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Objectives
Chronic pain, particularly when undiagnosed, is often misunderstood by clinicians due to its invisible and subjective nature. This study aimed to design and evaluate a narrative-driven Virtual Reality (VR) experience that immerses medical students in the fragmented reality of a patient living with undiagnosed chronic pain. The project seeks to bridge the empathy gap in clinical training for medical students and healthcare professionals while enhancing understanding of patient experiences.
Methods
We developed a 4-minute immersive VR experience. Seventy undergraduate medical and health professional students with prior clinical exposure to chronic pain patients participated in the study. Following the experience, participants completed two questionnaires: one assessed the usability and validity of the VR application, while the other evaluated the medical students’ empathy and learning outcomes through a comparative analysis of post-experience surveys.
Results
The SUS score was 70.13 ± 7.38, suggesting an above-average evaluation of the system’s usability and maturity. VR-experienced participants showed significantly better comprehension of chronic pain’s daily impacts and stronger emotional resonance with patient suffering. Additionally, the students in VR-experienced group rated the tool higher for its effectiveness in fostering empathy and improving knowledge retention.
Conclusion
Overall, the VR experience achieved the expected outcomes, with students identifying it as an immersive and impactful educational tool. It holds promise for enhancing empathy in clinical training, such as regarding undiagnosed chronic pain, potentially improving diagnosis and treatment approaches. While the results underscore VR’s potential to humanize chronic pain education, future studies should include longitudinal assessments, expanded narratives that reflect diverse patient experiences, and opportunities for users to engage with multiple scenarios, thereby better representing the full spectrum of challenges in many diseases.
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1 INTRODUCTION
Chronic pain is a pervasive issue affecting millions worldwide, presenting a multifaceted challenge to healthcare systems due to its interplay of physiological, psychological, and social factors (Breivik et al., 2006). Particularly when the underlying cause is undiagnosed. Patients often face skepticism and invalidation from medical professionals and society, leading to significant psychological distress. Conventional pain management strategies, heavily reliant on pharmacotherapy, often yield inconsistent outcomes and carry risks of dependency or adverse effects (Furlan et al., 2006). This underscores the need for innovative, non-invasive interventions. Virtual reality (VR), an immersive technology that simulates three-dimensional (3D) environments, has emerged as a promising tool for modulating pain perception through neural distraction and sensory engagement (Patterson et al., 2010; Hoffman et al., 2000; Lan et al., 2023). Studies demonstrate that VR reduces acute and chronic pain by redirecting cognitive attention and altering pain-processing pathways, offering a scalable alternative to traditional methods (Hoffman et al., 2000; Parsons and Rizzo, 2008).
1.1 VR in chronic pain relief and empathy training
Virtual Reality (VR) has emerged as a transformative tool in healthcare, particularly in managing chronic pain and enhancing empathy among healthcare professionals. The immersive nature of VR allows patients to engage in virtual environments, effectively distracting them from pain and providing therapeutic benefits. Studies have demonstrated that VR significantly reduces acute and chronic pain by diverting attention from pain stimuli through immersive experiences, offering a non-pharmacological alternative for pain management (Moreau et al., 2024). For instance, immersive VR has shown efficacy in controlling pain during medical procedures such as wound care, chemotherapy, and physical therapy, highlighting its adaptability across clinical settings (Teh et al., 2024). Beyond procedural applications, VR also empowers patients to self-manage chronic pain by improving health literacy and equipping them with coping strategies, thereby fostering long-term resilience against discomfort (Lee and Patel, 2023).
In parallel, VR simulations are reshaping empathy training for healthcare providers by enabling them to experience patient perspectives firsthand. Research indicates that VR-based simulations, such as those replicating dual sensory impairments or age-related conditions, enhance empathy among healthcare workers, leading to more compassionate patient interactions (Dutton et al., 2021). Immersive VR has been integrated into medical education to simulate patient experiences, such as chronic illness or cognitive decline, which deepens students’ understanding of patient challenges and improves care quality (Ghaempanah et al., 2024). Virtual patient scenarios in VR further provide a controlled environment for medical trainees to practice empathetic communication, allowing educators to assess and refine their empathetic responses (Gilbert et al., 2024). Similarly, VR-based training programs for mental health staff have proven effective in building empathy by simulating scenarios that mirror service users’ lived experiences, thereby bridging gaps in understanding and fostering patient-centered care (Riches et al., 2022).
1.2 Virtual reality storytelling
Virtual Reality (VR) storytelling is an immersive form of narrative that leverages VR technology to engage users in interactive and enveloping narrative experiences. This dynamic form of storytelling offers users the ability to influence the narrative, making choices that directly impact the outcome. This level of interactivity significantly enhances user agency and complicates narrative design, offering users the opportunity to explore nonlinear storytelling. This dynamic form of storytelling not only increases user agency but also adds complexity to narrative design (Ostrin et al., 2018; Aylett and Louchart, 2003).
A crucial element in VR storytelling is the use of binaural sound, which dramatically enhances the experience of presence. Binaural audio simulates how humans perceive sound in three-dimensional space, adding a layer of realism that heightens the immersive experience (Dourou et al., 2023). This realistic auditory environment deepens the user’s emotional and cognitive connection with the narrative, creating a more convincing and emotionally resonant experience. By engaging multiple senses, both visual and auditory, VR becomes a more powerful tool for emotional engagement than traditional media, making it an ideal medium for applications in therapy and education where emotional depth is essential (Saroka, 2024; Murphy and Pitt, 2001).
Moreover, the cognitive effects of immersive VR storytelling go beyond emotional engagement, influencing memory retention, spatial awareness, and attentional focus. Research indicates that VR can enhance memory and learning outcomes by immersing users in interactive environments, which stimulate cognitive processes essential for learning complex information (Bujić et al., 2023; Conrad et al., 2024; Cummings et al., 2022). This capacity for deep cognitive engagement is why VR has found utility not only in entertainment but also in educational and training applications, where the retention and understanding of material are critical. By combining immersive audio, interactive narrative, and engaging environments, VR storytelling has proven to be a potent tool for both emotional and cognitive development (Conrad et al., 2024).
Current research on VR for chronic pain management has primarily focused on patients with diagnosed conditions, emphasizing pain distraction or clinician empathy training through simulated scenarios (Husain and Chalder, 2021). However, the challenges faced by individuals with undiagnosed chronic pain, such as diagnostic ambiguity, identity-related distress due to medical skepticism, and the lack of tailored interventions, have received limited attention. While immersive VR storytelling shows promise in enhancing emotional engagement and cognitive processing through interactive narratives and multisensory immersion, its potential to validate lived experiences or address the unique therapeutic needs of specific populations, such as those with mental health conditions or trauma, remains underexplored (Lumley et al., 2011). To address the research gaps mentioned above, this VR experience could offer a tool in mitigating distress linked to unexplained pain and bridging gaps in clinician-patient communication.
2 MATERIALS AND METHODS
2.1 VR setup
The virtual reality (VR) experience “It’s All in Your Head” was developed using the Unity game engine and implemented on the Samsung Odyssey immersive headset, chosen for its high-end specifications and ease of setup. The VR application was connected to a development PC meeting recommended hardware specifications (CPU: Intel Core i7-8809G @ 3.1 GHz and GRAPHICS: Radeon RX Vega M GC). The application features interactive representations of neurological pathways, incorporates real patient narratives, and integrates 3D captures of real-world settings. Additionally, existing media assets were adapted into interactive formats, and experimental integration of 3D-printed accessories was explored to expand the platform’s accessibility.
2.2 VR experience design
The design of our VR experience is grounded in an adaptation of Kolb’s Experiential Learning Cycle (1984) (Kolb, 1984). Kolb’s theory posits that transformative learning occurs through a cycle of concrete experience, reflective observation, abstract conceptualization, and active experimentation. Our framework implements this cycle by immersing users in a patient’s perspective (concrete experience), facilitating contemplation through narrative cues (reflective observation), enabling users to derive insights about the patient’s lived reality (abstract conceptualization), and implicitly encouraging empathetic behaviors post-experience (active experimentation). This patient-embodied VR approach is strongly supported by extensive research showing that embodying another’s perspective in VR enhances empathetic understanding. Research by Bertrand et al. and Kalyanaraman et al. establishes a direct link between patient-embodied VR experiences and improved empathy and attitudes among healthcare professionals, further validating the foundation of our methodology (Bertrand et al., 2018; Kalyanaraman et al., 2010).
As illustrated in Figure 1, the framework comprises two synergistic components: interaction and narrative. The interaction component enables active exploration and agency within the virtual environment, while the narrative component provides context, emotional resonance, and scaffolding for reflection. Their combined effect within the immersive medium generates the targeted empathetic response. To apply this framework, the chronic pain simulation was developed iteratively through collaboration between clinicians, technical experts, and individuals with lived chronic pain experience. Interaction employs gaze control, requiring users to focus on objects like a clock, doll, or “ray of hope” for 2 seconds to activate scenes. Interactive elements are subtly indicated by a lighter, subtle glow, distinguishing them from the background. Object placement adheres to ergonomic principles, with most triggers positioned near eye level within a 180-degree frontal plane (±45° vertical variance) to minimize physical strain while supporting discovery through natural head movement. Spatialized audio cues further guide exploration within the 360° environment, collectively supporting the phase of Kolb’s cycle.
[image: Flowchart illustrating the relationship between interaction and narrative in creating empathy and immersive experiences. Selectable personas and interactive tasks lead to empathy and immersive experiences. Empathy links to persona narration and voice overs, while immersive experience connects to voice overs and visual effects. Story and spatial sound elements integrate with these processes, alongside gaze control and trigger sounds.]FIGURE 1 | VR experience framework.To intensify the empathic impact, the experience features an opening sequence beginning from the user’s own perspective. This is followed by a visual transition (e.g., blurred vision, tunnel effect) and narrative audio explicitly signaling the shift into the patient’s viewpoint. This design choice leverages the proven empathic effects of patient-embodied VR identified by Shin and Bertrand et al., moving users beyond passive observation into simulated lived experience to drive deeper cognitive and affective engagement essential for immersive learning (Bertrand et al., 2018; Shin, 2018). As our prototype has progressed, we refined this approach, ultimately settling on narration and effects to indicate the perspective switch.
2.3 VR experience
The 4-minute VR experience aimed to foster empathy for patients with undiagnosed chronic neuropathic pain. By combining immersive storytelling with sensory stimuli, it sought to enhance empathy, immersion, and perspective-taking by simulating the patient’s viewpoint. The objective was to help students adopt a patient’s perspective through sights and sounds designed to represent chronic neuropathic pain, thereby gaining insight into the subjective nature of such conditions. Designed as a complement to traditional teaching methods, the VR experience aimed to help students emotionally connect with abstract clinical concepts and understand the emotional challenges faced by patients.
The VR experience comprises six VR scenes (Figure 2): Disclaimer, IntroCoffeeShop, UpsideDown, ClinicalRoom, MiddleCoffeeShop, and EndingScene. Each scene employs targeted sound and visual elements to simulate the emotional and physical toll of chronic pain. The simulation begins with the Disclaimer scene (Figure 3A), displaying the experience logo and a safety disclaimer. Participants then enter the IntroCoffeeShop scene (Figure 3B), a calming 360-degree coffee shop environment where discomfort is introduced through modulatable audio and video effects, such as increasing noise and visual obstructions. These effects escalate over time, but participants can briefly reduce their intensity by focusing on an “Area of Safety” (Figure 3C), represented as a ray of light. This feature provides temporary relief and transitions participants into the UpsideDown (Figures 3D,E) or ClinicalRoom scenes (Figure 3F).
[image: Flowchart showing a sequence of scenes connected by arrows. It starts with a Disclaimer, leading to an Intro Coffeeshop Scene. This splits to either an Upside Down Scene or a Clinical Room Scene. Both connect to a Middle Coffeeshop Scene, which then leads to an Ending Scene. Arrows indicate the directional flow between scenes.]FIGURE 2 | Diagram of VR scenes and transitions.[image: A collage of images labeled A to H. A: Warning screen stating the experience contains bright flashing lights, advising viewer discretion. B: A cafe-like setting with a person sitting and a table with coffee pots. C: Two similar images showing a bright, modern space with large windows and visible light reflections. D: Three images of a mannequin suspended and rotating in a brightly lit room with high ceilings and large windows. E: Three images, including one of a mannequin and two black-and-white multi-exposure effects with mannequin and reflective surfaces. F: A room with medical equipment, a covered chair, a poster of a human anatomy diagram, and a TV. G: A bright room with people seated at tables near large windows and benches. H: A cosmic scene depicting a dark starry sky with nebula-like formations.]FIGURE 3 | An overview of the VR experience, showcasing various VR scenes and their corresponding visuals. (A) Disclaimer scene. (B) IntroCoffeeShop scene. (C) “Area of Safety”. (D) UpsideDown scene 1. (E) UpsideDown scene 2. (F) ClinicalRoom scene. (G) MiddleCoffeeShop scene. (H) EndingScene.The UpsideDown scene, a distorted black-and-white inversion of the coffee shop, symbolizes the user’s embodiment of pain. Participants encounter flashing lights, isochronic sounds, and mirrored imagery that reflect their pain through the presence of dolls. The ClinicalRoom scene, on the other hand, recreates the emotional dissonance of being told “everything is normal” despite feeling unwell. Visual distortions such as chromatic aberration, vignette, and warping effects are coupled with unsettling soundscapes, including a never-ending countdown and modulated audio of doctors’ voices. These elements amplify the sensation of discomfort, leaving users in a state of unease. After navigating these intense experiences, participants return to the MiddleCoffeeShop scene (Figure 3G), similar to the introduction but retaining subtle traces of discomfort to maintain continuity. Finally, the EndingScene (Figure 3H) provides a soothing environment, allowing participants to reflect on their journey and the realities of chronic pain. The complete video demonstration can be accessed via the direct link provided for “Supplementary Video”.
2.4 Participants
Seventy undergraduate students from the International School of Guangzhou Huali College, majoring in medical and health professions, were recruited for VR program through open calls (via social media, email, on-site invitations, and an on-campus student association) and were asked to complete a post-experience survey. Participants, aged 19 to 24 (average 22.71 ± 1.32 years), comprised 40% male and 60% female students, with academic years ranging from first to third year. Selection criteria included a healthcare education background and prior clinical experience with chronic pain patients, to align with the VR-based empathy training’s target learner population. Participation was voluntary, and all respondents received detailed information about the study’s procedures, along with assurances regarding the confidentiality of their responses.
2.5 Questionnaires
To evaluate the usability of the VR experience and its effectiveness in evoking empathy, two validated questionnaires were distributed via WJX. Two questionnaires were employed in the present survey to assess the participants’ experiences with and acceptance of the VR experience. The first questionnaire was based on the System Usability Scale (SUS) (Bangor et al., 2008), a well-established instrument for evaluating the usability of various products and services. It consists of 10 questions, each with a 5-point Likert scale ranging from “strongly disagree” to “strongly agree.” Participant scores were combined and then multiplied by 2.5 to convert the original scores (ranging from 0–40) to a new scale (ranging from 0–100). This scale was adopted from previous studies that have validated its use for evaluating technology usability, such as VR systems. This scale was adopted from previous studies that have validated its use for evaluating technology usability, such as VR systems. The SUS has an empirical foundation in usability research, and its widespread use ensures its reliability across different technological contexts.
The second questionnaire was designed to gather user feedback on the application of VR for evoking empathy and studying undiagnosed chronic pain, focusing on areas such as ease of use, immersion, learning effectiveness, and the perceived potential of VR-based education. It was evaluated using Kirkpatrick’s Evaluation Model (Kirkpatrick and Kirkpatrick, 2006), assessing educational outcomes across four levels: reaction (Q8,14,15,16), learning (Q1,2,3,12), behavior (Q5,6,7,13), and results (Q4,9,10,11). The questionnaire was piloted with 10 college students to ensure clarity, resulting in revisions made by senior faculty members at Huali International school to improve question specificity. The final version consisted of 16 items rated on a 5-point Likert scale. The survey measured various outcomes, including emotional engagement, understanding of chronic pain, behavioral changes in clinical practice, and the comparative effectiveness of VR versus traditional learning methods. It also assessed knowledge retention, reflection on clinical efficiency and patient experience, and overall learning enjoyment.
In addition to the quantitative analysis from the questionnaires, qualitative analysis was conducted on open-ended responses, allowing users to offer detailed descriptions of their experiences and providing deeper insights into their perceptions of VR-based learning for chronic pain. Participants were also encouraged to share suggestions for future development and identify any challenges or limitations they encountered. This feedback will play a crucial role in refining the VR application to better meet users’ needs moving forward.
2.6 Data analysis
SPSS 27.0 was used to conduct independent samples t-tests to investigate differences in VR empathy and educational effectiveness-related feedback between medical students with VR experience and those without VR experience or clinical exposure to chronic pain patients. For statistically significant differences (p < 0.05), Cohen’s d values were calculated using the formula |M1 − M2|/SDpooled to quantify the magnitude of differences, where the absolute mean difference was divided by the standard deviation.
3 RESULTS
3.1 Evaluating the usability of VR experience implementation
The SUS questionnaires were completed by the participating medical and health professional students, with the final SUS score serving as a measure of the VR experience’s usability and maturity. A score exceeding 68 is typically regarded as above average, while a score above 80.3 places it within the top 10th percentile. In this study, the mean score was 70.13 ± 7.38, indicating a level of usability that is above average and suggesting that the score provides a reliable reflection of the VR users’ experiences. Table 1 presents the average scores for each item included in the SUS questionnaire.
TABLE 1 | The participants’ evaluation of the usability, comfort, and interaction experience of the VR experience.	Questions	Mean	SD	Skewness
	1. I think that I would like to use the VR experience frequently	3.94	0.76	−0.52
	2. I found the VR experience unnecessarily complex	2.56	0.94	0.26
	3. I thought the VR experience was easy to use	4.11	0.81	−0.72
	4. I think that I would need the support of a technical person to be able to use this VR experience	3.07	1.05	0.01
	5. I found the various functions in this VR experience were well integrated	4.01	0.67	−0.61
	6. I thought there was too much inconsistency in this system	2.01	0.70	−0.24
	7. I would imagine that most people would learn to use this system very quickly	4.29	0.78	−0.70
	8. I found the VR experience very cumbersome to use	2.47	0.99	0.33
	9. I felt very confident using the VR experience	4.30	0.85	−0.40
	10. I needed to learn a lot of things before I could get going with this experience	2.51	0.90	0.20


3.2 The analysis of undiagnosed chronic pain education using VR
We compared the participants’ responses to the questionnaire based on their categorization as VR-experienced (n = 30) and VR-inexperienced groups (n = 40). The statistical analysis revealed significant differences between the two groups on several items, particularly those related to empathy and knowledge retention regarding chronic pain.
The statistical analysis (Table 2) revealed that, for Question 1 “This experience provided me with a genuine understanding of how undiagnosed chronic pain affects patients’ daily activities (e.g., work, social interactions),” the VR-experienced group reported significantly higher ratings (3.97 ± 0.61) compared to the VR-inexperienced group (3.48 ± 0.75), with a statistically significant difference (t = −3.009, p = 0.004, Cohen’s d = 0.706), suggesting that VR exposure enhanced participants’ understanding of chronic pain’s impact on daily life. Similarly, for Question 2 “During the experience, I felt an emotional connection to the narrator’s suffering from undiagnosed chronic pain (e.g., sadness, concern),” the VR-experienced group scored 4.30 ± 0.75 versus the VR-inexperienced group’s 3.70 ± 0.76 (t = −3.293, p = 0.002, Cohen’s d = 0.795), indicating that VR exposure fostered greater emotional empathy. For the statement (Question 8) “I would recommend this VR training to other health professional students as it can foster empathy” the VR-experienced group (2.35 ± 0.53) again reported significantly higher scores than the VR-inexperienced group (1.93 ± 0.74), with t = −2.739, p = 0.008, and Cohen’s d = 0.662, reflecting a stronger endorsement of VR as an empathy-enhancing educational tool. Additionally, in response to Question 12 “The ‘pain externalization’ design was more effective than verbal descriptions in helping me retain related knowledge,” the VR-experienced group scored 3.73 ± 0.94, while the VR-inexperienced group scored 3.20 ± 0.76 (t = −2.621, p = 0.011, Cohen’s d = 0.633), indicating that students perceived VR’s “externalized pain” visualization as more effective in supporting knowledge retention than text-based methods, based on self-reported perceptions. No significant differences were observed between VR-experienced and VR-inexperienced participants in their responses to the remaining questions.
TABLE 2 | The assessment of virtual reality experiences on empathy development and educational outcomes.	Questions	VR-experienced (n = 30)	VR-inexperienced (n = 40)	t	p
	1. The VR experience has given me a genuine understanding of how undiagnosed chronic pain affects patients’ daily lives (e.g., work, social interactions)	3.48 ± 0.75	3.97 ± 0.61	3.009	0.004**
	2. During the VR experience, I felt an emotional connection to the narrator’s suffering from undiagnosed chronic pain (e.g., sadness, concern)	3.70 ± 0.76	4.30 ± 0.75	3.293	0.002**
	3. By externalizing the pain into visual signals, I found it easier to grasp its complexity and long-term nature	3.83 ± 0.96	3.60 ± 1.04	−0.939	0.351
	4. This VR training has enhanced my clinical understanding of chronic pain more effectively than traditional classroom lectures	3.83 ± 0.81	3.73 ± 0.78	−0.474	0.637
	5. After the VR experience, I am more inclined to actively listen to the specific needs of chronic pain patients (e.g., pain description, psychological state)	4.22 ± 0.62	4.23 ± 0.90	0.044	0.965
	6. After the VR experience, I would pay more attention to the non-verbal expressions of chronic pain patients (e.g., facial expressions, movements)	4.25 ± 0.67	4.23 ± 0.86	−0.091	0.928
	7. After the VR experience, I would approach chronic pain patients with greater patience and attention to detail in clinical settings	4.22 ± 0.73	4.50 ± 0.78	1.514	0.135
	8. I would recommend this VR training to other health professional students as it can foster empathy	3.65 ± 0.53	4.07 ± 0.74	2.739	0.008**
	9. This experience transformed the “invisibility” of chronic pain into something I could intuitively perceive (e.g., visual signals)	3.85 ± 0.77	3.73 ± 0.87	−0.594	0.554
	10. Some scenarios in the experience made me uncomfortable, but this deepened my understanding of the patients’ suffering (e.g., pain visualization)	4.15 ± 0.74	3.77 ± 0.90	−1.963	0.054
	11. The externalized representation of pain (e.g., color changes, object distortions) helped me concretely understand its intensity and variability	3.70 ± 0.91	3.50 ± 1.11	−0.829	0.41
	12. This “pain externalization” design was more effective than verbal descriptions in helping me retain related knowledge	3.20 ± 0.76	3.73 ± 0.94	2.621	0.011*
	13. This experience made me reflect on how to balance “treatment efficiency” and “patient experience” in future clinical practice, especially for patients with undiagnosed chronic pain	4.22 ± 0.70	4.23 ± 0.82	0.046	0.963
	14. This VR experience makes the learning process enjoyable	4.47 ± 0.55	4.47 ± 0.68	−0.056	0.955
	15. This VR experience makes learning more efficient	3.95 ± 0.71	3.97 ± 0.96	0.08	0.937
	16. Overall, I believe the VR experience was very helpful for my study of chronic pain	4.33 ± 0.57	4.33 ± 0.76	0.052	0.958


4 DISCUSSION
Empathy is a cornerstone of effective healthcare, yet undiagnosed chronic pain, a condition often invisible and misunderstood, poses unique challenges for clinicians and caregivers striving to comprehend its subjective burden. While most VR applications related to pain aim to alleviate patient discomfort, such as during medical procedures or in chronic pain management (Hojat, 2016; Goudman et al., 2022), our study adopts a different perspective. Instead of targeting symptom relief, we utilize VR as an educational tool to foster empathy and enhance understanding among future healthcare professionals.
To evaluate the experience, we first assessed the system’s usability using the System Usability Scale (SUS), a validated measure for user-friendliness and interface quality. Participants reported generally positive usability perceptions, though feedback also highlighted areas for improvement such as initial intuitiveness and physical comfort during use. With regard to the learning experience, we applied Kirkpatrick’s Four-Level Evaluation Model, a well-established framework for analyzing training effectiveness. The results indicate the VR training was perceived more positively by the VR-experienced group (Level 1), with participants in the VR-experienced group expressing high engagement and a greater willingness to recommend the experience as an effective empathy-enhancing tool. At the Learning level (Level 2), these participants also reported a deeper understanding of how undiagnosed chronic pain impacts patients’ daily lives and developed stronger emotional resonance with the narrator’s suffering, reflecting both cognitive and affective learning gains. Behaviorally (Level 3), the VR-experienced group indicated that the training could influence their future clinical approach, particularly in terms of adopting more empathetic practices when treating patients with chronic pain. At the Results level (Level 4), to fully evaluate the impact of the training, it is essential to measure actual improvements in patient care, such as changes in clinical outcomes or the quality of patient interactions, that can be attributed to the empathy and knowledge gained. Without this data, the effectiveness of the training remains uncertain, relying only on the participants’ self-reported perceptions. While demonstrated learning outcomes (Level 2) and behavioral intentions (Level 3) suggest that this VR method may contribute to improved patient-centered care outcomes, such as enhanced patient satisfaction or better pain management, formal evaluation of tangible Level 4 results requires longitudinal measurement of actual clinical performance and patient health metrics, extending beyond the scope of this initial assessment.
Comparative analysis between VR-experienced and inexperienced groups underscored VR’s potential to deepen understanding of chronic pain’s daily impacts and foster emotional resonance with patient narratives. Participants exposed to VR training exhibited stronger endorsement of its value in cultivating empathy and reported enhanced retention of knowledge through visual “pain externalization” compared to conventional methods. These findings emphasize VR’s promise as an empathy-building and knowledge-retention tool while highlighting the need for iterative design improvements to address gaps in engagement and practical application. Future exploration into experiential elements and user-centered adaptations could refine VR’s role in medical education, ensuring alignment with diverse learning needs and educational objectives.
The qualitative analysis was conducted following the COREQ (Consolidated Criteria for Reporting Qualitative Research) guidelines (Tong et al., 2007), which helped ensure a systematic and transparent approach to reporting the open-ended responses from participants. The responses were categorized into two main groups: potential improvement suggestions and reactions to the VR experience.
Participants provided valuable feedback regarding the usability of the interactive elements in the VR experience, documented through COREQ’s standards for comprehensive reporting of participant perspectives. A common challenge identified was the difficulty users faced when navigating scenes without prompts, which could interrupt the narrative flow and limit their exposure to key audiovisual components. To address this issue, participants suggested several enhancements aimed at improving navigation. Notably, the idea of replacing hand tracking with gaze-based navigation was introduced to reduce cognitive load and facilitate a more immersive experience. Additional suggestions included repositioning interactive objects to align with the user’s natural eye-level range, refining the activation timing of interactive elements from 5 s to two, and introducing subtle luminance shifts as visual cues to indicate interactivity while preserving the immersion of the experience. Furthermore, participants highlighted the need for improvements in hardware comfort and interface intuitiveness during initial use, aligning with COREQ’s emphasis on reporting practical participant-driven recommendations to enhance accessibility.
The reactions to the VR experience, as described by participants and reported per COREQ’s criteria for capturing subjective responses. Many participants expressed feelings of discomfort, disturbance, anxiety, and even claustrophobia while using the VR application. These emotional responses reflect the effectiveness of the narrative pacing, symbolic storytelling, and environmental design, all of which contributed to fostering empathy and conveying the emotional realities of living with chronic pain. The intensity of these emotional reactions underscored the success of the VR experience in achieving its intended educational and emotional objectives, while also pointing to areas that could benefit from further refinement.
The initial idea behind the experience was to help students develop empathy for undiagnosed pain that is difficult to understand. Future iterations of the experience could include various pain experiences as “modules” that the user can select or go through. By providing a number of modules for the students to follow, they have the chance to experience a variety of different points of view, and learn to recognize that the experiences of people living with chronic pain can differ vastly. This also increases the replayability of the experience, so that medical students have the chance to develop empathy over a stretch of time, and maintain their interest in the experience and the various patient stories while doing so.
5 CONCLUSION AND LIMITATIONS
This study demonstrated the potential of VR storytelling to enhance empathy and understanding of undiagnosed chronic pain among healthcare trainees. Participants exposed to the VR experience reported improved comprehension of chronic pain’s daily impacts, stronger emotional resonance with patient narratives, and greater endorsement of VR as an empathy-building tool compared to those without VR exposure. The integration of sensory stimuli, nonlinear storytelling, and perspective-taking mechanisms facilitated a visceral understanding of patients’ subjective experiences, aligning with findings from prior VR healthcare applications. While usability assessments revealed generally positive perceptions of the system’s design, the results underscored VR’s unique capacity to externalize abstract pain concepts and improve knowledge retention, positioning it as a complementary tool in medical education. These findings advocate for the broader adoption of narrative-driven VR interventions to bridge the empathy gap in patient-provider interactions.
This study has strengths but also several limitations. First, the short-term assessment design precludes conclusions about the durability of empathy enhancements or behavioral changes in clinical practice. Second, the current narrative framework focuses on a singular perspective, which may not fully capture the diversity of undiagnosed chronic pain experiences. Future studies should incorporate longitudinal assessments, expanded narrative content reflecting varied patient journeys, and opportunities for users to engage with multiple scenarios to better represent the spectrum of chronic pain challenges.
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