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Abstract

:

The electric vehicle (EV) market is expanding rapidly, highlighting the need for enhanced customer perceived value to foster loyalty and competitive differentiation. This study investigates how experience management tools can improve customer experience management in the EV sector with an emphasis on sustainable business practices and environmental sustainability. The research explores existing customer experience management methods, the necessary functions of these tools, and their effectiveness in enhancing management capabilities from the perspective of customer perceived value. A thorough literature review and empirical analysis were conducted to design and evaluate tailored experience management tools. The findings suggest that these tools can enhance customer satisfaction and loyalty by addressing key elements of perceived value, such as price perception, quality perception, and brand image. Additionally, improved customer experience management may encourage sustainable consumer behaviors by making eco-friendly EVs more appealing, supporting environmental sustainability. This research aims to bridge the gap between customer perceived value theory and its practical application in the EV industry. It offers insights for manufacturers and marketers seeking to create more engaging and sustainable customer experiences. The implications extend beyond the EV market, providing a potential framework for various industries to enhance customer perceived value through effective and sustainable experience management.






Keywords:


customer perceived value; experience management tools; electric vehicle market












1. Introduction


1.1. Background


Recently, customer perceived value has gained significant attention in experience management, which is driven by economic growth and technological advances [1]. It is defined as the customer’s evaluation of the benefits and costs of a product or service [2,3], influencing purchasing decisions, loyalty, and satisfaction [4]. Enhancing perceived value is crucial for companies seeking to stand out in a competitive market [5].



The electric vehicle (EV) market exemplifies a rapidly expanding and competitive industry. As consumer environmental awareness increases, so does the demand for EVs, which are pivotal in reducing greenhouse gas emissions and enhancing energy efficiency. Integrating EVs in supply chains can improve energy efficiency by 40%, reducing GHG emissions by up to 30% [6]. These benefits make EVs essential to global strategies for reducing carbon footprints and increasing energy independence.




1.2. Research Gap


Despite technological advancements in the EV sector, the success of EV brands depends not only on product superiority but also on the overall customer experience [7,8]. A positive customer experience enhances perceived value, driving purchase intentions and brand loyalty [9]. However, there is a lack of comprehensive tools and frameworks to systematically enhance customer perceived value in the EV industry. This gap highlights the need for research on developing and applying experience management tools that prioritize customer perceived value.




1.3. Objectives


This study aims to explore the design and application of experience management tools that enhance customer perceived value in the EV market. The primary objectives are to identify the key elements of customer perceived value, design tools tailored to these elements, and evaluate their effectiveness in improving customer satisfaction and loyalty. By focusing on customer experiences, companies can gain a deeper understanding of the factors that contribute to perceived value and develop strategies to enhance these experiences. This approach is particularly pertinent in the EV market, where consumers have high expectations for innovation and sustainability.




1.4. Methodology


Through a comprehensive literature review and empirical analysis, this study endeavors to bridge the gap between customer perceived value theory and its practical applications in the EV industry. The methodology includes identifying key value elements through literature and empirical research, designing tailored management tools, and evaluating their impact through case studies and user feedback.




1.5. Significance


The insights gleaned from this research are expected to provide valuable guidance for EV manufacturers and marketers, enabling them to cultivate more engaging and meaningful customer experiences. By aligning management strategies with customer perceived value, this study offers practical solutions to enhance competitive advantage in the evolving EV market.





2. Literature Review


2.1. Customer Perceived Value


Research on customer perceived value began in the 1980s and is now crucial in marketing [10]. It suggests that the purchasing behavior is driven by multiple values, including functional, social, emotional, epistemic, and conditional values [4,11]. A multidimensional scale was developed to measure customer perceived value, evaluating the overall product or service assessments [12].



Zeithaml (1988) defined perceived value as the consumer’s overall assessment of a product’s utility based on received versus given perceptions [13], including tangible and intangible elements like product quality, emotional benefits, and brand reputation. Holbrook (1999) categorized consumer value into intrinsic vs. extrinsic and active vs. reactive, highlighting its multifaceted nature [14].



In the EV sector, perceived value significantly shapes consumer behavior. Chen’s research indicates that EV purchase intentions are influenced by price perception, quality perception, and brand image [15]. Price perception includes initial cost and long-term cost-effectiveness, such as fuel savings and maintenance [16,17]. Quality perception covers reliability, performance, and safety features, while brand image concerns the manufacturer’s reputation and innovativeness [18].



Chen et al. also examined cultural influences like frugality and face consciousness on EV purchasing decisions [16]. In frugal markets, long-term cost–benefits of EVs are emphasized [19], whereas in cultures valuing social status, brand prestige and modernity play larger roles [20].




2.2. Customer Experience Management


Customer experience management (CEM) involves designing and managing customer journey touchpoints to enhance satisfaction and loyalty [21]. Pine and Gilmore introduced experience management in “The Experience Economy”, highlighting the importance of transforming interactions into engaging experiences.



In the EV market, managing customer experience is crucial as technological advances raise expectations for usage experiences [22]. Ullah et al. (2023) found that besides performance and price, customers highly value convenience and comfort, with features like fast-charging, user-friendly infotainment, and smart device integration enhancing satisfaction [23,24].



To meet these expectations, companies should implement comprehensive CEM strategies that include the personalization of interactions to meet customer preferences, ensuring consistency in delivering a uniform experience across touchpoints, and providing responsiveness through timely replies to inquiries. Additionally, continuous innovation is essential for improving products and services, while fostering engagement creates meaningful customer interactions.



Effective CEM tools, such as digital platforms offering detailed EV information, aid in informed decision making [25,26]. Post-purchase, apps providing real-time updates and maintenance reminders enhance the ownership experience [27]. Integrating customer feedback mechanisms enables companies to refine offerings and address issues, fostering loyalty and satisfaction [28].




2.3. Customer Experience Management in the Automotive Industry


Customer experience management (CEM) is crucial for automotive brands to stand out in a competitive market. It encompasses all interactions with a company, from initial contact to post-purchase support, as noted by Meyer and Schwager (2007) [29]. Brands like Tesla, BMW, and Toyota have enhanced customer experience by using digital tools and personalized services.



Effective CEM strategies foster loyalty and positive word-of-mouth, utilizing Customer Relationship Management (CRM) systems and digital engagement platforms. According to Lemon and Verhoef (2016), these platforms improve satisfaction through real-time responses and personalized services [30]. CRM systems enable data collection and analysis, allowing companies to tailor services to individual needs.



In the automotive industry, CEM strategies must be comprehensive and adaptable to evolving consumer expectations. As technology advances, customers demand more from their interactions with brands. Ng et al. (2007) emphasize that customers value not only vehicle performance and price [31]. Thus, automotive brands must implement CEM tools that enhance experiences across the customer journey from awareness to post-purchase loyalty [32].



By leveraging these frameworks, brands can enhance each stage of the journey, ensuring a rewarding experience that boosts satisfaction, loyalty, and brand perception (Table 1). Robust CEM strategies aim not only to meet but to exceed expectations, fostering lasting relationships and competitive advantage.




2.4. Experience Management Tools


Experience management tools use various methods and technologies to collect, analyze, and optimize customer experiences [33]. These tools help companies understand customer needs, identify issues, and develop improvement strategies [34]. By leveraging them, companies can meet expectations and deliver high-quality experiences that enhance satisfaction and loyalty [35,36].



There is a wide range of experience management tools, each with core functions such as data collection, analysis, feedback management, and experience optimization. The User Experience Questionnaire (UEQ) evaluates satisfaction and experience quality by measuring aspects like attractiveness, efficiency, and novelty [37]. Another key tool is the customer relationship management (CRM) system, which integrates customer information to offer personalized services [38]. CRM systems collect data from various touchpoints to provide a holistic view of customers, allowing tailored communications and enhancing the overall experience [38].




2.5. Research Gap in Customer Experience Management Tools for Electric Vehicles


Despite advancements in customer experience management (CEM), tools for managing experiences in the electric vehicle (EV) market remain underdeveloped [39]. While existing CEM processes address some needs, comprehensive systems for the entire EV customer lifecycle are lacking, often focusing on isolated aspects rather than meeting the industry’s unique demands [40].



The automotive market’s lengthy decision making and infrequent purchases can cause customers to choose other brands or become impatient with the experience [23]. Thus, it is crucial to reassess and redesign CEM tools for the EV sector [41]. This includes reevaluating customer touchpoint design, service quality, and satisfaction management [42] along with identifying data management platforms to collect feedback and enable timely company responses.



Focusing on customer needs and feedback is vital for continuously optimizing CEM tools. By integrating insights, companies can refine strategies to meet evolving market demands [43,44,45]. This holistic approach is essential for creating an effective CEM system that enhances the overall customer experience in the EV sector.





3. Methodology


This study employs a comprehensive methodological approach to develop and evaluate a customer experience management (CEM) tool tailored for the electric vehicle (EV) industry. By integrating multiple research methods, the study ensures thorough exploration and validation of the proposed tool.



3.1. Research through Design (RtD)


The Research through Design (RtD) methodology serves as the overarching framework for this study, using design practice as a research tool to explore complex problems. Iterative design and prototyping across disciplines like engineering and human–computer interaction enable the continuous refinement and validation of solutions. This approach enhances understanding and leads to innovative prototype designs, effectively addressing practical issues in CEM tool development.




3.2. Empirical Research and Factor Analysis


Empirical research combined with factor analysis identifies key dimensions of customer perceived value critical to EV purchase decisions. Using SPSS Statistics 26.0, factor analysis statistically determines core dimensions such as price perception, quality, and brand image. This process reduces data complexity and informs the design by pinpointing primary consumer behavior factors.




3.3. Fuzzy-Set Qualitative Comparative Analysis (fsQCA)


Fuzzy-Set Qualitative Comparative Analysis (fsQCA) explores complex causal relationships between identified factors and consumer behavior. Using fsQCA 2.0 software, the method models causal configurations to provide nuanced insights into how factors interact, enhancing the understanding of consumer decision making in the EV market.




3.4. Semi-Structured Interviews


Semi-structured interviews are conducted to gather in-depth insights into user experiences and workflows with CEM tools. NVivo 14 is used for analyzing qualitative data from these interviews, which helps identify user needs and challenges, informing tool design.




3.5. Expert Reviews and the Delphi Method


The Delphi method facilitates structured feedback and consensus building among experts, ensuring rigorous validation of research findings and prototype designs. Multiple rounds of expert reviews refine and validate the tool, achieving consensus on its feasibility and effectiveness.




3.6. Usability Testing with the System Usability Scale (SUS)


Usability testing evaluates the tool’s usability, learnability, and user satisfaction. The System Usability Scale (SUS) provides standardized metrics from structured testing sessions with EV brand participants. These metrics guide iterative design optimization, identifying strengths and weaknesses.




3.7. Overview of Case Studies


The study comprises four interrelated case studies, each contributing to the research objectives (Table 2):



Case Study 1: Identified key factors influencing EV purchase decisions using surveys and fsQCA, pinpointing primary factors like price perception, quality perception, and brand image.



Case Study 2: Employed semi-structured interviews to understand work scenarios and workflows of CEM tool users, providing data to support tool design.



Case Study 3: Involved expert reviews to validate research findings and prototype designs, using the Delphi method to ensure tool feasibility and effectiveness.



Case Study 4: Conducted usability testing using SUS to evaluate the tool’s effectiveness in real-world settings, guiding further design optimization.



Through these case studies, the research demonstrates how RtD and complementary scientific methods can be employed to deeply investigate and solve practical problems, offering significant theoretical and practical insights for designing CEM tools in the EV industry. Detailed discussions of each case study are presented in the following sections.





4. Case Study 1: Identifying Key Factors Influencing Electric Vehicle Purchase Decisions


4.1. Hypotheses


In today’s competitive market, understanding consumer purchasing behavior is crucial for businesses. Perceived customer value significantly influences purchase intentions and includes dimensions such as price value, use value, social value, and emotional value. Price value considers the fairness of the product’s price relative to its quality. Use value evaluates the product’s functionality and performance in meeting consumer needs. Social value relates to the product’s impact within social contexts, affecting recognition and approval. Emotional value involves the emotional responses a product elicits, fostering consumer engagement. These aspects are depicted in the research structure diagram (Figure 1), highlighting their influence on consumer behavior.



Based on relevant domestic and international research and competitive product analysis, the following hypotheses were proposed:



Hypothesis 1 (H1). 

Any one of the four factors can be considered unnecessary for the purchase intention of electric vehicles (EVs).





Hypothesis 2 (H2). 

The purchase intention of EVs is the result of the interaction of multiple factors with the four dimensions working together.





Hypothesis 3 (H3). 

Various combinations of factors can lead to the purchase intention of EVs, which is a phenomenon caused by multiple concurrent paths.





The proposed hypotheses are supported by the existing literature, which emphasizes the multifaceted nature of consumer purchase intentions for electric vehicles. According to Zhao et al. (2024), perceived green value plays a crucial role in promoting purchase intentions toward EVs. Their study shows that perceived green value significantly enhances consumers’ environmental responsibility and self-efficacy, which in turn increases their purchase intentions [46,47].



Social Information Processing Theory (SIPT) suggests that social cues and environmental contexts significantly influence consumer behavior, including EV purchase decisions. This theory aligns with Hypothesis 2, which posits that the interaction of various dimensions such as social and emotional values collectively influences EV purchase intentions [48].



Moreover, the research highlights the role of perceived competence and self-efficacy in shaping consumer attitudes toward adopting EVs. Consumers with higher perceived competence and self-efficacy are more likely to engage in pro-environmental behaviors, supporting Hypothesis 3, which suggests that multiple paths and combinations of factors can lead to EV purchase intentions [49,50].



By integrating these insights from the literature, the research model adopts a comprehensive view of how different dimensions of perceived value contribute to the purchase intentions of electric vehicles. This approach confirms that the research structure is well grounded in existing theoretical frameworks and empirical findings.




4.2. Methodology


This study utilizes Fuzzy-Set Qualitative Comparative Analysis (fsQCA) to test the hypotheses and identify key factors influencing electric vehicle (EV) purchase decisions [51,52]. A survey questionnaire was designed around four dimensions: price value, use value, social value, and emotional value. Data were collected using both electronic and paper-based questionnaires via the Wenjuanxing platform. The questionnaire items and sources are detailed in the Appendix A (Table A1).



The sample comprised respondents from offline EV experience centers and participants recruited through social media platforms such as Weibo and WeChat, which were collected from 1 October 2021 to 1 February 2022. Out of the 500 questionnaires distributed, 320 were returned, with 300 deemed valid, yielding an effective recovery rate of 93.75%. The survey included demographic questions on gender, age, occupation, monthly income, EV purchase intention, and annual mileage, alongside 20 items on a five-point Likert scale. Detailed demographics are available in the Appendix A (Table A2).



Data analysis involved calibrating survey data into fuzzy membership scores (0–1) using fsQCA software. The calibration process used fully non-member and fully member percentiles and the median as the crossover point based on data distribution. The analysis included necessity analysis, truth table analysis, coding, and standardization. Fs/QCA 2.0 software was used for necessity and sufficiency analyses to pinpoint key factors influencing purchase intentions.




4.3. Results


4.3.1. Reliability and Validity of the Sample


Cronbach’s alpha measures internal consistency. Higher values indicate better reliability. Table 3 shows that the coefficients for purchase intention, use value, price value, emotional value, and social value are 0.921, 0.894, 0.873, 0.898, and 0.971, respectively, indicating high reliability for assessing intentions regarding new energy vehicles.



Table 4 presents the KMO and Bartlett’s test results. A KMO value of 0.983 indicates excellent sampling adequacy. Bartlett’s test yields a chi-square value of 7412.743 with 531 degrees of freedom (p-value = 0.000), confirming the sample’s suitability for factor analysis.




4.3.2. Descriptive Statistics and Correlations


Descriptive statistics and correlations are shown in Table 5. The “mean” reflects average values, and “standard deviation” shows data dispersion. Correlations indicate relationships between variables with positive values showing positive relationships. Key findings include positive correlations between quality value and purchase intention and between price value and purchase intention.




4.3.3. fsQCA Factor Combination Analysis


Necessity analysis (Table 6) shows that no single antecedent (use value, price value, emotional value, social value) is necessary for purchase intention, supporting Hypothesis 1. Sufficiency analysis (Table 7) identifies four configurations enhancing purchase intention, supporting Hypotheses 2 and 3. Key configurations involve use value, price value, and emotional value as core conditions. Consistency thresholds were set at 0.80.




4.3.4. Hypothesis Testing and Analysis Results


This study uses Fuzzy-Set Qualitative Comparative Analysis (fsQCA) to test hypotheses about electric vehicle (EV) purchase intentions. FsQCA combines qualitative and quantitative strengths, which are suitable for complex multidimensional interactions.



Hypothesis 4 (H4). 

EV purchase intention does not depend on a single factor. Necessity analysis showed no single factor (price, use, social, emotional value) is necessary, supporting H1.





Hypothesis 5 (H5). 

EV purchase intention results from combined effects of multiple factors. Sufficiency analysis revealed configurations with price, use, and emotional values as core conditions, confirming H2.





Hypothesis 6 (H6). 

Multiple factor combinations can lead to purchase intention. Truth table analysis identified diverse paths with different core and peripheral factor combinations, validating H3.







4.4. Conclusions


Based on the research findings, this study draws the following conclusions:




	
User willingness to purchase new energy vehicles (NEVs) does not require any prerequisite conditions. Previous research, such as Kowalska-Pyzalska et al. (2021), identified significant positive impacts and the absence of negative impacts as influencing purchase intention [53,54]. However, our study shows that no single factor is absolute; negative factors can persist, and positive factors may disappear. This suggests that automotive companies can focus on market breakthrough strategies to optimize resource use in NEV design and sales.



	
Quality value is a key factor influencing users’ willingness to purchase NEVs. Using the fsQCA method, we identified four configurations that enhance purchase intentions, emphasizing quality value. These insights guide the design and planning of offline experience spaces, optimizing R&D investment. Future research should include additional indicators like vehicle models and brand recognition to enrich the model’s complexity.









4.5. Discussion


This study investigates factors based on perceived customer value that influence NEV purchasing decisions. Considering NEVs as durable goods, the selected subvalues were use value, price value, emotional value, and social value. The fsQCA method explains how these values jointly influence purchase intentions through various combinations, leading to multipath effects. The findings highlight the complex interplay of these dimensions in shaping consumer decisions.





5. Case Study 2: In-Depth Interview Analysis of Customer Experience Management Tool Users


5.1. Methodology


This study employs fsQCA to examine the impact of customer experience perceived value on automotive brands and proposes four configurations to enhance purchase intention for new energy vehicles (NEVs). Building on these findings, this section refines design strategies for customer experience management tools based on over 20 subitems within the four main directions.



The interview study aims to understand work scenarios and workflows of users of customer experience management tools, identify user personas, and map customer experiences. By exploring how participants manage tasks, communicate, and interact with customers, the study aims to uncover needs and expectations for the tools as well as pain points in design.



From 187 NEV employees with relevant experience, 10 participants were selected for interviews. These individuals come from sales, after-sales service, and technical support areas. Interviews were conducted in groups to gain insights into their work experiences. Multiple interviews ensured comprehensive data collection. Table 8 provides demographic details of the participants.



Interviews were conducted as one-on-one semi-structured sessions, recorded for later analysis, each lasting 60–90 min. This method balances free conversation with standardized questions, mixing open-ended and targeted queries Table 9.



The interviews followed four stages:



1. **Ice breaking**: Introduced the research topic and ethical principles, establishing trust with participants.



2. **Background Collection**: Gathered personal background, education, and work experience to understand interviewee profiles and tool use.



3. **Workflow Understanding**: Explored job responsibilities, tool usage, and daily challenges to assess tool fit and improvement areas.



4. **In-depth Insights**: Focused on pain points in time management, communication, and task handling to identify needs and expectations for tool development.



These stages provided a comprehensive understanding of interviewees’ profiles, work environments, and customer experience management tool usage.




5.2. Result


After the interviews, the recordings were transcribed using the iFLYTEK transcription platform. The input format was mono WAV files with a sample rate of 16 KHz, and the output format was JSON strings encoded in UTF-8 TXT documents. Preliminary reading and correction of transcription errors were conducted to understand the interviewees’ work patterns and pain points in the experience management process. These findings validated the conclusions of the preliminary empirical research, confirming the impact of these aspects on customer purchase decisions. Through the division and organization of information, 150 key pieces of information were extracted, and six main design points were summarized.



Easily Constructed Customer Experience Maps: Nine interviewees (S1, C1, C2, T1, T2, M1, M2, O1, O2) highlighted challenges in managing customer experience maps. These maps, often abstract and multidimensional, become difficult to implement and adjust in real-world settings. Timely data collection and analysis are essential to identify and address issues, and continuous updates and improvements are necessary. A representative quote from O1: “Planning on paper is ideal, but in actual offline spaces, the experience map changes significantly, making it hard to provide timely feedback”.



Collaboration and Visualization of Customer Footprints and Profiles: Nine interviewees (S1, S2, C1, C2, T1, T2, M1, O1, O2) mentioned the need for better recording and collaboration of customer footprints. Current methods are basic and lack effective utilization. Specialized software is needed to extract key information and provide visualized, actionable insights. A representative quote from S1: “Current customer profiles are basic and not visualized, making it hard to understand and act upon key points”.



Editable and Customizable Component Libraries: Eight interviewees (C1, C2, T1, T2, M1, M2, O1, O2) emphasized the need for customizable component libraries in customer experience management systems. Current tools are difficult to customize without technical expertise, hindering their effectiveness. A representative quote from C1: “Tools like Tableau are still challenging for designers without technical background, making it hard to gather and use customer experience information”.



Comprehensive Multi-Channel Experience Surveys: Seven interviewees (C1, C2, T1, T2, M1, O1, O2) discussed the need for better tools to link operational data with experience surveys. Current methods using third-party tools often yield biased results and fail to integrate data across channels. A representative quote from M1: “Third-party surveys like Wenjuanxing often lead to biased results and don’t integrate well with other channels, creating data silos”.



Clear Metrics for Customer Journey Segmentation: Seven interviewees (S1, S2, C1, T1, T2, M1, O2) pointed out the lack of standardized metrics for customer journey segmentation, leading to misleading results. Clear definitions of metrics for each segment are necessary. A representative quote from O2: “Clear definitions of metrics for each segment are necessary to avoid misguidance”.



Integration and Tracking of Operational Metrics: Seven interviewees (S1, S2, C1, C2, T1, T2, M1, M2, O1, O2) stressed the importance of integrating and tracking operational metrics in experience management. Some departments lack clear KPIs, making accountability difficult. Displaying operational metrics on dashboards and breaking them down into actionable steps is crucial. A representative quote from M1: “Displaying operational metrics on dashboards and breaking them down into actionable steps helps monitor and adjust strategies timely”.




5.3. Conclusions and Discussion


This study, through corporate user interviews, identified six pain points in managing offline experience spaces and proposed corresponding design features. These pain points impact customer experience management efficiency, affecting customer satisfaction and loyalty. The proposed design features include online experience maps, the visualization of customer footprints and profiles, customizable component libraries, multi-channel survey deployment, clear customer journey metrics, and integrated operational tracking. Implementing these features can enhance customer experience management and increase customer satisfaction. Table 10 outlines the identified pain points and innovation opportunities.





6. Case Study 3: Validation and Optimization of the Prototype


6.1. Methodology


6.1.1. Research Objectives and Participants


This study conducted pre-experiment testing to assess the usability and ease of use of the product prototype, identifying areas for improvement. Ten employees from electric vehicle brands, experienced in customer experience management, served as test subjects. The testing aimed to evaluate the functionality and usability of the customer experience management tool, identify user challenges, gather feedback for design improvements, compare with similar products, and explore user scenarios and purposes.



Participants included two experience experts, two designers, two developers, two product managers, and two end-users. The System Usability Scale (SUS), developed by Brooke in 1986, was used to quantify usability across learnability, usability, and satisfaction, utilizing 10 questions. The SUS has proven effective even with small sample sizes, providing reliable usability feedback.



The tests provided a comprehensive understanding of the tool’s functionality, offering valuable insights for future design and development. They also deepened understanding of user needs, inspiring improvements to the tool.




6.1.2. Testing Process


Usability tests were conducted in a quiet studio environment to minimize distractions and ensure participants could focus on the customer experience management tool. The tests evaluated key functions, such as user registration, data entry, and real-time analytics. Participants, selected for their design or technical background, ensured a diverse sample.



Testing steps included setting up the environment, providing operational guidance, and having participants perform tasks as outlined in Table 11. Actions and feedback were recorded, noting the time taken, errors, and task success rates. Metrics included task completion success, efficiency, error frequency, user satisfaction, and overall usability. Sessions lasted 2–3 h on weekdays, covering preparation, execution, and data analysis.



During the tasks, participants could ask questions and provide feedback at any time. After completing the tasks, they filled out the SUS questionnaire and provided feedback on issues or obstacles encountered. The entire test process took approximately 20–30 min with researchers recording the screen throughout. Researchers did not interrupt unless assistance was requested.



Following empirical research and prototype iteration, industry experts reviewed the research findings and prototype design to ensure rigor and validity [53]. The expert walkthrough used the Delphi method, achieving consensus through multiple rounds of feedback and evaluation. This approach provided comprehensive and scientific expert advice, enhancing the tool’s design.



Statistical analysis and result presentation were conducted using Excel 2019 and SPSS Statistics 26.0 To ensure the tool’s effectiveness and user-friendliness, a cognitive walkthrough was conducted. This method involved experts simulating user interactions to evaluate usability and design ease [54,55]. Selecting the right experts is crucial; they should have relevant knowledge in customer experience design, interaction design, and human–computer interaction. Internal experts or external professionals were invited to participate (Table 12). During the walkthrough, experts focused on interface design and interaction issues, providing improvement suggestions. After the evaluation, results were summarized, including identified issues and proposed improvements.





6.2. Results


6.2.1. On-Site Observation Analysis


Observing participants during the usability test, we recorded the time, steps, and success rates for each task. The overall usability was found to be good, with participants generally performing tasks smoothly without needing assistance, indicating a high level of usability. However, some difficulties were noted:




	
Three users experienced hesitation during Task 5 when saving and locating the user journey map in data analysis.



	
Two users had difficulty finding the data dissection button for perceived value analysis during Task 7.









6.2.2. SUS Scores and User Feedback Analysis


As shown in Table 13, seven participants scored above 54, with an average score of 72.4, indicating the system’s usability is above average, outperforming 50% of similar products. All eight participants found the new tool easier and more efficient than previous methods. The SUS subscores for usability, learnability, and satisfaction averaged 74.4, 70.4, and 72.4, respectively.



During the expert cognitive walkthrough, the positive feedback from the four experts reflected the success of the product’s design and development. The product performed well in meeting user needs with experts giving high praise for its functionality, interface, and interaction design.



At the same time, they provided valuable suggestions and recommendations that will guide future improvements. For example, the experts suggested that the transitions in the user profile interface should be smoother, allowing users to navigate to the dashboard immediately after editing a user profile. They also recommended that the design of visualized information icons should focus more on readability and retrieval efficiency. Furthermore, the experts emphasized the importance of data interpretability, real-time data, data granularity, and the diverse needs of different users. These are critical factors that the product team should consider for future enhancements.






7. Case Study 4: Usability Testing and Optimization of the Customer Experience Management Tool


7.1. Methodology


7.1.1. Testing Methods and Objectives


After testing the usability of the design prototype and iterating on the design, a comparative test will be conducted to assess the effectiveness and usability of the experience management tool versus a competitor product, Beisite. The steps are as follows:



Recruit Test Participants: Twenty employees from electric vehicle brands will be recruited: ten using the experience management tool and the other ten using Beisite.



Design Test Scenarios: Porsche Taycan’s offline experience space will be used as a case study, offering EV display and test drive services. Participants will manage experiences using their respective tools, including tracking customer footprints, editing experience maps, managing perceived value, and dispatching work orders.



Data Collection: Time spent, task accuracy, and satisfaction data will be recorded, and participants will fill out feedback questionnaires.



Data Analysis: Comparative analysis of the two groups’ data will evaluate the effectiveness and usability of the tools.




7.1.2. Test Participants


Nineteen participants related to customer experience management were selected, as shown in Table 14. To avoid significant industry differences, all participants came from tech companies in the smart mobility industry, including sales, design, and product managers from related software companies, and internet mobility companies. Participants were randomly divided into two groups, each using the proposed customer experience management tool to complete identical tasks, which was followed by a survey.



Participants were divided into an experimental group using the proposed tool and a control group using Beisite’s Experience Management (XM) tool. Table 15 shows the gender and age distribution of both groups with no significant differences (p > 0.05).




7.1.3. Testing Procedures and Content


Experimental Tools: The experiment requires a desktop or laptop computer, mouse, keyboard, and monitor (resolution 1920 × 1080 or higher). The operating system should be Windows 10 or macOS 10.15 or higher, with Google Chrome (92.0.4515.107) and OBS Studio (27.0.1) for screen recording.



Data Package: Customer experience data from the company P’s experience space at Elements were used, including user feedback, behavior data (clicks, dwell time, bounce rates), and logs (marketing, error, performance). Data were anonymized for ethical compliance.



Experimental Tasks: Tasks were based on high-frequency office scenarios identified in user interviews, divided into three stages with 15 tasks (Table 16), covering data collection (Figure 2), annotation (Figure 3), and action improvement (Figure 4). They were scored on a Likert scale from 1 to 5, evaluating usability, understandability, efficiency, effectiveness, and aesthetics.




7.1.4. Experimental Procedures


As shown in Table 17, both groups participated in a 25–45 min experiment. Pre-experiment introductions and post-experiment questionnaires and interviews were conducted.





7.2. Results


SPSS Statistics 26.0 was used to analyze the usability, understandability, efficiency, effectiveness, and aesthetics.



Baseline Data Comparison: Table 18 compares job functions between groups. Chi-square tests showed no significant differences (p > 0.05).



Usability Data Analysis: Tasks were scored on usability metrics using paired sample t-tests to compare groups. The usability tests of 16 tasks across three phases showed that the proposed tool outperformed Beisite XM in many aspects, such as usability, effectiveness, and aesthetics. Table 19, Table 20 and Table 21 illustrate that the experimental group consistently scored higher than the control group.




7.3. Conclusions


In conclusion, Case Study 4 confirms that the newly designed customer experience management tool offers substantial improvements over existing solutions. The tool’s enhanced usability, efficiency, and effectiveness make it a valuable asset for businesses in the electric vehicle industry. By addressing common pain points and incorporating user and expert feedback, the tool is well positioned to enhance customer experience management practices, ultimately leading to higher customer satisfaction and loyalty. The findings from this study underscore the commercial potential of the tool and its capability to transform customer experience management in the EV sector.





8. Discussion


This study provides significant insights into customer experience management (CEM) within the electric vehicle (EV) industry. Using a comprehensive methodology, including empirical research, prototype iteration, and expert reviews, we identified key factors influencing purchase intentions and developed a validated CEM tool.



EV brands employ various methods to manage customer experiences, focusing on price perception, quality perception, brand image, and emotional value. Detailed surveys and interviews help shape effective customer experience strategies. The iterative design and testing process ensures that the developed CEM tools are user-friendly and address customer needs. Usability testing refines these tools to enhance efficiency and user satisfaction. Engaging industry experts in reviewing findings and prototype designs ensures practical applicability and scientific rigor. This comprehensive approach improves customer understanding, tool effectiveness, and customer satisfaction.



From the perspective of perceived customer value, CEM tools should include features such as online experience mapping, customer data visualization, customizable component libraries, multi-channel experience surveys, and clear metrics for tracking. These functionalities provide actionable insights and facilitate real-time adjustments, ensuring a personalized customer experience.



To establish effective CEM tools, companies should conduct thorough empirical research to understand customer perceived value. Developing and refining prototypes through usability testing ensures alignment with user needs. Expert reviews using the Delphi method provide scientific validation. Flexible tools that integrate with existing systems enhance utility. Robust statistical methods guide improvements and ensure usability standards. This structured approach allows companies to develop tools that significantly enhance customer experience management.



The newly developed CEM tool improves companies’ capabilities in managing customer experiences, achieving higher System Usability Scale (SUS) scores than existing tools. Participants using the new tool completed tasks more efficiently, demonstrating superior functionality and usability. Expert reviews confirmed its strengths, with recommendations for further enhancements. These findings show that the CEM tool exceeds existing standards, making it a valuable asset for enhancing customer experience management.




9. Conclusions


This study developed and evaluated a customer experience management (CEM) tool for the EV industry using the Research through Design (RtD) methodology. RtD facilitated an iterative design process, integrating empirical testing and feedback to ensure the tool met user needs and industry standards.



Using Fuzzy-Set Qualitative Comparative Analysis (fsQCA), the study identified key factors influencing customer perceived value, such as price perception, quality, brand image, and emotional value. This method provided insights into the causal relationships shaping purchase intentions in the EV market.



The tool underwent usability testing with the System Usability Scale (SUS), highlighting its superior performance compared to existing solutions in terms of usability, efficiency, and effectiveness. Expert reviews using the Delphi method aligned the tool’s design with industry standards and validated its applicability.



The study emphasizes user-centered design and iterative development, ensuring the tool’s responsiveness to user needs and market demands. The findings highlight the tool’s commercial viability and potential to transform CEM practices, leading to higher customer satisfaction and loyalty.



Future research should focus on refining the tool and exploring additional features to enhance functionality. Incorporating ongoing user and expert feedback will allow the tool to adapt to the dynamic EV market. Expanding research to include diverse demographics and market segments can provide further insights into consumer preferences and enhance adaptability across industries.
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Table A1. Questionnaire items and sources.






Table A1. Questionnaire items and sources.










	Variable
	Item
	Source





	Use Value
	Travel efficiency
	Sheth et al. (1991) [56,57]



	
	Driving mileage
	



	
	Structural safety
	



	
	Good performance
	



	
	Easy operation
	



	
	Stability and comfort
	



	Price Value
	Policy subsidies
	Sweeney and Soutar (2001) [14]



	
	Loan discounts
	



	
	Low cost
	



	
	Affordable maintenance
	



	
	Cost performance
	



	Emotional Value
	Pleasant mood
	Chen Jie (2015) [58]



	
	Fashionable and trendy
	



	
	Green and environmentally friendly
	



	
	Environmental contribution
	



	
	Social recognition
	



	Social Value
	Low carbon and dual reduction
	Chen et al. (2019) [59]



	
	Petroleum consumption
	



	
	Environmental protection
	



	
	Social responsibility
	



	Purchase Intention
	Desire to purchase
	Dodds et al. (1991) [60]; Ng et al. (2018) [61]



	
	Priority purchase
	



	
	Recommend purchase
	










 





Table A2. Demographic characteristics of participants.
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	Characteristic
	Category
	Frequency
	Percentage (%)





	Gender
	Male
	165
	55.00



	
	Female
	135
	45.00



	Age
	Under 18
	11
	3.66



	
	19–28
	104
	34.67



	
	29–45
	93
	31.00



	
	46–59
	72
	24.00



	
	Over 60
	20
	6.67



	Education
	Middle school or below
	12
	4.00



	
	High school or technical school
	28
	9.33



	
	Junior college
	76
	25.33



	
	Bachelor’s degree
	158
	52.67



	
	Master’s degree or above
	26
	8.67



	Occupation
	Ordinary workers or service personnel
	58
	19.33



	
	Staff of government organizations, institutions, and state-owned enterprises
	92
	30.67



	
	Staff in education, research, and healthcare
	56
	18.67



	
	Private enterprise owners or employees
	50
	16.67



	
	Self-employed
	32
	10.66



	
	Student
	12
	4.00



	Monthly Income
	Less than 3000 RMB
	15
	5.00



	
	3000–5500 RMB
	101
	33.67



	
	5501–8000 RMB
	92
	30.66



	
	8001–10,000 RMB
	51
	17.00



	
	More than 10,000 RMB
	41
	13.67



	Household Registration
	Urban household
	158
	52.67



	
	Rural household
	142
	47.33



	Have you purchased a new energy vehicle?
	Yes
	36
	12.00



	
	No
	264
	88.00



	Car Ownership
	0
	61
	20.33



	
	1
	197
	65.67



	
	2
	38
	12.67



	
	3
	4
	1.33



	Annual Mileage
	Less than 15,000 km
	80
	26.67



	
	15,000–30,000 km
	62
	20.66



	
	30,001–40,000 km
	92
	30.67



	
	More than 40,001 km
	66
	22.00



	Awareness of New Energy Vehicles
	Never heard of it
	0
	0.00



	
	Heard only in the news or other channels
	30
	10.00



	
	Slightly familiar
	129
	43.00



	
	Quite familiar
	101
	33.67



	
	Very familiar
	40
	13.33



	Do you own any new energy vehicles?
	Yes
	115
	38.33



	
	No
	185
	61.67









Appendix B. Questionnaire


EXPLORING THE INFLUENCE OF USER-PERCEIVED VALUE ON AUTOMOBILE ENTERPRISES USING AN EMPIRICAL COMPUTER MODEL



Dear Madam/Sir,



This is a research questionnaire on the influence path of purchasing intention of new energy vehicles based on users’ perceived value. First, thank you for your participation and support. We hope you can answer objectively and truthfully according to your own situation after reading the questions. Your answers are of great significance to my research. This survey is conducted anonymously, and the information collected is only for research purposes. We will keep your information confidential. Finally, thank you again for your participation and help.



PART ONE: BASIC INFORMATION



	
Gender: [single choice]




	
Male



	
Female








	
Age: [single choice]




	
Under the age of 18



	
19 to 28 years old



	
29 to 45 years old



	
46 to 59 years old



	
Over 60 years old








	
Educational background: [single choice]




	
Junior high school and below



	
High school or technical secondary school



	
Junior college



	
Undergraduate



	
Master’s degree or above








	
Occupation [single choice]




	
General workers or service personnel



	
Staff of government organizations, institutions, and state-owned enterprises



	
Staff in the fields of education, scientific research, or health



	
Owners or employees of private enterprises



	
Self-employed person



	
Student








	
Monthly income [single choice]




	
Below CNY 3000



	
CNY 3000–5500



	
CNY 5501–8000



	
CNY 8001–10,000



	
Over CNY 10,000








	
Your household registration type is [single choice]




	
Urban



	
Rural








	
Have you bought a vehicle [single choice]




	
Purchased



	
Not purchased








	
The number of vehicles you own is [single choice]




	
0



	
1



	
2



	
3








	
Your annual mileage is approximately (km/year) [single choice]




	
Less than 15,000 km



	
15,000–30,000 km



	
30,001–40,000 km



	
Longer than 40,001 km








	
Do you know or hear about new energy vehicles [single choice]




	
Never heard of



	
Only heard of it over the news or by other means



	
Know a little



	
Better understanding



	
Very well








	
Do you own any NEVs? [single choice]




	
Yes



	
No











PART TWO: PURCHASE INTENTION SURVEY



	
New energy vehicles can improve driving efficiency



	
The driving range of new energy vehicles can meet the requirements of driving distance



	
The design and body structure of new energy vehicles are safer



	
The power performance of new energy vehicles is good and the speed is fast



	
The driving and operation of new energy vehicles are simple and convenient



	
New energy vehicles have low driving noise and are stable and comfortable when driving



	
Large subsidies for new energy vehicles



	
New energy vehicles have preferential loan and tax policies



	
Low use cost of new energy vehicles (electricity price lower than oil price)



	
The late maintenance of new energy vehicles is economical and practical



	
The purchase of new energy vehicles is cost effective



	
Buying or driving new energy cars can make me happy



	
Buying or driving a new energy car fits my fashionable image



	
Buying or driving a new energy car fits my green image



	
Buying or driving a new energy car makes me feel like I’m contributing to the environment



	
Buying or driving new energy vehicles can gain more social recognition



	
Buying or driving new energy vehicles is in response to the country’s low-carbon double reduction policy



	
Buying or driving new energy vehicles reduces oil consumption in the long run



	
Buying or driving new energy vehicles helps protect the environment



	
Buying or driving new energy vehicles is a socially responsible act



	
I want to buy a new energy car



	
When buying a car, I will give priority to new energy vehicles



	
I would like to recommend my friends to buy new energy vehicles






[Rating scale for all questions above: 1—Strongly Disagree, 2—Disagree, 3—Neutral, 4—Agree, 5—Strongly Agree]
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Figure 1. Research structure. 
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Figure 2. Data collection interface used in the experiment (translated from original). 
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Figure 3. Annotation interface used in the experiment (translated from original). 
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Figure 4. Action improvement interface used in the experiment (translated from original). 
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Table 1. Customer experience management framework in the automotive industry.
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	Stages
	Activities
	Objectives





	Awareness
	Marketing, Social Media Engagement
	Increase Brand Awareness, Educate Customers



	Consideration
	Test Drives, Product Comparisons
	Provide Information, Build Trust



	Purchase
	Sales Process, Financing Options
	Ensure Smooth Purchase Experience, Close Sales



	Service
	Maintenance, Customer Support
	Provide Excellent Service, Address Issues



	Loyalty
	Feedback, Loyalty Programs
	Foster Loyalty, Encourage Repeat Purchases










 





Table 2. Summary of case studies. This table provides an overview of the objectives, methods, and results of the four case studies conducted in this research.
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	Case Study
	Purpose
	Objective
	Method
	Results





	Case Study 1
	Identifying Factors Influencing EV Purchases
	Identify key factors influencing EV purchase decisions
	Surveys analyzed with fsQCA
	Identified price, quality, and brand image as key factors



	Case Study 2
	Interview Analysis of CEM Tool Users
	Understand workflows of CEM tool users
	Semi-structured interviews
	Identified issues in time management and communication



	Case Study 3
	Prototype Validation through Expert Reviews
	Validate research findings and prototype design
	Expert reviews using Delphi method
	Validated hypotheses and suggested prototype improvements



	Case Study 4
	Usability Testing of CEM Tool
	Evaluate effectiveness of CEM tool
	Usability testing with SUS
	Identified strengths and weaknesses, guiding optimization










 





Table 3. Cronbach’s alpha coefficients for various variables.
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	Variable
	Cronbach’s α





	Purchase Intention
	0.921



	Use Value
	0.894



	Price Value
	0.873



	Emotional Value
	0.898



	Social Value
	0.971










 





Table 4. KMO and Bartlett’s test results.
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	Measure
	Value





	Kaiser–Meyer–Olkin Measure
	0.983



	Bartlett’s Test of Sphericity
	



	Approx. Chi-Square
	7412.743



	Degrees of Freedom (df)
	531



	Significance (p-value)
	0.000










 





Table 5. Descriptive statistics and correlations.
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	Variable
	Mean
	Std. Dev
	Quality Value
	Price Value
	Emotional Value
	Social Value
	Purchase Intention





	Quality Value
	3.7855
	0.78123
	0.815
	
	
	
	



	Price Value
	3.8968
	0.77234
	0.432 **
	0.873
	
	
	



	Emotional Value
	3.8872
	0.76532
	−0.012
	−0.035
	0.781
	
	



	Social Value
	3.6712
	0.82134
	−0.051
	−0.039
	0.497 **
	0.769
	



	Purchase Intention
	3.6515
	0.82467
	0.435 **
	0.548 **
	−0.232 **
	−0.114
	0.812







Note: ** indicates significance at the 0.01 level (two-tailed).













 





Table 6. Necessity analysis of each antecedent condition.






Table 6. Necessity analysis of each antecedent condition.





	
Antecedent Condition

	
Purchase Intention

	
Non-Purchase Intention




	
Consistency

	
Coverage

	
Consistency

	
Coverage






	
Use Value

	
0.759795

	
0.753630

	
0.469121

	
0.615996




	
 -Use Value

	
0.612822

	
0.466725

	
0.814764

	
0.819815




	
Price Value

	
0.731932

	
0.723492

	
0.484774

	
0.633137




	
 -Price Value

	
0.628611

	
0.479989

	
0.791001

	
0.799102




	
Emotional Value

	
0.621032

	
0.486147

	
0.729022

	
0.753901




	
 -Emotional Value

	
0.670453

	
0.652923

	
0.502991

	
0.637035




	
Social Value

	
0.648611

	
0.658902

	
0.654774

	
0.746269




	
 -Social Value

	
0.702932

	
0.604766

	
0.615269

	
0.699869











 





Table 7. Configurations leading to purchase intention.






Table 7. Configurations leading to purchase intention.












	Condition
	Config 1
	Config 2
	Config 3
	Config 4





	Use Value
	O
	O
	
	O



	Price Value
	O
	•
	O
	



	Emotional Value
	
	•
	•
	•



	Social Value
	x
	
	x
	•



	Original Coverage
	0.451406
	0.555453
	0.417559
	0.398906



	Unique Coverage
	0.0524269
	0.0410322
	0.0746638
	0.0713743



	Consistency
	0.869756
	0.918945
	0.939575
	0.882943



	Overall Solution Coverage
	0.710585
	
	
	



	Overall Solution Consistency
	0.837724
	
	
	







Note: O indicates core conditions, • indicates peripheral conditions, and x indicates absence or low level of the condition.













 





Table 8. Demographic characteristics of interview participants.






Table 8. Demographic characteristics of interview participants.













	No.
	Position
	Location
	Gender
	Age
	Job Responsibilities





	S1
	Sales
	Beijing
	Male
	28
	Communicate with potential customers, understand their needs, and provide product information. Maintain a professional image to ensure customer trust.



	S2
	Sales
	Shanghai
	Male
	25
	



	C1
	UX Designer
	Beijing
	Female
	25
	Design user interfaces and experiences to enhance customer satisfaction.



	C2
	UX Designer
	Shenzhen
	Male
	32
	



	T1
	Product Manager
	Shanghai
	Female
	35
	Develop product strategies, plan roadmaps, and collaborate with teams to improve product quality.



	T2
	Product Manager
	Chengdu
	Male
	28
	



	M1
	Marketing
	Shanghai
	Female
	25
	Develop marketing strategies and conduct market analysis to ensure product market entry and recognition.



	M2
	Marketing
	Shanghai
	Female
	29
	



	O1
	Service Supervisor
	Nanjing
	Male
	30
	Ensure efficient operation and high service quality of the customer service team.



	O2
	Service Supervisor
	Shanghai
	Female
	37
	










 





Table 9. Phases of semi-structured interviews.






Table 9. Phases of semi-structured interviews.





	
Interview Phase

	
Interview Content






	
Phase 1

	
Action: Ice breaking, introduction to the study background, and ethical principles based on the Helsinki Declaration.




	
Goal: Establish trust and rapport with the interviewees and ensure they understand the importance of the research.




	
Phase 2

	
Action: Collect basic information about the interviewees, such as age, gender, education, occupation, etc.




	
Goal: Better understand the interviewees’ backgrounds and personal characteristics.




	
Phase 3

	
Action: Understand the current customer experience management tools used by the interviewees and how they use these tools to manage customer relationships.




	
Goal: Identify the problems and challenges faced by the interviewees in using these tools to better understand their needs and expectations.




	
Phase 4

	
Action: Explore the interviewees’ work experiences, such as how they manage time, communicate with colleagues, handle tasks, and interact with customers.




	
Goal: Gain a deeper understanding of the interviewees’ work scenarios, workflows, and work requirements.











 





Table 10. Innovation design opportunities.






Table 10. Innovation design opportunities.





	Pain Points
	Impact on Perceived Customer Value
	Innovation Design Opportunities





	1. Limited offline experience maps
	Reduces use and emotional value due to lack of reuse and coordination
	Implement online experience map creation



	2. No visualization of customer footprints
	Lowers emotional and social value, causing dissatisfaction
	Add visualization of customer footprints and profiles



	3. Absence of component libraries
	Complicates design, affecting use and emotional value
	Introduce customizable component libraries



	4. No multi-channel surveys
	Misses changes in emotional value, reducing loyalty
	Deploy multi-channel experience surveys



	5. Undefined customer journey metrics
	Hinders understanding of product value
	Define clear customer journey metrics



	6. Inconsistent metrics across departments
	Varies service quality, impacting perceived value
	Integrate operational metrics tracking










 





Table 11. User usability testing task table.






Table 11. User usability testing task table.





	Task Number
	Task Content





	1
	Find and enter the workstation to select and open a recent project.



	2
	Locate the most recent project in project management and open the user profile.



	3
	Edit the user’s name, age, and notes in the profile and save the changes.



	4
	Find and open the user’s journey map to edit user tags.



	5
	Save the user journey map and find it in data analysis.



	6
	Locate and open multidimensional data analysis in the data analysis section.



	7
	Open the user perceived value analysis, dissect the data, and find the source file.



	8
	Use the data annotation function to upload a test file and perform data annotation.



	9
	Free exploration phase, allowing participants to explore the prototype as they wish.










 





Table 12. Expert evaluation details.
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	Expert Name
	Position
	Company
	Responsible Product
	Industry Experience





	Zhang Kai
	Senior Customer Experience Researcher
	Shanghai Automotive Group
	Electric Vehicle Intelligent Connectivity System
	Over 10 years in EV customer experience, specializing in user research, needs analysis, and experience design.



	Li Ming
	Senior Interaction Designer
	Beijing Automotive Group
	EV Infotainment System
	Over 7 years in EV customer experience design, experienced in user research, interaction design, and usability testing.



	Wang Qiang
	Senior Systems Engineer
	Guangzhou Tesla Center
	EV Intelligent Driving Assistance System
	Extensive experience in EV customer experience management tools, specializing in systems engineering design and intelligent control algorithms.



	Chen Jing
	Senior Software Engineer
	Shenzhen BYD
	EV Intelligent Charging System
	Over 10 years in EV customer experience management tools, specializing in software development, experience design, and testing.










 





Table 13. SUS questionnaire scores.
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	Participant
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Total Score
	SUS Score





	1
	5
	3
	4
	2
	5
	4
	3
	4
	4
	5
	39
	78



	2
	4
	2
	3
	5
	4
	3
	5
	5
	3
	4
	38
	76



	3
	3
	4
	4
	3
	4
	4
	5
	3
	4
	4
	38
	76



	4
	4
	2
	3
	2
	4
	2
	2
	4
	3
	4
	30
	60



	5
	5
	4
	4
	4
	5
	4
	4
	4
	3
	5
	42
	84



	6
	3
	5
	5
	5
	4
	2
	5
	3
	3
	3
	38
	76



	7
	4
	3
	4
	3
	4
	5
	3
	4
	5
	4
	39
	78



	8
	2
	2
	2
	2
	2
	4
	2
	4
	5
	2
	27
	54



	9
	3
	3
	3
	3
	3
	3
	3
	5
	2
	3
	31
	62



	10
	4
	4
	3
	4
	4
	5
	5
	4
	3
	4
	40
	80



	Average
	4
	3.2
	3.5
	3.3
	3.9
	3.6
	3.7
	4
	3.5
	3.8
	36.2
	72.4










 





Table 14. Participant demographics.
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	No.
	Name
	Company
	Role





	1
	Karen Lee
	N
	Sales



	2
	Michael Chen
	N
	UX Designer



	3
	Michelle Wang
	N
	Product Manager



	4
	Sophie Liu
	P
	Service Manager



	5
	John Wu
	P
	Marketing



	6
	Jessica Zhang
	S
	B2B UX Designer



	7
	Alex Wang
	S
	B2B Product Manager



	8
	Jane Li
	S
	Marketing



	9
	Eric Li
	C
	Service Manager



	10
	Emily Wang
	C
	Marketing



	11
	Kevin Chen
	B
	B2B UX Designer



	12
	Lily Zhang
	B
	B2B Product Manager



	13
	Tony Chen
	B
	Operations



	14
	Grace Zhou
	A
	Service Manager



	15
	Michael Liu
	A
	Marketing



	16
	Sarah Wu
	A
	B2B UX Designer



	17
	Jason Chen
	D
	Product Manager



	18
	Steven Zhang
	D
	Service Manager










 





Table 15. Gender and age distribution of experimental and control groups.
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	Category
	Experimental Group
	Control Group
	X2
	p-Value





	Age
	
	
	0.083
	0.773



	25 and under
	7 (70%)
	6 (67%)
	
	



	26–35
	2 (20%)
	2 (22%)
	
	



	36 and over
	1 (10%)
	1 (11%)
	
	



	Gender
	
	
	0.000
	1.000



	Male
	6 (60%)
	5 (56%)
	
	



	Female
	4 (40%)
	4 (44%)
	
	










 





Table 16. Experimental task design.






Table 16. Experimental task design.









	Task Stage
	Task Details





	Data Collection
	Task 1: Open the questionnaire collection feature



	
	Task 2: Find and view data from the “Metaverse Virtual Space” survey



	
	Task 3: Publish the completed “Experience Design Questionnaire A”



	
	Task 4: Select the app delivery method for the questionnaire



	
	Task 5: Change Q2 trigger to “phone screen off”



	
	Task 6: Save and send the questionnaire



	Action Improvement
	Task 7: Open the welcome page of the workstation



	
	Task 8: Search for the warning center in the search box



	
	Task 9: View the warnings in the warning center



	
	Task 10: Track a low-score experience



	
	Task 11: Trace the customer journey to find issues



	Data Annotation
	Task 12: Upload “demo.3ds” model to the annotation interface



	
	Task 13: Add and rename a point of interest (POI)



	
	Task 14: Add paths between POI A and B



	
	Task 15: View and delete POI C in the global view



	
	Task 16: Save the model annotations










 





Table 17. Control group experiment flow.






Table 17. Control group experiment flow.





	
Step

	
Time

	
Experimental Group

	
Control Group






	
Pre-experiment

	
10 min

	
Introduce objectives, background, and methods

	
Fill out basic information




	
Sign informed consent




	
Experiment

	
20 min

	
Introduce prototype and usage

	
Introduce Beisite XM and usage




	
Complete tasks using prototype

	
Complete tasks using Beisite XM




	
Post-experiment

	
10 min

	
Fill out questionnaire

	




	
Participant interviews




	
End of experiment, gift distribution











 





Table 18. Job function comparison.






Table 18. Job function comparison.










	Job Function
	Experimental Group
	Control Group





	Marketing
	2
	1



	Service Manager
	2
	2



	Product Manager
	2
	2



	Sales
	2
	2



	UX Design
	2
	2



	X2
	0.500
	



	p
	>0.05
	










 





Table 19. Data collection usability scores.






Table 19. Data collection usability scores.





	Metric
	Experimental Group
	Control Group
	Difference
	t
	p





	Usability
	4.2 ± 0.3
	3.7 ± 0.3
	0.5 ± 0.4
	2.33
	0.033



	Understandability
	3.5 ± 0.2
	3.0 ± 0.2
	0.5 ± 0.28
	2.83
	0.012



	Efficiency
	4.0 ± 0.3
	3.7 ± 0.3
	0.3 ± 0.4
	1.50
	0.148



	Effectiveness
	4.1 ± 0.2
	3.8 ± 0.2
	0.3 ± 0.3
	1.74
	0.096



	Aesthetics
	3.25 ± 0.27
	2.75 ± 0.27
	0.50 ± 0.38
	5.111
	0.002










 





Table 20. Data annotation usability scores.






Table 20. Data annotation usability scores.





	Metric
	Experimental Group
	Control Group
	Difference
	t
	p





	Usability
	3.5 ± 0.2
	3.0 ± 0.2
	0.5 ± 0.4
	2.83
	0.012



	Understandability
	3.2 ± 0.3
	2.8 ± 0.3
	0.4 ± 0.4
	2.33
	0.033



	Efficiency
	3.2 ± 0.2
	3.6 ± 0.2
	0.4 ± 0.3
	2.83
	0.012



	Effectiveness
	3.8 ± 0.3
	3.5 ± 0.3
	0.3 ± 0.4
	1.74
	0.096



	Aesthetics
	3.7 ± 0.3
	3.3 ± 0.3
	0.4 ± 0.4
	2.33
	0.033










 





Table 21. Action improvement usability scores.
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	Metric
	Experimental Group
	Control Group
	Difference
	t
	p





	Usability
	3.2 ± 0.3
	2.8 ± 0.3
	0.4 ± 0.4
	2.33
	0.003 **



	Understandability
	3.0 ± 0.2
	3.5 ± 0.2
	0.5 ± 0.3
	2.83
	0.004 **



	Efficiency
	3.1 ± 0.3
	2.8±0.3
	0.3 ± 0.4
	2.33
	0.029



	Effectiveness
	3.7 ± 0.2
	3.3±0.2
	0.4 ± 0.3
	2.83
	0.045



	Aesthetics
	3.4 ± 0.3
	2.8 ± 0.3
	0.6 ± 0.4
	2.33
	0.001 **







Note: ** p < 0.01.
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