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Abstract 

This study aims to explore how cultural identity influences the protection and 

innovation of traditional crafts through multidimensional pathways. Using the exam-

ples of macau shipbuilding and portuguese tile painting, 14 influencing factors were 

extracted from three dimensions—culture and expression, aesthetics and creation, 

and cognition and emotion—through the Delphi method and expert feedback. The 

decision-making trial and evaluation laboratory (DEMATEL) method was used to ana-

lyze causal relationships, and interpretive structural modelling (ISM) was employed 

to construct a hierarchical model consisting of core, direct, and indirect factors. The 

results indicate that historical continuity, knowledge transmission, and the integra-

tion of tradition and modernity are core factors, forming the cultural foundation for 

traditional craft innovation. Direct factors, such as creative expression, local culture, 

and emotional communication, play a pivotal role in connecting the core and indirect 

layers, while indirect factors like visual appeal, design originality, and craft education 

reflect the multidimensional value of traditional crafts. The study provides a clear, 

hierarchical pathway that explains the systematic process from cultural identity to 

innovation practice, offering valuable insights for sustainable craft innovation in the 

context of globalization.

1  Introduction

As globalization and modernization intensify at an accelerating pace, the trans-
mission and innovative transformation of cultural heritage have emerged as critical 
global concerns. In recent years, traditional crafts have reclamation of prominence, 
driven by a renewed appreciation for their distinctive uniqueness and the intrinsic 
value of handmade artistry [1]. Amid challenges such as raw material scarcity, esca-
lating manufacturing costs, skill deficiencies, and regulatory constraints on usage, 
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innovation has proven indispensable for the sustained preservation of these crafts [2].  
As vital conduits of regional or national culture, traditional handicrafts encapsulate 
profound historical significance and distinctive aesthetic principles, serving not merely 
as expressions of cultural identity but also as catalysts for social cohesion and cre-
ative ingenuity [3]. Cultural identity, defined as the sense of affiliation and recognition 
that individuals or collectives associate with their culture, history, values, customs, 
and beliefs [4], Cultural identity is not only the core value of handicrafts [5]. Moreover, 
it provides an essential criterion for assessing their artistic merit, historical impor-
tance, and market viability [6,7].

Macau, as a significant city where eastern and western cultures converge, boasts 
a unique geographical and cultural background. It is deeply rooted in traditional 
Chinese culture while also influenced by the portuguese colonial period. Its traditional 
crafts integrate the characteristics of both chinese and portuguese cultures, making it 
an ideal case for studying the relationship between cultural identity and craft inno-
vation. Macau’s shipbuilding craftsmanship, with its strong ties to fishing traditions, 
and Portuguese tile painting, with its distinctive artistic style, reflect the intertwining 
of colonial and local cultures. These two crafts are key representations of macau’s 
cultural identity. Today, traditional handicrafts in macau face the following dilemmas: 
on one hand, balancing cultural preservation with commercial development; on 
the other, enhancing the cultural identity and market competitiveness of traditional 
handicrafts through innovative design. The production of traditional handicrafts 
has increasingly become mechanized [8] and culturally homogenized [9]. Existing 
research on the innovation of traditional crafts remains insufficient, especially regard-
ing how to balance the inheritance of traditional skills with innovation [10]. Moreover, 
constructing a systematic analytical framework to reveal the mechanisms through 
which cultural identity influences craft innovation remains an area worthy of further 
exploration.

This study selects macau’s shipbuilding craftsmanship and Portuguese tile paint-
ing as case studies. By constructing a scientific and systematic indicator system, 
it aims to reveal how cultural identity influences the protection and innovation of 
traditional crafts through different pathways. The main research steps include: (1) 
identifying key indicators of cultural identity’s influence on traditional crafts through 
the delphi method and literature review; (2) using the DEMATEL method to iden-
tify key factors and causal relationships; and (3) constructing a multi-level model 
based on the ISM method to clarify the role and pathways of cultural identity in 
craft innovation. This study combines DEMATEL and ISM, proposing an analytical 
framework that can serve as a reference for similar research on cultural identity 
and craft innovation in other regions. This integrated methodological approach 
affords robust exploratory capacity and complementarity in addressing complex 
systems, delivering a multidimensional analytical lens. It not only elucidates the 
fundamental driving forces underpinning the innovation of traditional craftsmanship 
in Macau but also furnishes substantive support and a referential framework for 
investigations into craftsmanship innovation and cultural identity across diverse 
regional contexts.
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2  Extraction of influencing factors

To formulate the item pool for this study, the investigation centered on an exhaustive review of extant literature pertain-
ing to traditional craftsmanship innovation and cultural identity, through which critical influencing factors were discerned. 
Within the domain of traditional craftsmanship, artifacts crafted via manual techniques and time-honored methods 
embody distinct regional, historical, and cultural symbolism, frequently intertwined with the social, economic, and cul-
tural fabric of a specific locale [11,12]. In cultural identity, individuals or groups strengthen their sense of cultural belong-
ing through participation in and expression of traditional cultural activities, such as festivals and artistic creation, which 
are reflected through social interactions and cultural practices [13,14]. These items cover three primary indicators—Cul-
ture and expression [15], Aesthetics and creativity [16], and Cognition and emotion [17,18]—which are further divided 
into six secondary indicators, 17 tertiary indicators, and 34 specific items, thus forming the preliminary framework and 
content for the item pool (see Table 1). Fig 1 illustrates the conceptual structure diagram of the dimensions and their 
associated factors.

2.1  Cultural and expressive factors

(1)	 Regional characteristics: Regional characteristics manifest through the synthesis of local culture, historical continuity, 
and regional crafts, with handicrafts functioning as conduits of cultural memory and social emblems for the region. His-
torical continuity denotes the capacity of handicrafts to exhibit historical culture and perpetuate it as cultural heritage 
[19], such as the transmission of traditional skills, the reproduction of cultural elements, and the passing of techniques 
between generations [20,21]. Local culture encapsulates the distinctive cultural attributes of specific regions, encom-
passing regional symbols, customs, beliefs, and values [22]. For instance, Suzhou embroidery, through its fusion of 
traditional craftsmanship with local historical culture, emerges as an emblem of regional identity and societal values 
[23]. Local craft refers to the traditional materials, techniques, and forms used in specific regions, embodying the 
unique cultural expressions of the area [24]. Through material selection, craftsmanship techniques, and the forms of 
handicrafts, local craft becomes a carrier of regional cultural characteristics [19].

(2)	 Cultural expression: Cultural expression pertains to the articulation of local culture, history, and diversity through hand-
icrafts [12], encompassing primarily the manifestation of local identity, the reinforcement of cultural pride, the transmis-
sion of narratives and symbolism, and the integration of multicultural elements. Local identity expression refers to how 
handicrafts, as cultural carriers, embody and convey local identity and social characteristics [25]. During traditional 
festivals, the exhibition of handicraft activities amplifies the distinctiveness of local culture [26]. Cultural pride is fortified 
through the creation and presentation of handicrafts, cultivating a profound sense of belonging and identity among 
individuals and communities [27], whereas the erosion of traditional crafts, precipitated by diminished market demand, 
may engender a concomitant loss of cultural pride [28]. Storytelling and symbolism refer to the replication of specific 
cultural narratives or historical episodes within handicrafts, rendering these artifacts repositories of cultural memory 
and historical discourse [29]; yet, such expressions are frequently distilled into commercial symbols, thereby sacrific-
ing their cultural profundity. Cultural diversity signifies the assimilation of varied cultural elements into traditional handi-
crafts, exemplifying their capacity for inclusivity [30]. For example, Kyoto kimono production in Japan combines natural 
perceptions with traditional dyeing and weaving techniques, becoming a cultural symbol that blends both traditional 
and modern elements [31].

2.2  Aesthetic and creative factors

(1)	Innovative design: Innovative design encompasses the synthesis of tradition and modernity, creative expres-
sion, and craft innovation, safeguarding cultural values while facilitating adaptation to contemporary societal 
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needs [32]. The integration of tradition and modernity entails the incorporation of modern design principles and 
technological advancements while upholding traditional techniques and cultural significance, thereby enabling 
traditional handicrafts to align with the exigencies of the contemporary marketplace [33]. For instance, the amal-
gamation of traditional embroidery with modern fashion design augments its market competitiveness, whereas 
traditional crafts devoid of modern design elements risk marginalization within the market [34]. Creative expres-
sion pertains to innovation in the form, materials, and functionality of handicrafts to address the preferences 
of modern consumers [35], with handicrafts lacking such ingenuity potentially forfeiting their market relevance. 
Craft innovation denotes technological advancements and refinements in craftsmanship grounded in traditional 
skills, aimed at enhancing production efficiency and artistic articulation [36]. For example, the application of 
digital technology has elevated the production efficiency of traditional crafts; however, the absence of adequate 
technical and financial resources may impede innovation, underscoring the necessity for societal and govern-
mental support [37,38].

(2)	 Aesthetic value: This emphasizes the importance of visual appeal and design originality. Visual appeal refers to 
the aesthetic impact of handicrafts in terms of color, form, and patterns, which can attract consumers’ attention and 
influence their market acceptance [39]. Design originality refers to the uniqueness of handicrafts in artistic and cultural 
aspects, giving them irreplaceable value in the market [40]. Design originality is not only a competitive advantage for 

Table 1.  Dimensions and factors influencing traditional craft innovation from cultural identity perspective.

First-level 
indicator

Description Second-level 
indicator

Description Third-level indicator

Cultural and 
expressive (AB)

Focusing on how traditional crafts reflect local 
culture, historical heritage, and expressions of 
cultural identity.

Regional charac-
teristics (A)

The uniqueness of local culture and his-
tory, emphasizing the deep roots of tradi-
tional crafts in regional cultural identity.

Historical continuity

Local culture

Local craft

Cultural expres-
sion (B)

Crafts convey local cultural narratives 
through forms, designs, and symbolism, 
stimulating an understanding and con-
nection to regional culture.

Local identity 
expression

Cultural pride

Storytelling and 
symbolism

Cultural diversity

Aesthetic and 
creative (CD)

Exploring the expression of traditional crafts 
in innovation and aesthetics, emphasizing the 
fusion of artistry and creativity.

Innovative design 
(C)

In modern society, traditional crafts, 
through innovation and transformation, 
integrate contemporary design thinking, 
resulting in novel forms of expression and 
functionality.

Integration of tradition 
and modernity

Creative expression

Craft innovation

Aesthetic value 
(D)

Evaluating the artistic appeal of tradi-
tional crafts from a visual and perceptual 

Visual appeal

Design originality

Cognitive and 
emotional (EF)

Emphasizing the impact of traditional crafts 
on knowledge transfer and emotional 
resonance, and their role in education and 
emotional communication.

Educational 
value (E)

Enhancing societal awareness and 
understanding of traditional crafts through 
the study and dissemination of craft 
knowledge and techniques.

Knowledge 
transmission

Craft education

Emotional value 
(F)

Focusing on the role of crafts in emo-
tional expression and communication. It 
is not only an artwork but also a medium 
for conveying emotions.

Emotional 
communication

Emotional experience

Stimulating reflection

https://doi.org/10.1371/journal.pone.0322893.t001

https://doi.org/10.1371/journal.pone.0322893.t001


PLOS One | https://doi.org/10.1371/journal.pone.0322893  May 8, 2025 5 / 25

handicrafts in the market but also enhances their recognition and brand influence by highlighting their unique cul-
tural connotations [41]. For example, Chinese Miao embroidery strengthens its artistic value and cultural recognition 
through innovative pattern designs, gaining higher market recognition [42].

2.3  Cognitive and emotional factors

(1)	 Educational value: Educational value pertains to the perpetuation and advancement of traditional craftsmanship 
through the dissemination of knowledge and the provision of skill-based education. Knowledge transmission encom-
passes the impartation of the history, culture, and techniques associated with handicrafts to the public via exhibitions, 
courses, and other educational modalities [43]. Local community workshops and university curricula focused on intan-
gible cultural heritage enable younger generations to comprehend and acquire mastery over traditional crafts through 
a blend of theoretical instruction and practical engagement [44,45]. Craft education focuses on teaching traditional 
skills through formal or informal educational methods [17]. The sustainability of craft education hinges on market 
demand and societal emphasis on traditional culture, which collectively determine the efficacy with which traditional 
skills are transmitted across generations [46].

(2)	 Emotional value: Emotional value refers to the way in which handicrafts deepen their social significance through 
emotional communication, emotional experience, and stimulating reflection. Emotional communication refers to the 

Fig 1.  Conceptual diagram of dimensions and factors influencing traditional craft innovation.

https://doi.org/10.1371/journal.pone.0322893.g001
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emotional connection established between the maker, user, and viewer through the creation or appreciation of handi-
crafts [47]. The unique details and handmade traces on a craft can convey the maker’s emotions, allowing consumers 
to feel the creator’s intention and the warmth of their craftsmanship [48,49]. Emotional experience underscores the 
affective resonance of handicrafts for both the maker and the user [18], whereby prolonged cultural engagement may 
elicit deep emotional responses from consumers. Stimulating reflection refers to the capacity of handicrafts’ cultural 
connotations and artistic expressions to prompt viewers to engage in profound contemplation of history, culture, and 
personal ways of life [50]. For instance, bamboo weaving integrates cultural narratives into its design, allowing con-
sumers to not only appreciate the product’s practicality but also reflect on the relationship between modern life and 
traditional culture [51].

3.  Research methodology

3.1  Research background

Macau, with its unique geographical location and diverse culture, integrates various cultural influences, including chi-
nese and portuguese traditions. Traditional handicrafts are an important expression of this cultural fusion. Macau’s 
shipbuilding craftsmanship is another vital tradition. As a harbor city where eastern and western cultures converge, 
Macau has a century-long history of shipbuilding, once one of its four major traditional industries [52]. At its peak, Macau 
had over 30 shipyards, which used traditional shipbuilding methods passed down through generations. Today, the old 
shipyards still showcase these traditional techniques. Macau’s shipbuilding craftsmanship is not only a cultural heritage 
but also a testament to the wisdom and labor of its artisans. The Portuguese tile painting, Azulejo, a term derived from 
arabic meaning “polished little stone” [53], was used by the portuguese for architectural decoration, often featuring 
geometric and plant patterns. This style is commonly found in macau’s street signs, buildings, and interior decorations, 
and artists still create tile paintings for use in architecture and souvenir design [54]. This study is based on a certain 
training topic, which underwent a rigorous selection process to appoint 20 eminent experts from a pool exceeding 200 
candidates nationwide. These specialists possess extensive expertise in handicrafts, cultural heritage preservation, and 
innovation. The project emphasized professional training in Macau’s shipbuilding craftsmanship and Portuguese tile 
painting, as shown in Fig 2.

3.2  Delphi method

The delphi method was a research approach that gathers expert opinions through multiple rounds of feedback, widely 
used in fields requiring expert knowledge and judgment, particularly for complex issues with high uncertainty [55]. This 
study is based on a rigorously selected project. The project conducted a rigorous selection process across china, identify-
ing 20 outstanding experts from over 200 candidates. These experts come from various fields such as ceramic craftsman-
ship, jewelry design, shipbuilding, and sculpture, and possess substantial professional expertise in their respective areas. 
Additionally, the project focused on offline specialized training in macau’s shipbuilding craftsmanship and portuguese tile 
painting, and the experts demonstrated a deep understanding of the research topics. In August 2024, the 20 experts were 
invited to participate in a face-to-face questionnaire survey, with all experts providing verbal informed consent to partici-
pate. Experts were required to evaluate 34 items, with each item rated for importance (1–5) and familiarity (0.2–1.0), along 
with the rationale behind their judgments [56]. The survey sought the experts’ familiarity, judgment basis, and recom-
mendations. Feedback was gradually collected over two rounds to ensure the accuracy of the results. Data analysis was 
conducted using excel and SPSS software. The authority of the experts was calculated through the arithmetic mean of the 
judgment basis coefficient (Ca) and the familiarity coefficient (Cs), resulting in an authority coefficient (Cr), with higher Cr 
values indicating stronger authority [57]. Consistency in expert opinions was measured using the coefficient of variation 
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(CV) and the coordination coefficient (Kendall’s W). A lower CV indicates higher consistency, and a Kendall’s W closer to 1 
indicates greater coordination among expert opinions [58].

3.3  The DEMATEL-ISM approach

The DEMATEL-ISM method was a comprehensive approach that combines causal analysis and hierarchical modeling to 
effectively determine causal relationships between factors and identify the most significant key influencing factors [59]. 
The decision-making trial and evaluation laboratory (DEMATEL) method was a graph theory and matrix-based approach 
widely used to analyze causal relationships and identify key influencing factors within complex systems [60]. By construct-
ing a causal relationship network among factors, this method reveals the interactions and influence paths between factors, 
distinguishing core and indirect factors [61]. The interpretive structural modeling (ISM) method, on the other hand, orga-
nizes factors into a hierarchical structure based on their relationships, using hierarchical calculations to arrange factors 
from bottom to top in a logical sequence [62].

In this study, the DEMATEL method primarily identifies and quantifies the causal relationships among key factors. A 
questionnaire was developed based on factors identified in preliminary research and distributed in November 2024 to 
experts with over 10 years of teaching experience in traditional craftsmanship. A total of 10 experts agreed to participate. 
The experts were asked to rate the pairwise influence relationships between indicators on a scale from 0 to 4. The DEMA-
TEL method is used to analyze the logical relationships among the factors in the system, calculating each factor’s degree 
of influence, degree of being influenced, centrality, and causality. Additionally, the ISM model is employed to identify 
the intrinsic connections among the influencing factors and establish the hierarchical relationships between them [63]. 
Through the reachability matrix calculation, factors were arranged hierarchically based on their driving and dependent 
relationships, thus revealing the hierarchical structure of factors within the system [64].

3.4  Research process

This study integrates the delphi method, DEMATEL method, and ISM method. This combination effectively overcomes the 
limitations of traditional research methods in the analysis of complex systems and provides an in-depth, multidimensional 

Fig 2.  On-site training of the project, where (1) and (2) are Macao shipbuilding handicrafts, and (3) and (4) are Portuguese ceramic tile paint-
ing handicrafts.

https://doi.org/10.1371/journal.pone.0322893.g002

https://doi.org/10.1371/journal.pone.0322893.g002
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perspective to reveal the multiple factors influencing traditional craftsmanship and their internal relationships. The delphi 
method plays a foundational role in this research, primarily used for gathering expert opinions, identifying research fac-
tors, and constructing causal models [65]. Through two rounds of expert questionnaires, we were able to analyze aspects 
such as the cultural value and innovative potential of craftsmanship and identify the key elements among the influencing 
factors. After identifying the key factors through the delphi method, the study further employs the DEMATEL method to 
analyze the causal relationships among these factors [66]. By constructing a comprehensive influence matrix, it not only 
reveals the direct and indirect effects between the factors but also quantifies the degree of influence each factor has on 
others, thereby clearly identifying which factors play a critical role in the innovation and inheritance of traditional crafts-
manship in Macau. Building on the results of the DEMATEL method, the study then applies the ISM method. The key func-
tion of the ISM method is to transform complex causal relationships into a clear hierarchical structure [67]. By constructing 
the reachability matrix and conducting hierarchical division, the ISM method helps identify the hierarchical relationships 
among the factors, demonstrating the levels of influence within the system. This further clarifies the interactions and 
hierarchical relationships of factors in the innovation and inheritance of traditional craftsmanship in macau. The detailed 
research process flowchart is shown in Fig 3.

4  Research results

4.1  Delphi expert questionnaire results

In the first round of the questionnaire, there were 10 experts, with 50% male and 50% female, 60% holding master’s 
degrees, and 20% and 40% holding associate professor and mid-level titles, respectively. Most had 10–15 years of experi-
ence in handicrafts (60%). In the second round, the 10 experts included 40% male and 60% female, with 40% holding 
doctoral degrees. The distribution of academic ranks was 10% professors, 20% associate professors, and 20% mid-
level titles. Experts with 5–9 years of experience in handicrafts accounted for 40%. The basic information of the experts 
is shown in Table 2. In the first round, the experts’ judgment basis, familiarity, and authority coefficients (Cr) were 0.85, 
0.88, and 0.865, respectively. In the second round, these indices improved to 0.91, 0.86, and 0.885, showing an overall 
improvement in the evaluations. Specific comments on the factor content provided by the experts are shown in Table 3.

In the first round, the Kendall’s W was 0.22, χ² = 64.1, p < .001. Experts highly rated both crafts for “historical continuity” 
and “local culture.” Regarding historical continuity, Macau shipbuilding craftsmanship scored 4.40, and portuguese tile 
painting scored 4.50. In the local culture dimension, the scores were 4.30 and 4.60, respectively, showing the experts’ 
strong recognition of their historical and cultural values. Some experts argued that macau’s shipbuilding craftsmanship is 
more of a symbol of fishing history. While it has gradually faded from functional use, it still holds historical value. Portu-
guese tile painting, although considered an external cultural influence, has become part of macau’s visual culture, particu-
larly in religious art and public spaces, symbolizing portuguese colonial culture. Some experts pointed out that the cultural 
identity of macau’s shipbuilding craftsmanship is weaker, mainly identified by fishermen or artisan communities, rather 
than the broader public. Portuguese tile painting bears clear Portuguese cultural symbols but has not fully integrated 
Macau’s local cultural elements, failing to present macau’s unique cultural identity entirely. Most experts agreed that both 
crafts performed well in terms of local identity expression, storytelling and symbolism, and creative expression. Overall, 
experts gave positive evaluations for their visual appeal, design originality, and knowledge transmission.

However, some indicators did not gain unanimous recognition and were deleted. For example, “local craft” faced 
objections from four experts, who argued that it was too broad or did not align with the current connotations of handicrafts, 
leading to its removal. “cultural pride” and “emotional experience” had CVs of 0.31/0.26, exceeding the preset threshold, 
showing significant disagreement, and were also deleted. Two experts raised concerns about the lack of clarity regarding 
the direction of innovation in craftsmanship, failing to distinguish between innovation in outcomes and processes. Due to 
the limitations of traditional techniques, Macau’s shipbuilding craftsmanship struggles to integrate multiple cultural ele-
ments, and experts generally felt that it should maintain its traditional character.
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Experts unanimously agreed that there is limited space for innovation in traditional handicrafts and suggested a greater 
focus on the practicality of the craft. Therefore, these elements were also deleted. The first-round results showed that 
experts strongly recognized the cultural heritage and historical value of these crafts, but there was considerable diver-
gence in their evaluations regarding innovation and emotional experience. Experts generally believed that creative expres-
sion in macau’s shipbuilding craftsmanship is limited, mainly focused on technical details rather than major structural or 
functional changes. Excessive incorporation of modern design elements could dilute its historical and cultural significance. 
On the other hand, portuguese tile painting demonstrated greater potential for modernization, capable of incorporating 

Fig 3.  Research flowchart.

https://doi.org/10.1371/journal.pone.0322893.g003

https://doi.org/10.1371/journal.pone.0322893.g003
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modern elements in patterns, materials, and application scenarios, attracting younger audiences and achieving both cul-
tural communication and commercialization goals.

In the second round, the Kendall’s W was 0.21, χ² = 59.6, p < .001. In terms of cultural and historical value, experts 
still gave high scores for “historical continuity” and “local culture,” with scores of 3.80/4.20 and 4.20/4.50, indicating the 
importance of these dimensions. Experts’ evaluations showed minimal variation, with CVs all below 0.25, suggesting 
a high level of agreement. Portuguese tile painting received high ratings for local identity expression, storytelling and 
symbolism, and creative expression. Macau shipbuilding craftsmanship scored lower in cultural diversity and craft edu-
cation. Due to its complexity and high technical barriers, macau’s shipbuilding craftsmanship faces certain limitations in 
popularization and educational promotion. Experts suggested that exhibitions and courses could help the public better 
understand its cultural connotations and technical essence. In contrast, Portuguese tile painting, with its relatively simple 
learning process, is particularly suitable for school education, stimulating students’ artistic interest and cultural identity. 
Many experts noted that learning this craft is not only physical labor but also a spiritual enjoyment, offering deep emo-
tional experiences.

Experts unanimously recognized both crafts for their emotional communication and the blending of tradition  
and modernity. They also gave positive evaluations for cultural content transmission and creative expression.  
Finally, after two rounds of expert questionnaires, the following modifications were made: indicators with  
significant disagreement, such as “local craft,” “cultural pride,” “emotional experience,” and “craft innovation,”  
were deleted. The newly added “practicality of the craft” received greater attention, and 14 indicators were retained  
(see Table 4).

Table 2.  Basic information of experts.

Survey content Round 1 (n = 10) Round 2 (n = 10)

Gender

  Male 5 4

  Female 5 6

Age

  30-39 9 7

  40-49 1 3

  50-59

Education Level

  Bachelor’s 1 1

  Master’s 6 5

  Doctorate 3 4

Academic Title

  Professor 1

  Associate Professor 2 2

  Intermediate 4 3

  Junior 3 2

  Other (e.g., inheritors, artistic directors) 1 2

Years of Involvement in Crafts

  5–9 years 2 4

  10–15 years 6 3

  16–20 years 2 1

  21–25 years 2

https://doi.org/10.1371/journal.pone.0322893.t002

https://doi.org/10.1371/journal.pone.0322893.t002


PLOS One | https://doi.org/10.1371/journal.pone.0322893  May 8, 2025 11 / 25

Table 3.  Summary table of importance scores from two rounds of expert consultation questionnaires.

Indicator 
factors

Indicator title Round 1 Round 2

M SD CV FMF M SD CV FMF

Historical 
continuity

Macau shipbuilding crafts/ portuguese tile 
painting crafts evoke a strong sense of 
historical culture.

4.40/4.50 0.52/0.71 0.12/0.16 0.27/0.40 3.80/4.20 0.92/0.63 0.24/0.15 0.23/0.23

Local culture Macau shipbuilding crafts/ portuguese tile 
painting crafts reflect the uniqueness of 
macau’s local culture.

4.30/4.60 0.82/0.70 0.19/0.15 0.33/0.47 4.20/4.50 0.79/0.71 0.19/0.16 0.31/0.38

Local craft Macau shipbuilding crafts/ portuguese tile 
painting crafts incorporate unique local 
(macau) techniques.

– – – – – – – –

Local identity 
expression

Macau shipbuilding crafts/ portuguese 
tile painting crafts need to express local 
cultural identity.

3.60/4.40 0.70/0.70 0.19/0.16 0.07/0.33 3.80/4.80 0.63/0.42 0.17/0.09 0.08/0.62

Cultural 
pride

Macau shipbuilding crafts/ portuguese tile 
painting crafts evoke a sense of cultural 
pride and belonging.

4.30/3.50 0.48/1.08 0.11/0.31 0.20/0.13 – – – –

Storytell-
ing and 
symbolism

Macau shipbuilding crafts/ portuguese 
tile painting crafts convey specific cultural 
stories or symbolic meanings.

3.90/4.40 0.88/0.97 0.22/0.22 0.20/0.47 4.60/4.70 0.70/0.68 0.15/0.14 0.54/0.62

Cultural 
diversity

Combining diverse cultural elements in 
Macau shipbuilding crafts/ portuguese tile 
painting crafts is important

3.40/4.50 0.84/0.53 0.25/0.12 0.07/0.33 3.80/3.80 0.92/0.92 0.24/0.24 0.15/0.23

Integration of 
tradition and 
modernity

Integration of traditional and modern 
design elements in Macau shipbuilding 
crafts/ portuguese tile painting crafts.

4.10/4.80 0.99/0.42 0.24/0.09 0.33/0.53 4.10/4.40 0.74/0.52 0.18/0.12 0.15/0.31

Creative 
expression

Macau shipbuilding crafts/ portuguese 
tile painting crafts need to reflect unique 
design creativity.

4.10/4.70 0.88/0.48 0.21/0.10 0.27/0.47 4.40/4.50 0.70/0.71 0.16/0.16 0.38/0.46

Craft 
innovation

Macau shipbuilding crafts/ portuguese tile 
painting crafts need to showcase innova-
tive capabilities.

– – – – – – – –

Visual 
appeal

Macau shipbuilding crafts/ portuguese tile 
painting crafts have visual appeal.

4.60/4.70 0.52/0.48 0.11/0.10 0.40/0.47 4.10/4.60 0.88/0.70 0.21/0.15 0.31/0.54

Design 
originality

Macau shipbuilding crafts/ portuguese tile 
painting crafts’ designs are original.

4.40/4.60 0.84/0.70 0.19/0.15 0.40/0.47 4.10/4.30 0.74/0.68 0.18/0.16 0.23/0.31

Knowledge 
transmission

Macau shipbuilding crafts/ portuguese tile 
painting crafts need to effectively convey 
cultural connotations.

4.40/4.50 0.70/0.53 0.16/0.12 0.33/0.33 3.70/4.20 0.82/0.79 0.22/0.19 0.15/0.31

Craft 
education

Macau shipbuilding crafts/ portuguese 
tile painting crafts can inspire interest in 
learning traditional crafts.

4.50/4.40 0.71/0.84 0.16/0.19 0.40/0.40 3.60/4.00 0.70/0.82 0.19/0.20 0.08/0.23

Emotional 
communica-
tion

Macau shipbuilding crafts/ portuguese tile 
painting crafts inspire emotional commu-
nication and personal experience.

3.80/3.80 0.79/0.63 0.21/0.17 0.13/0.07 4.50/4.50 0.71/0.53 0.16/0.12 0.46/0.38

Emotional 
experience

Macau shipbuilding crafts/ portuguese 
tile painting crafts evoke feelings of relax-
ation and comfort.

3.60/3.70 1.35/0.95 0.38/0.26 0.20/0.13 – – – –

Stimulating 
reflection

Macau shipbuilding crafts/ portuguese tile 
painting crafts inspire reflection, deepen-
ing the understanding of life or art.

4.10/4.10 0.74/0.57 0.18/0.14 0.20/0.13 3.70/4.20 0.68/0.63 0.18/0.15 0.08/0.23

M SD Threshold M SD Threshold

Metaphorical approach 4.10/4.35 0.21/0.20 3.89/4.15 4.03/4.36 0.09/0.13 3.94/4.23

Arithmetic mean 0.20/0.16 0.07/0.06 0.26/0.22 0.19/0.16 0.03/0.04 0.22/0.20

(Continued)
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Indicator 
factors

Indicator title Round 1 Round 2

M SD CV FMF M SD CV FMF

Coefficient of variation (CV) 0.25/0.34 0.11/0.15 0.14/0.19 0.24/0.37 0.15/0.14 0.09/0.23

Note: “-” indicates that the item was not covered in that round of the survey.

https://doi.org/10.1371/journal.pone.0322893.t003

Table 4.  Example of expert interview opinions.

Element Expert opinion (macau shipbuilding crafts) Expert opinion (portuguese tile painting crafts)

Historical continuity B9 believes it is like other coastal regions, A10 believes functionality 
is gradually being phased out, A5 believes the technique continues 
the fishing history.

B9 believes there are few elements reflecting 
Macau’s culture, mostly reflecting Portuguese 
culture.

Local culture A10 believes there is no obvious difference from the Pearl River 
Delta, B9 emphasizes local craftsmanship, but relies on the crafts-
man’s intuition.

A8 believes it shows a strong sense of historical 
culture and religious art.

Local identity expression B5 believes the symbolic nature is low, A2 believes there is a lack of 
official support.

A8 believes it is a symbol of foreign culture, B5 
believes it is closely tied to Portuguese culture.

Storytelling and symbolism A4, A10 believe the cultural story mainly relies on oral tradition, with 
limited dissemination effect.

A8 believes it has symbolic religious stories and 
cultural exchange.

Cultural diversity A2 believes traditional crafts limit cultural integration, B7 believes the 
core value lies in maintaining tradition.

Most experts generally believe there is great 
potential for cultural integration, A4 also believes it is 
suitable for multicultural innovation.

Integration of tradition and 
modernity

A1, A3 believe tradition should be preserved, A10 believes modern 
design focuses on functionality.

A8, B6 believe integrating modern design can attract 
young audiences, A4 believes it can promote cul-
tural dissemination.

Creative expression B8 believes the core value lies in technique, A6 believes creativ-
ity should be reflected in communication rather than changes in 
craftsmanship.

A4, A7 believe it should embody design creativ-
ity, A3 believes it can integrate Macau’s cultural 
characteristics.

Craft practicality B7, A9 believe craftsmanship is reflected in technical details, A1 
believes the practicality of the craft should be emphasized.

A5, A8 believe there is considerable potential 
for innovation, A3 believes modern technology 
should be integrated to enhance performance and 
practicality.

Visual appeal A3 believes aesthetic value lies in structural beauty, B6 believes the 
appeal is weak.

A7, A10 believe it has high visual appeal, B5 
believes its decorative and artistic value is 
important.

Design originality B9, B7 believe originality is not important, A6 believes tradition is 
already fixed.

B8 believes originality is limited, B7 believes orig-
inality is needed to attract attention, B4 believes 
originality is not important.

Knowledge transmission A8 believes it has cultural educational value, but the dissemination 
effect is weak, A3 believes it should be spread through courses or 
exhibitions.

A9, B6 believe it has strong cultural dissemina-
tion potential, A4 believes it is suitable for school 
education.

Craft education A7 believes complexity limits educational promotion, B9 believes it 
can spark students’ interest.

A6 believes it is suitable for educational promotion, 
A5 believes it can cultivate cultural identity.

Emotional communication A3 believes emotional communication is established through interac-
tion and collaboration with craftsmen, B8 believes it is established 
through labor experiences.

A4 believes emotional communication is reflected 
in the creator’s artistic expression, B7 believes it is 
limited.

Stimulating reflection A3 believes it can inspire reflection on life and art, A1 believes it 
inspires reflection on the value of craftsmanship.

A9 believes it can inspire artistic creation, B6 
believes it has limited reflection on cultural 
symbolism.

https://doi.org/10.1371/journal.pone.0322893.t004

Table 3.  (Continued)

https://doi.org/10.1371/journal.pone.0322893.t003
https://doi.org/10.1371/journal.pone.0322893.t004
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4.2  DEMATEL decision analysis results

Step 1: Direct influence matrix

Based on the factors influencing traditional handicrafts identified in the previous research, a questionnaire survey was 
conducted with 10 traditional handicraft experts (50% male, 50% female, including university professors and artisans). 
Each expert rated the relationships between the influence factors on a scale of 0, 1, 2, 3, and 4. After averaging the 
experts’ scores, the direct influence matrix A was obtained, as shown in Table 5. By comparing the magnitude of influ-
ence, it was found that factors do not influence themselves; therefore, the diagonal elements of the matrix were assigned 
a value of 0. The direct influence matrix A was constructed using the formula (1) [68].

	

A =




0 · · · x1n
...

. . .
...

xn1 · · · 0



	 (1)

Step 2: Normalized influence matrix

By calculating the sum of the elements in each row of matrix A, the maximum row sum was selected as the baseline 
value. The elements of matrix Awere then normalized using this baseline value [68], resulting in the normalized influence 
matrix B, as shown in Table 6.

Step 3: Comprehensive influence matrix

The comprehensive influence matrix reflects the overall impact of interactions among the elements within the system  
(see Table 7). The calculation method is as shown in formula (2) [69].

	 T =
(
B+ B2 + · · ·+ Bk

)
= B(I – B)–1	 (2)

Table 5.  Direct influence matrix A.

Factor A1 A2 B1 B2 B3 C1 C2 C3 D1 D2 E1 E2 F1 F2

A1 0.00 3.00 3.00 3.40 4.00 2.60 2.70 2.50 3.00 2.40 4.00 1.00 3.00 4.00

A2 3.00 0.00 3.10 1.00 3.00 2.60 2.90 1.00 2.60 4.00 2.60 2.50 3.60 3.20

B1 2.90 2.80 0.00 3.40 1.00 2.60 2.60 2.20 2.10 2.60 2.70 2.40 3.50 3.20

B2 2.60 3.00 2.80 0.00 3.00 2.70 3.10 1.80 2.70 2.80 1.00 2.20 2.90 2.90

B3 2.50 2.40 0.00 2.80 0.00 2.90 3.10 2.70 3.00 0.00 3.00 2.90 3.20 1.00

C1 2.80 2.90 3.00 3.30 1.00 0.00 4.00 2.90 3.20 3.30 4.00 2.90 2.70 3.20

C2 1.80 2.00 2.60 3.00 3.20 3.50 0.00 3.30 3.60 3.60 2.60 2.50 2.80 3.20

C3 2.20 4.00 2.00 4.00 2.40 2.70 2.90 0.00 2.20 3.00 1.00 2.80 2.30 1.00

D1 2.10 2.10 2.20 2.80 2.90 2.80 3.30 2.60 0.00 3.50 2.40 2.40 3.20 3.10

D2 1.90 2.50 2.40 3.00 2.90 4.00 3.30 2.60 3.00 0.00 2.70 0.00 2.90 3.50

E1 3.30 3.30 3.20 1.00 3.30 3.10 3.20 2.90 2.70 2.60 0.00 3.40 3.20 3.20

E2 1.00 4.00 1.00 2.90 2.00 2.80 2.60 0.00 2.00 2.60 2.90 0.00 2.80 2.80

F1 3.40 3.20 3.60 3.40 3.10 2.60 2.70 1.80 2.80 2.60 2.80 2.60 0.00 2.80

F2 2.00 2.30 2.10 2.60 4.00 2.50 2.90 2.30 4.00 3.10 2.60 1.00 2.30 0.00

Note: Historical continuity = A1, Local culture = A2, Local identity expression = B1, Storytelling and symbolism = B2, Cultural diversity = B3, Integration of 
tradition and modernity = C1, Creative expression = C2, Craft practicality = C3, Visual appeal = D1, Design originality = D2, Knowledge transmission = E1, 
Craft education = E2, Emotional communication = F1, Stimulating reflection = F2.

https://doi.org/10.1371/journal.pone.0322893.t005

https://doi.org/10.1371/journal.pone.0322893.t005
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Step 4: Calculation of centrality and causality

Using the comprehensive influence matrix, the influence degree, being influenced degree, centrality, and causality of each 
factor in the system were determined, as shown in Table 8. The calculation formulas are as follows [68]. The relationship 
between centrality (D + C) and causality (D - C) is illustrated in Fig 4.

	
Di =

n∑
j=1

xij, (i = 1, 2, . . . , n)
	 (3)

	
Ci =

n∑
j=1

xji, (i = 1, 2, . . . , n)
	 (4)

Table 6.  Normalized influence matrix B.

Factor A1 A2 B1 B2 B3 C1 C2 C3 D1 D2 E1 E2 F1 F2

A1 0.00 0.08 0.08 0.09 0.10 0.07 0.07 0.06 0.08 0.06 0.10 0.03 0.08 0.10

A2 0.08 0.00 0.08 0.03 0.08 0.07 0.07 0.03 0.07 0.10 0.07 0.06 0.09 0.08

B1 0.07 0.07 0.00 0.09 0.03 0.07 0.07 0.06 0.05 0.07 0.07 0.06 0.09 0.08

B2 0.07 0.08 0.07 0.00 0.08 0.07 0.08 0.05 0.07 0.07 0.03 0.06 0.07 0.07

B3 0.06 0.06 0.00 0.07 0.00 0.07 0.08 0.07 0.08 0.00 0.08 0.07 0.08 0.03

C1 0.07 0.07 0.08 0.08 0.03 0.00 0.10 0.07 0.08 0.08 0.10 0.07 0.07 0.08

C2 0.05 0.05 0.07 0.08 0.08 0.09 0.00 0.08 0.09 0.09 0.07 0.06 0.07 0.08

C3 0.06 0.10 0.05 0.10 0.06 0.07 0.07 0.00 0.06 0.08 0.03 0.07 0.06 0.03

D1 0.05 0.05 0.06 0.07 0.07 0.07 0.08 0.07 0.00 0.09 0.06 0.06 0.08 0.08

D2 0.05 0.06 0.06 0.08 0.07 0.10 0.08 0.07 0.08 0.00 0.07 0.00 0.07 0.09

E1 0.08 0.08 0.08 0.03 0.08 0.08 0.08 0.07 0.07 0.07 0.00 0.09 0.08 0.08

E2 0.03 0.10 0.03 0.07 0.05 0.07 0.07 0.00 0.05 0.07 0.07 0.00 0.07 0.07

F1 0.09 0.08 0.09 0.09 0.08 0.07 0.07 0.05 0.07 0.07 0.07 0.07 0.00 0.07

F2 0.05 0.06 0.05 0.07 0.10 0.06 0.07 0.06 0.10 0.08 0.07 0.03 0.06 0.00

https://doi.org/10.1371/journal.pone.0322893.t006

Table 7.  Comprehensive influence matrix T.

Factor A1 A2 B1 B2 B3 C1 C2 C3 D1 D2 E1 E2 F1 F2

A1 0.54 0.70 0.61 0.69 0.71 0.70 0.73 0.56 0.70 0.67 0.68 0.52 0.72 0.72

A2 0.57 0.57 0.57 0.59 0.63 0.64 0.68 0.48 0.64 0.66 0.60 0.51 0.68 0.66

B1 0.55 0.63 0.48 0.63 0.57 0.63 0.66 0.50 0.62 0.61 0.59 0.50 0.66 0.64

B2 0.53 0.62 0.53 0.54 0.61 0.62 0.65 0.48 0.62 0.60 0.54 0.48 0.64 0.62

B3 0.48 0.55 0.42 0.55 0.48 0.56 0.59 0.45 0.56 0.48 0.53 0.46 0.58 0.52

C1 0.62 0.71 0.62 0.71 0.65 0.65 0.77 0.58 0.72 0.71 0.69 0.57 0.73 0.72

C2 0.57 0.66 0.58 0.67 0.67 0.70 0.65 0.56 0.70 0.68 0.63 0.54 0.70 0.69

C3 0.51 0.62 0.50 0.61 0.57 0.60 0.63 0.42 0.59 0.59 0.52 0.48 0.60 0.56

D1 0.55 0.63 0.55 0.63 0.63 0.65 0.69 0.52 0.58 0.65 0.60 0.51 0.67 0.65

D2 0.54 0.63 0.55 0.63 0.63 0.67 0.69 0.52 0.65 0.56 0.60 0.45 0.66 0.66

E1 0.62 0.70 0.61 0.64 0.68 0.70 0.74 0.56 0.69 0.67 0.58 0.57 0.72 0.70

E2 0.45 0.58 0.44 0.54 0.53 0.56 0.58 0.39 0.54 0.54 0.53 0.38 0.57 0.56

F1 0.61 0.68 0.60 0.68 0.67 0.68 0.71 0.53 0.68 0.66 0.63 0.54 0.63 0.68

F2 0.53 0.60 0.52 0.60 0.63 0.62 0.65 0.50 0.65 0.61 0.58 0.46 0.63 0.55

https://doi.org/10.1371/journal.pone.0322893.t007

https://doi.org/10.1371/journal.pone.0322893.t006
https://doi.org/10.1371/journal.pone.0322893.t007
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	 Mi = Di + Ci	 (5)

	 Ri = Di – Ci 	 (6)

In Table 8, the DEMATEL analysis results of the influencing factors of cultural identity on traditional handicrafts are pre-
sented, including key indicators such as influence degree, being influenced degree, centrality, causality, weight, centrality 
ranking, and factor attributes [70].

The influence degree reflects the overall impact of a factor on other factors. Factors C1 and E1 exhibit a strong driv-
ing force and significantly impact other factors in the system. On the other hand, the being influenced degree reveals the 
extent to which a factor is affected by other factors. F1 and C2 have the highest being influenced degree, indicating that 
they are more susceptible to the influence of other factors in the system.

Centrality is the sum of influence degree and being influenced degree, representing the overall importance of a factor in 
the system. Both C1 and C2 have a centrality of 18.42, ranking at the top, which indicates their central role in the system. 
In contrast, C3 and E2 have the lowest centrality, suggesting that their importance in the system is relatively weak.

From the causality analysis, factors with positive values, such as A1 and E1, are key driving factors in the system, 
exerting strong influence. Conversely, factors with negative values, such as B3 and F2, are outcome factors and indirect 
factors, being more influenced by other factors. This clear distinction between direct and indirect factors effectively reflects 
the intrinsic mechanisms within the system.

In the factor attribute ranking, C1 and C2 rank 2nd and 1st, respectively, due to their central roles, while E2 and C3 are 
ranked lower, indicating their relatively limited contribution to the system.

4.3  ISM model results evaluation

Based on the DEMATEL analysis, the ISM method is further employed to analyze the influencing factors and reveal 
the hierarchical structure of the system. The construction of the reachability matrix is an important step in analyzing the 
system’s hierarchical structure [71]. Table 9 shows the reachability matrix calculated based on the comprehensive influ-
ence matrix, with the threshold λ selected as the sum of the mean and standard deviation of the comprehensive influence 

Table 8.  DEMATEL analysis results of cultural identity’s influence on traditional craft.

Factor Factor name (D) (C) (D + C) (D-C) Weight Centrality ranking Factor attribute

A1 Historical continuity 9.25 7.67 16.92 1.58 0.07 9 Cause factor

A2 Local culture 8.49 8.86 17.35 -0.38 0.07 6 Result factor

B1 Local identity expression 8.26 7.58 15.84 0.67 0.07 12 Cause factor

B2 Storytelling and symbolism 8.07 8.72 16.79 -0.65 0.07 10 Result factor

B3 Cultural diversity 7.21 8.66 15.87 -1.45 0.07 11 Result factor

C1 Integration of tradition and modernity 9.44 8.98 18.42 0.46 0.08 2 Cause factor

C2 Creative expression 9.00 9.42 18.42 -0.42 0.08 1 Result factor

C3 Craft practicality 7.82 7.05 14.88 0.77 0.06 13 Cause factor

D1 Visual appeal 8.51 8.94 17.45 -0.43 0.07 5 Result factor

D2 Design originality 8.44 8.71 17.15 -0.26 0.07 7 Result factor

E1 Knowledge transmission 9.18 8.28 17.47 0.90 0.07 4 Cause factor

E2 Craft education 7.19 6.96 14.15 0.24 0.06 14 Cause factor

F1 Emotional communication 8.96 9.19 18.15 -0.22 0.08 3 Result factor

F2 Stimulating reflection 8.12 8.93 17.06 -0.81 0.07 8 Result factor

https://doi.org/10.1371/journal.pone.0322893.t008

https://doi.org/10.1371/journal.pone.0322893.t008
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matrix [72]. Based on this, the positions of the different influencing factors are ranked, and a hierarchical model (Fig 5) is 
established to clarify the direct and indirect pathways of influence in the system.

In the hierarchical factor classification model, five levels (L1 to L5) clearly reflect the hierarchical relationships and influ-
ence pathways of the factors in the system.

•	 Level L5 (fundamental layer) contains A1, the core factor that serves as the driving force of the system. A1 influences all 
other factors in the upper layers, either directly or indirectly, and is the foundational power source for the entire system.

•	 Level L4 contains C1 and E1, which act as key bridging factors that directly transmit A1’s driving force to the intermedi-
ate and surface layers, playing a crucial role in linking the upper and lower levels of the system.

•	 Level L3 consists of A2, which serves as a supporting factor in the system, linking the higher layers C1 and E1 with the 
intermediate layer, while providing support to the factors in Level L2.

•	 Level L2 is composed of C2 and F1, which serve as intermediary transitional factors that are both driven by the upper 
layers and exert significant influence on the surface layer (L1). They function as bridges between the middle layers and 
the surface output.

•	 Level L1 (surface layer) includes B1, B2, B3, C3, D1, D2, E2, and F2, which are indirect factors representing the final 
manifestations of the system, mainly influenced by the combined effects of the upper layers.

Fig 4.  Relationship between centrality (D  + C) and causality (D-C).

https://doi.org/10.1371/journal.pone.0322893.g004

https://doi.org/10.1371/journal.pone.0322893.g004
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From the perspective of the influence pathways, A1 directly influences C1 and indirectly drives the entire system’s 
dynamic changes through these key direct factors. Both C1 and E1 are not only core mediating factors driven by A1, but 
they also significantly affect the intermediate layer (A2) and the surface layer (L1), making them essential transmission 
nodes within the system. C2 and F1, as intermediate transitional layers, transmit the effects of the upper layers to the 
surface and drive the changes in indirect factors such as D1, D2, and F2.

Through the analysis of the reachability matrix, the antecedent set, reachable set, intersection set, and hierarchical 
classification of each factor are generated. Table 10 clearly reveals the hierarchical structure and influence pathways of 
the factors in the system. The analysis of the reachability set, antecedent set, and intersection set shows the interrela-
tionships between the factors and the dynamic connections between the levels, providing clear theoretical and practical 
references for system optimization and intervention strategies.

The highest-level core factors play a decisive role in the system’s operation, while the middle and lower-level 
factors reflect the complex internal interactions and the final outputs of the system. For example, the reachability 
set of A1 includes A1, A2, B2, B3, C1, C2, D1, F1, and F2, indicating that A1 has a wide range of influence, capa-
ble of directly or indirectly affecting multiple factors. The antecedent set represents all the factors that directly or 
indirectly influence a particular factor. For instance, the antecedent set of C2 includes A1, A2, C1, D1, D2, E1, and 
F1, showing that these factors significantly influence C2. The intersection set is the overlap between the reachabil-
ity set and the antecedent set, representing factors that both influence and are influenced by a particular factor. For 
example, the intersection set of C2 includes C1, C2, D1, D2, and F1, indicating bidirectional influence among these 
factors.

Based on the analysis of the intersection set, the hierarchy is further refined. The highest level (L5) consists of A1, 
which is the core factor in the system, exerting a significant influence on other factors in the system. The second-highest 
level (L4) includes C1 and E1, which play a bridging role between the upper and middle levels. The intermediate level 
(L3) consists of A2 and F1, which are driven by the higher layers and exert influence on lower-level factors. The lower 
level (L2) consists of C2, which plays a bridging role in the system. The lowest level (L1) includes B1, B2, B3, C3, D1, 
D2, E2, and F2, which mainly serve as indirect factors, reflecting the result of the combined effects of factors from other 
levels.

Table 9.  Reachability matrix.

Factor A1 A2 B1 B2 B3 C1 C2 C3 D1 D2 E1 E2 F1 F2

A1 1 1 0 1 1 1 1 0 1 0 0 0 1 1

A2 0 1 0 0 0 0 1 0 0 0 0 0 1 0

B1 0 0 1 0 0 0 0 0 0 0 0 0 0 0

B2 0 0 0 1 0 0 0 0 0 0 0 0 0 0

B3 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C1 0 1 0 1 0 1 1 0 1 1 1 0 1 1

C2 0 0 0 0 0 1 1 0 1 1 0 0 1 1

C3 0 0 0 0 0 0 0 1 0 0 0 0 0 0

D1 0 0 0 0 0 0 1 0 1 0 0 0 0 0

D2 0 0 0 0 0 0 1 0 0 1 0 0 0 0

E1 0 1 0 0 1 1 1 0 1 0 1 0 1 1

E2 0 0 0 0 0 0 0 0 0 0 0 1 0 0

F1 0 1 0 0 0 0 1 0 1 0 0 0 1 1

F2 0 0 0 0 0 0 0 0 0 0 0 0 0 1

https://doi.org/10.1371/journal.pone.0322893.t009

https://doi.org/10.1371/journal.pone.0322893.t009
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Fig 5.  Hierarchical factor classification model.

https://doi.org/10.1371/journal.pone.0322893.g005

Table 10.  Antecedent and reachable sets.

Factor Reachability set Antecedent set Intersection set Level

A1 A1, A2, B2, B3, C1, C2, D1, F1, F2 A1 A1 L5

A2 A2, C2, F1 A1, A2, C1, E1, F1 A2, F1 L3

B1 B1 B1 B1 L1

B2 B2 A1, B2, C1 B2 L1

B3 B3 A1, B3, E1 B3 L1

C1 A2, B2, C1, C2, D1, D2, E1, F1, F2 A1, C1, C2, E1 C1, C7, E1 L4

C2 C1, C2, D1, F1, F2 A1, A2, C1, C2, D1, D2, E1, F1 C1, C2, D1, D2, F1 L2

C3 C3 C3 C3 L1

D1 C2, D1 A1, C1, C2, D1, E1, F1 C2, D1 L1

D2 C2, D2 C1, C2, D2 C2, D2 L1

E1 A2, B3, C1, C2, D1, E1, F1, F2 C1, E1 C1, E1 L4

E2 E2 E2 E2 L1

F1 A2, C2, D1, F1, F2 A1, A2, C1, C2, E1, F1 A2, C2, F1 L2

F2 F2 A1, C1, C2, E1, F1, F2 F2 L1

https://doi.org/10.1371/journal.pone.0322893.t010

https://doi.org/10.1371/journal.pone.0322893.g005
https://doi.org/10.1371/journal.pone.0322893.t010
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5.  Discussions

This study, through the hierarchical framework model, systematically reveals the core driving role of cultural identity in the 
innovation of traditional crafts and its hierarchical influence pathways (results shown in Fig 6). The findings indicate that 
historical continuity (A1), knowledge transmission (E1), and the integration of tradition and modernity (C1) constitute the 
core factors, laying the cultural foundation for the innovation of traditional crafts. These factors directly reflect the profound 
connotations of cultural identity. Among them, historical continuity ensures the continuity of traditional craftsmanship within 
its historical context [73]. This continuity not only reflects the deep value of cultural heritage but also highlights cultural 
identity as a key support for traditional crafts; knowledge transmission, through education, dissemination, and practical 
pathways [74], deepens the public’s understanding and recognition of traditional craftsmanship, providing a continuous 
driving force for craft innovation; the integration of tradition and modernity, by incorporating modern design language 
while preserving the core of traditional culture, opens up new spaces for traditional crafts in modern consumer contexts 
[75]. This core layer not only ensures a deep connection between crafts and culture but also drives innovation in tradi-
tional crafts within the contemporary context through a strong sense of cultural identity [76]. To further strengthen the 
foundational role of cultural identity, efforts should focus on recording the historical context and representative techniques 
of traditional crafts, establishing digital archives for crafts [77], and showcasing their cultural value to the public through 
documentaries, exhibitions, performances, and other forms [78]. Additionally, crafting knowledge should be formalized and 
standardized to ensure systematic and sustainable knowledge transmission [45]. Moreover, supporting design innovation 
is crucial, encouraging designers to reinterpret traditional crafts using modern languages [12]. For example, integrating 
modern technologies (such as 3D printing, sustainable materials) and contemporary design aesthetics can make tradi-
tional crafts more relevant and competitive in the market [79].

In the framework, direct factors (such as creative expression (C2), local culture (A2), and emotional communication (F1)) 
inherit the driving force from the core factors and further influence the value manifestation in the indirect layer. These direct 
factors play a key role in bridging the multidimensional needs of traditional crafts, achieving a balance between cultural 
heritage and commercial practice. For instance, creative expression, as a direct factor, reflects how designers redefine tra-
ditional crafts through innovative forms and modern languages [80]; emotional communication highlights how craft products 
evoke emotional resonance in consumers through aesthetics, storytelling, or interactivity, directly enhancing their social 
and market value [81]; local culture emphasizes the unique identity of traditional crafts within regional cultural contexts [15]. 
These factors are crucial for transforming the cultural value of traditional crafts into social and market value. It is essential 
to support diverse attempts at creative expression, encouraging collaboration between designers, artists, and artisans, and 
integrating crafts into modern art installations, fashion design, and digital media [82]. In terms of emotional communication, 
enhancing interactive experiences (such as open workshops and hands-on craftsmanship experiences) can strengthen 
emotional resonance [83]. Additionally, incorporating storytelling can give products deeper cultural meanings [84].

The indirect factors further reflect the multidimensional value of traditional crafts in modern society. Factors such as 
local identity expression (B1), storytelling and symbolism (B2), and cultural diversity (B3) indirectly enhance the cultural 
identity of traditional crafts by enriching cultural expressions. Craft practicality (C3), visual appeal (D1), and design orig-
inality (D2) showcase the dual advantages of traditional crafts in both artistic and market competitiveness. Stimulating 
reflection (F2) and craft education (E2) reflect the important role of crafts in human emotions and social interactions. For 
example, Macau’s boat-building technique can enhance emotional connections between consumers and cultural heritage 
through skill demonstrations and narrative methods. The Portuguese Azulejo tiles, with their historical narrative design, not 
only satisfy decorative needs but also provoke public reflection on their cultural background, highlighting the dual value of 
crafts in both art and education.

From an overall structural perspective, the model starts with the cultural foundation and, through core, direct, and indi-
rect factors, builds a complete pathway from cultural identity to innovative practice in traditional crafts. This model illus-
trates the collaborative role of multidimensional factors in traditional craft innovation. The relationships between different 
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layers are both independent and interwoven, forming a system framework characterized by internal and external interac-
tion and dynamic feedback.

6.  Theoretical and practical significance

This study combines the DEMATEL-ISM method to provide a new perspective for factor analysis and causal relation-
ship modeling in complex systems. This approach not only reveals the systematic path of traditional craftsmanship 
innovation and cultural identity but also offers practical strategies for the protection of craftsmanship. Theoretically, the 
study identifies historical continuity, knowledge transmission, and the integration of tradition and modernity as the core 
factors driving craftsmanship innovation. This finding underscores the fundamental role of cultural identity in the inno-
vation of craftsmanship, especially in the continuation of traditional skills. Historical continuity ensures the inheritance 
of traditional crafts within their historical context, preserving their cultural value and strengthening societal recogni-
tion of craftsmanship [46,85]. Knowledge transmission, through education, dissemination, and practice, continuously 

Fig 6.  Structural diagram of cultural identity’s impact on traditional craft innovation and evaluation system.

https://doi.org/10.1371/journal.pone.0322893.g006

https://doi.org/10.1371/journal.pone.0322893.g006
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promotes the innovation and development of traditional craftsmanship [86]. This provides direction for future research 
on the innovation of traditional craftsmanship and further reveals the critical role of cultural identity in this process. 
Practically, preserving and showcasing the historical context and representative skills of traditional crafts is crucial for 
enhancing public cultural identity and understanding. Specifically, the establishment of digital archives for craftsman-
ship and the use of exhibitions, documentaries, and other formats to present the cultural value of traditional crafts will 
help enhance societal recognition [79,87,88]. Furthermore, integrating modern design language with the core elements 
of traditional culture can open new avenues for the application of traditional crafts in the contemporary consumer 
market [89,90]. These practical measures contribute to the transmission and innovation of traditional craftsmanship in 
modern society.

7.  Conclusion and limitation

This study, based on the DEMATEL-ISM methodology, constructs a hierarchical framework to systematically analyze 
the relationship between traditional craft innovation and cultural identity. The research shows that historical continuity, 
knowledge transmission, and the integration of tradition and modernity are the core factors that lay the cultural foundation 
for innovation. Direct factors, such as creative expression, local culture, and emotional communication, play a key role 
in bridging the core and indirect layers, highlighting their pivotal position in innovation practice. Indirect factors, such as 
visual appeal, design originality, and craft education, further demonstrate the multidimensional effectiveness of traditional 
crafts in artistic value, cultural dissemination, and social interaction. Cultural identity is not only an important driving force 
for traditional craft innovation but also the key force in realizing its multidimensional value. These findings provide valuable 
pathways and strategies for the protection and innovation of traditional crafts.

However, this study has some limitations. The development of traditional crafts is influenced by various factors. Besides 
cultural identity, factors such as economics, technology, and social changes also play important roles. Future research 
could further explore how these different factors contribute to craft innovation. Additionally, this study uses the traditional 
crafts of macau as a case, which, while representative, may require further validation in different regions or cultural con-
texts. This study provides rich content and in-depth analysis, deepening the understanding of the relationship between tra-
ditional craft innovation and cultural identity. It also offers valuable insights and references for future research and practice 
in craft innovation.

Supporting information

S1 Appendix.  Dataset. 
(XLSX)

Author contributions

Conceptualization: Zhong Zheng.

Data curation: hong li, Tao Xue.

Formal analysis: Tao Xue.

Funding acquisition: Guanghui Huang.

Investigation: Zhong Zheng.

Methodology: hong li, Xuexing Luo.

Project administration: Guanghui Huang.

Resources: Zhong Zheng.

Software: Xuexing Luo.

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0322893.s001


PLOS One | https://doi.org/10.1371/journal.pone.0322893  May 8, 2025 22 / 25

Supervision: Guanghui Huang.

Validation: Xuexing Luo.

Visualization: Tao Xue.

Writing – original draft: hong li.

Writing – review & editing: hong li, Xuexing Luo, Guanghui Huang.

References
	 1.	 Deb SK, Mohanty P, Valeri M. Promoting family business in handicrafts through local tradition and culture: an innovative approach. Journal of Fam-

ily Business Management. 2022.

	 2.	 Ariffin W, Shahfiq S, Ahmad F, Ibrahim A, Ghazalli FS. Handicraft innovations: A strategic approach to preserving intangible cultural heritage of 
Malaysia. ISVS E-Journal. 2023;10:137–46.

	 3.	 Wang S, Zhang L, Zhao J. Study on the Protection path of Intangible Cultural Heritage of Chinese Traditional Dress--Taking Tang Dynasty Dress as 
an Example. In: Proceedings of SHS Web of Conferences. EDP Sciences. 2023.

	 4.	 Karjalainen H. Cultural identity and its impact on today’s multicultural organizations. Int’l Jnl of Cross Cultural Management. 2020;20(2):249–62. 
https://doi.org/10.1177/1470595820944207

	 5.	 Wang X, Aoki N. Cultural Identity at the Community Level and Sustainability of Intangible Heritage: The Case Study of Traditional Handicrafts in 
Yangliuqing Town, Tianjin. In: Proceedings of International Conference on East Asian Architectural Culture. Springer; 2017.

	 6.	 Belfiore E. Whose cultural value? Representation, power and creative industries. International Journal of Cultural Policy. 2020;26(3):383–97. 
https://doi.org/10.1080/10286632.2018.1495713

	 7.	 Zhang G, Chen X, Law R, Zhang M. Sustainability of Heritage Tourism: A Structural Perspective from Cultural Identity and Consumption Intention. 
Sustainability. 2020;12(21):9199. https://doi.org/10.3390/su12219199

	 8.	 Połeć W, Murawska D. The Social Constraints on the Preservation and Sustainable Development of Traditional Crafts in a Developed Society. 
Sustainability. 2021;14(1):120. https://doi.org/10.3390/su14010120

	 9.	 Man KW. Globalization and its Effects on Cultural Identity: Perspectives from Developing Countries. Hong Kong International Journal of Research 
Studies. 2024;2:66–74.

	10.	 Fu Y. Analysis of the Transmission and Development of Traditional Handicrafts in Intangible Cultural Heritage. Frontiers in Art Research 
2023;5:050504–FA1016–Frontiers in Art Research. docx (francis-press.com).

	11.	 Ghose A, Ali S. Protection and Preservation of Traditional Cultural Expression & Traditional Knowledge in Handicraft Industry: Advocating the Need 
for a Global Cultural Policy Framework. Braz J Int’l L 2023;20:473.

	12.	 Zbuchea A. Traditional Crafts. A Literature Review Focused on Sustainable Development. Culture Society Economy Politics. 2022;2:10–27.

	13.	 Oliva J, Colombo A. Music festivals: an immersive experience. How are emotions, well-being and cultural identity interrelated in event experi-
ences? Events and well-being. Routledge; 2021, p. 161–79.

	14.	 Al-Zadjali Z. The Significance of Art in Revealing a Culture’s Identity and Multiculturalism. JSS. 2024;12(01):232–50. https://doi.org/10.4236/
jss.2024.121015

	15.	 Xue X, Caiguo X, Yi L, Chenxia M. Consumption of traditional handicraft fashion: Motivations, intentions and behaviours of Chinese consumers. 
Cleaner and Responsible Consumption. 2022;4:100046. https://doi.org/10.1016/j.clrc.2021.100046

	16.	 Wang Y, Alli TDH, Ishak SMM. Application of Modern Design Cultural in Chinese Traditional Handicraft Products for New Appearance and Com-
mercial Value

	17.	 Yan W-J, Chiou S-C. The Safeguarding of Intangible Cultural Heritage from the Perspective of Civic Participation: The Informal Education of Chi-
nese Embroidery Handicrafts. Sustainability. 2021;13(9):4958. https://doi.org/10.3390/su13094958

	18.	 Li W-T, Ho M-C, Yang C. A Design Thinking-Based Study of the Prospect of the Sustainable Development of Traditional Handicrafts. Sustainability. 
2019;11(18):4823. https://doi.org/10.3390/su11184823

	19.	 Duan ZY, Tan S-K, Choon S-W, Zhang MY. Crafting a place-based souvenir for sustaining cultural heritage. Heliyon. 2023;9(5):e15761. https://doi.
org/10.1016/j.heliyon.2023.e15761 PMID: 37205990

	20.	 Wang J, Su MM, Wall G, Dong H, Zhang H. Intergenerational evolution of intangible cultural heritage through tourism development: perspectives of 
practitioners in Hangzhou China. International Journal of Heritage Studies. 2024;30(8):968–91. https://doi.org/10.1080/13527258.2024.2363793

	21.	 Zhang W, Walker S, Evans M, Bennett J. Inheritors of the Yellow River: the relationship of heritage making practices to cultural self-confidence in 
China. Int j anthropol ethnol. 2021;5(1). https://doi.org/10.1186/s41257-021-00045-6

	22.	 Khairani L. In the Light of Cultural Studies, the Contest of Javanese Deli Cultural Identity vs. Local Culture. In: Proceedings of International Confer-
ence on Communication, Policy and Social Science (InCCluSi 2022). Atlantis Press; 2022.

https://doi.org/10.1177/1470595820944207
https://doi.org/10.1080/10286632.2018.1495713
https://doi.org/10.3390/su12219199
https://doi.org/10.3390/su14010120
https://doi.org/10.4236/jss.2024.121015
https://doi.org/10.4236/jss.2024.121015
https://doi.org/10.1016/j.clrc.2021.100046
https://doi.org/10.3390/su13094958
https://doi.org/10.3390/su11184823
https://doi.org/10.1016/j.heliyon.2023.e15761
https://doi.org/10.1016/j.heliyon.2023.e15761
http://www.ncbi.nlm.nih.gov/pubmed/37205990
https://doi.org/10.1080/13527258.2024.2363793
https://doi.org/10.1186/s41257-021-00045-6


PLOS One | https://doi.org/10.1371/journal.pone.0322893  May 8, 2025 23 / 25

	23.	 Zhang X, Li Y, Lin J, Ye Y. The Construction of Placeness in Traditional Handicraft Heritage Sites: A Case Study of Suzhou Embroidery. Sustainabil-
ity. 2021;13(16):9176. https://doi.org/10.3390/su13169176

	24.	 Fernández Bellver D, Prados-Peña MB, García-López AM, Molina-Moreno V. Crafts as a key factor in local development: Bibliometric analysis. 
Heliyon. 2023;9(1):e13039. https://doi.org/10.1016/j.heliyon.2023.e13039 PMID: 36820181

	25.	 Shafi M. Geographical indications and sustainable development of handicraft communities in developing countries. World Intellectual Property. 
2022;25(1):122–42. https://doi.org/10.1111/jwip.12211

	26.	 Azharunnisa A, Gupta S, Panda S. Craft culture revival through a sustainable approach of integrating tourism with craft promotion: case study of 
Puri, Odisha. JCHMSD. 2022;14(3):397–418. https://doi.org/10.1108/jchmsd-07-2021-0120

	27.	 Nur Hidayah. Stitching Identity: The Role of Handicrafts in Cultural Protection by Ikatan Wanita BRI (IWABRI) in Blora. Harmoni. 2024;1(3):121–6. 
https://doi.org/10.62383/harmoni.v1i3.380

	28.	 Poon S. Symbolic Resistance: Tradition in Batik Transitions Sustain Beauty, Cultural Heritage and Status in the Era of Modernity. WJSS. 
2020;7(2):1. https://doi.org/10.5430/wjss.v7n2p1

	29.	 Li M, Wang L, Li L. Research on narrative design of handicraft intangible cultural heritage creative products based on AHP-TOPSIS method. Heli-
yon. 2024;10(12):e33027. https://doi.org/10.1016/j.heliyon.2024.e33027 PMID: 38988572

	30.	 Newisar M, Selim G, Li M. Place-Based Perspectives on Understanding the Value of Sustainable Heritage-Inspired Arts and Crafts in Jordan. Sus-
tainability. 2024;16(17):7547. https://doi.org/10.3390/su16177547

	31.	 Linton C. “Making It For Our Country”: An Ethnography of Mud-Dyeing on Amami Ōshima Island. TEXTILE. 2019;18(3):250–77. https://doi.org/10.1
080/14759756.2019.1690837

	32.	 Cruz A. Innovation in traditional art forms: preserving heritage while fostering contemporary expression. In: Proceedings of International Confer-
ence“ Actual economy: local solutions for global challenges”. 2025.

	33.	 Jin L. Research on the integration of traditional arts and crafts into the design of modern cultural and creative Products. In: Proceedings of 2021 
International Conference on Culture, Design and Social Development (CDSD 2021). Atlantis Press; 2022.

	34.	 Liu W. Optimization of an Innovative Design System for Han Embroidery Dresses Based on Image Matching Method. International Journal of 
e-Collaboration. 2024;20(1):1–17. https://doi.org/10.4018/ijec.357643

	35.	 Feng X,Yu L,Tu W,Chen G.Craft representation network and innovative heritage: the Forbidden City’s cultural and creative products in a complex 
perspective. Library Hi Tech. 2024.

	36.	 Shafi M, , Fauzi MA, Yang Y. Factors influencing small handicraft enterprises to adopt technological innovation: insights from Pakistani handicraft 
enterprises. Asian Journal of Technology Innovation. 2024:1–35. https://doi.org/10.1080/19761597.2024.2372571

	37.	 Zhang J, Xu R, Yang Z. An analysis on design strategy of traditional process in global digitization. In: Proceedings of International Conference on 
Human-Computer Interaction. Springer; 2023.

	38.	 Song MJ. Craftspeople’s new identity: The impact of digital fabrication technologies on craft practices. Int J Technol Des Educ. 2021;32(4):2365–
83. https://doi.org/10.1007/s10798-021-09687-1

	39.	 Abdel Halim MS, Ibrahim GE, Abdel Tawab FM. Utilizing Artificial Intelligence Technical to develop some Textile Craft Industries. International 
Design Journal. 2024;14(5):43–63. https://doi.org/10.21608/idj.2024.372636

	40.	 Bortolotti N. The Craftsman and Design 4.0. FH. 2023;1(1):116–21. https://doi.org/10.36253/fh-2268

	41.	 Ferreira J, Sousa BM, Gonçalves F. Encouraging the subsistence artisan entrepreneurship in handicraft and creative contexts. JEC. 
2019;13(1/2):64–83. https://doi.org/10.1108/jec-09-2018-0068

	42.	 Du Y, Jiang N. Exploring Innovative Models of Guizhou Miao Embroidery from a Digital Perspective. In: Proceedings of International Conference on 
Human-Computer Interaction. Springer; 2024.

	43.	 Li J. Research on the Development of Intangible Cultural Heritage Traditional Handicraft Education Inheritance and Socialization Inheritance. Inter-
national Journal of Frontiers in Sociology. 2022;4.

	44.	 Wang C. Building a Network for Preserving Intangible Cultural Heritage through Education: A Study of Indonesian Batik. Int J Art Design Ed. 
2018;38(2):398–415. https://doi.org/10.1111/jade.12200

	45.	 Zabulis X, Partarakis N, Demeridou I, Doulgeraki P, Zidianakis E, Argyros A, et al. A Roadmap for Craft Understanding, Education, Training, and 
Preservation. Heritage. 2023;6(7):5305–28. https://doi.org/10.3390/heritage6070280

	46.	 Yang N, Zang X, Chen C. Inheritance Patterns under Cultural Ecology Theory for the Sustainable Development of Traditional Handicrafts. Sustain-
ability. 2022;14(22):14719. https://doi.org/10.3390/su142214719

	47.	 Ma X, Wang F, Zeng H. Research on the Experience Value of the Communication and Consumption of Traditional Handicraft in the New Media 
Era. In: Proceedings of 2021 International Conference on Social Development and Media Communication (SDMC 2021). Atlantis Press; 2022.

	48.	 Bell E, Dacin MT, Toraldo ML. Craft Imaginaries – Past, Present and Future. Organization Theory. 2021;2(1). https://doi.
org/10.1177/2631787721991141

	49.	 Pöllänen S. The meaning of craft: craft makers’ descriptions of craft as an occupation. Scand J Occup Ther. 2013;20(3):217–27. https://doi.org/10.
3109/11038128.2012.725182 PMID: 22989300

https://doi.org/10.3390/su13169176
https://doi.org/10.1016/j.heliyon.2023.e13039
http://www.ncbi.nlm.nih.gov/pubmed/36820181
https://doi.org/10.1111/jwip.12211
https://doi.org/10.1108/jchmsd-07-2021-0120
https://doi.org/10.62383/harmoni.v1i3.380
https://doi.org/10.5430/wjss.v7n2p1
https://doi.org/10.1016/j.heliyon.2024.e33027
http://www.ncbi.nlm.nih.gov/pubmed/38988572
https://doi.org/10.3390/su16177547
https://doi.org/10.1080/14759756.2019.1690837
https://doi.org/10.1080/14759756.2019.1690837
https://doi.org/10.4018/ijec.357643
https://doi.org/10.1080/19761597.2024.2372571
https://doi.org/10.1007/s10798-021-09687-1
https://doi.org/10.21608/idj.2024.372636
https://doi.org/10.36253/fh-2268
https://doi.org/10.1108/jec-09-2018-0068
https://doi.org/10.1111/jade.12200
https://doi.org/10.3390/heritage6070280
https://doi.org/10.3390/su142214719
https://doi.org/10.1177/2631787721991141
https://doi.org/10.1177/2631787721991141
https://doi.org/10.3109/11038128.2012.725182
https://doi.org/10.3109/11038128.2012.725182
http://www.ncbi.nlm.nih.gov/pubmed/22989300


PLOS One | https://doi.org/10.1371/journal.pone.0322893  May 8, 2025 24 / 25

	50.	 Jalil MH, Abdullah QD-L, Wong NR, Hoon LN, Amaran MA. Art inheritance: Revitalizing traditional material culture motifs through innovative 
graphic design and artistic expression. Journal of Graphic Engineering and Design. 2024.

	51.	 Yin T, Sun J. Research on the Feasibility and Realization Path for Online Marketing of Intangible Cultural Heritage. JID. 2023;3(2):31–5. https://doi.
org/10.54097/jid.v3i2.9145

	52.	 Lei S-M. An industrial heritage of Macau: a cultural mapping of the disappearing shipbuilding industrial heritage of Lai Chi Vun Village. HKU Theses 
Online (HKUTO). 2018.

	53.	 Santos B, Gonçalves J, Martins AM, Almeida PG. Safeguarding Portuguese traditional glazed tile cultural heritage with GIS. In: Proceedings of IOP 
Conference Series: Materials Science and Engineering. IOP Publishing; 2020.

	54.	 Tang K. Diversity: Macau Design and Urban Culture. 2020.

	55.	 Hasson F, Keeney S, McKenna H. Research guidelines for the Delphi survey technique. J Adv Nurs. 2000;32(4):1008–15. https://doi.
org/10.1046/j.1365-2648.2000.t01-1-01567.x PMID: 11095242

	56.	 Ju Q-Y, Huang L-H, Zhao X-H, Xing M-Y, Shao L-W, Zhang M-Y, et al. Development of evidence-based nursing-sensitive quality indicators for 
emergency nursing: A Delphi study. J Clin Nurs. 2018;27(15–16):3008–19. https://doi.org/10.1111/jocn.14256 PMID: 29314311

	57.	 Zhou X, Yi J, Bai L, Jiang M, Peng W, Liao J, et al. Toward a Medication Information Literacy Indicator System for Older Adults: A Delphi Study. 
Health Expect. 2024;27(4):e14127. https://doi.org/10.1111/hex.14127 PMID: 38940704

	58.	 Ye B, Zhu H, Yang Z, He Z, Liu G, Pan H, et al. Construction and Analysis of the Physical Fitness Evaluation Index System for Elite Male Singles 
Badminton Players: Based on Delphi and AHP Methods. Life (Basel). 2024;14(8):944. https://doi.org/10.3390/life14080944 PMID: 39202686

	59.	 Liang Y, Wang H, Zhao X. Analysis of factors affecting economic operation of electric vehicle charging station based on DEMATEL-ISM. Computers 
& Industrial Engineering. 2022;163:107818. https://doi.org/10.1016/j.cie.2021.107818

	60.	 Falatoonitoosi E, Leman Z, Sorooshian S, Salimi M. Decision-Making Trial and Evaluation Laboratory. RJASET. 2013;5(13):3476–80. https://doi.
org/10.19026/rjaset.5.4475

	61.	 Ocampo L, Yamagishi K. Modeling the lockdown relaxation protocols of the Philippine government in response to the COVID-19 pandemic: An 
intuitionistic fuzzy DEMATEL analysis. Socioecon Plann Sci. 2020;72:100911. https://doi.org/10.1016/j.seps.2020.100911 PMID: 32836474

	62.	 He Y, Kang J, Pei Y, Ran B, Song Y. Research on influencing factors of fuel consumption on superhighway based on DEMATEL-ISM model. 
Energy Policy. 2021;158:112545. https://doi.org/10.1016/j.enpol.2021.112545

	63.	 Xing M, Luo X, Zan Y, Yang L, Jin H, Luo J. Identification of factors affecting hoisting quality of large offshore structures and analysis of their cou-
pling relationship based on grey-DEMATEL-ISM-MICMAC. Ocean Engineering. 2023;280:114805. https://doi.org/10.1016/j.oceaneng.2023.114805

	64.	 Ahmad K, Islam MS, Jahin MA, Mridha MF. Analysis of Internet of things implementation barriers in the cold supply chain: An integrated ISM-
MICMAC and DEMATEL approach. PLoS One. 2024;19(7):e0304118. https://doi.org/10.1371/journal.pone.0304118 PMID: 38995917

	65.	 Nasa P, Jain R, Juneja D. Delphi methodology in healthcare research: How to decide its appropriateness. World J Methodol. 2021;11(4):116–29. 
https://doi.org/10.5662/wjm.v11.i4.116 PMID: 34322364

	66.	 Kumar A, Kaviani MA, Hafezalkotob A, Zavadskas EK. Evaluating innovation capabilities of real estate firms: a combined fuzzy delphi and dematel 
approach. International Journal of Strategic Property Management. 2017;21(4):401–16. https://doi.org/10.3846/1648715x.2017.1409291

	67.	 Yuan Q, Zhang X, Zhu H, Zhang B, Chen J. Research on influencing factors of coal mine safety production based on integrated fuzzy 
DEMATEL-ISM methods. Energy Sources, Part A: Recovery, Utilization, and Environmental Effects. 2023;45(1):2811–30. https://doi.org/10.1080/1
5567036.2023.2192012

	68.	 Chen Y, Zhou R, Zhou Y. Analysis of Critical Factors for the Entrepreneurship in Industries of the Future Based on DEMATEL-ISM Approach. Sus-
tainability. 2022;14(24):16812. https://doi.org/10.3390/su142416812

	69.	 Alqahtani AY, Makki AA. A DEMATEL-ISM Integrated Modeling Approach of Influencing Factors Shaping Destination Image in the Tourism Industry. 
Administrative Sciences. 2023;13(9):201. https://doi.org/10.3390/admsci13090201

	70.	 Tseng M-L. Application of ANP and DEMATEL to evaluate the decision-making of municipal solid waste management in Metro Manila. Environ 
Monit Assess. 2009;156(1–4):181–97. https://doi.org/10.1007/s10661-008-0477-1 PMID: 18670898

	71.	 Yang X, Xing Q, Yang J, Yao Y, Tian K, Cai H. Research on Influencing Factors and Mechanisms of Human-Machine Safety Collaboration Behavior 
in Coal Mines Based on DEMATEL-ISM. Sage Open. 2024;14(1). https://doi.org/10.1177/21582440241239126

	72.	 Zhong S, Lin D, Yang K. Research on the Influencing Factors of Coal Industry Transformation Based on the DEMATEL–ISM Method. Energies. 
2022;15(24):9502. https://doi.org/10.3390/en15249502

	73.	 Karakul Ö. The Effects of Tourism on Traditional Craftsmanship for The Sustainable Development of Historic Environments. EJSD. 2019;8(4):380. 
https://doi.org/10.14207/ejsd.2019.v8n4p380

	74.	 Karunaratne P, Jayalath U, Bhagya K. Heritage of Living Entity and Living Skills: Advancing Sustainability Goals 1 and 4 in Handloom Textiles. 
Textiles of Sri Lanka: Sustainable Innovations and Practices. Springer; 2024, p. 49–96.

	75.	 Tian T, Vongphantuset J. Historical Evolution and Contemporary Practice of Rural Brands Design: Integrating Traditional Culture and Modern Inno-
vation. Przestrzeń Społeczna (Social Space). 2024;24:460–84.

	76.	 Andonova Y, Kogan A-F, Krastanova K. Craftwork, design, creativity: between tradition and contemporaneity. 2022.

https://doi.org/10.54097/jid.v3i2.9145
https://doi.org/10.54097/jid.v3i2.9145
https://doi.org/10.1046/j.1365-2648.2000.t01-1-01567.x
https://doi.org/10.1046/j.1365-2648.2000.t01-1-01567.x
http://www.ncbi.nlm.nih.gov/pubmed/11095242
https://doi.org/10.1111/jocn.14256
http://www.ncbi.nlm.nih.gov/pubmed/29314311
https://doi.org/10.1111/hex.14127
http://www.ncbi.nlm.nih.gov/pubmed/38940704
https://doi.org/10.3390/life14080944
http://www.ncbi.nlm.nih.gov/pubmed/39202686
https://doi.org/10.1016/j.cie.2021.107818
https://doi.org/10.19026/rjaset.5.4475
https://doi.org/10.19026/rjaset.5.4475
https://doi.org/10.1016/j.seps.2020.100911
http://www.ncbi.nlm.nih.gov/pubmed/32836474
https://doi.org/10.1016/j.enpol.2021.112545
https://doi.org/10.1016/j.oceaneng.2023.114805
https://doi.org/10.1371/journal.pone.0304118
http://www.ncbi.nlm.nih.gov/pubmed/38995917
https://doi.org/10.5662/wjm.v11.i4.116
http://www.ncbi.nlm.nih.gov/pubmed/34322364
https://doi.org/10.3846/1648715x.2017.1409291
https://doi.org/10.1080/15567036.2023.2192012
https://doi.org/10.1080/15567036.2023.2192012
https://doi.org/10.3390/su142416812
https://doi.org/10.3390/admsci13090201
https://doi.org/10.1007/s10661-008-0477-1
http://www.ncbi.nlm.nih.gov/pubmed/18670898
https://doi.org/10.1177/21582440241239126
https://doi.org/10.3390/en15249502
https://doi.org/10.14207/ejsd.2019.v8n4p380


PLOS One | https://doi.org/10.1371/journal.pone.0322893  May 8, 2025 25 / 25

	77.	 Zabulis X, Meghini C, Dubois A, Doulgeraki P, Partarakis N, Adami I, et al. Digitisation of Traditional Craft Processes. J Comput Cult Herit. 
2022;15(3):1–24. https://doi.org/10.1145/3494675

	78.	 He X, Sornyai P. Cultural Studies and Heritage Education of Nanyin Performance Art in Quanzhou City, Fujian Province, China. IJELS. 
2023;11(4):141–50. https://doi.org/10.7575/aiac.ijels.v.11n.4p.141

	79.	 Pagán EA, Salvatella M del MG, Pitarch MD, Muñoz AL, Toledo M del MM, Ruiz JM, et al. From Silk to Digital Technologies: A Gateway to 
New Opportunities for Creative Industries, Traditional Crafts and Designers. The SILKNOW Case. Sustainability. 2020;12(19):8279. https://doi.
org/10.3390/su12198279

	80.	 Roy S, Mohapatra S. Exploring the culture–creativity–innovation triad in the handicraft industry using an interpretive approach. Journal of Business 
Research. 2023;156:113460. https://doi.org/10.1016/j.jbusres.2022.113460

	81.	 Zeng M, Jin C. Application of artistic design innovation in promoting rural cultural brand construction. Sci Rep. 2024;14(1):26096. https://doi.
org/10.1038/s41598-024-77657-3 PMID: 39478036

	82.	 Zhu W, Yin Y, Cao Q. Innovative Development of Maonan Traditional Crafts in the Digital Media Era. In: Proceedings of Retracted on September 
15, 2021 The Sixth International Conference on Information Management and Technology. 2021.

	83.	 Ringas C, Tasiopoulou E, Kaplanidi D, Partarakis N, Zabulis X, Zidianakis E, et al. Traditional Craft Training and Demonstration in Museums. Heri-
tage. 2022;5(1):431–59. https://doi.org/10.3390/heritage5010025

	84.	 Posch I. Crafting stories: Smart and electronic textile craftsmanship for interactive books. In: Proceedings of the Fifteenth International Conference 
on Tangible, Embedded, and Embodied Interaction. 2021.

	85.	 Brown S, Vacca F. Cultural sustainability in fashion: reflections on craft and sustainable development models. Sustainability: Science, Practice and 
Policy. 2022;18(1):590–600. https://doi.org/10.1080/15487733.2022.2100102

	86.	 Zhang F. The “Craftsmanship Spirit” in the New Era: A Study on the Inheritance and Innovation of Zhuo Qin Craftsmanship in Vocational Colleges. 
JMEC. 2024;1(2). https://doi.org/10.70767/jmec.v1i2.354

	87.	 Partarakis N, Zabulis X, Antona M, Stephanidis C. Transforming heritage crafts to engaging digital experiences. Visual Computing for Cultural 
Heritage. 2020:245–62.

	88.	 Hauser H, Beisswenger C, Partarakis N, Zabulis X, Adami I, Zidianakis E, et al. Multimodal Narratives for the Presentation of Silk Heritage in the 
Museum. Heritage. 2022;5(1):461–87. https://doi.org/10.3390/heritage5010027

	89.	 Shin MJ, Westland S. Digitizing Traditional Cultural Designs. The Design Journal. 2017;20(5):639–58. https://doi.org/10.1080/14606925.2017.1349
725

	90.	 Poddar AK. Impact of Global Digitalization on Traditional Cultures. The International Journal of Interdisciplinary Social and Community Studies 
2024;20:209.

https://doi.org/10.1145/3494675
https://doi.org/10.7575/aiac.ijels.v.11n.4p.141
https://doi.org/10.3390/su12198279
https://doi.org/10.3390/su12198279
https://doi.org/10.1016/j.jbusres.2022.113460
https://doi.org/10.1038/s41598-024-77657-3
https://doi.org/10.1038/s41598-024-77657-3
http://www.ncbi.nlm.nih.gov/pubmed/39478036
https://doi.org/10.3390/heritage5010025
https://doi.org/10.1080/15487733.2022.2100102
https://doi.org/10.70767/jmec.v1i2.354
https://doi.org/10.3390/heritage5010027
https://doi.org/10.1080/14606925.2017.1349725
https://doi.org/10.1080/14606925.2017.1349725

