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Introduction: The acceleration of urbanization and industrial restructuring in recent years has positioned the regeneration of industrial heritage as a critical issue in urban renewal and sustainable development. However, existing research predominantly focuses on design and conservation, lacking systematic quantitative analysis of user satisfaction, which limits holistic optimization of regeneration outcomes.Methods: This study employs a mixed-methods approach, integrating Structural Equation Modeling (SEM) and Importance-Performance Analysis (IPA) to quantitatively evaluate user satisfaction. A satisfaction evaluation system was constructed across six dimensions—cultural identity, environmental sustainability, social impact, technology application, spatial layout, and economic value—and empirically validated through questionnaire surveys and statistical analysis.Results: The SEM analysis revealed that social impact exerts the strongest influence on user satisfaction, emphasizing the role of community interaction and public participation. Economic value and environmental sustainability ranked second, highlighting the significance of economic benefits and ecological improvements. Cultural identity and spatial layout showed weaker effects, suggesting insufficient integration of cultural and technological elements. IPA further identified key areas for improvement, such as intelligent management systems and transportation convenience.Discussion: The findings underscore the necessity of prioritizing community engagement and economic-environmental synergies in industrial heritage regeneration. While cultural and spatial factors require deeper integration, technological innovations should be leveraged to enhance functional performance. These insights provide policymakers and urban planners with actionable strategies to balance social, economic, and cultural benefits, advancing sustainable urban development goals. The study bridges the gap between qualitative preservation and quantitative user-centric evaluation, offering a replicable framework for future heritage regeneration projects.Keywords: industrial heritage regeneration, urban renewal, user satisfaction, structural equation modeling (SEM), importance-performance analysis (IPA)
1 INTRODUCTION
With the rapid advancement of global urbanization and industrialization, many traditional industrial areas have gradually declined (Rieniets, 2009; Ma et al., 2018). Determining how to effectively regenerate and utilize these areas has become a core issue in urban renewal and sustainable development (Zheng et al., 2014; Wang et al., 2014; Hassan and Lee, 2015). Industrial heritage not only serves as an important testament to urban industrial history but also carries rich cultural values and social memories (Rhodes, 2013). However, amid increasingly intense competition for urban space, preserving the historical value of industrial heritage while imbuing it with new social functions has emerged as a significant challenge in global urban renewal practices (Suet Leng and Badarulzaman, 2014; Bain and March 2019).
Urbanization refers to the process of transforming rural areas into urban centers, typically accompanied by population growth, infrastructure development, and economic diversification (Feng et al., 2019; Tu et al., 2018). Industrialization, on the other hand, signifies the shift from an agricultural economy to one based on manufacturing and technological advancement (Cheremukhin et al., 2017). As urbanization and industrialization progress, many traditional industrial zones have gradually lost their original functions and become abandoned spaces within cities (Ma et al., 2018; Valjarević et al., 2021). Nevertheless, these industrial heritage sites remain integral to urban history and represent manifestations of cultural diversity (García-Hernández et al., 2017).
Cultural heritage includes both tangible and intangible assets inherited from the past, such as historic buildings, artifacts, and traditions (Vecco, 2010; Wanda George, 2010). As a subset of cultural heritage, industrial heritage refers to industrial sites and structures with historical, technical, social, or architectural significance (Fredheim and Khalaf, 2016; Yildirim, 2012). Regenerating such heritage not only promotes urban economic growth but also enhances community cohesion and cultural identity (Hui et al., 2021).
In recent years, the approach to industrial heritage regeneration has shifted from the traditional “demolition and reconstruction” model to a more sustainable “preservation and innovation” strategy (Wang et al., 2024). By transforming former industrial sites into creative parks, cultural spaces, or tourist destinations, these projects retain the original architectural features while introducing new social and cultural functions (He and Gebhardt, 2014; Richards, 2020). Notable examples worldwide—such as the Ruhr Industrial Region in Germany and the Tate Modern in the United Kingdom—exemplify the critical role of industrial heritage in fostering local economic development and cultural continuity (Fan and Sun, 2024; Meng et al., 2024; He, 2025).
In China, the government has emphasized the importance of cultural heritage conservation and regeneration through policies such as the National Historic and Cultural City Conservation Plan and the 14th Five-Year Plan for Cultural and Tourism Development (Zhou et al., 2024). Industrial heritage conservation has become a key component of urban renewal strategies (Blagojević and Tufegdžić, 2016). However, despite some progress in these initiatives, challenges tremain, including limited innovation, low public engagement, and inadequate integration with local communities. These issues suggest that physical renovation alone is inadequate for effective heritage regeneration (Yung and Chan, 2012). A more comprehensive approach, incorporating quantitative evaluations of user satisfaction, is essential for optimizing project outcomes (Wang et al., 2013).
User satisfaction is a critical indicator of the success of industrial heritage regeneration projects (Zheng et al., 2024). It reflects users’ perceptions and emotional experiences, revealing the project’s actual performance across environmental, cultural, and economic dimensions (Currás-Pérez et al., 2018). However, current research on industrial heritage regeneration primarily focuses on design preservation and functional adaptation, with a lack of systematic and quantitative studies on user satisfaction (Guo et al., 2021). Therefore, constructing a structured satisfaction evaluation model is essential for understanding the actual impacts of these projects on users and providing scientific evidence for urban renewal strategies (Guo et al., 2021).
This study uses Chengdu Eastern Suburb Memory as a case study to conduct an empirical analysis of user satisfaction through the Structural Equation Model (SEM). Originally established in the 1950s as the Hongguang Electron Tube Factory, Eastern Suburb Memory has been transformed into a comprehensive creative park integrating cultural arts and tourism (Shi, 2022). Through questionnaire surveys and data analysis, this study identifies key factors influencing user satisfaction and proposes targeted optimization recommendations. The findings aim to provide valuable references for industrial heritage regeneration projects in China and other regions, thereby further promoting social, cultural, and economic benefits.
2 LITERATURE REVIEW
2.1 Sustainable Urban Renewal
Sustainable Urban Renewal refers to the process of transforming and reusing old, deteriorated, or abandoned urban areas through comprehensive planning and design strategies to achieve multiple benefits in terms of economic, social, and environmental outcomes (Lee et al., 2022; Kim et al., 2020). With the acceleration of global urbanization, Urban Renewal has become a key strategy for many countries and regions to address urban decline and enhance urban competitiveness (Güzey, 2009; Martinez-Fernandez et al., 2012). Lin et al. (2021) developed a hybrid multiple-attribute decision-making model to evaluate the sustainability of urban renewal projects (Lin et al., 2021). Zheng et al. (2021) conducted a bibliometric analysis of scientific research since 2000 to track the progress in sustainable Urban Renewal studies. Their review of numerous scientific papers provided insights into the emergence and development of research on this topic over the past 2 decades (Zheng et al., 2021). Zewdie et al. (2021) focused on assessing the sustainability of inner-city urban renewal in Addis Ababa, Ethiopia, by identifying urban sustainability indicators through consultations with multidisciplinary experts and a literature review (Zewdie et al., 2021). Akinyode (2022) critically reviewed the land pooling technique for sustainable Urban Renewal in developing countries, analyzing both its potential and its limitations (Akinyode, 2022). Gu et al. (2022) explored the regeneration approach for historic districts, emphasizing the integration of sustainable development principles with urban renewal techniques (Gu et al., 2022). Ma et al. (2023a) highlighted the challenges faced in sustainable district-level industrial building renovation and the need for effective strategies to promote Urban Renewal (Ma X. et al., 2023). Bai et al. (2023) examined the key factors influencing sustainable Urban Renewal from the perspective of multiple stakeholders, including local governments, residents, developers, and designers (Bai et al., 2023). Finally, Zuo et al. (2024) conducted a case study in Chengdu City to classify and spatially differentiate subdistrict units for sustainable Urban Renewal (Zuo et al., 2024). Their study emphasized the importance of sustainable Urban Renewal as a vital strategy for achieving high-quality urban development. Collectively, these studies underline the significance of sustainability in Urban Renewal projects and highlight the need for interdisciplinary approaches to address the challenges and opportunities in this field.
2.2 Regeneration of industrial heritage spaces
The regeneration of industrial heritage spaces involves the preservation, redevelopment, and reuse of former industrial sites to reintegrate them into contemporary urban life (Ma P. et al., 2023). Industrial heritage constitutes a vital aspect of a city’s industrial history (Nikolić et al., 2020). By preserving the unique spatial characteristics of these sites, we can sustain historical continuity while transforming them into public spaces that provide both cultural and functional value to the city (Lei and Zhou, 2022). This regeneration process transcends mere physical reconstruction, encompassing the ongoing and innovative reinterpretation of historical and cultural elements (Della Spina, 2024). Furthermore, it is necessary to consider community satisfaction to ensure that regeneration projects truly serve the local residents (Bovaird, 2007).
Current research on the regeneration of industrial heritage primarily focuses on two key aspects: first, the repurposing of these spaces to accommodate modern functions; and second, the pursuit of economic feasibility while preserving the cultural value of the heritage (Arbab and Alborzi, 2022). However, with the increasing level of public engagement, the role of community satisfaction in industrial heritage regeneration has garnered greater attention (Ji et al., 2024). Community satisfaction not only affects the long-term sustainability of regeneration projects but also influences residents’ acceptance and participation in these projects (Xu S. et al., 2024). Numerous studies have shown that when communities hold a positive attitude toward regeneration projects, there is a greater likelihood of enhancing their social and economic value (Tang et al., 2022).
Many successful case studies illustrate that the regeneration of industrial heritage can contribute to sustainable urban development, while simultaneously enhancing citizens’ cultural identity and sense of community belonging (Tweed and Sutherland, 2007). For example, the regeneration of industrial heritage in Germany’s Ruhr region has effectively revitalized the local economy by fostering cultural and creative industries, as well as tourism, thereby enhancing the region’s international visibility (Somoza-Medina and Monteserín-Abella, 2021).
Moreover, the increasing diversity of spatial needs has resulted in a wider range of approaches to the reuse of industrial heritage. Some former industrial sites have been converted into museums, art spaces, or innovative commercial districts (Somoza-Medina and Monteserín-Abella, 2021). These adaptive reuse practices not only preserve the historical and cultural significance of industrial heritage but also inject new vitality and functionality into urban development (Yung et al., 2014).
3 MATERIALS AND METHODS
3.1 Research design
This study is grounded in urban planning theory, architectural heritage theory, and adaptive reuse theory, employing Structural Equation Modeling (SEM) and a case study approach to systematically analyze satisfaction in industrial heritage regeneration.
First, a literature review synthesizes the relevant theoretical foundations and guides the construction of an evaluation index system for industrial heritage regeneration satisfaction. Simultaneously, hypotheses for the structural equation model are formulated to clarify research variables and their interrelationships. Second, Chengdu’s East Suburb Memory in China is selected as the case study. Data are collected through questionnaire surveys, and SPSS 27.0 is used to test the reliability and validity of the data, ensuring the rigor and suitability of the measurement scale. Subsequently, AMOS 23.0 is employed to evaluate the goodness-of-fit for the structural equation model, thus verifying the hypothesized paths. Finally, the Importance–Performance Analysis (IPA) method is incorporated to further identify key factors influencing satisfaction and to propose optimization strategies aimed at enhancing the reuse effectiveness and sustainable development of industrial heritage spaces.
Figure 1 presents the methodological framework of this study, covering the entire process from theoretical construction and data analysis to the formulation of optimization strategies, thereby ensuring scientific rigor and a systematic approach.
[image: Figure 1]FIGURE 1 | Research flow chart.
3.1.1 Overview of structural equation modeling
Structural Equation Modeling (SEM) is a multivariate statistical method employed to analyze complex relationships between latent and observed variables (De Carvalho and Chima, 2014). It integrates both factor analysis and path analysis, allowing researchers to test theoretical assumptions by constructing measurement models and structural models (Lei and Wu, 2007). The fundamental equations in SEM are categorized into two components: the measurement equation and the structural equation (Fan et al., 2016).
Measurement Models describe the relationships between latent variables and their observed indicators, typically expressed as:
X = Λ_x ξ + δ (Measurement equation for exogenous variables).
Y = Λ_y η + ε (Measurement equation for endogenous variables).
In these equations, X and Y represent the observed variables, while ξ and η denote the exogenous and endogenous latent variables, respectively (Jin et al., 2021). The matrices Λ_x and Λ_y are the factor loading matrices, and δ and ε represent the measurement errors. Structural models illustrate the causal relationships between latent variables and can be expressed as follows:
[image: image]
In this equation, B represents the path coefficient matrix that delineates the relationships between endogenous latent variables, while Γ denotes the coefficient matrix for the effects of exogenous latent variables on endogenous latent variables. Additionally, ζ signifies the structural error term. Through model fitting and parameter estimation, Structural Equation Modeling (SEM) evaluates the extent of alignment between the theoretical model and the empirical data (Iacobucci, 2009).
3.1.2 Development of evaluation indicators and research hypotheses
The framework for the evaluation indicators in this study was developed through a comprehensive theoretical analysis from multiple perspectives. Initially, the study draws on relevant literature from fields such as urban renewal, industrial heritage regeneration, and sustainable development to identify the key dimensions that influence satisfaction with the spatial regeneration of industrial heritage sites. Subsequently, based on the principles of scientific rigor, systematic structure, and practical feasibility, and in conjunction with national standards for the renewal of old industrial buildings, 22 specific indicators were selected. These indicators comprehensively reflect satisfaction with industrial heritage regeneration and form the foundation of the satisfaction evaluation system. A detailed overview of the indicator system is presented in Table 1.
TABLE 1 | Industrial heritage space regeneration satisfaction evaluation index system.
[image: Table 1]Based on the evaluation framework for satisfaction with the spatial regeneration of industrial heritage, this study proposes the following six hypotheses.
H1. Cultural Identity Has a Significant Positive Impact on Satisfaction with Industrial Heritage Regeneration.
H2. Environmental Sustainability Has a Significant Positive Impact on Satisfaction with Industrial Heritage Regeneration.
H3. Social Impact Has a Significant Positive Impact on Satisfaction with Industrial Heritage Regeneration.
H4. Technological Applications Have a Significant Positive Impact on Satisfaction with Industrial Heritage Regeneration.
H5. Spatial Layout Has a Significant Positive Impact on Satisfaction with Industrial Heritage Regeneration.
H6. Economic Value Has a Significant Positive Impact on Satisfaction with Industrial Heritage Regeneration.
3.1.3 Structural equation modeling construction
Drawing upon relevant theories, this study proposes a hypothetical model for satisfaction with the regeneration of industrial heritage (Figure 2). The model encompasses six theoretical constructs: “Cultural Identity,” “Environmental Sustainability,” “Social Impact,” “Economic Value,” “Technological Application,” and “Spatial Planning.” It is posited that these factors significantly influence satisfaction with the repurposing of industrial heritage spaces.
[image: Figure 2]FIGURE 2 | Initial theoretical model.
3.2 Scope of the study
This study focuses on the East Suburb Memory in Chengdu, a representative industrial heritage regeneration project located at No. 1 Jianshe South Branch Road in Chenghua District, Sichuan Province, China (Figure 3). Situated in the northeastern part of Chengdu’s central urban area—between the Second and Third Ring Roads—the East Suburb Memory is conveniently positioned near Chengdu East Railway Station and Shahe Urban Park, offering advantageous accessibility and a strategic geographic location.
[image: Figure 3]FIGURE 3 | Location map of the study area (drawn by the author).
The study area is located at 104°06′E and 30°39′N, within a subtropical monsoon climate zone, and has an average annual temperature of 16.2°C. Formerly known as the Hongguang Electron Tube Factory (established in the 1950s), the site covers approximately 50 ha and served as one of the major industrial bases in Southwest China. As a contributor to the “156 Key National Construction Projects,” this facility was crucial in the manufacturing of military and civilian electronic tubes, depicting the height of industrialization in China.
However, with the restructuring of the industrial sector and the acceleration of urbanization toward the end of the 20th century, the Eastern Suburb industrial zone gradually declined, resulting in vast areas of abandoned factories. In 2009, the Chengdu Municipal Government initiated a renewal project for Eastern Suburb Memory. This project adhered to the principle of “restoration in its original style,” preserving historically significant industrial elements such as red-brick workshops, tall chimneys, and old railways. These elements were integrated with cultural and creative functions, including a music square, art exhibitions, and cultural performances, thereby revitalizing the industrial heritage site (Figure 4).
[image: Figure 4]FIGURE 4 | Real picture of the study area (from the Internet).
The regenerated Eastern Suburb Memory not only preserves the city’s industrial history and cultural memory but also significantly enhances the region’s economic vitality. It has attracted a substantial influx of tourists and creative industries, fostering local employment and promoting the development of cultural industries. More importantly, the revival of public spaces has enriched citizens’ cultural identity and satisfaction, establishing Eastern Suburb Memory as a successful model for the preservation and adaptive reuse of industrial heritage in China (Wang et al., 2022).
3.3 Questionnaire design and data collection
This study conducted a questionnaire survey from 10 May 2024, to 15 September 2024, targeting visitors, residents, and business operators at the Chengdu East Suburb Memory site. The survey process was designed to ensure that participants’ privacy was upheld, while their rights, needs, and preferences were fully respected. All responses were collected anonymously, with stringent data protection measures in place, and participants provided informed consent for their data to be utilized for academic research and publication purposes.
In total, 260 questionnaires were sent out, and 241 were submitted back; out of these, 214 were identified as valid, leading to an effective response rate of 88.7%. The questionnaire was organized into two principal sections. The initial section gathered demographic details from participants, such as age, educational attainment, job title, and gender. This information provided a vital basis for examining the background characteristics of participants and their relationship with satisfaction levels. The second section included the primary elements of the survey, concentrating on assessing satisfaction and significance across six essential dimensions pertaining to the industrial heritage regeneration initiative.
In the satisfaction and importance evaluation section, each key dimension included specific questions, with participants rating their responses based on personal experiences. A five-point Likert scale was employed, where a score of one indicated “very dissatisfied” or “very unimportant,” while a score of five represented “very satisfied” or “very important.” This scoring method aimed to capture respondents’ perceptions and value judgments, providing a quantitative foundation for analyzing the gap between project performance and user expectations.
The majority of visitors to the Chengdu East Suburb Memory site were young adults aged 20 to 30, accounting for 35.981% of the total sample. In terms of educational background, most participants held either an associate degree or a bachelor’s degree, representing 46.262% and 30.841% of the respondents, respectively. This indicates a high level of interest in this type of project among individuals with medium to higher education. Regarding gender distribution, male participants slightly outnumbered female participants, accounting for 51.402% of the sample, which suggests a relatively balanced gender ratio.
4 RESEARCH RESULTS
4.1 Results of questionnaire reliability and validity analysis
Before conducting factor analysis, it is essential to verify the adequacy of the sample to ensure that the dataset is sufficient to support statistical analysis. Cronbach’s alpha coefficient serves as a measure of the reliability of a questionnaire, reflecting the internal consistency among its items (Peterson, 1994). Typically, a coefficient exceeding 0.7 indicates that the questionnaire possesses adequate consistency, rendering it suitable for factor analysis (Du et al., 2008).
Additionally, the Kaiser-Meyer-Olkin (KMO) test and Bartlett’s test of sphericity are utilized to evaluate the appropriateness of the data and the correlations among variables. A KMO value greater than 0.6, along with a significant result from Bartlett’s test at the 95% confidence level ([image: image]), suggests that the data are suitable for factor analysis.
In this study, we employed SPSS 27.0 to calculate the Cronbach’s alpha coefficients and KMO values, as presented in Table 2. The results indicate that the Cronbach’s alpha coefficients for all subscales exceed 0.7, demonstrating high reliability of the questionnaire. Moreover, all subscales yielded KMO values above 0.6, indicating significant correlations among the variables. Bartlett’s test of sphericity produced a p-value below 0.000, further confirming the structural validity of the scales and suggesting significant differences in the correlation matrix of the items. These findings provide robust conditions for conducting factor analysis.
TABLE 2 | Cronbach alpha reliability and validity test.
[image: Table 2]4.2 Results of model fit verification analysis
Figure 5 illustrates the fit results of the structural equation model, which comprises six latent variables and 22 observed variables that constitute the measurement model. The influence of observed variables on the latent variables is evaluated through standardized factor loadings. In this model, the standardized loadings exceed 0.5, signifying that the relationships among variables and the dependent paths within the measurement model are statistically significant. This finding affirms the adequacy of the model structure and the validity of the relationships proposed in the analysis.
[image: Figure 5]FIGURE 5 | Final structural equation model.
4.2.1 Results of confirmatory factor analysis
The outcomes of the confirmatory factor analysis (CFA), conducted employing the maximum likelihood technique, are presented in Table 3. The analysis reveals that the standardized factor loadings for all measurement items are above 0.690 and statistically significant at the 0.001 level, indicating that the observed variables effectively explain their corresponding latent constructs. Furthermore, the squared multiple correlation (SMC) values for the observed variables range from 0.695 to 0.831, exceeding the commonly accepted threshold of 0.3, which confirms the reliability of the measurement items.
TABLE 3 | Results of confirmatory factor analysis.
[image: Table 3]Further examination indicates that the values of composite reliability (CR) for each latent construct surpass 0.7, demonstrating a robust internal consistency in the model. Moreover, the average variance extracted (AVE) values for every construct are greater than 0.5, supporting the model’s convergent validity. In summary, these results affirm that the model shows an acceptable fit and is suitable for additional goodness-of-fit assessments.
4.2.2 Results of model fit analysis
Table 4 presents the model fit indices that evaluate how well the structural equation model aligns with the observed data, thereby validating the model. The findings indicate a chi-square to degrees of freedom ratio (χ2/df) of 1.125, a Root Mean Square Error of Approximation (RMSEA) value of 0.024, and a Root Mean Square Residual (RMR) of 0.046. Additionally, the Normed Fit Index (NFI) is recorded at 0.950, while both the Comparative Fit Index (CFI) and Incremental Fit Index (IFI) are at 0.994. The Tucker-Lewis Index (TLI) is noted to be 0.993, and the Parsimony Normed Fit Index (PNFI) and Parsimony Goodness-of-Fit Index (PGFI) are documented as 0.789 and 0.695, respectively. These fit indices all fulfill the widely accepted standards for evaluating models, signifying that the model exhibits a satisfactory fit with the observed data.
TABLE 4 | Structural equation model fit index.
[image: Table 4]4.2.3 Path analysis and hypothesis testing results
Table 5 displays the standardized path coefficients from the structural model, along with the results related to hypothesis testing. The model incorporates six exogenous structural variables, where both environmental sustainability and economic value show notably high path coefficients ([image: image]), signifying a considerable positive influence on overall satisfaction.
TABLE 5 | Results of path hypothesis test analysis.
[image: Table 5]Furthermore, the path coefficient for social impact is the highest among all variables ([image: image]), demonstrating that social interaction and public engagement play a crucial role in shaping tourists’ overall experiences. Although the path coefficients for cultural identity, technological applications, and spatial layout are comparatively lower ([image: image]), they still exhibit statistical significance. This suggests that these factors contribute to overall tourist satisfaction to some extent, particularly by enhancing cultural experiences and improving comfort.
5 DISCUSSION
5.1 Analysis of model results
5.1.1 The impact of cultural identity on satisfaction
The standardized path coefficient for H1 (cultural identity) is 0.140, with a significance level of [image: image]. This finding indicates that cultural identity has a significant positive impact on visitors’ overall satisfaction with the regenerated industrial heritage space at Chengdu’s Eastern Suburb Memory. Specifically, visitors’ recognition of historical and cultural continuity, cultural experiences, and cultural innovation significantly influences their overall evaluation of the space (Wang et al., 2024). This result aligns with cultural identity theory, suggesting that the integration of cultural preservation and innovation fosters emotional resonance and a sense of engagement, thereby enhancing satisfaction (Leong et al., 2024).
The Eastern Suburb Memory achieves this balance by preserving the original industrial architecture, symbolically showcasing historical memories, and hosting diverse cultural events such as music festivals, exhibitions, and contemporary art performances. This multi-dimensional cultural experience not only evokes emotional connections with local history but also strengthens visitors’ attachment to the regenerated space and enhances their overall satisfaction (Zhang, 2024). This finding is consistent with existing research indicating that profound cultural experiences combined with innovation can foster a sense of identity and belonging among users (Ponsignon and Derbaix, 2020).
However, although cultural identity plays a crucial role in enhancing satisfaction, its relatively low path coefficient (0.140) suggests that its influence remains constrained by other factors, including the synergistic effects of technological applications and social influences. Compared to industrial heritage regeneration projects in Germany’s Ruhr Region, the East Suburb Memory still has room for further cultural innovation (Berger, 2019). The Ruhr Region successfully transformed former industrial sites into cultural and creative parks, attracting a large international audience of tourists and artists (Berger et al., 2018; Asprogerakas and Mountanea, 2020). Building on this model, the East Suburb Memory could strengthen its global appeal and influence by hosting more international cultural events and art exhibitions. Moreover, regularly updating cultural content and launching innovative programs would help the regenerated space sustain its attractiveness and vitality, thereby enhancing overall satisfaction and supporting its long-term sustainable development (Nocca, 2017).
5.1.2 The impact of environmental sustainability on satisfaction
H2, representing environmental sustainability, has a path coefficient of 0.209 with a P value of 0.002, indicating a highly significant positive effect on overall visitor satisfaction. Visitors’ perceptions of ecological improvements, resource reuse, and energy-saving measures significantly shape their satisfaction with the space. This finding underscores the importance of environmental protection and sustainable practices as critical components of public evaluations in the regeneration of industrial heritage sites (Pardo Abad, 2020).
The environmental sustainability of industrial heritage regeneration involves not only improving ecological quality but also implementing resource recycling and energy-saving measures (Guo et al., 2021). For instance, the UK’s Tate Modern seamlessly integrated environmental sustainability with cultural value by preserving the original industrial architecture and incorporating green design (Alshawaaf and Lee, 2021). Adopting a similar approach, the East Suburb Memory renovation has introduced green landscapes, resource recycling systems, and low-energy building designs to enhance the ecological efficiency of its regenerated spaces.
However, the path coefficient (0.209) for environmental sustainability at the East Suburb Memory suggests that further optimization is required. Lessons could be drawn from the NDSM Wharf regeneration project in the Netherlands by incorporating additional renewable energy technologies—such as solar panels and wind turbines—and adopting low-carbon design principles to reinforce the site’s eco-friendly image (Daamen and Louw, 2016; Bossuyt and Savini, 2018). Moreover, promoting green transportation within the space (e.g., adding pedestrian and bicycle paths) could help reduce carbon emissions (Zhang et al., 2024).
Looking ahead, managers should continue to advance green development strategies and explore ways to integrate environmental measures with cultural and social activities (Wu and Lin, 2021). Such initiatives would meet diverse public needs while enhancing the overall attractiveness of the regenerated space. For example, designing environmentally themed cultural events, including green art exhibitions or low-carbon lifestyle workshops, could increase public engagement and awareness of environmental sustainability (Obracht-Prondzyńska et al., 2023).
5.1.3 The impact of social influence on satisfaction
H3, representing social influence, has a path coefficient of 0.298 with a P value approaching zero, indicating that it is the most significant factor affecting satisfaction in the regenerated space. Visitors’ perceptions of community involvement, social inclusiveness, and the project’s impact on the local social atmosphere significantly contribute to their overall satisfaction. This finding aligns with social capital theory, which underscores the importance of community interaction and inclusive environments in fostering a sense of belonging and satisfaction (Lim et al., 2024).
The East Suburb Memory has organized community events and cultural exhibitions, providing opportunities for diverse social groups to engage and interact, thereby fostering social cohesion and inclusivity. These initiatives not only draw more visitors but also enhance residents’ sense of belonging. However, when compared to Germany’s Ruhr Region “Emscher Park” project—which effectively repurposed industrial heritage into community-shared spaces through robust public participation and inclusive design—the East Suburb Memory still has room to advance its community engagement (Ćopić et al., 2014). Incorporating more participatory design and social innovation projects could enrich the quality and depth of social interactions, ultimately increasing public satisfaction with the regenerated space (von Schnurbein et al., 2023).
Furthermore, managers should broaden both the depth and breadth of community participation by inviting diverse groups to partake in public activities, thereby bolstering social inclusivity and enlivening public spaces (Alanazi, 2024). For example, they could develop tailored activities for older adults, children, and individuals with disabilities, ensuring that all community members benefit from and contribute to the social value of the regenerated site.
5.1.4 The impact of technological applications on satisfaction
The path coefficient for H4 (technological applications) is 0.136, with a P value of 0.046. Although this coefficient is relatively low, it is statistically significant, indicating a positive impact of technological applications on visitor satisfaction. Specifically, visitors’ satisfaction with smart management systems, modern technological experiences, and information services contributes positively to their overall satisfaction. This finding aligns with smart city theory, which holds that the integration of technological elements enhances the convenience and quality of spatial experiences (Apanavičienė and Shahrabani, 2023).
In Dongjiang Memory, the introduction of intelligent navigation systems, digital exhibitions, and interactive facilities has effectively improved the visitor experience. Nonetheless, the relatively low path coefficient indicates that the potential of technological applications has not been fully realized. Compared to “SMART Seoul” in South Korea—where VR, AR, and big data technologies have been comprehensively incorporated to create a smart cultural space—Dongjiang Memory still has significant room to advance its technological integration (Kang, 2015; Adnan et al., 2016). By introducing more immersive technological experiences (e.g., VR-guided tours and AR interactive exhibitions), Dongjiang Memory could more deeply merge technology with cultural content, thereby further enhancing visitor engagement and satisfaction (Kim, 2025).
Furthermore, managers should develop intelligent interactive platforms to heighten tourists’ perception of and engagement with technology (Buhalis et al., 2023). For instance, a mobile-based application could be designed to provide real-time navigation, facilitate event reservations, and offer cultural information, thus further strengthening the regenerated space’s modernized image (Dixit et al., 2023).
5.1.5 The impact of spatial layout on satisfaction
H5, which represents spatial layout, has a path coefficient of 0.206 with a P value of 0.011, indicating a significant positive effect on visitor satisfaction. Visitors’ perceptions of architectural preservation, landscape design, safety measures, and the accessibility and convenience of the space directly influence their overall experience and evaluation. A well-designed spatial layout enhances visitors’ comfort and convenience, thereby improving satisfaction (Pratiwi et al., 2015).
In Dongjiang Memory, the restoration and preservation of original buildings—combined with modern landscape design—have successfully integrated the site’s historical significance with contemporary spatial functions. Nonetheless, when compared to the King’s Cross Station regeneration project in London (Donnellan, 2024; Bertolini, 1996), Dongjiang Memory still has room to improve in terms of spatial diversity and accessibility. At King’s Cross, visitor comfort and convenience were significantly enhanced by optimizing pedestrian pathways and introducing multifunctional public spaces (Holgersen and Haarstad, 2009). Drawing on this example, Dongjiang Memory could refine internal road design and add barrier-free facilities, thereby further improving spatial accessibility and convenience.
Additionally, managers should enrich the site’s cultural symbolism and social functions. For example, incorporating multifunctional public spaces and interactive art installations would enable visitors to engage in social and leisure activities while simultaneously experiencing the area’s historical and cultural ambiance, thereby increasing overall satisfaction (Ghafouri, 2016).
5.1.6 The impact of economic value on satisfaction
The path coefficient for H6 (economic value) is 0.226, with a P value of 0.000, indicating a highly significant positive effect on visitor satisfaction. Visitors’ perceptions of the economic benefits, employment opportunities, and tax contributions generated by the project play a crucial role in their satisfaction with the space. This finding aligns with urban economics theories, suggesting that the dual benefits of culture and economy enhance public recognition of regenerated spaces (Andres and Golubchikov, 2016).
Dongjiao Memory has significantly contributed to the local economy by promoting commercial development, enhancing tourism appeal, and creating employment opportunities. However, when compared to the Guggenheim Museum regeneration project in Bilbao (Plaza, 2008; Baniotopoulou, 2001), Spain, Dongjiao Memory still has potential to further diversify its economic value. Bilbao successfully achieved economic transformation by integrating cultural tourism with the creative industries (Plaza, 2008; Sepe and Di Trapani, 2010). Drawing on this experience, Dongjiao Memory could introduce more cultural entrepreneurship initiatives and non-profit activities to broaden economic diversity and strengthen social benefits.
Moreover, managers should guard against excessive commercialization, which may dilute the site’s cultural value, and strive to balance economic growth with cultural preservation. For instance, commercial activities rooted in cultural creativity—such as handicraft markets or cultural innovation exhibitions—could reinforce public recognition and satisfaction with the regenerated space (Della Lucia and Trunfio, 2018).
5.2 Strategies for enhancing satisfaction in industrial heritage regeneration
The Importance-Performance Analysis (IPA) serves as a management tool designed to evaluate the connection between the significance of particular attributes and customer satisfaction associated with them. In this study, average satisfaction scores for each evaluation criterion were computed using survey data, which acted as a performance measure. Table 6 presents the scores for both importance and performance for every indicator.
TABLE 6 | Importance-satisfaction evaluation of industrial heritage regeneration.
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5.2.1 Q1: keep up the good work
In this quadrant, variables X2 (Cultural Experience), X6 (Energy Conservation), X13 (Architectural Heritage), X14 (Landscape Design), X15 (Safety Assurance), X17 (Functional Diversity), X18 (Public Service Facilities), and X19 (Mobility Design) demonstrate high importance and satisfaction. This suggests that these factors are well recognized by the public within the Dongjiao Memory Space. Consequently, it is crucial to consolidate these strengths while enhancing management practices and resource allocation.
To achieve this, current cultural experiences and energy-saving initiatives should be regularly evaluated and optimized through feedback and data analysis to assess their effectiveness (Ma et al., 2017). Key performance indicators may include participation rates, satisfaction surveys, and energy-saving outcomes to promptly identify potential issues (Li et al., 2020). For instance, if attendance at a cultural event declines, adjustments in content or promotional strategies may be necessary to attract more visitors (Richards, 2007). Furthermore, establishing an effective public feedback mechanism is essential. This can be accomplished by gathering input through online surveys, social media interactions, and on-site suggestion boxes to promote public involvement. Management should also conduct regular feedback meetings or public forums to engage in direct dialogue with visitors, ensuring that strategies align with public needs (Fung, 2015). These efforts will help sustain public satisfaction with cultural and energy-saving measures, thereby enhancing the overall experience.
5.2.2 Q2: possible overkill
In this quadrant, the variables X1 (Historical and Cultural Heritage) and X7 (Public Participation) are identified as significant yet receive relatively low satisfaction scores, indicating that current initiatives have not fully aligned with public expectations. To address this gap, it is essential to enhance cultural outreach and implement more interactive programs.
Strengthening cultural communication and education serves as a key strategy for improving satisfaction. Management can organize exhibitions, lectures, and performances that reflect local characteristics, thereby attracting both residents and tourists (Edensor, 2000). These events should prioritize interactivity, encouraging public involvement in their planning and execution to cultivate a sense of ownership and engagement. Additionally, designing highly participatory activities is an effective means of increasing public involvement (Al-Kodmany, 1999). For instance, workshops focused on crafts or cultural creation not only encourage public participation but also empower participants to become both creators and preservers of culture (Newisar et al., 2024). This deeper engagement will foster greater recognition and understanding of cultural heritage, ultimately enhancing overall satisfaction.
5.2.3 Q3: low priority
In this quadrant, the variables X3 (Cultural Innovation), X4 (Environmental Improvement), X5 (Resource Reuse), X8 (Community Identity), X9 (Social Inclusion), X11 (Modern Technology Experience), X12 (Information Facilities and Services), X20 (Economic Contribution), X21 (Job Opportunities), and X22 (Tax Revenue) exhibit both low importance and low satisfaction. Although these areas have received limited attention, they present significant opportunities for future development.
Introducing diverse cultural elements can enhance cultural innovation. Hosting international cultural exhibitions or cross-cultural arts festivals could promote cultural integration, attract young people and international tourists, and invigorate the cultural vitality of the space (Loukaitou-Sideris and Soureli, 2012). Enriching the diversity of cultural experiences will heighten public interest and appreciation for the heritage site.
Moreover, enhancing community participation and social inclusion is crucial. Collaborating with local communities to organize inclusive cultural festivals or craft exhibitions can strengthen residents’ sense of identity and promote social inclusion (Viola, 2022). Facilitating interactions among groups with diverse backgrounds will better integrate the space into local life, establishing it as an important part of the community.
5.2.4 Q4: concentrate here
In this quadrant, variables X10 (Smart Management Systems) and X16 (Accessibility and Convenience) are highly significant but exhibit low satisfaction scores, indicating that deficiencies in these areas adversely impact the overall visitor experience. Upgrading the smart management system is crucial for optimizing visitor interactions.
Priority should be given to enhancing ticketing systems, information access, and navigation services to ensure that visitors can easily obtain information and participate in activities (Wang et al., 2016). Furthermore, staff should receive technical training to operate the system effectively and assist visitors promptly, thereby minimizing any negative effects arising from technical issues (Leung et al., 2018).
Additionally, improving transportation infrastructure represents another key strategy for enhancing accessibility. Management should collaborate with local government and transportation departments to expand public transportation routes and improve connections between subway and bus stations, facilitating travel (Geurs and Van Wee, 2004). Internal road designs should incorporate walking paths and accessible facilities to ensure safe and convenient access for all visitors (Zimring et al., 2005).
5.3 Research limitations
This study faces several limitations. First, the findings are predominantly derived from a single case—Dongjiao Memory in Chengdu—whose unique geographic and cultural context may restrict the generalizability of the results. Industrial heritage regeneration projects in different regions exhibit significant disparities in cultural, social, and economic conditions, which may limit the applicability of this study’s conclusions. Second, although the research addresses multiple dimensions—such as cultural identity, social impact, and technological application—it does not sufficiently examine how cultural preservation, technological innovation, and community engagement might interrelate to enhance user satisfaction. As a result, the synergistic effects of these factors remain underexplored. Finally, the data collection period was relatively short, potentially overlooking long-term trends in user satisfaction. Given that user perceptions and evaluations may evolve over time, the current study does not fully capture such dynamic changes.
5.4 Future research directions
Several avenues merit further investigation. First, expanding the scope of the study to include industrial heritage regeneration projects in varied geographic and cultural contexts could validate the generalizability of these findings and shed light on differences in user satisfaction under diverse cultural and social conditions. Second, deeper exploration of the synergistic impacts of cultural preservation, technological innovation, and community engagement is recommended. In particular, future research could examine how emerging technologies (e.g., virtual reality, augmented reality) can intensify cultural experiences and how community participation bolsters both project sustainability and social acceptance. Moreover, longitudinal studies would help capture how user satisfaction evolves over time, offering a more comprehensive view of the dynamic nature of user evaluations in industrial heritage regeneration. Lastly, further work could investigate the application of advanced technologies (e.g., artificial intelligence) in enhancing user experience and cultural value in industrial heritage regeneration initiatives.
6 CONCLUSION
This study employs Structural Equation Modeling (SEM) and Importance-Performance Analysis (IPA) to investigate the factors that influence user satisfaction in the regeneration of the Dongjiao Memory industrial heritage space. It identifies six key dimensions that significantly impact user satisfaction: cultural identity, environmental sustainability, social influence, technological applications, spatial design, and economic value. The results not only deepen our understanding of industrial heritage regeneration but also provide robust empirical evidence for urban planners and policymakers aiming to enhance the social, economic, and cultural outcomes of similar projects, thus contributing to urban sustainable development.
6.1 Significance of the study
The preservation and regeneration of industrial heritage are increasingly critical in urban renewal, involving the protection of historical and cultural values alongside the pursuit of social and economic sustainability. However, much of the existing research focuses predominantly on design and conservation, with fewer systematic quantitative investigations into user experience and satisfaction. Addressing this gap, the present study develops a user satisfaction evaluation framework spanning six dimensions: cultural identity, environmental sustainability, social impact, technological application, spatial layout, and economic value. Through SEM-based empirical analysis, the relative influence of each dimension on user satisfaction is quantified. While exemplified by East Suburb Memory, this framework offers theoretical guidance and practical insights relevant to industrial heritage regeneration efforts worldwide.
6.2 Findings and contributions
Among these, social influence emerged as the most critical factor, highlighting the significance of community interaction and social inclusion in enhancing user satisfaction. Therefore, promoting public participation and strengthening community cohesion should be prioritized in future industrial heritage regeneration initiatives. Additionally, economic value and environmental sustainability play substantial roles in contributing to user satisfaction, indicating that fostering economic activities and ecological improvements can enhance public recognition of regeneration projects. Although cultural identity is influential, its impact is comparatively weaker, suggesting that a deeper integration of cultural and technological elements could further enhance user experience. While spatial design and technological applications exert a relatively minor effect on satisfaction, thoughtful spatial arrangements and the incorporation of modern technology continue to be beneficial for improving user experience.
The IPA identified several strategic priorities: factors of high importance and satisfaction, such as cultural experiences, energy conservation, and architectural heritage preservation, should be maintained and strengthened. For elements that are of high importance but low satisfaction, such as public participation and smart management systems, targeted improvements are necessary to enhance user satisfaction. Meanwhile, for areas characterized by both low importance and low satisfaction, including cultural innovation and resource reuse, new optimization strategies should be explored to improve performance. Resources should be concentrated on enhancing transportation accessibility and smart services, given their high importance but current low satisfaction levels, to elevate the overall user experience.
Despite its valuable findings, this study has limitations. First, the sample is confined to the Dongjiao Memory site in Chengdu, which limits the generalizability of the results. Future research could extend to other industrial heritage projects to enhance the applicability of the findings. Second, the brief data collection period may not adequately capture long-term changes in user satisfaction. Longitudinal studies that track user satisfaction over time could provide a more comprehensive understanding of its dynamics. Future research could also investigate the role of emerging technologies, such as the metaverse, in heritage regeneration, as well as the deeper integration of cultural, social, and technological elements.
In conclusion, this study demonstrates that user satisfaction in industrial heritage regeneration is influenced by a combination of social, cultural, economic, environmental, and technological factors. It underscores the importance of coordinated development across these dimensions to maximize social, economic, and cultural benefits and to promote sustainable urban development.
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