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Introduction: Schizophrenia imposes a significant burden on global public health and is associated with pervasive stigmatization, perpetuating misconceptions of danger and incompetence. This review examines the efficacy of simulation interventions in reducing stigmas associated with schizophrenia and fostering empathy towards affected individuals.Methods: A comprehensive literature review spanning from August 2021 to September 2022 identified 14 relevant studies meeting inclusion criteria.Results: Analysis revealed a diverse landscape of simulation-based interventions, characterized by variability in methodological rigor, intervention design, and technological modalities. While some studies demonstrated promising outcomes in stigma reduction and empathy enhancement, methodological limitations and inconsistencies underscore the need for cautious interpretation of findings. Furthermore, mixed outcomes in stigma characteristics and empathy development highlight the complexity of intervention effectiveness.Discussion: Despite these challenges, simulation interventions, particularly when integrated with additional components, hold potential in mitigating stigmatization and promoting empathy. Future research should prioritize methodological rigor, comprehensive outcome assessment, and tailored intervention strategies to advance the field of stigma reduction in schizophrenia.Keywords: Schizophrenia, stigma reduction, simulation-based intervention, virtual reality, empathy, psychosis simulation, intervention, experiential learning
1 INTRODUCTION
Schizophrenia ranks among the 20 most prevalent causes of years lived with disabilitiy worldwide (GBD, 2021 Diseases and Injuries Collaborators, 2024). According to the World Health Organization (2022), approximately 24 million people worldwide are affected by schizophrenia. Individuals with schizophrenia face stigmatization (Vistorte et al., 2018), being perceived as particularly dangerous (Angermeyer et al., 2021; Angermeyer et al., 2013; Overton and Medina, 2008; Sheehan et al., 2017), unpredictable (Angermeyer et al., 2013), and incapable of managing their own lives (Angermeyer et al., 2013; Overton and Medina, 2008; Sheehan et al., 2017).
1.1 Definition and consequences of stigma
A stigma is defined as the connection between a personal attribute and a stereotype. It is characterised by the social devaluation of a certain attribute, which leads to extensive discrediting of the person concerned (Goffman and Huaug, 2012; Link and Phelan, 2001). Stigma is a dynamic concept influenced by societal, social, and temporal contexts (Goffman and Huaug, 2012).
Moreover, stigma includes an active element: it is accompanied by explicit or implicit discrimination, which may be evidenced, for instance, by a preference for social distance. Stigmatization procedures create a distinct separation between the stigmatized group and the non-stigmatized majority society. This establishes a binary divide between ‘we’ and ‘them’. This division illustrates a power disparity between marginalized individuals and those who impose the stigma (Link and Phelan, 2001; Rüsch et al., 2021). The stigmatization of mental illness is frequently referred to as a secondary illness and has extensive consequences for individuals impacted (Finzen, 2017).
Affected individuals not only experience stigmatization from the general public but also from healthcare professionals (Valery and Prouteau, 2020; van Dorn et al., 2005), leading to negative social and personal consequences (Baumann et al., 2003; Gaebel et al., 2004; Vistorte et al., 2018). Stigmatization not only promotes social isolation and the occurrence of other mental illnesses, but can also lead to treatment being delayed or avoided (Col et al., 2004; Gaebel et al., 2004). However, the timely initiation of treatment is essential for the therapeutic efficacy of schizophrenia (Riecher-Rössler et al., 2006).
1.2 Perspective-taking and empathy as a mechanism to reduce stigma
It is hypothesized that the initially clear separation inherent in stigma towards the stigmatized person or group can be reduced or eliminated by immersing oneself in the perspective and emotions of others (Davis et al., 1996; Yee and Bailenson, 2006). Thus, perspective-taking and empathy serve as a bridge between the two groups (Outgroup and Ingroup), potentially preventing the activation of stereotypes and excluding stigmatization as a behavioral option (Davis et al., 1996; Galinsky and Moskowitz, 2000).
Perspective-taking represents the cognitive component of empathy, allowing individuals to comprehend and assume another person’s viewpoint (Batson et al., 1997a). However, empathy goes beyond simple cognitive understanding; it encompasses an emotional aspect that enables humans to connect affectively with the experiences of others. Empathy includes both cognitive and emotional processes. The cognitive aspect pertains to mentalizing and comprehending another’s state of mind, and the affective component concerns the experience of emotions in reaction to another’s feelings, while preserving self-other difference (Batson, 2009; Blair, 2005). Empathy for an individual within the stigmatized group seems sufficient to improve stigmatizing attitudes toward the entire group (Batson et al., 2002; Batson et al., 1997b).
To comprehensively assist individuals with mental illness, psychiatric treatment should consider (self-)stigmatization and its consequences, alongside therapeutic and pharmacological interventions (Finzen, 2017; Hansson and Markström, 2014; Knaak et al., 2017; Reddyhough et al., 2021). Targeted measures by social workers, healthcare professionals, and public safety experts can contribute to dismantling stigmas against mentally ill individuals, facilitating appropriate and context-sensitive care.
1.3 Intervention approaches to reduce stigma
Studies, meta-analyses, and systematic reviews indicate the effectiveness of contact interventions and educational programs in reducing stigmatizing attitudes and the desire for social distance (Amsalem et al., 2021; Brown, 2020; Koike et al., 2018; Maunder and White, 2019; Mehta et al., 2015; Morgan et al., 2018; Rodríguez-Rivas et al., 2021; Yamaguchi et al., 2013). Whether contact occurs directly or through media seems to be less relevant, though stable long-term effects remain elusive (Mehta et al., 2015; Morgan et al., 2018).
A more recent intervention approach aims to make the lived experiences of stigmatized individuals more tangible through simulation techniques, such as experiencing homelessness (Herrera et al., 2018) or embodying an avatar with a different racial identity (Banakou et al., 2016). Studies confirm that perspective-taking and empathy development can reduce stigmatization (Batson et al., 2002; Batson et al., 1997b; Galinsky et al., 2005; Herrera et al., 2018; Koike et al., 2018; Levin et al., 2016; Tassinari et al., 2021; Yee and Bailenson, 2006).
1.4 The role of virtual reality in stigma reduction
To enhance understanding and promote perspective-taking, many studies have utilized audio or video simulations. More recently, researchers have increasingly utilized virtual reality (VR) technology to further intensify the experience and potentially improve the stability of its effects (Herrera et al., 2018).
While VR-based interventions offer a promising avenue for reducing stigma, their effects are not unequivocally positive. On one hand, VR simulations can effectively promote empathy and reduce stigmatizing attitudes by enabling individuals to experience the perspective of a stigmatized person (Banakou et al., 2016; Bertrand et al., 2018; Herrera et al., 2018; Tay et al., 2023). VR technologies intended to make perspective-taking an even more intense experience. In this context, factors such as the sense of presence, the feeling of embodiment, and the emotional intensity of the experience may determine whether stigma is reduced or reinforced (Yuen and Mak, 2021).
On the other Hand, it is noted that simulated experiences in VR can amplify the desire for social distance (Ando et al., 2011; Lee and Lin, 2017). Given that social distance is a key indicator of stigma, these findings highlight the necessity of scrutinizing the underlying mechanisms.
Research suggests that empathy, knowledge dissemination, and strong emotions such as fear and anger play a mediating role between the intervention (e.g., social contact) and the manifestation of stigmas and their components (Banakou et al., 2020; Kalyanaraman et al., 2010; Pettigrew and Tropp, 2008; White et al., 2020). Consequently, the content and visual design, regardless of the type of intervention (contact, knowledge dissemination, or simulation), appear crucial for intervention success (Rüsch and Xu, 2017; Tassinari et al., 2021). For instance, addressing the mental illness and presenting recovery options can be pivotal for intervention success (Ando et al., 2013; Baumann et al., 2003; Morgan et al., 2018; Rodríguez-Rivas et al., 2022).
Studies utilizing Virtual Reality for simulation also indicate that the adopted perspective (Outgroup vs Ingroup), the sense of presence, the feeling of embodiment, and the emotions triggered by the simulation influence whether stigmas decrease or escalate (Yuen and Mak, 2021). Consequently, researchers propose that VR simulations may yield the best results when integrated with other conventional intervention methods, such as educational programs or social contact strategies (Galletly and Burton, 2011; Kalyanaraman et al., 2010; Antonietti et al., 2001; Godat, 2007; Pan et al., 2006; Parkes et al., 2009).
The effectiveness of VR simulations appears to be contingent upon several design and user-experience factors. A high degree of presence and embodiment can enhance the impact of an intervention, while a lack of control within the simulated environment may provoke negative emotional responses such as fear or discomfort (Wan and Lam, 2019). Furthermore, although VR enables a highly controllable and manipulable intervention environment, its applicability remains limited by practical constraints. Studies indicate that VR interventions require significant technical and financial resources, and their appeal tends to be stronger among younger populations, potentially limiting their generalizability (Wan and Lam, 2019).
Due to the inconclusive results concerning the effectiveness of VR simulations in diminishing stigma, additional research is required to investigate the elements that influence their success or failure. This review offers a thorough synthesis of current research regarding the efficacy of simulation-based interventions in reducing stigma associated with individuals diagnosed with schizophrenia. Specifically, it examines the extent to which simulated hallucination contributes to stigma reduction and empathy enhancement. This review analyzes the impact of key factors—namely, the target audience, content design, and the technological modalities employed to provide hallucinations—on intervention effects. This effort aims to identify research gaps and guide the formulation of more effective intervention strategies by addressing these elements. Previous reviews have focused on general technology-based interventions, such as educational programs or media-mediated social contact. The recent review by Rodríguez-Rivas et al. (2021) examines the impact of computing technologies in alleviating stigma; however, it does not particularly focus on simulation-based methods or explore the mechanisms driving their effects. In contrast, the present review provides a more targeted analysis by concentrating exclusively on simulation-based interventions that seek to elicit perspective-taking through direct experiential engagement.
This work synthesizes research on the framework conditions, advantages, and drawbacks of various techniques, offering a comprehensive view of their potential and delineating essential concerns for future improvement. To structure the analysis, this review addresses the following research question: To what extent do simulation-based interventions, particularly virtual reality and audio or visual simulations, reduce stigma and increase empathy toward individuals with schizophrenia?
2 METHODS
2.1 Registration
This systematic review was registered on OSF (https://doi.org/10.17605/OSF.IO/7NG5U) during the peer review process. Although prospective registration is preferable to enhance methodological transparency, all inclusion criteria, search strategies, and quality assessment procedures were predefined prior to study selection and data extraction. The registration was conducted to ensure long-term accessibility of the study protocol and to facilitate reproducibility.
2.2 Eligibility criteria
Eligibility criteria for the present overview were pre-established. Only quantitative studies published in English or German between January 2010 and September 2022 were included. Furthermore, only studies utilizing simulation-based intervention (e.g., VR, AR, audio/visual simulation) for stigma reduction related to schizophrenia, hallucination, or auditory experiences, or those designed to foster empathy for this specific population, were considered. No restrictions were imposed on the study population. Studies investigating participants from any background, including general public students, and healthcare professionals, were considered eligible.
2.3 Information sources and search strategy
The whole search for this review was conducted by one reviewer and spanned the period from August 2021 to September 2022. The research group acknowledges that the fact that only one person was responsible for summarizing the studies may have implications for the reliability of the synthesis process and the potential presence of biases. This constitutes a limitation of the present review.
A systematic search was conducted across the APA Psychinfo (via OVID) and Pubmed databases using various keywords. The search terms were repeatedly refined and adapted throughout the research process. A comprehensive list of search terms can be found in the Appendix. Additionally, hand searches, such as the evaluation of reference lists of key articles (e.g., previous reviews or papers) were conducted to identify further studies.
The search results were then transferred to the literature management program Citavi for comprehensive review and checking.
To enhance the comprehensiveness and validity of the search results, the AI-based literature search tool Elicit was used retrospectively as an additional validation step. This tool allowed for a post-hoc cross-check of retrieved studies to identify any overlooked relevant publications. No major discrepancies were found between the original manual search and the AI-assisted validation, supporting the robustness of the initial search strategy.
2.4 Study selection and data extraction
This review was conducted in accordance with the PRISMA guidelines (Page et al., 2021) for the selection of studies. Following the identification of relevant studies, they were managed in Citavi, with duplicates being automatically recognized and consequently excluded. Citavi was subsequently employed for the perusal of titles and abstracts, with the full texts stored and viewed within the software.
Study selection and data extraction were conducted by a single reviewer. This constitutes a limitation of the present review, as independent double-screening is recommended to reduce selection bias. To mitigate this limitation, predefined eligibility criteria were strictly applied, and ambiguous cases were discussed within the research team.
2.5 Quality assessment
The results tables (Tables 1–6) present the important information required as a basis for the quality assessment of the included studies in this review. The developed quality assessment is based on established evaluation frameworks for methodological appraisal, including the PRISMA guidelines (Page et al., 2021; Page et al., 2021), the Joanna Briggs Institute (JBI) Critical Appraisal Tools (Barker et al., 2023), the Cochrane Risk of Bias (RoB) Tool (Higgins et al., 2011), and the STROBE checklist for observational studies (Elm et al., 2007). Additionally, aspects of the COSMIN checklist (Mokkink et al., 2010) assessing the psychometric quality of measurement instruments were incorporated. By integrating these criteria, the present assessment model ensures a structured and differentiated evaluation of the methodological quality of the included studies. The quality assessment of the studies included (see Figure 1) was conducted based on four key dimensions: methodological rigor, measurement quality, data quality, and relevance of findings. Each dimension was categorized into three levels: high, medium, or low, depending on predefined criteria. The final overall assessment for each study was derived from the combined evaluation of these dimensions.
TABLE 1 | Overview of the included studies.
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Methodological rigour was assessed based on study design, transparency of reporting and adherence to key methodological principles. Highly regarded research used a well-defined approach that included randomization, control groups and before-and-after measurements, along with clear data collection and analysis. Moderately rated studies explained their approach but had shortcomings such as lack of control groups or randomization and provided unclear or incomplete information on data collection. Low-rated studies provided few methodological details, had no control mechanisms, were based on post-intervention assessments and lacked transparency in data collection and analysis. This categorization ensures an orderly assessment of the quality of the studies.
The measurements were assessed on the basis of the validity and reliability of the instruments used. Highly rated studies used well-validated instruments with clear operationalization. Studies with average ratings sometimes used validated measurement instruments or had gaps in reliability. Poorly rated research used non-standardized or specially developed tools without explanation.
The quality of the data was assessed based on the statistical accuracy and representativeness of the sample. Highly rated studies conducted comprehensive analyses, including effect sizes and significance tests. Moderately rated studies included information on descriptive statistics but lacked detailed analyses or were based on small but interpretable samples. Poorly rated research was based on percentages, contained little statistical data or used very limited samples.
The significance of the results was determined based on the contribution of the study to research and practical application. Important studies of high quality addressed significant research gaps that have clear practical implications. Moderately rated studies provided important findings but had limited generalizability. Low-rated studies either lacked innovation or had more limited applications.
The overall assessment combines these aspects and considers advantages and disadvantages. Research with sound methodology and good measurement and data quality was rated favorably, while research with methodological weaknesses, poor data quality and limited impact was rated less favorably. This framework ensured an organized and objective assessment.
3 RESULTS
3.1 Study characteristics
As illustrated in Figure 2, the Prisma flow diagram demonstrates that the present review encompasses a total of 14 studies.
[image: Figure 2]FIGURE 2 | PRISMA diagramm.
3.2 Intervention characteristics
The current state of research on the use of simulation interventions for reducing stigmas against individuals with schizophrenia appears limited. While some randomized controlled trials with partial follow-ups have been conducted (Brown, 2010; 2020; 2021; Kalyanaraman et al., 2010; Marques et al., 2022; Sideras et al., 2015), there are also studies lacking randomization, control groups, or relying solely on post-measurements (Brown et al., 2010; Duprey et al., 2021; Formosa et al., 2018; Galletly and Burton, 2011; Liu, 2021; McEnteggart et al., 2016; Reddyhough, 2021; Silva et al., 2017). The limited number of research and occasional methodological deficiencies need cautious interpretation of the current results for their applicability to the general population.
As the majority of studies focused on healthcare professionals or trainees (such as psychologists, nurses), the current results may be insightful for this specific group. For the interpretability of the presented findings, this implies that they appear suitable for healthcare professionals, allowing inferences to be drawn regarding targeted training and continuing education opportunities for professionals in the field.
3.3 Intervention design
The duration of the interventions examined in the present studies exhibited significant variability, ranging from 3 min to 20 min for individual simulations. Combined interventions like workshops spanned from 10 min to over 4 h. Neither in the case of pure simulations nor in combined interventions could a direct influence of duration on intervention success be discerned. This indicates that longer interventions do not seem to be more beneficial or promising than shorter ones, confirming current findings (e.g., Morgan et al., 2018).
Regarding the technologies employed and, consequently, the type of simulation, there was substantial variability. Simulations were frequently presented as audio hallucinations via headphones, with a few studies also conveying visual hallucinations through video (Table 3 and 4). Occasionally, augmented reality (AR) or virtual reality (VR) applications were chosen to represent hallucinations in both visual and auditory forms (Table 2). Statements about the quality of simulations and their degree of presence were made sporadically or not at all, even though these aspects can have a significant impact on the effects. A high degree of presence may be associated with strong emotional reactions, such as fear (Diemer et al., 2015; Lombard and Ditton, 1997).
In five studies, simulation interventions were combined with additional interventions. Three investigations embedded simulation interventions in workshops that extended over several hours and included various elements (discussions, coping strategies, treatment options, information, social contact) in addition to the simulation. Combined interventions demonstrated mixed results. There positive changes in the measured stigma elements (Brown, 2021; Galletly and Burton, 2011; Kalyanaraman et al., 2010; Reddyhough, 2021; Sideras et al., 2015)), nevertheless, in certain instances or specific stigma components, no significant change was detected (Brown, 2021; Kalyanaraman et al., 2010; Reddyhough et al., 2021; Sideras et al., 2015).
3.4 Impact on stigma characteristics
Stigma comprises multiple facets and can be assessed through features on the behavioral, attitudinal, or emotional levels. Additionally, the degree of stigmatization can be captured comprehensively through a stigma scale. Most studies focused on evaluating individual stigma characteristics. Only one study utilized an unevaluated stigma scale, thereby not concentrating on specific aspects of stigma. In this instance, a general deterioration of stigma was observed following the intervention (Silva et al., 2017).
In accordance with the categorization by Maunder and White (2019), the results are presented below with reference to the measured stigmatized characteristics.
3.5 Explicit and implicit attitudes
The stereotype that individuals with schizophrenia are dangerous was only examined in two studies. In both studies (Brown, 2020; 2021) the intervention did not show any change in the perception of danger.
Stigmatizing attitudes and attitudes towards individuals with mental illness were found to improve through simulation interventions (Formosa et al., 2018; Galletly and Burton, 2011; Kalyanaraman et al., 2010; McEnteggart et al., 2016; Sideras et al., 2015) However, an assessment of implicit attitudes by McEnteggart et al. (2016) revealed negative changes towards hearing voices after the implementation of auditory simulation. Reddyhough et al. (2021) did not observe implicit changes in their study.
3.6 Behavioral intentions and behavior
The study results regarding the desire for social distance were mixed. Simulation as a standalone intervention appeared to lead to an increase in the desire for social distance (Brown et al., 2010; Kalyanaraman et al., 2010) or remained unchanged (Brown, 2020; 2021). When the simulation was combined with another intervention, there was no change or a tendency towards a reduction in the desire for social distance, even through implicit measurements (Brown, 2021; Kalyanaraman et al., 2010; Reddyhough, 2021). The intervention’s focus on either professionals exclusively or a diverse group seems to have minimal impact on the results.
The readiness to offer assistance was investigated in merely two investigations, producing conflicting outcomes. A simulation utilizing augmented reality (AR) increased participants’ willingness to provide assistance (Silva et al., 2017). Brown (2010) reported a diminished readiness to offer aid in his study.
3.7 Affective reactions and empathy development
Both individual simulation interventions and combined interventions appeared to mitigate negative emotions towards individuals with mental illnesses (Brown, 2021; McEnteggart et al., 2016; Sideras et al., 2015). Other studies could not observe any change (Brown, 2020; Brown, 2021).
A total of five studies (Duprey et al., 2021; Formosa et al., 2018; Kalyanaraman et al., 2010; Marques et al., 2022; Sideras et al., 2015) measured empathy values of their participants before and after the intervention. In three of these works, it was demonstrated that empathy towards mentally ill individuals could be enhanced through the simulation of hallucinations. In most studies, participants were healthcare professionals in training. Kalyanaraman et al. (2010) also tested a combined intervention, yielding the most favorable results in their experimental setup. The combined intervention by Sideras et al. (2015) and the study ob Marques et al. (2022) showed no significant changes in empathy values. Overall, the simulation of hallucinations (auditory or visual) positively influenced the development of empathy.
4 DISCUSSION
The presented review delves into the efficacy of simulation interventions aimed at reducing stigmas associated with schizophrenia, shedding light on the potential of such interventions in fostering empathy towards individuals with mental illness.
Moreover, the current study indicates that simulation strategies aimed at mitigating stigma have garnered minimal attention thus far. Historically, antistigma initiatives have mostly concentrated on the spread of knowledge and social contact, partially through the mediation of technology (e.g., Rodríguez-Rivas et al., 2021). The present analysis encompasses simulation interventions, from audio-only simulations (auditory hallucinations) to immersive technology that can deliver both visual and auditory hallucinations. Their influence in diminishing stigma is inconsistent and occasionally paradoxical. Considering the widespread stigmatizing attitudes among healthcare workers (Baumann et al., 2003; Gaebel et al., 2004; Vistorte et al., 2018) the findings herein can serve as a foundation for advancing anti-stigma campaigns and educational training programs.
The studies analysed investigated the impact of simulation interventions on individual stigma characteristics across behavioral, attitudinal, and emotional dimensions. On the behavioral level (social distance, helping behavior), results were heterogeneous and inconclusive. Explicit measurements regarding the reduction of stigmatizing attitudes and beliefs through simulations showed positive effects, although this was not corroborated by implicit attitude measurements. Implicit attitudes were scarcely measured, severely limiting their ability to provide insights into attitude changes. Explicit statements, constrained by social desirability biases, may lack reliability. Concerning other stigma elements, the potential of virtual reality simulations was evident (Banakou et al., 2016; Peck et al., 2013; Yee and Bailenson, 2006). Effects associated with the use of simulations to promote empathy showed positive trends, as shown in prior research (Chua et al., 2021; Herrera et al., 2018; Zare-Bidaki et al., 2022). Combining simulations with other interventions (knowledge dissemination, social contact) demonstrated positive trends, with the efficacy of the non-simulation intervention seemingly influencing the outcome alongside the simulation.
Regarding the intervention design, several aspects may influence the intervention’s effectiveness. The heterogeneity in intervention design, particularly concerning duration and technological modalities, complicates the interpretation of results. Previous studies have hinted at the impact of intervention duration (Ando et al., 2011). Through virtual reality, even brief simulation frequencies appear to have a positive effect on users, while excessively prolonged simulations in a virtual environment are not recommended (Archer and Finger, 2018).
The choice of technological modalities, including audio and visual simulations, augmented reality (AR), and virtual reality (VR), further contributes to the complexity of intervention design. While audio simulations via headphones were predominant, studies employing AR or VR applications offer novel avenues for immersive experiences. However, the quality of simulations and their degree of presence, though crucial determinants of intervention efficacy, were inconsistently addressed across studies. Future research should prioritize comprehensive assessments of simulation fidelity and participant immersion to elucidate their impact on intervention outcomes definitively.
Despite the potential that VR offers, research shows that the advantage of VR simulations over pure audio simulations has not yet been recognized (Martingano et al., 2021). Influencing factors and mechanisms of action should be considered. In addition to temporal considerations, the content and creative implementation of the intervention, regardless of its type, can influence the direction and strength of the effects (Banakou and Slater, 2014; Hadjipanayi and Michael-Grigoriou, 2020; Kalyanaraman et al., 2010; Norman et al., 2017; Tassinari et al., 2021). Emphasizing the role of arousal and triggered emotions could be pivotal (Diemer et al., 2015). Virtual Reality simulations, offering a high level of presence, can elicit emotions comparable to real situations, fostering empathy (Diemer et al., 2015; Lombard and Ditton, 1997).
The mechanisms of action indicate that the simulation experience, perhaps combined with a sense of loss of control and efficacy, may evoke a sensation of immersion in the virtual realm and a corresponding detachment from the actual surroundings. The absence of cognitive coping skills may induce anxiety and avoidance behaviors (Stöber and Schwarzer, 2000). In hallucination simulations specifically, the perceived absence of control might explain the contradictory results concerning various stigma attributes, the potential enhancement of empathy on the one hand, while on the other, a persistent or even heightened social distancing. A potential rationale for the inconclusive results regarding the enhancement of empathy may be that emotional empathy, rather than cognitive empathy, is predominantly fostered (Martingano et al., 2021).
However, with regards to the mechanisms of action, it should be noted that the simulation experience, possibly coupled with a sense of lack of control and efficacy, may be accompanied by the feeling of entering into the virtual world and being cut off from the real world. The absence of cognitive strategies for coping with the situation (cognitive control) may induce fear and avoidance tendencies (Stöber and Schwarzer, 2000). The perceived lack of control, specifically during hallucination simulations, could explain the conflicting results observed in various stigma characteristics–the potential for empathy development on one hand and a tendency toward increased or unaltered social distancing on the other.
The mechanisms of action suggest that the simulation experience, potentially linked to a perceived loss of control and efficacy, may induce a sensation of immersion in the virtual world, leading to a consequent disconnection from the actual surroundings. The lack of cognitive coping skills may lead to fear and avoidance behaviors (Stöber and Schwarzer, 2000). The perceived absence of control during hallucination simulations could explain the conflicting results concerning various stigma-related attributes—specifically, unchanged or heightened social distancing contrasted with the potential enhancement of empathy. One potential explanation for the inconsistent findings regarding the enhancement of empathy may be that only emotional empathy, rather than cognitive empathy, is cultivated. (Martingano et al., 2021).
Notably, the amalgamation of simulation interventions with additional components, such as workshops or discussions, yielded mixed but generally positive results in stigma reduction. Combined interventions demonstrated favorable changes in measured stigma elements (Brown, 2021; Galletly and Burton, 2011; Reddyhough et al., 2021; Sideras et al., 2015), suggesting the potential synergistic effects of multifaceted intervention approaches. However, discrepancies in outcomes highlight the need for tailored intervention strategies informed by a nuanced understanding of target populations and contextual factors.
4.1 Risk assessment
One key observation pertains to the methodological rigor of the studies reviewed. While randomized controlled trials with partial follow-ups offer robust insights into intervention effectiveness (Brown, 2010; 2020; 2021; Kalyanaraman et al., 2010; Marques et al., 2022; Sideras et al., 2015), the presence of studies lacking rigorous experimental design raises concerns regarding the generalizability of findings. The absence of control groups, randomization, and reliance on post-measurements in some studies (Formosa et al., 2018; Galletly and Burton, 2011; Liu, 2021; McEnteggart et al., 2016; Reddyhough et al., 2021; Sideras et al., 2015; Silva et al., 2017) underscores the need for methodologically sound investigations to establish the efficacy of simulation interventions conclusively.
5 LIMITATIONS
A significant drawback of this evaluation is that both study selection and data extraction were conducted by a single reviewer. This may result in selection bias, as doubles screening is typically advised (Page et al., 2021). To alleviate the danger of selection bias, the AI-driven literature search tool Elicit was used to corroborate the preliminary search findings. The implementation of stringent set inclusion criteria and the careful documenting of all exclusion decisions sought to improve openness and consistency. Future reviews should incorporate independent double-screening to strengthen the reliability of the synthesis process. Another limitation of this review is that the OSF registration occurred during the peer review process instead of prior to data collection. Prospective registration is typically advised to mitigate selective reporting bias and improve methodological transparency. All methodological procedures, including eligibility criteria, search strategy, and risk of bias assessment, were predetermined prior to the initiation of the research selection process. The registration was undertaken to document the review process retrospectively and ensure greater accessibility and reproducibility of the research approach.
6 IMPLICATIONS FOR FUTURE RESEARCH
Future simulation studies might benefit from incorporating specific content that imparts a sense of control and efficacy to participants during and after the simulation. Additionally, forthcoming research endeavors should employ enhanced, more specific measurement methods. In addition to implicit measurements, the validity of stigma reduction could be bolstered by assessing actual behavioral outcomes (Norman et al., 2017).
In conclusion, the findings of this overview article highlight both the potential of simulation interventions for fostering empathy and the current research gaps and risks associated with such interventions. Through further studies and targeted refinement of simulations, this form of intervention could evolve into a cost-effective, widely deployable, and valuable tool for the ongoing education and professional development of healthcare professionals.
Future research should prioritize methodological rigor, comprehensive assessment of intervention outcomes, and tailored intervention strategies to realize the full potential of simulation interventions in combating stigma and promoting empathy in mental health contexts.
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• (Stigma* Or prejudice) AND reduc* AND (mental illness OR Schizophrenia) AND (Virtual reality OR Augmented Reality OR mixed Reality OR immersive
• (((Intervention and reduc* and Stigma and Schizophrenia) or hallucination) and simulation).
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