some techniques used by business sites
were derived as BATs, the evaluation of economic feasibility and efficiency was insufficient.
Moreover, it is not obligatory for business sites to measure economic feasibility and effi-
ciency; therefore, only the design values can be applied. This considerably compromises
the economic feasibility analysis of BATs. In contrast, the EU has considered the economic
feasibility and environmental benefits of BATs. Thus, South Korean BATs should also be
evaluated for economic feasibility and environmental benefits in the future. This can be
achieved by analyzing and reviewing the actual data post-management, whereas the annual
reports of business sites should be published to reflect the business reality. Additionally,
new technologies can be proposed to be used as BATs when BREFs are revised, using more
suitable techniques.

3.4.2. BAT-AELs

Thus far, BAT-AELs have been derived by the industry only for basic BAT environ-
mental threats: aerosols (dust) and gaseous pollutants (sulfur oxides) in the air and water
pollutants such as COD and SS. Additionally, the data used to derive BAT-AELs currently
include national certified data such as SEMS, WEMS, TMS, and WIMS. However, they
have long measurement and input cycles, and the number of analyzed items remains lim-
ited. Therefore, some items cannot be derived due to insufficient sample size in statistical
analysis. This problem can be alleviated by collecting the data through annual reports and
post-management, as with BATs. From the perspective of water pollution, the analysis of
specific substances harmful to water quality is presently mandatory. Therefore, BAT-AELs
can be derived further for a broader range of pollutants by utilizing these data.
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Abstract: Managing the declining yield of non-food crops has opened new strategic challenges amidst
global uncertainties. The COVID-19 scenario has increased awareness of natural lifestyle and eco-
friendly products, largely dependent on non-food crop material. This strategic shift requires moving
beyond traditional farm practices to improve agricultural production efficiency, and developing
countries in particular have shown a consistent loss in their self-sufficiency of industrial crops despite
being major exporters of non-food crop materials. However, existing studies analyze production
efficiencies of non-food crops from general or theoretical aspects often by virtual estimates from
breaking down the multiple factors of crop productivity. This study examined multiple factors of
crop production to identify “which crop inputs have been inefficiently used overtime” by tracking
efficiency changes and various input issues in overall cotton production from practical aspects,
i.e., scaling non-constant returns of those multiple factors would allow for the violation of various
situations. Accordingly, a stochastic frontier approach was employed to measure the production
frontier and efficiency relationship using time-series data of Pakistan’s cotton production from 1971-
2018—a specific non-food crop perspective from a top-ranked cotton-producing country that has
recently been shifted towards being a non-exporter of cotton due to low yield. The coefficient of area,
seed, and labor indicates the positive relationship with cotton production, while fertilizer, irrigation,
electricity, and machinery are statistically negative. This implies that policymakers need priority-
based strategies for the judicial use of synthetic fertilizers, irrigation, a subsidy policy, and technology
adoption, which could significantly improve the efficiencies of cotton productivity from the same
land resources. Being adaptable to other developing economies, the analysis would strategically
facilitate designing and developing affordable technology-driven solutions and their customized
extensions towards sustainable non-food crop production practices and Agri-Resources efficiencies.

Keywords: crop production inefficiencies; stochastic frontier approach; total factor productivity;
non-food crop; developing countries

1. Introduction

Recent global uncertainties and life-threatening concerns have increased awareness
of a healthier and natural lifestyle. Subsequently, it has increased the consumption of
eco-friendly products and natural fibers, which demand the management of the declining
cotton yield in developing countries to look beyond traditional farming practices [1,2].
Managing the constant declining productivity of non-food crops remains a challenge for
developing countries [1]. To handle this challenge, producers in these countries mainly
follow traditional practices either by bringing new lands into production (extensification)
or increasing the use of crop inputs (intensification) to increase the yield [3]. This way of
raising agricultural productivity in traditional economies makes up a shortage of resources
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due to a large population base with relatively little arable land and water, as well as the low
acceleration of agricultural technological modernization [4]. Accordingly, the traditional
farming model has become more and more unsustainable because of its reliance on the
increased use of agricultural factor inputs and land resources [3], forcing producers in
those countries to prefer growing food crops or shifting to other business practices to
worsen the situation further. Consequently, some developing countries, which also top
producers of non-food crops, have started importing these crops (USDA cotton outlook
2019). Since a significant global portion of global industrial crop produce relies on farmers’
technological expertise from developing countries [5], this trend would gradually increase
the demand for non-food crops at the global level. In addition, these practices, coupled
with global crises-driven uncertainties, hint at an upcoming alarming increasing demand
for agricultural raw materials such as cotton, natural fiber, and jatropha in coming years,
which could shift a typical global crisis into more intense and prolonged consequences [6].
For instance, since COVID-19, global consumption patterns have shifted towards natural
lifestyle and eco-friendly products that significantly depend on industrial crops like cotton
and its byproducts [7]. In this context, most researchers agree that developing countries
would have to anticipate the upcoming industrial crop demand within the scarce finan-
cial and technological resources for sustainable non-food crop production practices [8],
which is impractical without introducing affordable technology-driven solutions and their
extensions [9].

Debates over the affordable technology-driven solutions continue to heavily focus on
doing “more with less” in developing economies [3,10]. Subsequently, most researchers be-
lieve that a sustainable rise in agricultural output is possible with judicial use of agricultural
inputs, i.e., an overall crop yield could proportionally be expanded without altering the
input quantities used, or in other words, the crop input quantities could be reduced with-
out changing the total crop production [11]. This assumption draws on a socio-ecological
trade-off along the pathways of extensification or intensification in achieving sustainable
crop growth, which demands us to identify favorable combinations of various factors of
productivity growth, such as labor, land, capital, and inputs—the total factor productivity
(TFP) in agriculture [3]. Accordingly, the functional scope of such a hypothesis is well exhib-
ited through farming practices of modern economies that have remained the main engine
of production growth and the increase in income as a way to modernize their economies
and, rather than depending upon intensification or extensification, these systems concen-
trate on identifying the positive synergies between agriculture inputs [3]. Therefore, the
critical element of crop productivity growth is estimating the technical inefficiency changes
of various factors of crop production, which could facilitate the understanding of those
factors of production involved in increasing production cost or low yield of non-food crops
over the years [12]. However, understanding crop inputs inefficiencies over time from an
empirical perspective is sensitive against agricultural-crop diversity and regions [13-15];
this hints to a need for a much closer production growth perspective to track technical
efficiency change and technological factors of non-food crop production.

Given the proximity of perspective, cotton production becomes a typical case of the
non-food crop for four reasons. First, cotton, also known as white gold, is the world’s most
demanding non-food crop as a source of natural fiber for eco-friendly products, byproducts,
lint, and edible oil [1]. It is the most wide-spreading profitable industrial crop for its role
with more than 20% of the global share in all fiber use and is the global income to more
than 250 million people worldwide [16]. Even with such a broad global reach, the current
cotton production methods are environmentally unsustainable—ultimately undermining
the industry’s ability to maintain future demands [17]. Moreover, various coalitions of
international partners promote the sustainable production and use of cotton in multiple
ways [18]. Second, developing countries are among world’s largest cotton producers with a
7% contribution to overall labor employment opportunities [16]; accordingly, their priorities
in bringing cotton production in line with even minimally acceptable environmental stan-
dards are significantly challenged despite owning a huge tract of fertile agriculture land [1].
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Third, the main challenge of these developing countries is lower cotton productivity than
the rest of the world [19]. Even the irrigated area of these countries are underperformers for
a given yield per unit from the rain-fed cotton-growing regions of the world (World textile
information report 2019, USDA annual gain report 2017). Subsequently, farmers in these
areas get comparatively less profit when harvesting cotton crops than other food crops,
leading to a decrease in cotton crop area. Unfortunately, this situation has been worsening
since 2010 in some developing countries and continues to decrease in more than 10 percent
of the cropping area. Its reflection is observable because some of the world’s top cotton-
producing developing countries have started to import cotton in recent years—an alarming
sign of the upcoming increase in demand for raw cotton. Fourth, the low crop productivity
of developing countries has a range of contributing socio-ecological factors, and knowing
“which factors or their combinations are the main contributors” becomes more critical in
identifying the positive integration of these factors for improving crop productivity [19].
In contrast, very few studies have examined the detailed resources of the productivity
and technical efficiency of cotton over time [1,19,20], besides some mentioned limitations.
For instance, this feature accommodates the accurate estimation of productivity measures
breakdowns when multiple inputs lead to a single output [19], rather than concentrating
on multiple-output and multiple-input technology [20] and failing to account for multiple
input leads to single output technology when analyzing the productivity trend [12]. Some
researchers have attempted a more specific perspective, yet productivity remains a sec-
ondary objective in those studies [1,21], or they did not account for multifactor analysis [20].
More importantly, these studies take the theoretical assumption of the accurate estimation
of cotton productivity measures’ breakdowns even when accounting for multiple input
technology [21]. This theoretical objective believes in obtaining the maximum output from
inputs [1], which contrasts to the reality where not all inputs can achieve it; consequently,
inefficiency may arise. From an implication perspective, scaling the non-constant returns is
necessary when considering the overall impact on productivity, and violation of the various
situations is one of the required conditions for long-run competitive equilibrium [22]. To
summarize the points mentioned earlier, the situation reveals a significant knowledge gap
that demands an implication-oriented multifactor analysis to track which factors of produc-
tion drive the low crop productivity of cotton, particularly for developing countries. In the
long term, such empirical analysis is critical in knowing whether a developing country’s
farmers are progressive concerning technical efficiency change, technological change, and
speed of knowledge-based learning skills to counter with the existing raw cottons’ supply
and demand gap effectively.

Given this background, the study adopts a more specific case using a top-ranked
cotton-producing country that has recently started importing raw cotton and struggling
to manage the declining cotton yield, i.e., Pakistan’s cotton production represents the
non-food crop perspective for developing countries. Accordingly, the main objective of
this study is to estimate the production frontier and efficiency relationship of various
factors from the implication aspect to identify those factors of production that influence
overall cotton production over the years. Accordingly, a stochastic frontier approach was
employed to measure the efficiency of the changes by using Pakistan’s cotton production
time-series data from a much larger period, 1971-2018. This framework contributed to
the existing literature in the following three ways. First, it estimates the indices of crop-
wise technical efficiency changes, covering a longer time period using SFA, a parametric
procedure for non-food crops. As the main benefit, the parametric approach is capable
of accounting for composed error, thereby separating the noise from inefficiencies. This
way, it tracks efficiency changes and technological changes in the overall productivity
from practical aspects, i.e., scaling non-constant returns of those multiple factors that allow
violation of various situations. Second, the SFA allows the functional specific need to
accommodate (a) single output from multiple inputs, (b) it can test the hypothesis, and (c)
it presents the availability of the maximum likelihood econometric estimates. This crop-
specific imperial finding would identify the main drivers of inefficient crop production
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that might be influencing Pakistan’s self-sufficiency in cotton. Moreover, the study would
also estimate the hypothesis of whether subsidies affect cotton crop production. Third, the
study puts forward corresponding policy recommendations, specifically for improving
cotton production efficiencies. Furthermore, in general, applying such analysis to other
developing countries could realize the potential of affordable technology-driven solutions
and Agri-Resource efficiencies for sustainable non-food crop production.

Cotton Production and Pakistan Case

The study uses Pakistan’s cotton production as a typical case to analyze production
factors from a much closer input issues and efficiency relationship perspective to represent
the non-food crop in a developing country perspective for the following reasons. First,
Pakistan is ranked among the top five largest cotton producers (Figure 1), is the 7th largest
cloth producer worldwide, and cotton contributes 10% to the national GDP compared
to the overall agriculture sector GDP share of 18.9% [22]. This sector also contributes
to 42.3% of the labor force with employment and provides the raw materials for many
value-added sectors [23], with 55% of the foreign earnings contribution, a share majorly
dominated by cotton-based finished products [24]. Since Pakistan is a developing country,
these states apparently favor the export; in contrast, Pakistan has been importing raw
cotton for many years. Actually, Pakistan has not been exporting raw cotton since 2010,
and it is the fourth country that ends up ending stalk (USDA cotton outlook 2019). Second,
the main reason for increasing the import of raw cotton is that Pakistan’s cotton yield
per hectare has had a gradually decreasing trend over the years, and the numbers are
among the lowest in the world; even the countries that have a much smaller geographic
area have a higher yield per hectare than Pakistan [25]. On average, the yield of cotton in
Pakistan is 730 kg /ha with 10,671 million bales, which is 1.5-2% lower than to rest of the
world, and even irrigated areas of the countries are lagging in terms of lint per hectare from
the rain-fed cotton-growing areas of the world (Figure 2). As a result, cotton cultivation
has become less attractive than growing other crops, which leads to the minimizing the
area of cotton crops (World textile information report 2017, USDA economic survey of
Pakistan (2019-2020)). It is true that the area of cotton crops has been declining in Pakistan
since 2004-2005; unfortunately, this situation has been aggravated since 2013-2014, and
by the ongoing year, 14.2 percent sowing area of the crop had decreased [26]. Before
2014-2015, it was 2.902 million hectares, while currently 2.489 million hectares of cotton are
being cultivated in Pakistan. Third, this low productivity of Pakistan’s cotton crop mainly
results from inefficient use of multiple factors related to irrigation water, plant population,
disease protection, plant nutrition, resource management skills, and insufficient technology,
resulting in a gap between potential production and actual production (agriculture statistics
of Pakistan (2019)). However, as a general trend, Pakistan farmers seek to remedy this
low yield per hectare through traditional practices, such as increasing the use of crop
inputs (intensification) or bringing new lands into production (extensification), which
leads to constantly deteriorating the agricultural ecological environment. Such practices
reduce the economic effect of agriculture and destroy the resources and environment on
which agriculture depends on for survival and development [27]. Besides, the scarcity
of resources coupled with a large population and lagging agricultural infrastructure is
keeping Pakistan’s cotton input and output in a bad state; hence, affordable agricultural
technology and its extension become an urgent need to identify the positive balance
between the cotton input and output. Fourth, most studies use Pakistan’s agriculture sector
to analyze TFP growth in the sector at the national or provincial level. Accordingly, very
few studies have analyzed the Pakistan cotton productivity, and efficiency [1], particularly
when “multiple inputs leads to a single output” are involved. Such studies either measure
the total factor productivity for multi-crops [28] or the sub-sector of Pakistan [26] to analyze
the relationship between productivity and agricultural research expenditures or conduct
research on the basis of comparative analysis [1]. As agriculture productivity is expected
to be influenced by different factors unique for each crop, a crop-wise analysis at the
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national level would be more useful [19]. Moreover, these studies take the theoretical
assumption of the accurate estimation of cotton productivity measures’ breakdowns even
when accounting for multiple input/output technology [1]; however, violation of the
various crop productivity factors is one of the required conditions for long-run competitive
equilibrium. Therefore, this study is being conducted because no prior multifactor analysis
is available from an implication perspective that not only scales the non-constant returns
when considering the overall impact on cotton production, but also takes a much closer
perspective on non-food crops of developing countries like Pakistan concerning the various
input and efficiency relationships.
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Figure 1. Cotton Production by country Worldwide in 2018/2019 (Source: world bank, Graph 2).
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Figure 2. Cotton yield by country in 2019 (Source: Author own computation).

The rest of the paper is arranged as follows: Section 2 describes the research meth-
ods, and Section 3 represents the results and discussion step-by-step in support of the
methodology. Finally, Section 4 concludes the paper with some recommendations.
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2. Research Methods
2.1. Theoretical Concept

This study draws a great deal from a stochastic frontier production function, proposed
by Battese and Coelli, which is assumed to be distributed as truncated standard random
variables that permit the data to vary systematically with time [29]. The SFA can obtain the
maximum likelihood estimates of a subset of the production, the cost function. Besides, this
study applies time-series data. The time series data offer to remove a few rigidities because
each observation is observed at several different points. In time series data, introducing
the ai (time-invariant and individual-specific) enables us to take some heterogenicity that
otherwise would be unable to control in cross-section data. Moreover, time-series data also
allow us to examine whether the inefficiency is varying or persistent over time. Likewise,
the time series data can be simply treated as cross-section data, which implies that the
data of the same units, observed at different points of time, are treated as a separate unit;
however, the inefficiency and noise at this component point should be heteroscedastic.
One of the main advantages of SFA is the possibility of offering the decomposition of
productivity change into parts that have straightforward interpretation [30]. As the most
important faction, the stochastic frontier approach (SFA) can separate data noise from
variations inefficiency. Given the inherent crop diversity in agricultural production, it is
assumed that all deviations from the frontier are associated with inefficiency (as assumed
in the data envelopment analysis approach), which is challenging to accept in this sector.
Based on the following previous literature in the agriculture field [12,31,32], this study
narrows down the focus to cotton output and digs into the possibility of realizing similar
production frontier and efficiency relationships with the SFA method. Following Battese
and Coelli, this paper applies the one stage modeling approach to more comprehensive
data representing various factor included in the production frontier and efficiency analysis.

2.2. Measurment of Technical Inefficieny

We employed the stochastic production function, which was proposed by Ainger,
Lovell, and Schmidt in 1977 [33], as well as Meeusen and Broeck [34]. The model can be
expressed in the format, as shown in Equation (1).

Y, =Xip+(Vi—Uy) 1

where Y; is total crop output from agriculture input X; (i = 1,... N, and X; is vector of N
inputs). The § is the vector of the technology parameters and V; represent the two-sided
random error accounting for input measurement and statistical errors. The inefficiencies
variable is U; > 0; it is measured as the difference between actual crop yield Y; and the
maximum agricultural output X;B. Later on, in 1995 Battese and Coelli formulated a
model with the exception that the allocative efficiency is imposed and this model permits
panel data [35]; it was equivalent to the model proposed by Kumbhakar, Ghosh, and
McGukin [36]. In this model, the issue of the two-stage estimation procedure, which was
unlikely to provide estimates, was addressed as expressed in Equation (2).

Yir = Xit B+ (Vie — Ui) (2)
i=1....N,1...T

The V}; is random variables and represents the total crop output in the t-th time period
from agriculture input X;; and it is assumed to be independent and identically distributed
distribution ~ N(0O, 0'"02), as well as being independent of the Uj;, which is also a random
variable, assumed to account for technical inefficiency in production, and assumed to be
distributed as truncations at 0 of the N(m;;, cu?) distribution, as shown in Equation (3).

mjp = Zd 3)
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where m;; represents technical inefficiency effects and Z;; is a p x 1 vector of a variable,
which may influence the efficiency in the time period t-th, while 6 isa 1 x p vector of the
parameters to be estimated.

This study used the stochastic frontier approach with time-series data considering a
stochastic production frontier model specified as follows:

In(Yit) = Bo + B1In(X1) + B2 In(X2) + Bz In(X3) + faIn(Xy) + B5In(X5) + Bs In(Xe) + B7In(X7) + Vi + Uiy (4)

where
Y; is the logarithm of the production in the ¢-th time period.
Xt is a k x 1 vector of input quantities of the -th time period.
B is a vector of unknown parameters.
i is a parameter to be estimated.
Vi is a non-negative random variable that is assumed to be iid (N (0,00?) and it is

independent and identical to the Uj;, distributed normal random errors, with a mean of
zero and variance ¢v?, and distributed independently of U;N (1, 00?).
U; is a non-negative technical inefficiency effect representing management factors, and it is
assumed to be independently distributed with mean Uj; and variance ov? [32].
The t-th time exploits the full technological production potential when the value of
U;; comes out to be equal to zero, and at that time, the production is produced further
than the production frontier, beyond which it cannot be produced [33]. The greater the
magnitude of Uj;, and the farther away the product from the production frontier, the more
inefficiently it will be operating [9]. In this study, we utilized the parameterization and
replaced 0v? and ou? with the 02 = 0v? + gu? and v = ou?/ (Ullz + Uuz) [37]. The above
model specification also encompasses several other model specifications; if T = 1 and zit
contains the value 1 and only a constant term, then the model can reduce to the truncated
normal specification, where 60 would have the same interpretation as the y1 parameter.
Besides, specifications mentioned in Equations (2) and (3) are non-nested and no set of
restrictions are defined to permit a test of one specification versus the other.

2.3. Data and Source

This section of the paper presents the Stochastic Frontier approach corresponding
index numbers useful in efficiency analysis. Accordingly, seven observations were taken for
the Stochastic production analysis, and the time series data were taken from 1971 to 2018.
The data were collected from agriculture statistics, Pakistan Bureau of Statistics, Ministry
of Labor and Employment, Fertilizer use by Crop-FAO [38]. Seven different production
variables, defined to encompass the function’s variables, were used in cotton production:
[Y1] represents the total production of cotton in one thousand bales; [X; ] cultivated area for
cotton crop in one thousand hectares; [X;] human labor in the agriculture sector, which is
taken as the proxy of cotton labor; [X3] the available number of tractors in the country and
available agriculture machinery, which is taken as the proxy variable of infrastructure, such
as roads and the improvement in marketing facilities; [X4] consumption of cotton seed;
[X5] electricity consumption in the agriculture sector taken as an explanatory variable; [X4]
fertilizer consumption for the cotton crop taken as a major determinate of the production;
and [X7] availability of irrigated water for monsoon crops, which is taken as an essential
variable. The next section briefly explains the model specification.

2.4. Method
2.4.1. Statement of Hypothesis

The Maximum likelihood estimates of the parameters of the inefficiency model and
stochastic production frontier. For the estimation parameters of the production frontier
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and the influencing factor of the cotton productivity, this study investigates the model
validation for the analysis.

Hy=7=00=01=62=02
Hi=y=00=061=62=02=0

Hy: Null hypothesis to be tested that there is no inefficiency in the model.

Hj = Technical Inefficiency variables are not affected by the independent variables
included in the model.

For the estimation parameters of the production frontier and the influencing factor
of the cotton productivity, this study investigates the model validation for the analysis.
Because the parametric SFA requires a particular functional form, the hypotheses con-
sidered for investigation are (A): Hy: and Hj, where Hj is restricted model and H; is
an unrestricted model; with the assumption that the unrestricted model is better than a
restricted model, as estimated by likelihood ratio LR, defined as, LR = 2[L(Hy)/L(H;);
and L1 is the value of the log likelihood function ration under the specification of the null
and alternate hypotheses. The likelihood test statistics have an asymptotic Chi-square.

2.4.2. Dependent Variable

In(Yj) is the natural log of cotton production output in bales.
Y; is the only variable that represents the total production during the time period.

2.4.3. Independent Variable

In(X7) is the natural log of the area under cotton in acres.

In(Xj) is the natural log of the consumption of fertilizer nutrients for the cotton crop (i.e.,
nitrogen (N), phosphorus (P) and potash).

In(X3) natural log of cotton seed consumption.

In(Xy4) natural log of the source of irrigation for the monsoon crops: canal, tube, well, in
million-acre feet.

In(X5) natural log of the consumption of electricity access to the farm/rural area taken as the

dummy variable of electricity consumption of cotton crops because there is
unavailability of electricity consumption specific to cotton crops.

In(Xe) natural log of the labor force employed in the agriculture sector.

In(X7) natural log of no of available tractors and agriculture machinery.

2.4.4. Method Determination the Return Scale with a Trans Log Function Diagnostic Tests
on Data

The current study adopted the computer program Frontier 4.1 to estimate the ineffi-
ciency model and maximum likelihood ratio of the stochastic production frontier param-
eters. Since checking the model’s validity is necessary before evaluating the production
function parameter and the factor affecting the cotton crop inefficiency, the model assumed
two hypotheses. The hypotheses were tested using the generalized likelihood-ratio LR,
which is defined as LR = —2In[L(Hy)/L(Hj). The results of these estimation’s likelihood
function values are under the specification of the null and alternate hypotheses, respectively.
The Chi-square value is asymptotically distributed with a degree of freedom equal to the
difference between the restricted and unrestricted model parameters.

3. Results and Discussion
3.1. Descriptive Statistic of Production Factors

The production function model is used to determine production efficiency. At the first
stage, we run a descriptive test to measure the sample’s tendency and dispersion to decide
whether it is normally distributed or not and to find the data’s outlier. The summary of the
descriptive statistics for the input and output variables included in the stochastic frontier
model are presented in Table 1. The result showed that the mean cotton production in the
study area was 8264 tons (in thousands) bales during the period. The mean number of
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cultivated areas to producers’ cotton was 2564 (in thousand) hectares, with a minimum
value of 1733.3 and a maximum of 3192.6. The available data show that, from small-scale
farms to large scale farms, the minimum and maximum used fertilizer were 46 tons and
1259.75 tons during the period, respectively. The farmers” average labor force (wage and
family labor) to produce all types of crops in the agriculture sector, including cotton, were
37,693 labors (in thousands) for the production cycle. The mean of the machinery use was
376,628 Nos., while the mean of irrigation water was 71 MAF. Similarly, the average seed
cost was 4541 tons (in thousands).

Table 1. Descriptive statistics of the variable vectors used in the SFA under seven different combina-
tions of distributional assumptions.

Variable Unit Mean SD Minimum Maximum Skewness Kurtosis
(Y7) Production (000) Bales 8264.448 3770.031 2557.8 14,265.2 —0.1428 1.617904
(X1) Area (000) Hectares 2564.706 453.4895 1733.3 3192.6 —0.45123 1.799832
(X2) Fertilizer Tones 500.1513 359.958 46 1259.75 0.346148 1.768292
(X3) Seed (000) Tons 4302.503 1801.136 1304.1 7779.4 —0.26666 1.848038
(X4) Irrigation MAF 71.26875 9.01249 56.33 86.93 0.029849 1.737987
(Xs) Electricity GWH 5463.545 3311.117 876.688 12,525.94 0.156374 1.901286
(X¢)  Labor force (000) Nos. 37,693.65 15,976.42 17,281.51 70,602.09 0.531648 2.094445
(X7) Machinery Nos. 376,628.1 331,078.2 20,000 1,211,898 1.020978 3.006516

Note: summary statistics of input and output variables.

This descriptive analysis shows that, in sample data, Y3, X1, X3, are negatively skewed,
which means the tail lies on the left side on the central value, while X3, Xy, X5, X¢ has the
long right tail. All the variables in the model are in platykurtic form except Machinery
(X7), which is in a leptokurtic form that means that it has positive kurtosis (peak curve).
Jarque-Bera statistic results also show that the data are normally distributed. Probability
statistics show that the Jarque—Bera statistic exceeds the observed value under the null
hypotheses, while the small values lead to the acceptance of the null-hypotheses, which
means the curve is a normal distribution. These results of the descriptive analyses do not
permit us to evaluate the contribution of each factor of production to the achievement of
the production objectives nor the productive performance of the cotton production during
the study period. Hence, only an econometric estimation of the production frontier was
used to assess efficiency status of the cotton production inputs and to isolate the probable
sources of its growth.

3.2. Unit Root Test

Itis a standard procedure to check the stationarity of the time series data, as time series
data usually demonstrate the unit root problem. Therefore, before performing the proper
analysis, the selected variables were subjected to a standard unit root test to examine the
stationarity level of the variables, and results were verified by two tests: Kwiatkowski-
Phillips-Schmidt-Shinand and Augmented Dickey-Fuller (ADF). The estimated results
of the unit root test are presented in the Table 2 and show that labor is not stationary
at the first difference, and it becomes stationary at the trend and intercept. The result
of the Augmented Dickey-Fuller (ADF) Test and its significance level at 1 and 5 percent
level indicated that all the variables are stationary at I(0) and I(I). However, none of the
variables are stationary at I(2). The result of the Kwiatkowski-Phillips-Schmidt-Shin test
also validates the results revealed by the ADF test.
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Table 2. Result of Unit root analysis.

Augmented Dickey-Fuller (ADF) Test

Kwiatkowski-Phillips-Schmidt-Shin Test

1(0) (D 1(0) (D
C C&T C C&T C C&T C C&T
Production -1.75 -3.13* —8.87 % —8.83 % 0.79 * 0.14* 0.18 0.13
Area -1.95 0.08 -9.17* —6.44 * 0.74* 0.21* 0.23 0.09 **
Seed —1.84 —3.49 ** —-9.37* —5.13* 0.79 * 0.16 * 0.50 0.50
Irrigation —1.52 —3.14 % —7.58% —7.51* 0.75* 0.10 * 0.12 0.11
Electricity 0.100 —3.61*% —3.84* —3.82* 0.88 * 0.05 0.20* 0.09
Labour 8.44 0.26 -1.29 —7.63% 0.88 * 0.23* 0.80 * 0.08 **
Machinery 8.43 2.87 —2.52** 4.27* 0.83 * 0.21* 0.68 * 0.17

Present significance: at * 1% and ** 5% level.

3.3. Testing of Hypothesis

The first null hypothesis that we tested was Hy = v = 60 = 61 = 2 = 02, presented
in Table 3, and it indicated that the technical inefficiency effects were not present in the
selected model. It also suggests that the stochastic frontier production function was the
same as the traditional average production function estimated using the OLS procedure.
This null hypothesis was rejected. The second null hypothesis was tested as Hy: 61 = 62 =
0, indicating that the government’s subsidies on cotton and fertilizer were not affected by
the input variables included in the model; thus, this hypothesis was again rejected. The
second LR result revealed that the variables included in the inefficiency showed technical
inefficiency effects for cotton production. Subsequently, it was appropriate to have those
input variables in the model.

Table 3. Hypothesis test for model specification.

LogLH{ LogLH)

Null I-:I)_'Ip;)thems (Unrestricted  (Restricted Statl;t;{ques (it]‘;tll::l Decision
0 Model) Model)
Hi: OLS model 35.76 20.06 31.38 5.991465 Reject
is adequate
Ho: Lack of 22.99954 35.76 25.52 15.50731 Reject
inefficiency

3.4. Analysis of Econometric Model

The stochastic frontier production model results that estimate the cotton production
are presented in Table 4, where 11 parameters were evaluated, including 7 in a stochastic
frontier model, 2 in the efficiency model, and the remaining 2 parameters relate to the
variance of the random variables. In the frontier function, out of 11 parameters, 9 parame-
ters were significant. The test results of the likelihood ratio showed that the model was
significant at the 1% level. Most of the coefficients of the variables were significant at the
1% level and 5% levels.

The random term ov2 perceived the variables that incorporated technical efficiency
in the analysis of the production frontier model. The estimation result showed that ov2
was 0.21, and it was significant at the 1% level, indicating goodness of fit, which means the
presence of technical inefficiency related to the technical errors in the cotton production.
Likewise, the estimation result of v was 0.999, indicating 99% of the deviation from the
production frontier. It was statistically significant with positive elasticity, which indicated
that cotton productivity differentials predominantly related to the variance in management.
Thus, the specification was much more appropriate in terms of the stochastic production
frontier in order to represent cotton production technology.
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Table 4. Estimated parameters of variables used in the inefficiency model.

. OLS Frontier Function
Variables Parameters Coefficient t-Ratio Coefficient t-Ratio
Constant Bo —13.0221 —2.9189 —10.6543 *** —9.7047
Ln (Area) B1 1.8955 *** 4.2232 1.7678 *** 15.6427

Ln (Fertilizer) B2 —0.0930 —0.3652 —0.1312 ** —2.3619
Ln (Seed) B3 0.2764 1.5562 0.5225 *** 9.10470
Ln(irrigation) Ba —0.4926 —0.9554 —1.9720 ** —18.0470
Ln (Electricity) Bs 0.0214 0.0773 —0.1923 *** —3.0839
Ln (Labor force) Be 0.9268 *** 2.8568 1.3046 *** 25.8351
Ln (Machinery) B —0.1974 —1.1191 —0.1061 ** —2.4034
Inefficiency Effect
Constant —0.8003 —1.8158
Cotton Subsidy 01 0.1898 0.7696
Seed Subsidy 62 —0.34625 —1.0515
Variance Parameters
ov2 0.2155 *** 4.1027
T 0.9999 *** 8604.7
Likelihood log 35.7622
LR test 0.31
Number of observations 48

*** 1% significant; ** 5% significant.

3.5. Elasticity of Production

The contribution of each factor of production to the productivity of cotton production
is demonstrated with production elasticity. The estimation results are shown in Table 4.
The result of the estimation shows that the coefficient of all inputs is statistically significant,
and the results consist of previous findings [1,39,40]. The output of cotton production
is statistically significant, but elasticity is negative. The coefficient of the cultivated area
under the cotton crop is statistically significant. It shows a positive relationship at the 1%
level, revealing that the cultivated area under the cotton crop remains as an important
contributor to improving the technical efficiency in cotton production. This implies that an
increase in the amount of one percent induces an increase of 1.76% technical efficiency in
the cotton production, indicating that the area is the first factor that would cause the rise in
cotton production. The fertilizer coefficient shows a negative relation at a 5% level, which
implies that one percent increase in fertilizer would decrease the 0.13% technical efficiency
in cotton production. The probable cause of the negative relation between cotton crop and
fertilizer could be the farmer’s access to the low quality of fertilizer [41,42]. Another reason
could be that the farmers are applying higher doses of chemical fertilizer on the cotton crop,
due to a lack of technical knowledge of fertilizer combination [43]. Seed consumption has a
positive significant relation with cotton production, which implies that a 1% increase of seed
consumption would increase technical efficiency of the cotton crop by 0.52%. Irrigation
shows an inverse relationship with cotton production. Empirical results reveal that a
1% increase in irrigation could decrease the technical efficiency of cotton production by
—1.97%. The possible cause of this negative relation could be the outdated and least efficient
irrigation and water storage system, which does not correspond to the water storage
requirement as it is operated on historic canal diversion patterns. Therefore, combined
with the high seasonal pattern of the river flow and insufficient reservoir capacity—which
provides 85% of water during monsoon crop season (cotton) [44]—the increase in water
supply will affect the growth of the cotton plant, which would reduce the cotton yield [45].
The cotton crop is resilient to the drought due to its vertical root, and much more sensitive
to the availability of water at flowering and boll formation stage, which need adequate
quantities of water [46,47]. The availability of a high quantity of water in canals could be a
reason for the inverse relationship between cotton production and irrigation. Furthermore,
access to poor irrigation water also affects crop yield, quantity, and production. In addition,
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the excessive accumulation of salt affects the root zone of plant [42], which could be another
reason for the negative relationship between crop production and irrigation variable. The
coefficients of electricity and agriculture machinery are also statistically negative with
cotton production, which implies that the 1% increase in these inputs would reduce cotton
production by 0.19 and 0.10, respectively. A possible cause for these inverse relationships
could be due to outdated and unmaintained machinery, the lack of the adoption new
agriculture technologies [48], unwillingness to use due to lack of credit facilities [49],
shortage of electricity [50], and high prices of electricity and agriculture machinery. The
labor force was the second affecting factor that increased the cotton production. The
coefficient of labor was positively associated with the cotton production, implying that a 1%
increase in labor force would improve the technical efficiency by 1.3% in cotton production.
The results are similar to the previous studies, indicating that the cultivated area, labor, and
seed variables under the cotton crop remain significant contributors, leading to improved
technical efficiency in cotton production in Pakistan [1,28,39,40,51].

The estimated parameters of variables used in the inefficiency model are provided
in Table 4. Both variables assessed in the inefficiency effect are statistically significant;
however, the cotton crop’s subsidy shows a positive relationship with cotton production.
Additionally, in the inefficiency model (U), the seed subsidy has negative elasticity, but it
is not significant. The subsidy provided by the government for cotton is statistically not
substantial, but its elasticity is positive, indicating an essential factor in decision making to
have a positive effect on cotton production. A prospective reason for such a relationship
may be linked with government organizations’ slow processing in providing those subsidies
after cultivating crops. The seed subsidy’s elasticity carries a negative sign, demonstrating
that the overall per hectare yield would be lower after the policy is implemented, indicating
a similar trend to the previous research [21].

3.6. Technical Efficiencies of Cotton Production

The presence of technical inefficiency, tested using LR test, was 0.31, which is lesser
than the critical chi-square value of 21.66 [52]. Therefore, the null hypothesis of the produc-
tion inefficiency is rejected.

The production efficiency score ranges between 0.36 and 0.99, with the distribution
seeming to be skewed toward the frontier. The production efficiency index is in the 99
percentage. The average efficiency score is 85% for the data taken from the last 48 years
where 43% of the year production scores are in the range of 0.36-0.85, while 56% of year
scores range are above average. These findings of the production efficiency score shows
in Table 5, indicate the need to reduce 13% input to attain the status of most economical
efficiency.

Table 5. Frequency Distribution of production efficiency estimates.

Efficiency Level Cotton Production Efficiency in Pakistan

No. Parentage
0.36-0.85 21 43
0.85-0.99 27 56
Total 48 100
Mean Efficiency 0.85
Minimum 0.36
Maximum 0.99

4. Implications and Concluding Remarks

The study adopts a more specific case of cotton production to represent the non-food
crop perspective for developing countries like Pakistan, a top-ranked cotton-producing
country that has recently started importing raw cotton and struggling to manage the
declining cotton yield. This study examined the evolution of the overall cotton production
and its determinants that have been inefficiently used over time in developing countries
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based on the stochastic frontier approach that was employed to measure the production
frontier and efficiency relationship by tracking the efficiency changes and technological
factors concerning those multiple input factors. Accordingly, the analysis is exampled
on Pakistan’s cotton production data from 1971-2018 in view of the specific non-food
crop perspective of a developing country that has been a top-ranked cotton-producing
country and has recently been shifting towards a non-exporter of cotton due to low yield.
Accordingly, the study offers the following contribution with concluding remarks.

4.1. Theoretical Contribution

The study offers some theoretical contribution to the few studies related to cotton
technical efficiency literature. First, the study estimates the indices of crop-specific technical
efficiency changes and total factor of production, covering a longer time period using SFA
for the non-food crops perspective. As the main benefit, since this approach can account for
composed-error by separating the noise from inefficiencies, it tracks efficiency changes and
technological changes in overall productivity from practical aspects [53]. Hence, scaling
non-constant returns of those multiple factors is possible to allow for the violation of
various situations, which is one of the necessary conditions for the long-run completive
equilibrium in productivity measurement [12]. The other benefit of using such an approach
is the ability to authorize systematic variation with time [54]. Moreover, using time-series
data enable us to account for some heterogenicity that we cannot control in cross-section
data. It is the way the current research prefers for SFA to estimate efficiency and cotton
growth data considering its efficiency over other approaches in the agricultural economic
literature [54]. Second, parametric procedures also allow the functional specific need to
accommodate (a) calculating single output from multiple inputs, (b) testing the hypothesis,
and (c) the availability of maximum likelihood econometric estimates. These features could
well accommodate a more specific crop perspective of a developing country [16], as in
the case of cotton production in Pakistan, a top-ranked cotton-producing country that
has stopped exporting cotton since 2010 [25]. For instance, such features accommodate
accurate estimation of productivity measures breakdowns when multiple inputs lead to
a single output [19], rather than concentrating more on multiple-output and multiple-
input technology that many previous studies have assumed [20,55]. Moreover, the study
would also estimate the hypothesis “whether subsidies affect cotton crop production.”
Third, the study puts forward corresponding policy recommendations specifically for
improving cotton production efficiencies under practical scenarios, unlike previous studies
that assume cotton production under ideal/efficient condition and treat it as a residual,
using index numbers such as Tornqvist [1]. Thus, this narrow focus of cotton output could
dig into the possibility of realizing similar productivity and productivity growth analysis
for other developing countries

4.2. Implications

The study revealed various findings. First, the study finds a positive relationship
between cotton productivity and the using cultivated area, particularly cotton growth,
which was significantly higher in those years when the government provided subsidy
on the cotton crop as a farmer had more to spend on other productions factors. Second,
those findings also indicate that cotton productivity has a strong inverse relationship with
the fertilizer to the cotton crop. Given the importance of balance fertilizer management
practices [56], an inverse relationship may be associated with low quality of fertilizer or
farmers applying higher doses of chemical fertilizer on cotton crop, less knowledge of
fertilizer combinations [57]. Third, the technical efficiency is negatively associated with
irrigation; as a result of efficiency analysis, average technical efficiency is about 85 percent
over the period. But it was at 36 percent level during the period. This negative trend in
cotton productivity could be due to the prevalence of leaf curl virus disease in the cotton
crop [58], which appears in the 1990s, and symptoms were seen in 2002 or ineffective use
of irrigation strategy. Moreover, the apparent reason for this could be the waterlogging,
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salinity, and high usages of the brackish underground; results endorse observations of the
previous study [59]. Forth, the subsidy remains a vital policy carried on crop production;
however, most literature shows that subsidy could reduce the per hectare yield, our results
are parallel to the other research results [21]. In contrast, the seed subsidy policy has failed
to increase Pakistan production of cotton crop effectively.

The findings mentioned above suggest few implications in Pakistan’s perspective that
could provide initial guidelines for policy makers in improve cotton productivity due to
its contribution to the country’s economy and poverty alleviation [60]. First, the findings
suggest a negative impact of technical progress on cotton production growth. It seems
like either implementation of new technological solutions on production input (better
seed quality, better fertilizer, better infrastructure, and land leveling) or generation of new
technological solutions [60], has some issue that needs to invest in Agriculture research
and development. Accordingly, government, agriculture union, NGOs should develop
policies to improve technical efficiency by providing advisory support to production factors
and better use of inputs. Moreover, considering the strong combined impact of fertilizer
and irrigation [59], the government should increase awareness regarding the irrigation
system’s efficiency, fertilizer use, and strict regulation regarding low-grade fertilizers to
fully exploit the existing economies of scale in the sector. Such policies should be included
within the agriculture development framework for small and big-level farmers that help
increase efficiency, transfer, and generation of technology, implement the best practices,
and provide access to credit, market opportunities, and production inputs. These policies
must be accompanied by strategies to limit imports of clothes and expand the export of
cotton and yarn to encourage the cotton crop’s local production and improve agriculture
farmers’ living conditions.

Moreover, few practical implications considering developing countries’ perspective
could also be drawn. First, this study contributes to the literature of crop-wise efficiency
or technical efficiency, an understudied research area (considering the agriculture crop
diversity [60]) having great potential of relevant multifactor information that might facili-
tate detailed options to navigate between various factors of production for a single crop.
Second, the study also offers policy guidelines for cotton crop multi-source productivity,
particularly from the developing country perspective, a predominant exporter of raw cot-
ton [1]. Such multifactor productivity information can also be applied to farm practices
indirectly associated with cotton to choose between socio-ecological factors [3]. Third, the
study analyzed the focus of cropping preference regarding intensification or extensification
in developing countries like Pakistan. It would facilitate forming strategic guidelines for
policy making institutions and other stakeholders associated with sustainable non-food
crop production practices.

4.3. Conclusions

Recent global uncertainties have increased the awareness of affordable technology-
driven agricultural solutions, which are contemporary demands of developing economies,
mainly supported by agriculture practices and scarce resources. In seeking those solu-
tions, the TFP remains a significant indicator. Accordingly, the crop-specific technology is
viewed for the cotton production inefficiencies and its role in developing economies taking
Pakistan’s case study.

This study analyzes the efficiency changes and technological factors of various sources
of cotton growth from practical aspects, i.e., scaling non-constant returns of those multiple
factors that allow violation of various situations. The study adopted Pakistan’s cotton
production case to represent a typical non-food crop perspective of developing countries,
i.e., a country that has recently not been involved in exporting the cotton crop despite being
a top-ranked cotton-producing country. Therefore, the study’s findings revealed various
insights in connection with cotton production inefficiencies. Accordingly, the study finds a
positive relationship between cotton productivity and the using cultivated area; however,
a strong inverse relationship was observed with the chemical fertilizer to the cotton crop
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productivity. Moreover, technical efficiency was observed to be negatively associated with
irrigation, while subsidy could reduce the over yield per hectare, particularly the seed
subsidy policy. These findings need to be prioritized by policymakers in Pakistan. As the
model adopts Pakistan’s context, the overall statistical analysis is generalizable to other
developing economies, particularly concerning the issue of the constant declining yield
of non-food crops. Given the scarce financial and technological resources of developing
countries, these results would facilitate their strategy workers in designing and developing
affordable technology-driven solutions and Agri-resource efficiencies for sustainable non-
food crop production.

This study also offers some limitations. Since the present study evaluated efficiency
analysis based on tracking efficiency and technological change in overall productivity over
the past five decades, this does not imply that the crop management practices were ideal
in those years. There was almost certainly room for improvement for considering other
factors of production that are not being considered due to limited data availability. Further
studies are encouraged for management reviews.
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Abstract: Brand image has been a crucial clue to making subjective judgment for consumers to
determine the brand, which is critical to making a purchase decision. The influence mechanism from
apparel brand images on consumers’ purchase intention was explored for theoretical and positive
analysis based on the self-congruity theory. This research first constructed a hypothetical model of
apparel brand images influencing consumers’ purchase intention with self-congruity and perceived
quality as mediators, in which a questionnaire was designed and conducted to test the theoretical
model. The research shows that apparel brand image and perceived quality can significantly influence
consumers’ purchase intention. The consumer purchase intention is directly related to clothing brand
image provided self-consistency and perceived quality play an intermediary with the regulatory
effect of self-motivation and brand familiarity. A positive attitude toward apparel brand image
will stimulate consumers to build cognitive clues and associations between the consumers and the
brand and strengthen cognitive consistency with the apparel brand’s spirit. The research results are
beneficial to textile fashion and clothing enterprises to improve brand building and marketing.

Keywords: fashion brand image; self-congruity; perceived quality; self-motivation; brand familiarity

1. Introduction

Building substantial brand equity is a critical challenge in today’s fast-paced, growing
business world [1]. It is essential to continuously create a robust distribution network
and establish brand extensions for consumers to compete. Brand image is the crucial
element that drives brand equity and is the primary source of brand equity [2]. This is
also an important marketing strategy for enterprises to obtain a sustainable economic
lead [3]. However, in Chinese apparel companies’ shaping of brand image, there are typical
problems such as ambiguous brand positioning, similar image shaping, and low accuracy,
resulting in a lack of brand recognition and poor brand image communication.

In clothing consumption, brand image has become the main clue for consumers’” sub-
jective evaluation of brands, and it plays a vital role in people’s purchasing decisions [4].
Simultaneously, as a critical value asset for apparel companies’ differentiated competitive
advantage, brand image plays an increasingly important strategic role in business man-
agement [5]. Determining how to accurately shape a clothing brand’s image, optimize its
communication effect, and stimulate clothing consumption have become urgent problems
for Chinese clothing brands [6]. Thus, this research was conducted to analyze the relation-
ship among apparel brand image, self-congruity, and consumers’ purchase intention to
overcome these questions. This study aimed to answer the following research questions.
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Do apparel brand images impact consumers’ purchase intention, self-consistency, and
perceived quality?

Do self-consistency and perceived quality impact consumers’ purchase intention?

What role do self-consistency and perceived quality play for bridging clothing brand image
and consumer purchase intention?

How does self-motivation, including self-improvement and self-confirmation, relate to
self-consistency and purchase intention?

How are brand familiarity, perceived quality, self-consistency, and purchase intention
connected?

This research would be beneficial to understand the problems related to the textile
fashion and clothing industry of China, as well as showing the basis for understanding for
other regions as well.

2. Literature Review and Hypothesis Deduction
2.1. Clothing Brand Image

One of the very critical aspects of branding that has received significant attention is
the brand image [7]. Researchers generally believe that brand image is an essential factor
affecting consumers’ purchase decisions. A reputable brand image is a crucial aspect that
helps customers make purchasing decisions efficiently and satisfactorily, which eventually
gives favorable outcomes and associations in consumers’ minds in the long run [8]. Brand
equity is directly dependent on the brand image; however, the current literature does not
contain clear evidence of how this relationship exists [9-11].

The current literature has not determined the intervention mechanism, which defines
the impact of brand image background on brand equity. Therefore, it is still uncertain
whether brand equity drivers play an essential role in connecting brand image and equity.
Therefore, the controlling factors of brand equity may be one of the main mechanisms of
brand image affecting brand equity. From the above discussion, it is essential to establish
potential brand equity drivers, such as brand attitude, brand awareness, brand attachment,
and brand value, which will shape the relationship between brand image and brand equity.
These drivers will be considered more carefully when making purchase decisions and
expanding consumer-based brand assets.

Brand image and brand equity relationships are also significantly influenced by the
nature of products, and there is a big gap in understanding of how it is impacted as no
research shows this critical aspect. The influence of the type of brand on consumer-based
equity also differs depending on the type of products, such as search goods or experience
goods, a concept developed by Philip Nelson [12]. For example, Adidas (clothing category)
and Nike brands (shoe category) are classified as search goods (can be verified before
purchase). In contrast, many personal services, such as personal care products, fall into the
experience goods category, verified after purchase and use only. Therefore, the influence
on consumer-based brand equity differs between these brands. Brand equity is measured
using two approaches: financial-based and consumer-based [13]. Verhoef et al. [14] men-
tioned that competition becomes deeper when retailers create and market their brands
and products by looking at ongoing styles and market demands. The cost of product is a
highly significant component, and is being set by the reputation of certain brands in the
appropriate manner and thus involves awareness, quality, uniqueness, social image, and
country of origin [15]. These are definitive brand images; this study explains their impact
on customers’ willingness to pay price premiums. Moreover, from the factors mentioned
above, it is essential to find out which one is highly crucial or worthy for customers to
finalize and purchase branded clothes, and they can concentrate on certain parameters
more than others to produce higher profits and lower marketing costs. There is a view that
a brand can create a differentiated position, and this advantage brought by a brand relative
to other brands will encourage consumers to pay more.

Tsai pointed out that consumers usually make consumption decisions based on the
brand’s evaluation results, significantly affecting brand image recognition [16]. Bird
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pointed out that consumers have different perceptions of brand image with different
product usage levels and verified through empirical research that brand image affects
consumers’ purchase intentions [17]. Jiang revealed that the brand image’s customer
perception would affect their consumption decision-making and purchasing behavior ten-
dencies [18]. Jin’s research results show that company and product brand images positively
affect consumer attitudes and purchasing tendencies [19]. Online shopping research shows
that after the online clothing brand image forms a value perception in customers’ minds, it
impacts pre-purchase intentions and purchase decisions [20]. Accordingly, hypothesis H1
is proposed:

Hypothesis 1 (H1). Apparel brand image has a significant positive impact on consumers’
purchase intention.

In brand image research, Jacoby research pointed out that the brand image strongly
influences quality perception and found that the more positive the brand image, the more
significant the impact [21]. Jiang and Lu divided the brand image into functional and
non-functional factors and researched the impact of these two aspects on perceived quality,
perceived value, satisfaction, and loyalty. The results showed that perceived quality is
affected by functions, gender, and non-functional factors [18]. Wang and Zhang used
empirical research to prove that store images, including product images, environmental
images, and service images, significantly impact brand perception quality [22]. In research
on Chinese and Western brand names’ influence on perceived quality, Yulistiana proved
that brand names positively affect the perceived quality [23]. Accordingly, hypothesis H2
is proposed:

Hypothesis 2 (H2). Apparel brand image has a significant positive impact on perceived quality.

2.2. Self-Consistency

Self-consistency is a research perspective of the theory of cognitive coherence. The
core issues concerned include two aspects: When the individual’s self-concept participates
in the process of recognizing things, if the cognitive subject is inconsistent with the individ-
ual’s self-concept, the individual Cognitive disharmony will occur; when an individual’s
behavior or its consequences conflict with self-awareness, it will cause a cognitive incon-
sistency [24,25]. Self-consistency is the matching process resulting from the consumer’s
self-concept and cognition of things, including product images, brand images, store images,
destination images, products, brands, or services with symbolic attributes and symbolic
meanings. Self-concept (such as actual self, ideal self, and social self) is the sum of people’s
perceptions and emotions about themselves. It includes how an individual views oneself
objectively and what kind of person he thinks he is and what kind of person he wants
to be [26]. In the field of consumer behavior, self-consistency is mainly used to study
the relationship between symbolic consumption trends and self-concept, focusing on two
aspects: paying attention to the relationship between self-consistency and consumers’ pre-
purchase behavior, intentions, and decision-making; exploring self the effect of consistency
on various post-consumer variables, such as satisfaction, loyalty, perceived quality, and
post-purchase attitude.

This article uses self-consistency theory to explore the characteristics of consumers’
selective perception of brand image information and the relationship between cognitive
things and self-concept fit. Scholars’ studies have emphasized the association between
brand symbolic attributes and self-concept; the higher the degree of matching the brand’s
symbolic attributes and the consumer’s self-concept, the more likely consumers are to
think they can satisfy their needs. Sirgy et al. showed that when the symbolic attribute is
associated with self-concept (that is, when there is a higher self-consistency), consumers
will have a higher preference for products and brands [27]. Rogers evaluated self-concept
to explain product symbolism and believes that products, brands, or things most like
self-concept are more attractive to consumers [28]. Ibrahim’s research shows that when a
hotel’s overall brand image is better, it can stimulate the connection between consumers’
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self-concept and brand image and make it more self-consistent with the brand image [29].
Accordingly, hypothesis H3 is proposed:

Hypothesis 3 (H3). Apparel brand image has a significant positive impact on self-consistency.

Self-consistency affects consumer attitudes and behaviors. If people have a higher
self-consistency when dealing with brand symbolic information, it will promote their good
feelings about the brand. Otherwise, they will form an unfavorable attitude towards the
brand, which will affect their evaluation of the brand. Mukherjee confirmed that self-
consistency has a significant impact on consumer attitudes and behaviors and proposed
that when consumers’ self-concepts match their views on a sure thing, they will have a
more positive attitude [30]. Therefore, people are more inclined to choose and buy brands
with higher self-consistency [31]. Ericksen proposed the applicability of self-consistency
in clothing consumption research and constructed a relationship between professional
women’s clothing preferences and self-consistency [32]. Tan Qing explored the relationship
between clothing styles, colors, clothing brands, shopping environment, and the self-
concept of female consumers and demonstrated empirical evidence that women'’s s clothing
choice is related to self-concept [33]. Research by Liu et al. showed that self-consistency
positively affects consumers’ brand attitude and loyalty [34]. Lee confirmed that consumer
self-concept and consistency of brand personality directly impact brand clothing purchase
intention [35]. Accordingly, hypotheses H4 and H5 are proposed:

Hypothesis 4 (H4). Self-consistency has a significant positive impact on consumers’ purchase intention.

Hypothesis 5 (H5). Self-consistency plays an intermediary role in the relationship between
clothing brand image and consumer purchase intention.

2.3. Perceived Quality

Research by scholars has shown that there is a meaningful relationship between
perceived quality and purchase intention. Most use perceived quality as an intermediary
variable to construct a theoretical model of the influence of brand information cues on
purchase intention. Aaker defines perceived quality as an overall intangible perception
of consumers’ brand and found that perceived quality significantly impacts purchase
intention [36]. Boulding established a perceived quality model on consumer decision-
making, proposing that perceived quality is a consumer’s judgment on brand quality
and the expected result of actual service quality and has an essential predictive effect on
consumers’ purchase decision-making process [37]. Research by Lin et al. found that
when customers’ perceived quality of a particular brand is higher, they will have a more
positive attitude towards the brand, which will produce a higher willingness to buy [38].
Consumers’ perception of store quality is the primary measurement index for predicting
store sales, and it is pointed out that the improvement of perceived quality is conducive to
promoting consumers’ buying behavior and willingness [39]. Dodds proposed a conceptual
model of the influence of external cues (price, brand name, and store name) on consumers’
perceived quality and purchase intention [40]. Recently, Kim proved that showing prices
and positive brand information perception positively impact perceived quality [41]. Based
on this, hypotheses H6 are proposed:

Hypothesis 6 (H6). Perceived quality plays an intermediary role in the relationship between
clothing brand image and consumer purchase intention.

2.4. The Moderating Role of Self-Motivation in Self-Consistency

In the research on self-consistency and consumer purchasing decision, willingness
and behavior, scholars found certain boundary conditions in the influence relationship
between the two, and consumer motivation and consumer personality affect the two to
a certain extent [42]. Among them, consumption motivation includes self-confirmation
motivation and self-improvement motivation, collectively referred to as self-motivation.
Self-motivation reflects two different purposes of consumers taking self-consistency as a
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clue of judgment. When consumers are motivated by self-confirmation, people tend to
explain and accept the same information or like self-concept [43]. This motivation is related
to the self-concept’s actual self and social reality and is the self-intrinsic standard and
social standard for the individual to make informed judgments. Under the influence of self-
confirmation motivation, consumers are more inclined to choose brands that maintain their
authentic self or social self-image, have high consistency, and give positive evaluations [44].
When people aim to self-improve, they prefer brands with higher or better grades than
self-image to enhance their self-image and display a higher social image or status [45].
Accordingly, hypotheses H7, H7a, and H7b are proposed.

Hypothesis 7 (H7). Self-motivation requlates the relationship between self-consistency and
purchase intention.

Hypothesis 7a (H7a). Self-improvement motivation regulates the relationship between self-
consistency and purchase intention.

Hypothesis 7b (H7b). Self-confirmation motivation regulates the relationship between self-
consistency and purchase intention.

2.5. The Moderating Role of Brand Familiarity in Perceived Quality

Brand familiarity is an important indicator to measuring and evaluating customers’
understanding of the target brand. It is possible to intuitively understand the degree of
accumulation of consumer experience and knowledge of a particular brand [46]. Szybillo
believes that consumer perception quality will be affected by internal product cues (i.e.,
physical product attributes) and product external cues (i.e., product’s non-physical at-
tributes) [47]. Karangi’s research shows that consumers with a different product or brand
familiarity have different judgment criteria for evaluating the same product or brand [48].
People with high product or brand familiarity tend to pay attention to the product and
brand’s actual attributes, while familiarity is low. People pay attention to external clues re-
lated to products or brands. Labeaga believes that low perceived risk caused by high brand
familiarity can drive customers to have a higher brand consumption tendency without
positive quality perception [49]. Accordingly, hypothesis H8 is proposed:

Hypothesis 8 (H8). Brand familiarity regulates the relationship between perceived quality and
purchase intention.

2.6. Chain Mediation between Perceived Quality and Self-Consistency

When the symbolic utility of external clues makes people have a higher quality per-
ception of products and brands, it can, to a certain extent, enhance the predictive value
and confidence value of products and brands to consumers, thereby generating higher
expectations and attention. The consistency between the concept and the brand image
has a positive impact [50,51]. Quester et al. pointed out that product quality perception
positively influences the cognitive fit relationship (i.e., self-consistency) between consumers
and brands [52]. Graeff also confirmed that people’s subjective evaluation of products
positively correlates with consumer self-image and retail brand image [53]. Simultane-
ously, transmitting a clothing brand’s image to consumers is a process of information
dissemination, which has hierarchical transmission characteristics. The role of information
disseminated in individual cognition formation ranges from shallow to deep, from shallow
intuitive perception to the formation of thoughts and emotions, and then to the matching
of deep self-personality and characteristics.

When consumers are unfamiliar with products or brands, self-concept clues cannot be
obtained immediately, but a relatively complicated confirmation and cognitive processing
process is required. Self-consistency is related to the fit between consumers’ self-image
and brand image. Consumers’ self-concept and brand image comparison require more
cognitive elaboration and more complex information processing. Therefore, this article
speculates that in consumer brand image recognition, the perceived quality is first formed
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through direct perception of image information, and then this information evaluation
clue is used to associate self-image with the brand image. Accordingly, hypothesis H9 is
proposed:

Hypothesis 9 (H9). Perceived quality and self-consistency play a chain-like intermediary role in
the process of clothing brand image influencing purchase intention.

Given the above literature review and theoretical analysis, this paper proposes the
following research model (Figure 1).

Self
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Figure 1. The theoretical model of this research.

3. Research Methods
3.1. Data Collection

This study used questionnaire surveys to collect data. The survey samples select
people who had experience in online and offline clothing consumption in shops and
distributed offline questionnaires and online questionnaires to investigate consumers fully.
The offline questionnaires were distributed in the brand agglomeration area in Shanghai.
Online questionnaires were distributed through the “Questionnaire Star” software. There
were 134 offline questionnaires and 116 valid questionnaires, with an effective rate of
86.5%. Moreover, there are 412 online questionnaires and 352 valid questionnaires, with an
effective rate of 85.4%. A total of 546 questionnaires were collected in this survey, of which
468 were valid questionnaires, the effective recovery rate was 85.71%, and the number of
valid samples met the requirement of 5 times the measurement items.

The sampling control characteristics include consumers’ age, gender, education level,
income, and city of residence. The results of the descriptive statistical analysis of the sample
are as follows: women accounted for 53.19%, men accounted for 46.91%; 18-25 year olds
accounted for 47.01%, 25-35 years olds accounted for 27.29%, 36-50 years olds accounted
for 21.32%, under 18 and over 50 years olds accounted for 4.58%; Junior high school and
below accounted for 2.19%, college degree accounted for 4.38%, bachelor degree accounted
for 51%, master degree or above accounted for 42.23%; income below 2000 yuan accounted
for 44.62%, 2000-4999 yuan accounted for 21.71%, 5000-9999 yuan accounted for 22.31%,
10,000-14,999 yuan accounted for 7.17%, 15,000-19,999 yuan accounted for 3.17%, and
20,000 yuan or more accounted for 1.02%; first-tier cities accounted for 59.96%, second-tier
cities accounted for 21.71%, third-tier cities accounted for 6.37%, and fourth-tier and below
11.95%. Overall, the survey subjects are mostly school students and newcomers, and their
monthly income is below 10,000 yuan. Such a sample structure is closer to the research
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object’s consumption characteristics, conducive to obtaining research results and general
research conclusions that conform to objective facts.

3.2. Variable Measurement

This research involves seven constructs, namely clothing brand image (BI), self-
consistency (SC), perceived quality (QP), brand familiarity (BF), self-motivation (SM),
and purchase intention (PUI). All the constructs are derived from relevant mature scales at
home and abroad, and experts in apparel and senior practitioners are invited to evaluate
and correct the scale’s semantic accuracy and revise it into a formal questionnaire. All items
involved in this research use the Likert 6-point scale. Among them, “1” means “strongly
disagree” and “6” means “strongly agree”, and the scales are all derived from representa-
tive documents at home and abroad. The clothing brand image measurement draws on
the brand image scale used in the research by Biel [54], Aaker [36], Keller [55], and Fan
Xiucheng [56] to measure consumers’ perception of clothing brands image. Self-consistency
draws on the scale developed by Sirgy [27] and Escalas [57] to measure the degree of
conformity between clothing brand image and consumer image. Perceived quality draws
on the scale developed by Parasuraman [58] and Dodds [40] to measure consumers’ overall
brand quality, quality stability, and quality dependence. Self-motivation refers to the scale
used in the research by Alexandrov [59] and Napper [60]. Brand familiarity draws on the
scale used in research by Dursun [61] and Nepomuceno [62]. Refer to the scales used in the
research by Diallo [63] and Fishbein [64] for purchase intention.

4. Empirical Analysis and Hypothesis Test Results
4.1. Reliability and Validity Test

The reliability test is judged by Cronbach’s « coefficient value and the correction
term’s correlation coefficient (CITC). As shown in Table 1, the Cronbach’s « coefficient
values of clothing brand image, self-consistency, perceived quality, brand familiarity, self-
motivation, and purchase intention are between 0.821 and 0.951, which are all greater than
the critical value of 0.7, and the CITC value is 0.553~0.927, indicating that the scale has
good reliability and a high level of reliability.

The validity test uses the AMOS 21.0 tool to perform confirmatory factor analysis
on each variable to verify its convergent validity. As shown in the results in Table 1, the
standardized factor load coefficients of each variable are all greater than 0.5 and reach
a significant level (p < 0.05), and the combined reliability (CR) of each construct is more
significant than 0.8, indicating that the scale has a good convergence effect degree. The av-
erage extraction amount (AVE) value of each construct reaches 0.5 judgment standard, and
its square root is greater than the Pearson correlation coefficient between the two constructs
(as shown in Table 2), indicating that the variable has a good discrimination validity.

4.2. Model Fitting and Hypothesis Testing

This study used the AMOS 21.0 tool to fit the collected questionnaire data and the
hypothetical model that brand image affects consumers’” purchase intention to fit the
structural equation model. The statistical values of the fitness test indicators are shown in
Table 3. The fit test index CMIN/DF value of this study is 2.778 < 3, the values of GFI, NFI,
CFI, TLL and AGFI are all greater than 0.9, the RMSEA value is 0.062 < 0.1, and the RMR
is 0.037 < 0.5, all of which are relatively good Level of fitness. The results show that the
model has outstanding fit test results, and the fit effect is good.
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Table 1. Reliability and validity test results of measurement items.

Construct Item Factor Loading CITC Cronbach’s «x CR  AVE
NI 0.64 0.624
PPI 0.60 0.553
SE 0.66 0.633
Clothing Brand Image BC 0.72 0.646 0.879 0.877 0.507
PI 0.85 0.777
BI 0.83 0.751
SI 0.70 0.665
SC-1 0.813 0.734
. SC-2 0.836 0.758
Self-consistency SC-3 0.790 0733 0.869 0.870 0.627
SC-4 0.724 0.660
QP-1 0.945 0.898
Perceived Quality QPr-2 0.96 0.927 0.951 0.960 0.889
Qr-3 0.923 0.918
PUI-1 0.718 0.640
Purchase Intention PUI-2 0.743 0.555 0.821 0.867 0.567
PUI-3 0.742 0.698
BE-1 0.687 0.665
BE-2 0.712 0.665
Brand Familiarity BF-3 0.855 0.647 0.843 0.930 0.767
BF-4 0.855 0.623
BE-5 0.911 0.646
SM-1 0.907 0.831
- SM-2 0.819 0.834
Self-Motivation SM-3 0.858 0.860 0.934 0.734 0.508
SM-4 0.642 0.854
Table 2. Questionnaire discriminative validity test results.
BI QpP SC PUI
BI 0.507
QP 0.046 *** 0.889
SC 0.037 *** 0.043 *** 0.627
PUI 0.030 *** 0.039 *** 0.051 *** 0.508
AVE square root 0.712 0.943 0.792 0.713
Note: *** means significant at 0.05 level.
Table 3. Main indicators of model fit test.
Index X?/df GFI NFI CFI TLI AGFI RMR RMSEA

Value CMIN CMIN/DF

311171 2.778 0.932 0.941 0.961 0.953 0.921 0.037 0.062

4.3. Test of the Scale

Data testing was carried out on the measurement scale of value creation of clothing
brand image, mainly including reliability and validity test, factor test, and goodness of
fit test of the model. The specific results are shown in Table 3. In the exploratory factor
molecule, the cumulative variance contribution rate of the scale was 73.061% > 60%, and
the overall KMO and Cronbach’s « values were 0.946 and 0.965, respectively, both greater
than 0.7. Meanwhile, the KOM and Cronbach’s « values of each dimension also reached
the acceptance standard. In the confirmative factor analysis, the standardized factor
loading (EFA) was between 0.648 and 0.912, meeting the criteria of greater than 0.5, and the
combinatorial reliability (CR) and square extraction variance (AVE) also met the criteria
of 0.7 and 0.5. In the goodness of fit test of the model, the chi-square to the degree of
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freedom ratio (X2/DF) is 2.898, which is less than 3, AGFI and GFI are more significant
than 0.8, and NFI, CFI, TLI, and IFI are all greater than 0.9. Based on the above analysis,
the measurement scale has good reliability and validity.

The results of model fitting and hypothesis testing are shown in Table 4. The three
vectors of clothing brand image that affect purchase intention, self-consistency, and per-
ceived quality are significant at p < 0.001. Clothing brand image has a significant impact
on purchase intention, self-consistency, and perceived quality. Suppose H1, H2, and H3
Be verified. Moreover, assuming that the vectors of H4 and H9 are also significant at
the p < 0.001 level, this shows that self-consistency has a significant impact on purchase
intention, and perceived quality has a significant impact on self-consistency.

Table 4. Model fitting and hypothesis testing results.

. . Std. In
Hypothesis Estimate Estimate CR. 4 Conclusion
H1 0.559 0.055 17.532 o Valid
H2 0.631 0.076 15.557 o Valid
H3 0.798 0.045 14.956 sk Valid
H4 0.554 0.060 13.571 otk Valid
H7 0.521 0.052 11.075 Hoxk Valid

Note: *** means p-value is less than 0.001.

4.4. Reliability and Validity Test and Factor Analysis

This study uses the Bootstrap method to test self-consistency, the mediating effect
of perceived quality (hypothesis H5, H6), and the chain-like mediating effect of self-
consistency on perceived quality. Using Model 4 (simple intermediary model) in the SPSS
macro written by Hayes, while controlling the demographic factors of gender, education,
age, income, and residence, the self-consistency and perceived quality of the clothing brand
image, and the mediating effect of the relationship between purchase intentions are tested,
and the test results are shown in Tables 5 and 6.

The results show that the direct effect of clothing brand image on purchase intention
and the mediating effect of self-consistency and perceived quality do not contain 0 at
the upper and lower limits of the Bootstrap 95% confidence interval. This indicates that
clothing brand image can directly predict purchase intention and pass the mediating effect
of self-consistency and perceived quality predicts purchase intention. The direct effect
action value is 0.280, the self-consistency mediation effect action value is 0.217, and the
perceived quality action value is 0.180, accounting for 41.33%, 32.04%, and 26.63% of the
total effect. Hypothesis H5 and H6 are established.

Table 5. Analysis results of mediation effect.

Boot Standard BootCI BootCI
Path Effect Size Error Confidence Confidence Effect Ratio
(Lower Bound) (Upper Bound)
Indirect effects: mediating effects 0.180 0.0108 0.0034 0.0449 26.63%
of perceived quality
Indirect effect: self-consistent 0217 0.0467 0.0997 0.2816 32.04%
mediation effect

Direct effect 0.280 0.0601 0.2634 0.4993 41.33%

Total effect 0.677 0.0410 0.5040 0.6630 —

Note: The interval value of [BootCI, BootCI] does not contain 0, which means it is significant at the 0.05 level.
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Table 6. Results of chain mediated effect analysis.

Boot Standard BootCI Confidence BootCI Confidence

Path Effect Size Error (Lower Bound) (Upper Bound)
Total effect 0.773 0.045 0.127 0.306
Direct effect 0.286 0.049 0.290 0.482
Indirect effect: clothing branq image -> 0224 0.046 0.098 0277
self-consistency -> purchase intention
Ind1r§ct effect: .clothmg brand image -> 0136 0.012 0.005 0.051
perceived quality -> purchase intention
Indirect effect: clothing brand image ->
self-consistency -> perceived quality -> 0.127 0.0137 0.002 0.005

purchase intention

This research uses clothing brand image as the independent variable X, purchase
intention as the dependent variable Y, self-consistency as the first intermediary variable M1,
and perception consistency as the second intermediary variable M2 using the SPSS macro
written by Hayes. In Model6, a Bootstrap analysis is performed to test the chain mediation
effect (i.e., continuous mediation effect) of self-consistency and perceived quality. The
results show that the total effect’s confidence interval is 0.127~0.306 excluding 0, indicating
that the total effect of clothing brand image on purchase intention is significant. The
confidence interval of direct effect is 0.290~0.482 excluding 0, indicating that the direct
effect of clothing brand image on purchase intention is significant. In the indirect effect,
the confidence interval of the action path of clothing brand image -— self-consistency —
purchase intention is 0.098~0.277 excluding 0, indicating that the clothing brand image
passes self-consistency but does not pass the perceived quality. The effect on purchase
intention is that the mediation effect is significant. The confidence interval of clothing
brand image -> perceived quality -> purchasing intention is 0.005~0.051 excluding 0, which
means that when clothing brand image passes through perceived quality but not self-
consistency, the mediating effect on purchasing intention is significant. The path clothing
brand image -> self-consistency -> perceived quality -> purchase intention confidence
interval is 0.002~0.005 excluding 0, indicating that when the clothing brand image passes
self-consistency and perceives quality, it has a significant effect on purchase intention. In
summary, self-consistency and perceived quality play a chain-like intermediary role in the
relationship between clothing brand image and purchase intention.

4.5. Moderating Effect Test

This study uses a hierarchical regression model to test the adjustment effect taking
purchase intention as a dependent variable, under the condition of controlling the de-
mographic factors of gender, education, age, income, and residence, the cross product of
self-consistency and self-motivation, perceived quality and brand familiarity is introduced
for regression analysis. The analysis results are shown in Table 7. The results show that
the adjustment R? gradually increases with the interaction term’s introduction, indicating
that the model is better fitted. The interaction item of perceived quality and brand famil-
iarity significantly impacts purchase intention (3 = —0.153, t = —3.239, p < 0.001), which
indicates that brand familiarity has a significant moderating effect on the relationship
between perceived quality and purchase intention, H8 was established. In addition, the
interaction term between self-consistency and self-motivation has a significant positive
effect on purchase intention ( = 0.078, t = 1.972, p < 0.05), indicating that self-motivation
has a moderating effect in the relationship between self-consistency and purchase intention,
H7 was established.
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Table 7. Test results of adjustment effect.

Purchase Intention

Purchase Intention

Purchase Intention

Variable Standardization -Value Standardization -Value Standardization -Value
Factor Factor Factor
Gender 0.013 0.251 0.034 0.833 0.041 1.012
Degree 0.039 0.703 0.013 0.278 0.009 0.201
Profession —0.034 —0.553 —0.003 —0.064 0.006 0.113
Age 0.077 1.358 0.048 1.052 0.04 0.876
Income —0.023 —0.411 —0.011 —0.251 —0.015 —0.348
Place of residence —0.027 —0.445 —0.033 —0.657 —0.038 —0.764
Perceived Quality 0.176 *** 4.423 0.255 *** 5.204
Brand Familiarity 0.11 ** 2.509 0.14 ** 3.063
Self-consistency 0.528 *** 12.527 0.512 *** 11.862
Self-Motivation —0.052 —1.189 —0.065 —1.485
Perceived Quality x .
Brand Familiarity —0.153 —32%9
Self-mohv'atlon X 0.078 * 1.972
self-consistency
Adjust R2 —0.008 0.341 0.357
F Value 0.36 24.861 22.318

Note: * means significant at 0.005 level, ** means significant at 0.01 level, *** means significant at 0.05 level.

When H7 is established, this study further examines the moderating effects of differ-
ent self-motivation types (i.e., self-confidence and self-improvement motivation) in the
relationship between self-consistency and purchase intention. For self-confirmed moti-
vation, self-consistency has a significant positive effect on purchase intention ( = 0.096,
t =2.226, p < 0.05); on the contrary, for self-improvement motivation, self-consistency has
no significant effect on purchase intention (3 = 0.132, t = 1.323). This shows that self-
consistency on purchase intention will only significantly have an effect when consumers
have self-confirmed consumer psychology. Hypothesis H7b holds, but H7a does not hold.

Based on the above test results, the summary of the model hypothesis testing in this
study is as follows in Table 8.

Table 8. Summary of hypothesis test results.

Numbering Research Hypothesis Test Result
Apparel brand image has a significant positive impact on consumers’ .
H1 . . Valid
purchase intention
H2 Apparel brand image has a 51gn1f1cgnt positive impact on perceived Valid
quality
H3 Clothing brand image has a 51gn1f1cant positive impact on Valid
self-consistency
Ha Self-consistency has a s1gn1f1cant4 p051t.1ve impact on consumers’ purchase Valid
intention
H5 Self—cons1ste1}cy plays an intermediary role in the relat.lonshl.p between Valid (Partial Intermediary)
clothing brand image and consumer purchase intention
Heé Perceived quz}hty plays an intermediary role in the rela.tlonsh.lp between Valid (Partial Intermediary)
clothing brand image and consumer purchase intention
Self-motivation regulates the relationship between self-consistency and .
H7 . . Valid
purchase intention
Brand familiarity regulates the relationship between perceived quality .
H8 . . Valid
and purchase intention
HO Perceived quality and self-consistency play a chain-like intermediary role Valid (Partial Intermediary)

in the process of clothing brand image influencing purchase intention
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5. Discussion and Marketing Implications
5.1. Discussion

This paper analyzes the influence mechanism of clothing brand image on consumer
purchase intention from cognitive consistency theory. It obtains the following research
conclusions: First, clothing brand image has a significant positive impact on consumer
purchase intention, and part of its influence is the path is realized directly, and the other
part is realized through two indirect paths of self-consistency perceived quality. Secondly,
self-consistency has a significant impact on the relationship between clothing brand image
and consumer purchase intention. Part of its influence is realized through direct paths
and two indirect paths, self-improvement motivation and self-recognition motivation,
and self-recognition motivation is better than self-improvement while the moderating
effect of motivation is substantial. Moreover, perceived quality significantly impacts the
relationship between clothing brand image and consumer purchase intentions. Part of
its influence is realized through direct paths and partly through indirect paths of brand
familiarity. Finally, perceived quality and self-consistency have a chain-like intermediary
effect in the relationship between clothing brand image and purchase intention. Consumers
form perceived quality after receiving clothing brand information and then affect purchase
intention through self-consistency.

The influence of self-consistency and perceived quality on the relationship between
clothing brand image and consumer purchase intention provides new ideas for brand
marketing. Consumers’ perception of clothing brand image affects their willingness and
initiative to match their self-concept with the brand image and positively affects self-
consistency. In the actual consumption process, people purchase products or brands like
their personality and image characteristics to match their accurate self-image or ideal
self-image and use the explicitness, display, and brand symbolism of clothing to create
their ideas. Moreover, in consumer behavior, individuals will try to avoid choosing brands
or products that conflict with their views and values or are different, and they tend to
choose brands or products with values and connotations that match them. Otherwise, they
will fall into cognitive dissonance. Therefore, compared with self-improvement motivation,
self-confirmation motivation has a more substantial moderating effect on the process of
self-consistency and purchase intention.

Perceived quality is the perceptual knowledge of the brand and belongs to the cate-
gory of subjective evaluation. Therefore, an optimistic clothing brand image can prompt
consumers to make more positive subjective evaluations, that is, to obtain higher perceived
quality. As a subjective judgment produced by comprehensive brand information, per-
ceived quality is also a comprehensive evaluation of brand attitude. A positive attitude
guides consumers’ thoughts and actions and directly affects their purchase intention. In
consumer brand image recognition, the perceived quality is often formed through direct
perception of image information, and then this information evaluation clue is used to asso-
ciate self-image with the brand image; thus, self-consistency is produced. When receiving
brand image information to produce positive perception quality, to maintain cognitive
consistency, and avoid cognitive dissonance, individuals will more actively retrieve and
process brand-related information in memory in the process of forming self-consistency.

5.2. Marketing Enlightenment

The research results on the influence of brand image on consumers’ purchase intention
improve brand building and marketing. A unilateral effect does not form the brand image
but results from enterprise and consumers’ joint action. Therefore, in the process of brand
image shaping, companies should recognize their cultural advantages and brand and
product characteristics, comprehensively sort out and integrate the brand information that
needs to be transmitted, and identify the differences from other brands according to the
core positioning of the brand and make the brand unique. The brand image is shaped
according to sex so that consumers can have deep memories in brand image recognition
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and quickly review and retrieve brand image information during the consumption process,
which triggers a series of positive brand associations.

This research believes that companies should promote clothing brand building and
marketing on three levels. First, consumers’ perceptions of various clothing brand image
dimensions will affect their willingness to buy, and companies should establish a corre-
sponding brand image when formulating brand marketing strategies through the corporate
image, product image, brand logo image, publicity image. The shaping and dissemination
of service, network, and store images establish a positive brand image. Second, since
self-consistency plays a crucial role in the relationship between brand image and consumer
purchase intentions, companies should analyze consumer image characteristics, personal-
ity preferences, and self-concept in the target market and use this as a basis for targeting.
Shaping the brand image and strengthening consumers’ enthusiasm to match the brand
image’s self-concept strengthens the attraction between the brand and consumers invisibly.
Finally, because a consistent brand image can achieve more substantial cognitive effects
and persistence than a single dimension and enhance consumers’ perception of the brand,
companies should transmit the same brand core message in different dimensions and com-
munication channels. This creates a consistent brand image to strengthen consumers’ clear
and complete cognition of the brand image. Delivering the same core brand information
through different dimensions and communication channels can help consumers recall
relevant brand memories in a competitive market with complex information and numerous
choices, promoting purchase intentions.

6. Conclusions

Among other sectors of the textile industry, the clothing and apparel industry heavily
rely on consumer purchase intention due to the largest numbers of consumers involved
in the sales process. The consumer purchase intention is a complex mixture of several
factors that work together to make overall purchase decisions of the buyer. Herein, we
aimed to explore several key questions in the clothing industry. It was found that clothing
brand image, self-consistency, and perceived quality can significantly affect consumers’
purchase intention. Consumers’ purchase intention is directly related to clothing brand
image, wherein self-consistency and perceived quality play an intermediary role, and it
is governed by brand familiarity and self-motivation, including self-improvement and
self-confirmation. Therefore, during textile marketing, particularly garment or apparel
marketing, these parameters must be analyzed carefully. The results would be of particular
interest theoretically for academia exploring textile marketing and practically for textile
fashion and clothing brands.
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Abstract: Fiber-reinforced plastic (FRP) composite laminates have excellent mechanical properties,
corrosion resistance, and designability and thus are widely used in various engineering fields.
However, their interlayer performance is relatively poor due to no fiber reinforcement between
the laminate layers. These layers are adhered through resin bonding only, caused during their
usage, which results in composite material delamination damage, thus, limiting its performance.
In response, researchers have conducted numerous studies on how to improve the interlaminate
properties of laminates through component and structural modifications of the composites and
interlaminate toughening. Short fiber toughening is a simple and effective way to solve this problem.
This paper reviews the latest research progress in short fiber interlaminate toughening and short fiber
modified resin toughening, analyzes the mechanisms of short fiber toughening is fiber bridging, fiber
debonding, fracture, and the toughening mechanisms specific to different fibers. This review paper
also discusses the current problems encountered in short fiber toughening and provides an outlook
on the future development direction for short fiber toughening to provide a reference for subsequent
research on short fiber toughened composites.

Keywords: FRP; delamination damage; interlaminar fracture toughness (ILFT); short fiber toughening

1. Introduction

Fiber-reinforced plastic (FRP) composite laminates are widely used in the aerospace
field [1], automotive industry [2], wind power generation [3], and civil infrastructure [4]
because of their lightweight and relatively high strength characteristics. However, as the
laminates are bonded by resin only in the thickness direction, they are prone to cracking and
eventually delamination under the action of external forces [5]. Delamination damage lim-
its the development of composite materials as it seriously affects their safety performance
and service life. Much work has been carried out to suppress delamination and increase
damage tolerance, including Z-directional toughening (3D braiding [6-9], Z-pinning [10],
laminate stitching [11], and 3D integrated woven spacer sandwich composites [12,13]), ma-
trix modification [14], and interlaminate toughening [15]. Z-directional toughening, which
introduces a separate yarn system in the Z-direction of the composite, has been shown to
significantly improve interlaminar fracture toughness [16], but this may come at the cost of
compromising the in-plane properties and is difficult to operate. Interlayer toughening and
resin modification requires only minor changes to conventional processes for toughening
purposes but use materials such as nanofilms and nanoparticles, which require high costs.

Short fibers are a variety of sources, excellent performance, and inexpensive materials
that can be added to laminate plies alone for interlaminar toughening or mixed in resin
to modify the resin matrix, which can simply and effectively improve the interlaminar
strength of composites. This paper presents the research in recent years on two aspects of
short fiber interlaminate toughening and short fiber resin modification.
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2. Interlaminar Fracture Toughness Characterization and Testing of
Composite Laminates

According to the different forms of load, the composite laminate delamination mainly
has the types: opening mode (mode I), sliding mode (mode II), and tearing mode (mode III).
The three forms of delamination, as shown in Figure 1, of which mode III delamination is
less studied, account for a negligible fraction [17,18]. Interlaminar fracture toughness (ILFT)
is a quantitative measure of the ability of composite laminates to resist crack extension and
an estimate of material toughness. The stress-based stress intensity factor K [19] and the
strain-based strain energy release rate G [20] are often used to characterize delamination
extension. Since composites are materials with anisotropic mechanical properties, the
calculation of the stress intensity factor K for interlaminar cracks is particularly complicated,
so most of the studies are conducted using the strain energy release rate G as the control
parameter for delamination expansion. The strain energy release rate is the strain energy
released per unit area of crack growth of the deformed object, and its critical value is called
the critical strain energy release rate, expressed by the symbol GC, which indicates the
energy required for crack expansion per unit area; generally, there is the mode I (Gc) and
mode II (Gyc) [21]. From the ASTM standard, it is known that the mode I and mode IT ILFT
of composites is mainly obtained by the double cantilever beam (DCB) test [22] and end
notched flexure (ENF) test [23], with the test setup diagram in Figure 2. The ILSS testing [24]
is a popular method for characterizing the interfacial strength of composite materials.
Composites are very sensitive to low-velocity impact loading in practical applications, so
the low-velocity impact test [25] and compression after impact (CAI) test [26] are also often
used together to characterize the resistance of composites to delamination when subjected
to low-velocity impacts.

Crack tip loading

| ! l

Stress normal to 5“9:5 P;fa"el)io Stress parallel to
ORI crack surface but crack surface
normal to crack front and crack front

I !

| Mode-| fracture | | Mode-Il fracture | |Mode-|l| fracture |
(Opening mode) (Sliding mode) (Tearing mode)

Figure 1. Modes of fracture [18].
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Figure 2. Schematic diagrams of (a) double cantilever beam (DCB) test and (b) end notch flexure
(ENF) test.
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3. Short Fiber Toughening
3.1. Short Fiber Interlayer Toughening

In the 1990s, Sohn and Hu covered the surface of carbon fiber prepreg with chopped
aramid fibers that accounted for 0.4% to 0.8% of the weight of the laminate and then cured
it according to the conventional process. It was found that the addition of short fibers
could produce fiber bridging during delamination extension to improve the mode I (Gjc)
and mode II (Gyjc) interlaminar fracture toughness of the laminate by up to more than
two times [27]. Since then, more scholars have begun to study short fibers as interlaminar
toughening materials to improve the interlaminar fracture toughness of composites [28-32].
Liu et al. investigated the effect of three basic factors on the interlaminar fracture toughness
of CF/EP composites using three-factor four-level orthogonal tests, as in Table 1, which are
short fiber type, length, and density [33]. The results showed that the effects of each factor
on the ILFT were in the order of fiber type, fiber density, and fiber length. The addition of
Kevlar fiber most significantly enhanced Gjc and Gyc; with the increase of short fiber den-
sity, Gic showed a positive correlation, and Gjjc showed a decreasing and then increasing
trend. Both Gjc and Gyjc tend to increase as the length of the staple fiber increases and tend
to decrease when the length is too long. This provides some reference for future studies in
terms of material selection and dosage, but the authors do not further analyze how length
and density affect the interlaminar fracture properties.

Table 1. Orthogonal test table (Data from [33]).

Number Flbi:nl;slgth Flbi;/?ne;;m:y Fiber Type
1 3 5 Kevlar
2 3 10 carbon fiber
3 3 15 glass fiber
4 3 20 basalt fiber
5 7 5 Kevlar
6 7 10 carbon fiber
7 7 15 glass fiber
8 7 20 basalt fiber
9 11 5 Kevlar
10 11 10 carbon fiber
11 11 15 glass fiber
12 11 20 basalt fiber
13 15 5 Kevlar
14 15 10 carbon fiber
15 15 15 glass fiber
16 15 20 basalt fiber

Aramid fibers (AF) have the characteristics of high toughness, high elongation at
break, and easy fibrillation on the surface [34]. Under the action of fiber bridging, the
deformation and longitudinal tear of the fiber itself can absorb a lot of energy, which plays
a very good role in toughening effect [35]. Wang et al. studied the interfacial toughness of
CERP reinforced by short aramid fibers with different lengths and areal densities based on
the double cantilever beam test [36]. The results showed that the short aramid fibers with a
length of 3 mm and an areal density of 24 g/m? had the best toughening effect, the ultimate
load, and the mode I interlaminar fracture toughness can be increased by 292.87% and
168.59%, respectively. To ensure the feasibility and effectiveness of aramid fiber interlaminar
toughening CFRP, they adopted wettability treatment technology with resin pre-coating
to treat short aramid fiber tissues (6 mm, 24 g/ mz), and the peak load and Gjc of CFRP
were increased by 112%, and 160%, respectively. The pre-coating contributed 37% and 56%
improvement, respectively [37]. This explains that the toughening ability of short Kevlar
fibers of 3 mm is stronger than 6 mm at the same surface density. This provides a simple
way to improve the interfacial compatibility of fibers and resins and also demonstrates that
modification of short fibers can further improve the toughening effect.
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To enable the short fibers to be evenly dispersed between the layers, Hu et al. impreg-
nated chopped Kevlar fibers in the resin and uniformly coated them on the mid-plane of the
laminate. The laminate structure is shown in Figure 3. The effect of chopped Kevlar fiber
toughening on the low-speed impact performance of CFRP through drop-weight impact
test and compression after impact (CAI) test was studied [38]. The test results showed that
the damage resistance of the toughened laminate did not show significant advantages at
lower impact energies, and the effect of short fiber toughening was shown only at higher
energy impacts. However, the CAI strength and damage strain values increased at all
energy levels because the pullout of the chopped fibers consumed part of the energy in
delamination expansion under compressive loading, slowing down the yielding process
and increasing the CAI strength. The authors considered that short Kevlar fiber toughening
is very effective in increasing the damage tolerance when the damage is dominated by
mode I fracture toughness.

Carbon fiber prepreg sheet

Kevlar fiber layer
Carbon fiber prepreg sheet

Figure 3. Structure of composite laminate with Kevlar-fiber toughening. The sandwich structure
was adopted, with a carbon fiber prepreg sheet at the top and bottom and a Kevlar-fiber layer in the
middle [38].

It is believed that adding short fibers to the interlayer is only beneficial to post-impact
properties. Still, the interfacial staggering leads to a decrease in the flexural properties of
CFRP. Yuan et al. placed an ultra-thin nonwoven short aramid fiber veil (UTNWSAFV) at
the interface of all layers of CFRP laminates and found that not only the impact resistance
of CFRP could be improved, but also the flexural strength and modulus were improved
accordingly [39]. They prepared a toughened prepreg by interweaving the unbonded
UTNWSAFV to the surface of the carbon fiber layer in the prepreg production process [40].
Impact tests and compression after impact tests showed that adding UTNWSAFV can
effectively suppress out-of-plane deformation and layered expansion. The CAI failure
pattern of the laminate with SAFV was changed from delamination damage to shear
damage, as seen in Figure 4. The addition of short fibers to the prepreg production process
to create short fiber toughened prepreg is a promising technology that focuses on how the
short fibers are added to the prepreg in large quantities and uniformly, as this has a major
impact on the stability of the composite properties.

Carbon fibers (CF) have high strength and modulus and are often used to make
composite materials. Due to their excellent properties, chopped carbon fibers are also used
as interlaminar toughening materials to improve the fracture toughness of composites.
Xu et al. compared the interlaminar fracture toughness and bending properties of CF/EP
composites toughened with two lengths of chopped carbon fibers [41]. It showed that
the shorter (0.8 mm) carbon fiber performed better than the longer (4.3 mm) carbon fiber
in improving mode I fracture toughness. The longer carbon fiber contributed more to
mode IT fracture toughness, which was achieved without compromising the bending
mechanical properties. Short carbon fibers easily form a three-dimensional interwoven
network structure in the epoxy resin of the middle layer of the laminate, and this structure
can play a better role in obstructing cracks, as shown in Figure 5. Moreover, due to the
addition of short carbon fibers, the electrical conductivity in the thickness direction of the
carbon fiber laminates has been improved. According to this conclusion, different lengths

194



Sustainability 2022, 14, 6215

of staple fibers can be selected for selective toughening, depending on the form of loading
the laminate is subjected to.

I

Viewing direction

Average Residual Compressive Strength: 165.6 + 25.4 MPa
2 mm ! i I ! CF9-SAF8

P |

Average Residual Compressive Strength: 229.6 + 20.2 MPa

Figure 4. CAI test failure morphology of CF9 and CF9-SAFS8 (X-ray uCT) [40].

Figure 5. The crack propagation path in the mid-layer of laminates during Mode I DCB tests:
(a,b) pure; (c,d) SCFs (7.8 mg/cm?) and (e,f) LCFs (7.8 mg/cm?) [41].
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To improve the lightning strike resistance of composite materials, Liu et al. bonded
chopped nickel-coat carbon fibers (NiCF) together with adhesive to make a NiCF veil,
which was used as a multifunctional toughening layer for CFRP [42]. It is shown that
the multifunctional NiCF veil can not only improve the interlayer fracture toughness of
CFRP, which can increase the Gjc by 74.75% and Gyic by 36.22%, but also improve the
electrical conductivity in the thickness direction by 220.49%. Its toughening mechanisms
include debonding and fracture of NiCF, as well as flaking and splitting of the nickel
coating. The above study shows that the rupture and debonding of the coating absorbs
additional energy to improve the interlaminar fracture toughness of the composite without
losing the interfacial compatibility of the short fibers and the resin. Du et al. used CNT
grafted short carbon fibers as interlaminar toughening materials for CF/EP composites,
and the type I interlaminar fracture energy of CFRP could be increased by 125% when the
density of CNT-SCF was 10 g/m? [43]. Of particular note, he investigated the crack damage
sensing ability of toughened CFRP composites using a simple electrical response method
using an experimental setupand the results showed that the change in resistance increased
monotonically with cracking, which provides a new method for measuring crack extension.

Ma et al. produced five different structures of short glass fiber interlayer toughened
GF/EP composites by the VARTM process, as shown in Figure 6 [44]. The experimental
results showed that the interlaminar tearing performance of the short glass fiber toughened
composites was significantly enhanced, and the toughening effect was most evident for
structures B and C, and the shorter the glass fibers, the better the toughening result.
This research indicates that in addition to fiber type, length, and content, the arrangement
of short fibers between the layers should also be considered, which is an important factor
affecting the mechanical properties of toughened composites.

A AYAYAY AT

§

FrTrrrrrrrrend

Figure 6. Five kinds of reinforcement structure (A): two layers of plain glass fiber fabric without
short fibers; (B,C): short fibers are randomly distributed between the layers; (D): two layers of fabric
containing short fibers; (E): one layer of fabric containing short fibers and one layer of plain glass
fiber fabric) [44].

While environmental problems are a growing concern in today’s society, natural fibers
have the advantages of sustainability, biodegradability, and lower cost, which allows them
to replace some synthetic fibers in the manufacture of composite materials [45-54]. It is
worth establishing that short natural fibers are a potential interlayer toughening material.
Jeong et al. covered short silk fiber within two resin films, placed them in the middle of
CERP prepreg for normal curing, and evaluated mode I and mode II fracture toughness
by DCB and ENF tests [55]. The test results showed that the addition of silk was useful in
improving the interlaminar fracture toughness of the laminate. The mode I interlaminar
fracture toughness was 59% higher compared with the untoughened laminate, the main
factors for the increase being the adhesion force on the silk fibers to the epoxy matrix and

196



Sustainability 2022, 14, 6215

the relatively high tensile strength of the silk fibers; mode II interlaminar fracture toughness
increased by 44%, mainly because the bridging and fracture of the silk fibers inhibited the
crack expansion. If spun silk can be processed and appropriately used, it will not only
improve the mechanical properties of the composite material but also avoid the waste of
raw materials.

The feasibility of interlaminar toughening of CF/EP composites with short ramie fiber
(SRF) was demonstrated by Mo et al. [56]. The SRF layer effectively hindered the crack
expansion in the matrix and significantly improved the interlaminar fracture toughness of
the composite laminates. The toughening mechanism of SRF can be analyzed from the type
II interlaminar fracture microscopic morphology shown in Figure 7: firstly, the fracture
surface becomes rougher, which increases the surface area of the fracture surface of the
composite material and requires more energy to be consumed during crack propagation;
secondly, the SRF bridging in the composite absorbs the energy of the crack tip, which
effectively hinders the crack propagation in the matrix; furthermore, the SRF pulling and
splitting from the matrix also needs to absorb a certain amount of energy. At the same
time, the tensile and bending properties of the composites have been raised to a certain
extent. They also treated SRF with surface coupling agents, which proved to be effective in
improving the fracture toughness of the composites.

(e) Without SRF (H6mm, 12g-m?

Figure 7. Mode I interlaminar fracture morphology of CF/EP composite laminate specimens without
and with SRF [56].

Zheng et al. compared the toughening effect of short flax fiber, short carbon fiber, and
short Kevlar fiber interlayer toughened CF/EP composites, and the test results showed
the toughening effect of short flax fiber was between short carbon fiber and short Kevlar
fiber [35]. The reason is that the multi-layer level damage of the fiber itself occurs during
the crack extension, which absorbs additional energy and further improves the toughen-
ing effect. Li et al. investigated the impact of chopped flax yarns (CFY) on the mode I
interlaminar fracture toughness of flax fiber/epoxy composites. The experimental results
showed that the mode I fracture toughness of the composites increased with the addi-
tion of CFY [57]. The CFY layer hindered the crack expansion and led to more energy
consumption in the delamination process, but excessive yarn length and content direct
unstable crack extension, weakening the toughening effect. When the yarn length and
content are moderate (10 mm, 20 g/m?), the toughening effect is the best, and the Gjc is

197



Sustainability 2022, 14, 6215

increased by 31%. Zhang et al. proposed a multiscale cellulose fiber interlayer consisting of
chopped flax fibers (CFF) and cellulose nanofibers (CNF) to improve the interlayer fracture
toughness of CF/EP composites [58]. The results showed that the addition of cellulose
fiber interlayer could significantly improve the mode II interlaminar fracture toughness
due to the synergistic effect of CFF and CNE, and the toughening mechanism can be seen
in Figure 8, which includes fiber bridging, fiber pullout, fiber fracture, and the fibrillation
of flax fiber. The existence of CNF can improve the interfacial compatibility between CFF
and epoxy resin matrix, which is conducive to the fibrillation of flax fibers and hinders
the propagation of interlaminar cracks. Obviously, flax fibers, due to their multi-layered
structure, can absorb more energy, which is unique to toughening unlike other fibers mech-
anism. The price of flax fiber compared to aramid, carbon fiber, and others is lower, but
there is a very good toughening effect, which is a cost-effective toughening material.

7 Matrix plasfic
deformation

Fiber breakage/fibrillation |

Figure 8. (a—d) Fracture morphologies and (e) toughening mechanism of CNF/FF-interleaved
CFRPs [58].

Numerous experiments have demonstrated that short fiber interlaminate toughening is
an effective method to improve the interlaminate fracture toughness of composite laminates.
Still, many unknown influences on the short fiber interlaminate toughening technique
can be affected by factors such as the thickness, dispersibility, geometry, and final cure
shape of the short fiber layup and fiber type length and surface density. Instead of limiting
themselves to adding short fibers to the layers by simple hand-spreading, researchers have
developed methods such as making nonwovens, muslins, films, and blending in resins,
all of which are designed to eliminate the effects of uneven distribution of short fibers
between the layers [59]. If the effects of these factors can be balanced and allow for the
control and manipulation of delamination damage, this will achieve the goal of preparing
higher performance, more damage-resistant composites.

Natural fibers are also starting to be used in composite interlayer toughening because
of their high-cost performance, but the natural fibers are not as good as the synthetic fibers,
which limits their large-scale promotion. The hybrid short fiber interlayer toughening is
a method that should be considered for interlayer toughening, which can reduce the cost
and make up for the shortage of single-type short fiber toughening.
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3.2. Short Fiber Modified Resin Toughening

Another way to improve the toughness of FRP is to modify the resin matrix, and it has
been shown that nanoparticles are very good toughening agents, such as nano titanium
dioxide [60], nano clay [61], multi-walled carbon nanotubes [62], etc. Nanoparticles have
strong chemical activity and can fully bond with epoxy resin to form an ideal interface
to blunt cracks and hinder crack expansion from achieving toughening while improving
modulus and heat resistance. However, nanomaterials are easy to agglomerate in the resin
matrix, unfavorable to operation and processing, and nanoparticles are usually relatively
high in cost, which limits their application to some extent [63].

Short-fiber toughened resins offer a viable, low-cost method for resin modification.
Chawla et al. prepared unidirectional glass fiber/epoxy laminates from two different resins,
one pure and the other containing 2% volume fraction short glass fiber reinforcement,
and performed DCB tests [64]. The experimental results showed that fiber bridging was
observed in the laminates with the presence of short fibers and that the toughened laminates
increased Gjc by about 19.6% compared to the untoughened laminates. Imagawa et al.
added 0.3 wt% weight content of micro-glass fibers to thermoplastic epoxy resin and
thermoset epoxy resin to make CFRP and conducted ENF tests [65]. The results showed
that the addition of glass fibers increased fiber bridging to prevent crack extension and
improved the Gjjc of composite regardless of the resin. Fiber bridging was observed in all
of these studies, and the toughness of the composites was improved, demonstrating the
feasibility of short fiber-modified epoxy resin toughening.

Ravindran et al. prepared CFRP composite laminates by adding CNF, CSF, and
CNEF/SCF fillers to an epoxy resin matrix, and the experimental results showed that the
addition of CNF or/and SCF fillers improved the delamination toughness, impact damage
tolerance, and CAI strength of CFRP laminates without reducing their in-plane bending
and interlaminar shear strength properties compared to CFRP laminates made with the
unmodified epoxy resin matrix [66]. In terms of mode II fracture toughness, the multiscale
short fiber toughening effect is better than the sum of CNF and CSF alone. Future research
on multiscale toughening needs to focus on the synergistic effect of multiscale toughen-
ing, which is similar to hybrid fiber toughening. Dasari et al. investigated the role of
short carbon fibers (SCFs) as secondary reinforcement in glass fiber/epoxy composites.
They evaluated the effect of SCF concentration on the mechanical properties of GFRP by
tensile, flexural, and interlaminar fracture toughness tests [67]. The results showed that
when the SCF content was 0.1 wt%, the tensile and flexural strengths of the composites were
increased by 29.02% and 16.08%, respectively. In mode I and mode II interlaminar fracture
toughness tests, the samples with 0.1 wt% exhibited the highest strain energy release rate,
with an increase of 13.49% and 20.45% in Gjc and Gijc, respectively. They prepared glass
fiber composites (SGF-GE) by modifying epoxy resin with short glass fibers of 2-5 mm
at different concentrations, and the results of three-point bending tests showed that the
short fibers as secondary reinforcement could improve the flexural strength and flexural
modulus of the composites [68]. Yu et al. mixed short basalt fibers (SBF) in unsaturated
polyester (UP) resin and then coated them in the middle of basalt fabric curing molding
to make BF/UP composites. The results showed that SBF had an excellent toughening
effect on BF/UD, including mode II interlaminar fracture toughness, tensile strength, elon-
gation at break, bending strength, and energy absorption were significantly enhanced [69].
From these studies, it can be seen that the addition of very small amounts of short fibers
not only improves the interlaminar fracture toughness of the composite but also the in-
plane properties to a greater or lesser extent. This is further evidence of the feasibility and
superiority of short fiber-modified resin toughening.

The use of recycled fibers to manufacture useful engineered composite components
is a current research trend and requirement to protect the environment and save costs.
Cholake et al. modified epoxy resin by recycled short-milled carbon fiber, 5 wt% and
10 wt% of SMCEF could increase the Gjc of epoxy matrix by 261% and 692%, respectively.
The Gjc of ground laminate using modified epoxy resin was increased by 50% and 64%,
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respectively, which proved to be a low-cost and effective method to toughen CFRP [70].
Saravana Kumar et al. investigated the effect of milled glass fibers filler on the interlaminar
fracture toughness of GF/EP composites. They showed that the fracture toughness of mode
I and mode II could be maximized by adding 5 wt% milled glass fibers by 102% and 175%,
respectively, while the bending strength was also enhanced [71]. The interlaminar fracture
toughness of composites can be effectively improved by adding recycled short fiber fillers.
Still, fiber recycling is a very big topic, and it is of great concern to ensure that the recycled
fibers have less property damage that may affect its toughening effect.

Graphene oxide (GO) is commonly used to treat fibers to improve the interfacial
properties of composites [72]. Dang et al. used GO-modified short glass fibers to improve
the ILSS of GF/EP composites. The experimental results showed that GO significantly
increased the surface roughness of SGFs and improved the interfacial adhesion between
SGFs and EP, while GO-SGFs could improve the ILSS of GF/EP composites by 18.4% [73].
Nie et al. added short carbon fibers treated with ethanol and concentrated nitric acid to the
epoxy matrix for the ILSS improvement of CF/EP composites, and the preparation process
of the composites is shown in Figure 9a [74]. The ILSS testing showed that adding oxidized
short carbon fibers equivalent to a very low epoxy resin content could effectively improve
the ILSS. They also prepared GO-SCF by a simple aqueous solution method, as shown
in Figure 9b, and studied the effect of GO-SCF toughening resin on the ILSS of CF/EP
composites, which showed that the ILSS of composites containing GO-SCF was higher than
that of SCF at the same SCF content because GO increased the bonding force between SCF
and epoxy resin, and GO-SCF could increase the ILSS by up to 14.7% [75]. The authors
concluded that this method has practical application in improving the interlaminar shear
properties of CF/EP composites due to the low cost and easy processability of SCF.
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As stated in the literature [71], until the problem of agglomeration of short fibers in
the resin is solved, only a limited amount of short fibers can be added to the resin, and this
method cannot be used on a large scale yet.

4. Conclusions

This paper reviews the enhancement of composite interlaminar fracture toughness
and other mechanical properties by incorporating short fibers in the composite preparation.
In summary, short fiber interlaminar toughening techniques and short fiber modified resins
can effectively improve the interlaminar fracture toughness of composites. Short fiber
interlaminate toughening is specifically designed to improve the interlaminate properties
of laminates. It is highly targeted to improve the interlaminate properties of laminates; short
fiber modified resin toughening can improve the interlaminate properties and improve the
in-plane properties. By adding a small number of short fibers, improving the interlaminar
fracture toughness of composites without damaging other properties can be achieved.
For different toughening methods, the toughening mechanism of short fibers is discussed.
The toughening mechanisms are fiber bridging to hinder crack expansion, fiber debonding,
and fracture from consuming additional energy and specific to different fibers and methods.

5. Prospect

It is not difficult to find that the short fibers are randomly distributed in the composite
during the experiment, which brings many uncertainties to the short fiber toughening.
If the short fibers can be oriented and arranged to eliminate the uncertainties of random
distribution, it may make short fiber toughening stable and applicable.

Moreover, the issue of the source of staple fibers is also an issue worth considering;
with the development of a low-carbon economy, natural fibers and recycled fibers have
gradually become the hotspot of composite materials. Reasonable use of these fibers as
toughening materials can reduce costs on the one hand and reduce environmental damage
and waste of resources on the other hand. However, these fibers may have deficiencies in
performance compared to synthetic fibers, so hybridization with synthetic fibers should
be considered.

Hybrid fiber composites can make up for the shortcomings of single fiber composites,
especially the hybrid of synthetic fibers and natural fibers, which is the trend of composite
material development [76,77]. There are few research reports on hybrid short fiber tough-
ened composites. Further research is needed to verify the feasibility and effectiveness of
hybrid short fiber toughening and explore the mechanism of hybrid toughening.
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Abstract: This study aims to understand the dimensions associated with the behavior of the Slow
Fashion consumer, their values, attitudes, and motivations, as well as to know in depth the literature
related to Slow Fashion. The present article is a literature review related to the concept of “Slow
Fashion”, and follows a qualitative methodology based on an in-depth literature review of 25 papers
from the Scopus and Web of Science research databases. For this literature review, a content analysis
was initially performed through a bibliometric analysis. Then, a mind map was developed where the
five major dimensions related to Slow Fashion consumer behavior were identified: “ethical values”,
“sustainable consumption”, “ consumer attitudes”, and “sustainability
awareness”. We than related the mind map with the main conclusions of the literature review.

s

consumer motivations”,

The main limitation of this research results from the low number of published papers approaching
the research concept. We were, however, able to identify the main concepts associated with the
movement of Slow Fashion, thereby contributing to the available information on the variables that
impact consumers’ purchasing decisions.

Keywords: slow fashion; slow fashion consumer; consumer behavior; sustainability

1. Introduction

The social and ecological impact of the fashion industry has been the subject of much
research and considerable documentation in recent years. It is recognized as one of the
most polluting industries at all stages of its life cycle [1-3]. At an early stage and until
approximately twenty years ago, two collections were produced per year (Spring/Summer
and Autumn/Winter); currently, trend cycles have sped up and between 50 and 100 mini-
collections are placed on the market per year [2]. An example is the Inditex Group, espe-
cially the Zara brand, which changes its in-store collection every fifteen days [4].

Nowadays, some companies are increasingly adopting green initiatives such as cul-
tural innovation and social responsibility as a part of their business philosophy and core
values. This is mainly due to three reasons: being socially and environmental responsible
(one of the main concerns of all markets), gaining competitive advantages, and following
consumer trends [5].

In 2017, Europeans bought 6.4 million tons of new clothes; between 1996 and 2012,
studies estimate that each person increased by 40% the amount of new clothes they pur-
chased [2], increasing the ecological negative impact of this industry. Actual well-informed
clients are concerned and focused on the long-term well-being of people and the planet
itself, and thus a new movement has appeared called Slow Fashion [6]. It represents the
need to adopt sustainable performance and a change in core values in the fashion indus-
try [1,6]; the challenge is to focus on more durable products and traditional production
techniques or design concepts that have no season [6-8], emphasizing quality in order

Sustainability 2022, 14, 2860. https:/ /doi.org/10.3390/s5u14052860 205

https:/ /www.mdpi.com/journal/sustainability



Sustainability 2022, 14, 2860

to achieve sustainability [9,10]. In other words, the movement encourages brands to em-
brace a quality-based rather than a time-based business philosophy based around slower
production, ethical attitudes, and well-made and long-lasting products.

There are data on the values that drive consumers to invest in Slow Fashion, namely in-
creased awareness of sustainability, the key explanation for the acceptance of this movement.
Concern for preserving the environment and guaranteeing the well-being of individuals is
leading to a consequent change in consumers’ value perceptions and purchasing behavior.
Slow Fashion is seeing an increasing support over the last several years as consumers begin
to demand higher standards in sustainability and corporate ethics [7,9,10].

Despite several studies proving that social and ecological awareness influence pur-
chasing decisions, it has been discovered that other variables such as style are often related
to fashion buying decisions [1,5,11-13]. This leads us to the following question: in which
way and how do consumers engage in this movement by adopting more responsible
consumption habits and demands?

A study developed in Finland in 2009 by Niinimaki [13] on eco-fashion consumption
and consumer buying decisions concluded that during a purchase journey, consumers think
about aspects related to ethics and the environmental impact of the products. However, at
the moment of buying these thoughts tend to decrease. This can be related to individual and
personality traits and consequent ethical commitment; it seems that the greater consumer
ethical commitment is, the higher the importance of sustainability and the lower the
attention towards physical appearance [13]. This leads to more sustainable consumption;
in other words, consumers with higher ethical commitment and stronger values place more
importance on their ideals than on aspects related to their own identity and/or beauty [13].

The main reasons that seem to lead consumers to engage in sustainable consumption
are related to the capacity to find alternatives that minimize the damage caused to the planet
without giving up on style, that is, “sustainability as a facilitator of style and sustainable
fashion as a source of pleasure and well-being” [12] (p. 12). This complements Szmigin
and Carrigan’s study [14] that associates sustainable consumption to feelings of personal
growth, well-being, and experiential pleasure.

Previous studies on Slow Fashion consumer behaviour have addressed specific issues
such as the sales journey and the fashion industry’s evolution over time. The consumer
and consumption habits are addressed as contexts and often analysed as secondary data.
Furthermore, the already extant literature is dispersed due to lack of systematization,
and there are no studies that allow for tracing consumer profiles in order to understand
how they behave. Thus, in order to be able to profile them in the future, it is necessary
to understand in depth the related literature and the dimensions associated with such
consumers.

The present study has a two primary aims: (1) to permit understanding of the main
dimensions associated with Slow Fashion consumer behavior (e.g., values, attitudes, and
motivations); and (2) to better understand in depth the main research pertaining to Slow
Fashion.

2. Materials and Methods

A systematic literature review was carried out on Slow Fashion following a qualitative
methodology based on an in-depth literature review.

On 2 March 2021, research was carried out on all the papers published to date on
recognized databases, namely, Scopus and Web of Science.

On Scopus, we searched using the keyword “Slow Fashion”, limiting the research areas
to “business”, “social science” and “environmental” and obtaining a total of 49 research
documents.

In the Web of Science database, we replicated the survey using “Slow Fashion” as the

keyword and defining the following research areas: “business”, “green sustainable science

technology”, “environmental”, “management”, “environmental studies” and “interdis-
ciplinary social sciences”. We found a total of 24 research documents. The chosen areas
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were intended to limit the results to slow fashion consumer behavior and its impact on
sustainability both as a whole and from a management perspective.

The decision to set a limit on the search was due to our intention to focus as much as
possible on the industry under analysis.

A total of 73 articles were obtained, of which 16 were excluded because they ap-
peared in duplicate in both databases; in all, 57 documents were considered (see also
supplementary material).

The collected documents were placed in an Excel sheet and sorted by year of publi-
cation. The data collected included author(s), title, type of document, the journal where
the publication was made, keywords, abstract, objectives, research questions, variables,
hypotheses, context, theories addressed, sample, methodology, achieved results, and rec-
ommendations for future studies. In several articles it was not possible to complete all
fields for reasons of consistency, document context, or access. Through this choice and
compilation of data it was possible to create a comprehensive screening of all the considered
research papers.

After synthesizing all the information collected from the final 57 papers in Excel, one
was excluded for not being in Portuguese or English and 13 were excluded for not allowing
full access. We than read the 43 documents that could be fully accessed; it was possible to
separate them into “+/— relevant” (13 articles), “relevant” (12 articles) or “not relevant”
(18 articles). The 18 articles that were not relevant were excluded for not being related to
consumer behavior in the context of Slow Fashion. We carried out a thorough analysis
of the 25 documents considered relevant for the study in order to better understand their
respective alignment with the topic under analysis. PRISMA Article was used for the
analysis and exclusion of the articles [15], as shown in Figure 1.

—
c
2 Records identified through Additional records identified
g database searching through other sources
= n=73 n =0
z ( ) ( )
o
=
—
— Records after duplicates removed
(n=57)
£
§
@
1+
o Records screened Records excluded
(n=57) (n=14)
-
= !
Full-text articles assessed Full-text articles excluded,
,:: for eligibility with reasons
-] (n=43) (n=18)
»
: !
— Studies included in
qualitative synthesis
(n=25)
; !
3 odes meiodeat
E tudies included in
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(meta-analysis)
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—

Figure 1. Slow Fashion PRISMA (Source [15]).
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Data collected from the papers were descriptively analyzed by year of publication,
number of papers per journal, and content. In the content analysis the theories presented in
the papers, research methodologies used, recommendations for future research, keywords,
and relevance were studied. A bibliometric analysis in VowViewer allowed for keyword
analysis and the creation of a word cloud.

3. Results
3.1. Brief Descriptive Analysis

2017 was the year with the highest number of documents published in databases (11).
Of the eleven documents, four were excluded for not allowing full access; 2019 turned out
to be the year with the highest number of publications (7).

Slow Fashion is a relatively recent topic in academic studies, and in fact the first article
to address the concept dates back to 2008, only twelve years ago. Figure 2 describes the
number of articles per year.

Papers number per year
10
5 _/_\_/_\/\
i}
2008 2012 2013 2014 2015 2016 2017 2018 2019 2020

Publications in databases

Figure 2. Papers: number per year.

Sustainability (Switzerland) was the journal with the highest number of papers (4).
Two of the papers found did not clearly identify the journal. Figure 3 summarizes the
number of papers per journal that we were able to find and use for content analysis.

Number of papers per journal

Sustainability (Switzerland) ]
Shaping Sustainable Fashion: Changing the... IR
Proceedings of the European Conference... I
Journal of Retailing and Consumer Services I
Journal of Macromarketing I
Journal of Fashion Marketing and... |
Journal of Cleaner Production R
International Journal of Consumer Studies N
Fashion, Style and Popular Culture R
Fashion Theory - Journal of Dress Body and...
Fashion Practice I
Business Strategy and the Environment
Australasian Marketing Journal | EEEEE
Unknown name

0 1
B Number of papers

Figure 3. Number of papers per journal.
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3.2. Content Analysis

The content analysis of the final 25 documents used in this study provides an overview
of the literature supporting the concept of “Slow Fashion”. The theories presented throughout
the papers were divided into seven groups, as they are associated with the same theoretical
environment. Table 1 presents the groups of theories and corresponding authors.

Table 1. Theory groups.

Theory Groups Theories

Approach to contribute to sustainable development [1]; Eco design [16]; Life
cycle assessment [16]; Green and sustainability marketing [17]; Sustainable

Sustainability design theory [18]; Five dimensions of Slow Fashion [7,10]; Consumer
Orientation to Slow Fashion [9,10]; Slow theory [8]; Rubbish theory [8].
. Marketing Theory [11,19]; Green and sustainability marketing [17];
Marketing Churchill’s paradigm [9].
Culture Fashion Cultures [1]; Cultural theory [20]; Attributes of classic design [21].
Fashion theory [7,8,19,22-28]; Differences in patterns of dressing in modern
Fashion and postmodern fashion [23]; Five dimensions of Slow Fashion [7,10]; The

fashion business theory [8]; Attributes of classic design [21]; Eco design
([16]; Consumer Orientation to Slow Fashion [9,10]; Slow theory [8].

Theory Perspective on Consumer Quests for Greater Choice in Mainstream
Markets [19]; Attitude-behavior relation [29,30]; Theory of planned
behavior [29]; Consumer Orientation to Slow Fashion [9,10]; Consumption
Theory [19]; Modern Social Theory [23]; Age ordering [23]; Sociological
theory [18]; Feminist theory [8]; Balance theory [31]; Theory of Reasoned
Action [29,32]; Schwartz values [9]; Institutional theory [18].

Human behavior

Methods Grounding grounded theory [30]; Grounded theory [28].

Theory of the relational view [33]; The fashion business theory [8];

Business Trickle-down theory [18]; Churchill’s paradigm [9]; Rubbish theory [8].

The seven groups were assigned the following designations: sustainability, marketing,
culture, fashion, human behavior, methods, and business. The name of each group is
related to the main topic analysed. However, there are theories that are present in more
than one group and that approach other topics as well.

The groups with the highest representation of theories were Human Behavior and
Sustainability. Fashion and Business bring together a considerable number of theories
as well.

The published papers considered in this research used different methodologies, which
are summarized in Table 2.

Two types of methodological analysis were used: qualitative research and quantitative
research. In quantitative analyses, surveys were the most used methodology. As for
qualitative studies, the most used methodologies were mainly semi-structured interviews
along with literature reviews and case studies.

For suggestions for future research, Table 3 summarizes the main recommendations.

People make up organizations, whether customers in general or other stakehold-
ers. Therefore, research needs to be linked to consumer behavior, attitudes, ethics, and
demographic characteristics.

When the Slow Fashion movement emerged, a main concern was to understand what
should be done from a business perspective to embrace the concept and rethink business
models. Initial papers focused on the production of Slow Fashion clothes such as yarn, yarn
producers, and craftsmen. These studies attempted to help craftsmen/producers to develop
their work, increase their activity, rethink their business models, gain recognition from
consumers, and at the same time to understand and properly communicate the growing
importance of adopting sustainable fashion practices.
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Table 2. Methodologies.

Methodologies

Authors of the Articles

Content analysis of
promotional materials
used in sustainable
fashion

Hammond, C. [22].

Interviews

Hammond, C. [22]; Henninger, C.E. [17]; Barnes, L., Lea-Greenwood,
G., Zarley Watson, M. and Yan, R.-N. [27].

Literature review

Freudenreich, B. and Schaltegger, S. [1]; McNeill, L.S. and Snowdon,
J. [34]; Da Costa, A.G., Soares, .M., Pinto, B.F., Au-Yong-Oliveira, M.,
Szczygiel, N.; Amorim M.P.C., Costa C., Au-Yong-Oliveira M. and
Amorim M.P.C. [35]; Stefko, R. and Steffek, V. [24]; Ozdamar Ertekin,
Z. and Atik, D. [18]; Gwilt, A. and Rissanen, T. [36]; Clark, H. [8].

Survey

Pencarelli, T., Taha, V.A., Skerhdkova, V., Valentiny, T. and Fedorko,
R. [31]; Casto, M.A. and DeLong, M. [21]; Delong, M.R., Bang, H. and
Gibson, L. [23]; Gupta, S., Gwozdz, W. and Gentry, J. [19]; Sener, T.,
Bigkin, F. and Kiling, N. [7]; Sung, J. and Woo, H. [29]; Magnuson, B.,
Reimers, V. and Chao, F. [25]; Jung, S. and Jin, B. [10]; Reimers, V.,
Magnuson, B. and Chao, F. [32]; Henninger, C.E. [17].

Case studies and case
profiles

Clark, H. [8]; McNeill, L.S. and Snowdon, J. [34]; Cimatti, B., Campana,
G. and Carluccio, L. [16]; Matheny, R. and Hernandez, A. [37].

Lab testing

Henninger, C.E. [17].

Use of social networks
for research and study
(YouTube, Facebook)

Da Costa, A.G., Soares, .M., Pinto, B.F., Au-Yong-Oliveira, M.,
Szczygiel, N.; Amorim M.P.C., Costa C., Au-Yong-Oliveira M. and
Amorim M.P.C. [35].

Focus groups

Pookulangara, S. and Shephard, A. [28].

Figure 4 shows a word cloud concerning the first keyword of each paper used in this
study. The size of the words varies according to the relative frequency of their appear-
ance, which allows us to identify fields directly related to Slow Fashion such as Ethics,
Sustainability, and Design.

Considering the 25 documents used, 23 keywords were identified with more than one
mention: “Slow Fashion” (7), “sustainability” (3), “design” (2), and “ethics” (2). All other
keywords appeared only once. Researchers usually place the central themes of their studies
in descending order according to their relevance to the paper.

A bibliometric analysis was performed to map the relationships between keywords.
First, the keyword network was examined to identify all possible research fields and
associated concepts (Figure 5). A co-occurrence analysis was performed with a minimum
of one occurrence per word for a total of 79 keywords from the 25 papers. The size of the
circles represents the frequency of keyword appearance; the larger the circle, the greater the
occurrence, while the color of an item is related to the cluster where that keyword belongs.
The lines between the circles show which keywords were mentioned together in a paper.
In Figure 5, the keywords with most prominence are “Slow Fashion”, “sustainability”, and
“fast fashion”. The most prominent term, “Slow Fashion”, is at the center of this paper as
well and is linked to almost all of the other words.
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Table 3. Future research field.

Authors of the Articles Future Research Field
Freudenreich, B. and Schaltegger, S. [1] Consumer’s acceptance of the proposals.
Pencarelli, T., Taha, V.A., Skerhdkova, V., Larger sample; do a comparative analysis
Valentiny, T. and Fedorko, R. [31] between consumers.

Potential for extended wear; comparison of
Casto, M.A. and DeLong, M. [21] attributes with classic design; influence over
Slow Fashion design.

Implications of dress patterns on sustainable
Delong, M.R., Bang, H. and Gibson, L. [23] practices; motivation to dress every day; ways
of dressing from other populations.

Gupta, S., Gwozdz, W. and Gentry, J. [19] Style versus fashion.
McNeill, L.S. and Snowdon, J. [34] Larger sample; Slow Fashion salling strategies.
Sener, T., Biskin, F. and Kiling, N. [7] Different dimensions.
Test the model in various consumer markets;
Sung, J. and Woo, H. [29] consumer behavior against excessive
consumption.

Cimatti, B.,, Campana, G. and Carluccio, L. [16] ~ Sustainable fashion production.

Magnuson, B., Reimers, V. and Chao, F. [25] Different attitude contexts.

Cross-cultural research; attributes of Slow

Jung, S. and Jin, B. [10] Fashion; consumer profile.

Reimers, V., Magnuson, B. and Chao, F. [32] Consumer perceptions.

Henninger, C.E. [17] Larger sample.

Different factors in the fashion field; market

Ozdamar Ertekin, Z. and Atik, D. [18] change

Barnes, L., Lea-Greenwood, G., Zarley Watson, Slow Fashion consumers; fast fashion
M. and Yan, R.-N. [27] consumers.

The power and impact from the Slow Fashion
movement.

Clark, H. [8] Redefinition of fashion.

Pookulangara, S. and Shephard, A. [28]

The VOSviewer software allows for joining keywords into groups called “clusters”
based on affinity and/or proximity. The VOSviewer program presented 18 clusters for the
79 items.

The two clusters with the higher number of items are shown in red and green. The
red cluster presents eight items: clothing, clothing industry, ethic, social responsibility,
sufficiency, sustainable consumption, sustainable management, and sustainable production.
The green cluster has eight items as well: classic design, consumer perception, eco design,
esthetic, green fashion, recycling, Slow Fashion, and sustainability. All other unnamed
items were divided into clusters grouping from six to two items each. This analysis allowed
us to understand how the keywords in different papers are interconnected. VOSviewer
made it possible to identify which keywords were most prominent as well as to create
clusters of related items.

The red cluster shows a higher interconnectedness between words; however, the
expressions are not the ones that appear most often, such as “Slow Fashion” or “sustain-
ability”. These results seem to reveal that at the time of the database research there were
still few articles that named these items as keywords, and/or that these two concepts have
not yet been related to Slow Fashion.
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This analysis made it possible to understand how the keywords of different papers
are interconnected.
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4. Discussion

Nowadays, consumers are increasingly looking for unique products and designs and
willing to pay more if they feel that their needs and preferences are met [24]. This search for
exclusivity is related to any human being’s need to be perceived as different from others,
enhance self-esteem and social image, mark a position, and consequently to avoid mass
consumption [38-40]. In fashion, this search for uniqueness seems to be related to the style
aspect; people prefer to reorient the quality of the products they use bearing in mind certain
integral aspects, not only appearance. Clothes that are customized and made of recycled
materials reveal a high concern for sustainability. In other words, sustainable consumption
is positively associated with environment and social responsibility [19].

Several studies have revealed that the more classic a piece of clothing is, the lesser
its temporality, and therefore its alignment with a sustainable perspective. A simple
and discreet classical design is usually considered an expression of maturity and sophis-
tication [21], revealing a specific social image in which self-image seems to impact an
individual’s clothing choice. Self-image may act as a variable leading to the choice of slow
or fast fashion [27,41], as slow fashion consumers have a non-modern self-image. They
follow their individual style and bet on more classic and simple clothes [24,27]. Promoting
the idea that a sustainable consumption leads to a very positive and effective image could
be a potential solution for achieving an increase in Slow Fashion.

The Slow Fashion movement shows the importance of sustainability to the fashion
industry players along with a change in peoples’ values [1,6]; it is important to understand
which values have changed, the reasons for this, and which reasons currently guide
consumer purchasing decisions.

According to the papers used in this research, two specific generations have been
studied, namely, Generation Y and Generation Z. Data show that both generations are
currently looking for more mature and timeless clothing, especially females. In different
contexts, both generations have similarities in their dressing practice and are moving in the
direction of timeless clothing; however, they feel the need to be up to date as well. This
arises from an external influence resulting from a location with an eco-conscious culture
that leads to the involvement in more sustainable shopping [23].

Environmental sustainability has increasingly emerged as an important issue in the
fashion industry. On one hand, the chemicals used in the production and finishing of the
goods are recognized as capable of harming humans and the environment; on the other
hand, there are a lot of products that end up not being consumed, therefore becoming
wasted and or being destroyed by brands. Slow Fashion promotes a change in the consumer
mindset that encourages a preference for quality over quantity [42].

The Slow Fashion consumer cares about all the participants in the value chain, bearing
in mind both producers and society itself. They care about sustainable companies in
sustainable markets [28,42].

Based on the existing literature it is possible to state that culture is crucial to consider
when developing a marketing strategy. Cultural values influence how consumers evaluate
and respond to marketing strategies and how they decide to buy products and services [43].
In other words, human beings are influenced by the community where they were born
and grew up. This impacts their personality traits, beliefs, values, thoughts, and concerns,
which result in motivations and later actions. In order to better understand how consumers
perceive slow fashion, a mind map was developed (Figure 6).

This mind-map tries to present the top five expressions related to Slow Fashion
consumer behavior. Five groups, in pink, reveal the key concepts associated with Slow
Fashion: “ethical values”, “sustainable consumption”, “consumer motivations”, “consumer
attitudes”, and “awareness of sustainability”. Each group highlights certain questions that
need to be properly answered in order to understand who the Slow Fashion consumer is
and create a possible profile.
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Figure 6. Slow Fashion Mind-Map.

Thus far, in considering consumer attitudes studies have looked at various attributes
impacting buying decisions: environmental responsibility, employee welfare, animal wel-
fare, Slow Fashion, costs, and physical and extrinsic attributes. Four of these were found to
be important dimensions for ethical fashion perception: fashion employee welfare, Slow
Fashion attributes, animal welfare, and environmental responsibility, with only the first
two appearing to influence consumer attitudes [25,32].

Employee wellbeing has become a fundamental aspect for society, mainly due to news
reporting on unfair earnings and working conditions, child labor, and social inequalities.
Consumers are increasingly paying attention to these issues, enjoying brands that adopt
working policies that value their employees and respect their rights. Being more concerned
with socially responsible practices, consumers express it by preferring to make ethical
purchases [42,44-46].

However, consumers do not need to associate Slow Fashion with environmental and
employee welfare good practices to perceive ethical clothing; the durability of the goods
and the materials used in their production is enough for this consumer perception [32], as
well as for animal welfare and environmental responsibility.

A study that looked at 221 consumers in the US revealed that delivering an exclusive
product affects the Slow Fashion customer’s perception of value creation. Slow fashion
and customized products increase perceived value, which in turn positively affects Slow
Fashion purchasing intentions and the acceptance of premium prices [10].
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When adopting sustainable consumption habits, the consumer tends to pay attention to
transparency in terms of the way brands communicate and support local communities [31].

Regarding Slow Fashion consumer values, several studies have been found. A study
developed in Turkey showed that main perceived values in Turkish Slow Fashion con-
sumers are authenticity, locality, and exclusivity, while in Kazakhstan the main values are
equity, functionality, locality, and exclusivity. Perceived values in both groups positively
affect the intention to buy Slow Fashion products and predispose consumers to pay higher
prices [7,24]. Based on US consumer orientation, four target groups of consumers have been
identified: (1) a group highly involved in the movement; (2) a conventional group; (3) an
exclusivity-oriented group; and (4) a group little-involved in the movement. These groups
have been created based on values, purchasing behaviors and demographic aspects [9]. For
each group, a distinct marketing strategy should be implemented.

In other research, certain values have been clearly identified: (1) quality versus emo-
tionality; (2) price; and (3) social values. Consumers of Slow Fashion products perceive
them as having a higher quality standard, which encourages individuals to consume these
types of products, feel good about doing it, and invest in more durable goods [29].

Table 4 shows the information presented in this discussion regarding consumer behav-
ior around Slow Fashion and synthesizes and relates it to the five groups identified in the
mind map. These five key concepts seem to be somehow related to the information col-
lected from the articles analyzed. However, further data are needed in order to assertively
define the Slow Fashion consumer profile.

Table 4. Five categories and outcomes.

Slow Fashion

5 Categories Consumer Outcomes of Articles Analysed
Behaviour
Unique and —  Feeling of sophistication and maturity;

Consumer motivations — A taste for exclusivity that leads to a

classic designs !
willingness to pay extra for it.

Ethical values Values —  Functionality, exclusivity, equity, locality and
authenticity.
—  Impact of fashion industry on workers and
Awareness of society;
sustainability, —  Where the product is produced;

—  Beless and less driven by fashions and wear
your clothes for longer;

—  Fair trade;

—  Organic products;

—  Sustainable production.

consumer motivation Concerns
and sustainable

consumption

—  Style orientation seems to be interconnected
with the purchase decision, buyers think more
Style and more about recycling and reuse, they try
to make more sustainable purchases, they
worry about corporate responsibility, about the
transparency of brands’ communication and
about how they support local communities.

Awareness of
sustainability,

. orientation
consumer attitudes

—  This consumer likes to distinguish himself
from others and pays attention to his social
image and self-image. Self-image refers to the
search for their own style and non-trendy, but
always paying attention to the style factor,
which increases their self-esteem.

Self-image and

Consumer motivations .
social Image
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5. Conclusions

According to Freudenreich et al. [1], one way to reduce clothing consumption is to
create a structure to offer potential businesses. By developing these offerings, the clothing
sector could modernize itself and move away from high-speed and low-price production
towards a slower, more responsible, more sustainable business approach [1].

The consequences of the environmental and ethical impacts of this industry are now
a concern for brands that encourage their consumers to prioritize longevity and ethical
consumption over price and novelty [34].

This paper, after a careful analysis of the current existing bibliography on the topic and
considering the gaps that still exist, highlights possible paths for future and complementary
work. The focus must be on gathering data that allow a deep understanding of who the
Slow Fashion consumer is and which factors influence their adoption of this new global
tendency.

Highlighting specific research results, Stefko, R. and Steffek, V. [24], complemented
by the studies of Santos [38], Giglio, E.M. [39], Vigneron, E,, and Johnson, L.W. [40] show
that Slow Fashion consumers look for unique designs which are associated with a taste for
exclusivity, which in turn influences the probability of being willing to pay more for a Slow
Fashion product and a future purchase.

Several authors, such as Stefko, R. and Steffek, V. [24], Barnes, L. et al. [27], and
Yoo, B. and Lee, S.H. [41] argue that such consumers seek to distinguish themselves from
others, and pay attention to their social and self-image. Self-image is related to creating
a unique style instead of merely being trendy; a different and very-own style seems to
increase self-esteem. Classic clothes with a simple and discreet design and longer durability
due to the materials used expresses maturity and sophistication. Style orientation seems
to be interconnected with purchasing decisions and the individual’s main concerns and
values. Buyers think more and more about recycling and reuse; they try to make more
sustainable purchases, as they are worried about corporate responsibility, the transparency
of brands’ communication, good environmental practices, and how they support local
communities. When buying, the Slow Fashion consumer considers the place where the
product is produced and whether it is fair trade, sustainably produced, and organic.
Increasingly, Slow Fashion consumers are concerned with buying items that are less driven
by fashion trends, and with wearing them for longer. In addition, they care about the
impact of the fashion industry on workers and society [19].

The current literature allows us to conclude that there are already identified values;
these values plus individual ethics have a positive influence on sustainable consumption.
The five values identified by Sener, T. et al. [7], and Stefko, R. and Steffek, V. [24] allow
a first characterization of this consumer: (1) authenticity; (2) locality; (3) exclusivity; (4)
equity; and (5) functionality. It should be noted that these authors pointed out that their
samples should be extended and more research topics should be added.

We recommend that future research use a qualitative and quantitative approach
gathering data through questionnaires applied to final consumers, focus groups, or Delphi
interviews with well-recognized fashion experts.

The main limitations of this paper are the existence of few published papers on Slow
Fashion and even fewer on Slow Fashion consumer behavior.

This paper presents a theoretical contribution, being the first literature review focusing
on Slow Fashion Consumer behavior. In the context of sustainability, this paper relates
Slow Fashion to companies’ need to adopt a sustainable internal and external policy. It
provides insights into the associations, values, and key motivations that drive sustainability-
conscious consumers.

From a management perspective, it is important to highlight that understanding Slow
Fashion consumer behavior is important for any brand; therefore, being able to understand
the motivations, attitudes, beliefs, and values of these consumers, which have already been
presented in this study, becomes a high-value asset and should be a priority for companies
acting in the fashion industry.
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Slow Fashion is a concept that consumers and brands are now beginning to pay
attention to. Brands want to understand whether consumers are willing to pay more if
they adopt a new business model moving from fast to slow fashion. Brands such as H&M
and Mango have created new brands with timeless products, higher quality raw materials,
and more responsible supply chains, and Zara is now implementing classical and durable
products at their stores, which carry a higher price. How this will be accepted by customers
and how to properly communicate demands for more detailed information about Slow
Fashion adopters is as yet unknown. It demands further market studies to support such
strategic decisions as whether to prioritize new brands, new product lines, prices levels, and
policies. The number of consumers who are concerned about sustainability and consider
Slow Fashion as a way to achieve sustainable businesses is increasing, especially among
young individuals, and the challenge is for companies to answer promptly.
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