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Objectives: Our study is a follow-up of a previous research study that was carried out in physiotherapy. The present study aims to evaluate the effectiveness of virtual reality (VR) as a tool to support emotional management during the acute phase of breast cancer treatment (chemotherapy session).
Materials and methods: A quasi-experimental protocol was implemented in an oncology department with 120 patients randomly assigned to one of four conditions that were being compared. During the first 10 minutes of a chemotherapy session, patients could either be exposed to a participatory immersion in a natural environment; or be placed in a contemplative immersion condition in the same environment; or listen to classical music; or receive no distraction. The involvement of the patients in the virtual environment and the relevance of the immersive modalities were measured through the evaluation of sense of presence. Particular interest was given to the evaluation of anxiety level and the emotional state of the patients.
Results: VR during chemotherapy reduces anxiety and calms emotional tension. The multi-sensory nature of this emotional regulation support tool was more effective than music in inducing positive emotion, and this benefit was the most salient when immersion was offered in an interactive format.
Conclusion: The relevance of providing support through VR in oncology is confirmed in this study. This tool can compensate for the fluctuating availability of caregivers by offering patients the possibility of shaping their own relaxing worlds and could help preserve the patient-caregiver relationship.
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1 INTRODUCTION
Virtual reality (VR) has been used during oncological care as a distractive strategy, capable of regulating the emotional response of patients undergoing stressful treatments by diverting their attention towards more pleasant stimuli (Chirico et al., 2019; Rutkowski, et al., 2021; Buche et al., 2022). For example, a study carried out during post-mastectomy scar massage sessions showed the relevance of using virtual reality by comparing two immersive modalities (i.e., participative vs contemplative) to a situation of listening to classical music or to a traditional treatment situation in the presence of the practitioner (Buche et al., 2021). The proposed immersions were distinguished according to the degree of attention solicited: either in participative immersion through an interaction with the virtual environment actively involving the patients, or in so-called contemplative immersion which passively redirects the patients’ attention (Buche et al., 2022). In this clinical rehabilitation context, distraction through VR was associated with better emotional comfort for the patients, which was also reflected by an underestimation of the duration of the treatment session. However, listening to classical music and the proximity of the practitioner as well as his/her interactions with the patient provided a context that was equally conducive to anxiety reduction and emotional regulation.
In line with these results, the present study aims to explore the benefits of VR in a more critical phase of care (i.e., chemotherapy) where the management of emotions proves to be crucial for patients, a context in which the nursing staff lacks, through no fault of their own, the availability to accompany them (Lerebours et al., 2015). While promising effects of VR have been observed on patients’ emotional state, particularly during physical therapy (Buche et al., 2021), the management of emotional states during other critical phases such as chemotherapy is probably more delicate. It has been reported that the psychological distress, which has been observed in one-third of breast cancer patients, tends to worsen during chemotherapy (Zielińska-Więczkowska and Betłakowski, 2010; Tsaras et al., 2018). Because of the frequency of chemotherapy, patients regularly go to the oncology department where the medical context is often stressful and time-consuming (more than 3 hours in outpatient hospitalization, including more than 50 minutes spent waiting) (Lerebours et al., 2015). Furthermore, nurses in oncology departments do not have the opportunity to develop a real empathic care relationship likely to optimize emotional management (Hjeij et al., 2022) and lack time, making them less likely to meet patients’ needs for support despite their efforts to do so (Coppée, 2022). However, numerous studies have shown that the relational dimension is an essential variable in guaranteeing patient satisfaction during treatment (Street et al., 2009) 20, Prip et al., 2018), as the richness of this relationship plays a primordial role in compliance with treatment, particularly during chemotherapy (Prip et al., 2018). Given this reality in the field, new technological tools such as VR, especially when offered by the nursing staff, could make up for their lack of availability.
According to the model of Buche et al. (2022), immersive VR is a powerful distractive technology that can visually and aurally isolate patients from the medical context to immerse themselves in a three-dimensional environment with positive stimuli, generated by a computer in real time (Chirico et al., 2016; 2019). Multisensory integration induces a sense of presence in the virtual Universe, producing a subjective impression of being in a different place than physical reality (Baus and Bouchard, 2014). The technological properties of VR have the advantage of offering several degrees of interaction, allowing patients to be active or passive within the virtual environment (Ahmadpour et al., 2020; Buche et al., 2021). The level of engagement and interactivity appear to be closely related to the sense of presence and increased attention allocated to distraction, reinforcing the positive effects of VR (Birnie et al., 2018; Indovina et al., 2018).
Furthermore, according to the theoretical conception of Frederickson. 2001; i.e., the broaden-and-build theory), promoting positive emotions could strengthen patients’ ability to overcome the ordeal of cancer. VR would thus offer many advantages in promoting emotional regulation (Macey et al., 2022). Emotionally supportive virtual environments are thought to lead to a sense of intense presence in a safe place, which in turn leads to more intensely felt positive emotions (Riva et al., 2007; Buche et al., 2021). Among the preferences declared by the patients, virtual environments including natural elements (e.g., mountains, forests, beaches, sounds of nature, etc.) are particularly popular for escaping from the stressful situation of oncology care (Michel et al., 2019). This spontaneous preference is even more interesting as natural environments intended to support emotional regulation have been found to have a greater restorative potential than other environments. The restorative effects of natural environments include increased relaxation, decreased anxiety and improved attention (Gamble et al., 2014; Valtchanov and Ellard, 2015; Navarro-Haro et al., 2017; Wilson and Scorsone, 2021).
Regarding the available scientific literature, the benefits of VR were first evaluated in 1999 with promising observations showing a considerable decrease in patients’ anxiety level. (Schneider and Workman, 1999; Oyama et al., 2000). According to the model of Schneider et al. (2011; the stimulation-cognitive accumulation model), VR appears to reduce patients’ attention to the time spent in treatment, leading to increased emotional comfort for patients with the subjective impression that the chemotherapy treatment passes more quickly when they are immersed in a virtual environment (see also Buche et al., 2021). Recent studies have confirmed the relevance of VR-delivered coaching to prevent and manage patient anxiety during chemotherapy administration and the symptoms of distress generated (e.g., nausea and vomiting) (Sakhri and Boulhart, 2021; Wilson and Scorsone, 2021; Wong et al., 2021; Ando et al., 2022; O'Gara et al., 2022). VR therapy administered over several sessions have been shown to consistently reduce anxiety levels and pain catastrophizing as well as improve feelings of self-efficacy (Sharifpour et al., 2020; Birkhoff et al., 2021). In addition to their emotional regulation benefits, current virtual devices are said to be innovative and particularly effective in distracting patients undergoing chemotherapy, breaking the monotony of treatment and providing additional support during sessions (Janssen et al., 2022). The implementation of such a procedure/device would increase patient engagement in their care pathway and the individualization of their treatment (Vincent et al., 2021).
Given the interest in the use of VR, it seems necessary to compare the contributions of VR to a more conventional emotional regulation technique in order to determine the relevance of using immersive VR during chemotherapy. Although listening to pleasant music may reduce anxiety levels by 30%–75% (Whitehead-Pleaux et al., 2007), immersive and interactive VR is more effective than music in reducing anxiety during chemotherapy (Chirico et al., 2019). However, the impact of patients’ level of involvement in the virtual world (i.e., Contemplative VR vs Participatory VR) has not yet been compared to listening to music during a chemotherapy session. The optimal conditions for the use of VR in chemotherapy therefore remain to be determined in order to present interfaces which are adapted to cancer patient care. Thus, the second objective of our study is to compare the effects of the two immersive modalities to a more conventional distractive technique, musical relaxation (i.e., Participatory VR vs Contemplative VR vs Music) in a health context where the nursing staff is not often available to patients. Like Chirico et al. (2019), we set up a protocol to make this comparison in the acute phase of cancer care, during a chemotherapy session. To identify the benefits of VR and music, a comparison was made with a control condition in which patients receive standard care (i.e., without distraction).
The benefits of VR distraction may be partly due to its multimodal and highly interactive nature which allows individuals to engage in the virtual world (Chirico et al., 2019; Buche et al., 2022). Modifying the appearance and adjusting the content of the virtual environment should increase the salience of sense of presence by keeping the user’s attention on the virtual experience (Bouvier, 2009; Maneuvrier, 2020). If patients’ presence and engagement in the immersive experience are reinforced under participatory VR, then we should observe a better quality of immersion in this more interactive modality, thus leading to a more marked benefit in terms of patients’ emotional state (Buche et al., 2021). As such, participatory immersion (involving the use of joysticks to perform actions in the virtual environment) should provide better support for emotional state regulation than a contemplative immersion during chemotherapy. According to Chirico et al. (2019), VR should be a more effective tool than music as the latter requires only passive attentional engagement from patients. VR could also provide effective support to patients by offering them the opportunity to be actors of their own wellbeing and preserve them from a negative perception of the patient/caregiver relationship.
2 MATERIALS AND METHODS
2.1 Sample
The sample consisted of 120 breast cancer patients who were randomized to the different experimental conditions. These patients ranged in age from 29 to 87 years (mean age = 55.40 ± 12.09 years). The participants were recruited from the chemotherapy department at the Clémentville clinic in Montpellier, which specializes in breast cancer treatment in conjunction with the MIS (Montpellier Institut du Sein Montpellier Breast Institute). The inclusion criteria were: having breast cancer, being treated with chemotherapy, and being able to read and write in French. Patients with glasses were included in the study, as the VR headset had an adapter for this purpose. To prevent the risk of VR-related discomfort, patients with vestibular disorders or a reported history of motion sickness were excluded. The presence of seizure disorders, alcohol or drug addictions were also clinical exclusion factors for the study. All patients agreed to participate in this study by signing an informed consent form specifying the general context and the different stages of the research. Eighty-nine participants had corrected vision and four patients wore a hair loss cooling helmet during the immersion, which had no impact on the realization of the experiment.
2.2 Materials
This study is a continuation of an initial study (Buche et al., 2021) carried out during the physiotherapy rehabilitation phase with breast cancer patients who had undergone surgery. This first study aimed to compare the effectiveness of various distractive interventions (i.e., Music vs VR) as well as the impact of virtual stimuli of different natures (i.e., Participatory VR vs Contemplative VR). As an extension of that study, we will compare these two immersive modalities to music during a stage of treatment where health professionals are not systematically at the patient’s side during the entire course of care (i.e., chemotherapy).
According to the theory of Ulrich et al. (1991; i.e., psychophysiological stress recovery theory), a natural environment should promote anxiety reduction. Greener Gamer’s Nature Treks VR relaxation application (Carline and Carline, 2017) was reused in the present study. The application includes nine virtual relaxation environments (e.g., safari, beach, spring forest, winter forest, underwater.) to which relaxing sound stimuli were associated (i.e., nature sounds and relaxing music). The strength of the Nature Treks VR application lies in its two immersive modalities: one contemplative, the other participative. In the participatory version, in addition to contemplative exploration, patients have the possibility to shape their own environment (e.g., control the weather, plant trees or flowers, feed animals.).
For the music condition, “spring” from Vivaldi’s Four Seasons was again used, this music having been selected for its proven effectiveness in evoking positive emotions (Krumhansl, 1997).
An individual booklet was made up for each patient to facilitate the presentation of the questionnaires. As in our previous study (Buche et al., 2021), the booklets began with an introduction to the study, followed by the consent letter and a demographic questionnaire. They then included all the self-report questionnaires used at different stages of our study, presented to each patient according to the distraction condition to which they had been randomly assigned.
The measurement tools used in our previous study (Buche et al., 2021), were used in the same way in chemotherapy to assess patients’ emotional state, but also their anxiety level and to monitor any side effects that could be caused by the virtual device (e.g., nausea, headaches, dizziness, etc.). Concerning sense of presence, only two items were retained to measure spatial presence and patients’ engagement in the immersive task. All questionnaires that were used are listed in Table 1 below.
TABLE 1 | Chemotherapy measurement tools.
[image: Table 1]In addition, the Immersion Propensity Questionnaire (IPQ) from the Cyberpsychology Laboratory at UQO (2002), was added to the research protocol in order to measure the propensity to cut oneself off from external distractions during the performance of various daily activities. In other words, this measure provides an index of patients’ propensity to immerse themselves in the proposed virtual world. The IPQ consisted of 18 questions with a seven-point scale (1: never to 7: often) as a response modality, and provided a total score and four factors: focus, involvement, emotion and play.
2.3 Apparatus
In order to minimize the risk of eye-motor disturbances and other side effects (e.g., nausea) that could be related to a lower quality technological device (Witmer Singer, 1998; Chirico et al., 2019), the Oculus Quest 2® headset was chosen to conduct this research in chemotherapy. Even more sophisticated than the one used in the previous study (Buche et al., 2021; Oculus GO®), its main advantage was to optimize the immersive quality, and thus to favor the study of VR contributions to ensure full patient satisfaction.
For the music condition, we used Beats by DR. DRE® SOLO PRO Hi-Fi headphones, a supra-aural model that includes two speakers in each earpiece. The headphones were connected wirelessly via Bluetooth to a SAMSUNG S21® smartphone.
2.4 Method
The procedure from the study by Buche et al. (2021) was replicated and adapted to another stage of breast cancer management: chemotherapy (see Figure 1). To assess the benefits of the different distractions offered, patients were randomly assigned to one of four distraction conditions during a chemotherapy session (i.e., Participatory VR, Contemplative VR, Music and Control). Thus, the effects of music were compared with those of VR, and the immersion modalities (i.e., one purely contemplative and the other participatory) were also compared with each other. The sessions were all conducted in the chemotherapy department at the Clémentville Clinic in Montpellier. Patients were solicited on the recommendation of the nursing staff of the oncology department, and were informed beforehand about the possibility of participating in this study. They were given 1 week to consider their participation. Prior to participation, patients who volunteered were asked to sign the informed consent form. They were then asked to complete the demographic questionnaire. Once they were individually seated in their treatment room, patients were systematically informed about the proposed support (i.e., Participatory VR vs Contemplative VR vs Music vs Control) they would receive during chemotherapy care before completing the first set of questionnaires (i.e., SAM, STAI-YA). Data collection was conducted according to ethical guidelines to ensure patient anonymity. Patients were exposed to only one type of distraction during chemotherapy care (i.e., Participatory VR vs Contemplative VR vs Music vs control). Each individual session lasted approximately 25–45 min.
[image: Figure 1]FIGURE 1 | Experimental procedure performed in chemotherapy.
Patients were seated in a reclining treatment chair, in an individual room or cubicle. Nurses provided standard care and administered intravenous chemotherapy. On average, each chemotherapy treatment lasted between 45 and 90 min. The distraction session (i.e., Participatory VR, Contemplative VR, and Music) always took place following IV placement, after the patient had received instructions for the different distraction conditions, and had completed the first set of questionnaires.
For chemotherapy treatments with VR, the experimenter began by detailing the different environments available that each patient could select. The experimenter then demonstrated how to use the VR equipment according to the assigned distraction condition: participatory and contemplative immersions consisted of walking through the selected Universe without requiring physical movement. Exploration was performed using two joysticks that patients pointed in the desired direction. In addition to exploration, participatory immersion allowed patients to control weather and space-time (i.e., day vs night), plant trees or flowers to shape their own environment, and feed animals. The experimenter helped patients put on the VR headset and program the session to the desired environment for direct access to relaxation. During participatory immersion, the experimenter was able to simultaneously visualize the patients’ actions via a smartphone mirror screen application, so this monitoring ensured that they were performing the immersive task (i.e., shaping their natural relaxation environment through certain actions). During the contemplative immersion, the experimenter also monitored how the patients discovered their environment, knowing that all they could do was direct their observation of the natural 360° environment. As noted in a previous study (Buche et al., 2021), to prevent the risk of cybersickness associated with long-term immersion, patients were invited to use the equipment for 10 minutes only. This duration was considered beneficial for maintaining patients’ interest all along the immersive experience, while minimizing the appearance of cybersickness. At the end of the immersion, all participants were asked to complete the final set of questionnaires (i.e., SAM, STAI-YA, ITC-SOPI) and the control questionnaires (i.e., STAI-YB, QC, IPQ).
For the chemotherapy treatment in the music-listening condition, the experimenter prepared the music using a smartphone before helping patients put on the headphones. Patients listened to the music for 10 minutes, which was the same amount of distraction time as for the VR session. Once the music listening time was over, each patient was asked to complete the final set of questionnaires (i.e., SAM, STAI-YA).
For chemotherapy treatment in the control condition (i.e., without distraction), patients completed the first set of questionnaires (i.e., SAM, STAI-YA) at the beginning of their session and the last set of questionnaires (i.e., SAM, STAI-YA) at the end of their session.
3 RESULTS
Of the 122 patients solicited, 120 participated in an experimental condition (i.e., Participatory VR vs Contemplative VR vs Music vs Control), in which 30 patients randomly assigned to each of the four conditions were compared to each other. Two patients did not continue the study, one due to a feeling of fatigue and weakness related to the chemotherapy components: the other due to difficulties after the first VR session (i.e., nausea). We therefore analyzed 98.36% of the baseline population. Seven patients declined to participate for various reasons such as fatigue or lack of interest in the device or the study. Ten patients removed the VR headset before the 10 minutes time limit because the environment lacked action or because they felt out of control. Of the 90 patients who experienced the virtual device, only seven had used VR before participating in the experiment. The socio-demographic characteristics of the patients are presented in Table 2.
TABLE 2 | Baseline data of patients.
[image: Table 2]Statistical analyses were performed using JASP software. On the emotional level, the following measures were taken into consideration: the emotional state (i.e., valence, intensity), and the anxiety level of the patients. Regarding the quality of immersion, the state of spatial presence and the level of engagement in the immersive task were analyzed. To test our hypotheses, ANOVAs were computed as in similar studies (Chirico et al., 2019). As with all work designed to evaluate the contribution of VR in oncology, independent Student's t-tests were performed to determine the presence of differences between the modalities. Two so-called control questionnaires (i.e., trait anxiety, immersion propensity) were compared to norms with a simple Student’s t-test. The significance level of 0.05 was adopted for all the statistical analyses carried out.
3.1 Emotional state
To measure patients’ emotional state before and after exposure to one of the four distraction conditions, mean valence and arousal scores (see Table 3) collected using the SAM scale were analyzed. Two repeated-measures ANOVA factorial designs were calculated: one on valence scores, the other on arousal scores, with time (before vs after) as a within-subjects factor, and distraction conditions (participatory VR vs contemplative VR vs Music vs Control) as a between-subjects factor.
TABLE 3 | Mean and standard deviation of emotional state and anxiety for each distraction condition as a function of measurement time, and significant differences by paired comparison.
[image: Table 3]Regarding emotional valence, the ANOVA revealed a main effect of measurement time, F (1, 116) = 17.727, p < .001, η2p = 0.133. Emotional states were more positive (i.e., patients were in a more pleasant mood) after the experiment (M = 7.33, SD = 1) than before (M = 6.67, SD = 0.49). Analysis also revealed a main effect of the distraction condition, F (3, 116) = 5.136, p < .002, η2p = 0.117: emotional valence varied significantly by condition. Emotional state was more positive in patients in the distraction conditions including participatory VR (M = 7.73, SD = 0.75), contemplative VR (M = 7.22, SD = 1.01), or music (M = 7.1, SD = 0.14), compared with patients placed in the control condition (M = 6.05, SD = 0.02).
A significant interaction between measurement timing and distraction condition was also observed, F (3, 116) = 4.838, p < .003, η2p = 0.111. Distraction type did influence measurement timing for two conditions. The Student’s t-test indicated the presence of a significant difference between before and after each immersive modality. Patients who experienced participatory VR reported a more pleasant feeling after the virtual experience (M = 8.27, SD = 1.11) than before (M = 7.2, SD = 2.09), t (29) = −3.087, p < 0.004, Cohen’s d = 0.56, with a moderate effect size. Similarly, patients who experienced contemplative VR reported a more pleasant feeling after the virtual experience (M = 7.93, SD = 1.36) than before (M = 6.5, SD = 2.03), t (29) = −4.687, p < 0.001, with a strong Cohen’s d = 0.86. In contrast, there was no significant difference between before (M = 6.9, SD = 1.73) and after (M = 7.1, SD = 2.06) listening to music, t (29) = −0.520, p = 0.607, nor between before (M = 6.07, SD = 2.21) and after (M = 6.03, SD = 2.34) chemotherapy session without distraction, t (29) = −0.166, p = 0.869. Thus, the induction of a more pleasant emotional state after the experiment is obtained only in patients who benefited from VR.
Regarding the measure of arousal level, the ANOVA reveals a main effect of measurement timing F (1, 116) = 15.385, p < .001, η2p = .0.117 with lower emotional intensity after the experiment (M = 2.73, SD = 0.85) than before (M = 3.49, SD = 0.59). Because the SAM scale associates the highest value with the adjective “excited” and the lowest with the adjective “calm,” these results seem to reflect the appearance of a calming effect.
The analysis also shows a main effect of distraction type F (3, 116) = 4.024, p < .009, η2p = 0.094. The level of arousal was significantly lower in patients who received contemplative immersion (M = 2.5, SD = 0.8) or listened to music (M = 2.67, SD = 0.33) than in patients who received participatory immersion (M = 3.3, SD = 0.94) and/or no distraction (M = 3.98, SD = 0.07).
Regarding the interaction between measurement time and distraction condition, F (3, 116) = 2.207, p = 0.091, η2p = 0.013, it is close to the significance level. The Student’s t-test demonstrates the presence of a significant difference between before and after for both distraction conditions under VR. Patients who experienced participatory VR felt calmer after the virtual experience (M = 2.63, SD = 2.08) than before (M = 3.97, SD = 2.46), t (29) = 2.494, p < 0.019, Cohen’s d = 0.46, with a moderate effect size. Patients who experienced contemplative VR also felt calmer after the virtual experience (M = 1.93, SD = 1.34) than before (M = 3.07, SD = 2.05), t (29) = 3.704, p < 0.001, Cohen’s d = 0.68, with a moderate effect size. No significant difference was observed between before (M = 2.9, SD = 2.06) and after (M = 2.43, SD = 2.08) in the music condition t (29) = 1.219, p = 0.233, nor between before (M = 4.03, SD = 2.36) and after (M = 3.93, SD = 2.39) in the control condition, t (29) = 0.372, p = 0.712. Thus, patients felt calmer only after the VR immersion, whether participatory or contemplative in nature.
Surprisingly, no significant difference was observed between participatory VR (M = 2.63, SD = 2.08) and contemplative VR (M = 1.93, SD = 1.34), t (58) = 1.553, p = 0.126 on patient-reported arousal state, nor between participatory VR (M = 2.63, SD = 2.08) and music (M = 2.43, SD = 2.08), t (58) = −0.373, p = 0.711; nor even between contemplative VR (M = 1.93, SD = 1.34) and music (M = 2.43, SD = 2.08), t (58) = 1.108, p = 0.273.
3.2 Anxiety
To assess state anxiety before and after exposure to one of the four distraction conditions (see Table 3), one repeated-measures ANOVA factorial designs was calculated with measurement time (i.e., before vs after) as a within-subjects factor and distraction condition (i.e., Participatory VR vs Contemplative VR vs Music vs Control) as a between-subjects factor.
A main effect of timing was found F (1, 116) = 38.990, p < .001, η2p = 0.252. Patients’ anxiety level was lower after the experiment (M = 33.79, SD = 5.85) than before (M = 38.23, SD = 3.5). A main effect of distraction type was also found F (3, 116) = 4.978, p < .003, η2p = 0.114: anxiety level varied significantly by distraction type. Anxiety was higher in patients in the no distraction condition (M = 42.83, SD = 0.47) than in patients in distraction conditions, whether participatory VR (M = 34.51, SD = 5.25), contemplative VR (M = 32.78, SD = 3.89), or music (M = 33.9, SD = 5.25).
A significant interaction between measurement timing and distraction condition was again reported, F (3, 116) = 4.036, p < .009, η2p = 0.095. The type of distraction had an effect on the timing of the measurement. According to Student’s t-test, there was a significant difference between before and after each distraction. Patients who experienced participatory VR were less anxious after the virtual experience (M = 30.8, SD = 9.49) than before (M = 38.23, SD = 12.63), t (29) = 4.206, p < 0.001, Cohen’s d = 0.77, moderate effect size. Patients who experienced contemplative VR were less anxious after the virtual experience (M = 30.03, SD = 8.56) than before (M = 35.53, SD = 12.74), t (29) = 3.561, p = 0.001, Cohen’s d = 0.65, moderate effect size. Patients who experienced music were less anxious after listening to music (M = 31.83, SD = 10.17) than before (M = 35.97, SD = 10.66), t (29) = 3.007, p < 0.005, Cohen’s d = 0.55, moderate effect size.
In contrast, there was no difference between before and after for patients in the no distraction condition: patients who received standard chemotherapy had the same level of anxiety after (M = 43.17, SD = 14.17) as before chemotherapy (M = 42.5, SD = 15.52), t (29) = 0.816, p = 0.421. A reduction in anxiety was observed in patients regardless of the type of distraction offered.
For informational purposes, we were interested in whether trait anxiety could influence patients’ situational anxiety. The data were coded and transformed according to the guidelines of the STAI-YB standard. The French recommendations of the S.T.A.I. form Y.B. (Spielberger, 1983), consider that in women, the average on the trait anxiety scale is 45.09. Above this average, they are considered anxious. We therefore calculated a t-test to compare the average trait anxiety of breast cancer patients to the norm for adult women.
The differences between the patients’ mean trait anxiety and the norm were significant t (119) = −4.511, p < .001, Cohen’s d = - 0.412, but the effect size was small. Since t cal < 0, the patients did not exhibit an anxious nature. Patients’ trait anxiety was significantly lower (M = 40.74, SD = 10.56) than the norm for women (M = 45.09, SD = 9.92). The anxiety that these patients generally experience did not influence the anxiety associated with chemotherapy sessions.
3.3 Sense of presence
To examine the quality of the patients’ sense of presence, we considered the average spatial presence score and the engagement score (see Table 4). We therefore performed two ANOVAs (one per variable considered) according to the immersive modality (i.e., Participatory VR vs Contemplative VR).
TABLE 4 | Mean and standard deviation of spatial presence and engagement according to immersive modalities.
[image: Table 4]Analysis of variance reports an effect of immersive modality on spatial presence, F (1,58) = 5.841, p < .019, η2p = 0.091, cohen’s d = 0.62, with a moderate effect size. Patients’ spatial presence under participatory immersion was significantly higher (M = 3.71, SD = 0.63) than under contemplative immersion (M = 3.28, SD = 0.74). Similar to our first study (Buche et al., 2021), participatory immersion in a natural environment induced a more intense sense of presence in patients, while patient engagement in the virtual environment was identical during both immersions F (1,58) = 0.025, p = 0.876, η2p = 0.0. Thus, patients interacting with the natural elements of the environment did not feel more engaged in the virtual environment (M = 3.88, SD = 0.66) than those who navigated the environment by observing nature alone (M = 3.9, SD = 0.65).
3.4 Cyber sickness
To measure the negative effects that may have been generated by the device (see Figure 2), we calculated three ANOVAs (one per considered variable, i.e., oculomotor, nausea, total) according to the immersive modality (i.e., Participatory VR vs Contemplative VR).
[image: Figure 2]FIGURE 2 | Negative effects observed in both types of immersion.
The analysis of variance did not identify a main effect of distraction type on the intensity of total cybernetics F (1, 58) = 1.396, p = 0.242, η2p = 0.023. In this study, participatory VR (M = 2.73, SD = 3.96) appears to result in a lower mean cybersickness score than contemplative VR (M = 4.3, SD = 6.09), but the observed difference between these two conditions is not significant. The same is true for the oculomotor subfactor, F (1, 58) = 0.923, p = 0.341, η2p = 0.016 and the nausea subfactor F (1, 58) = 1.558, p = 0.217, η2p = 0.026 (see Figure 2). With mean scores below five in both immersive modalities, it appears that the negative symptoms generated by the VR device are negligible.
3.5 Propensity of immersion
The Immersion Propensity Questionnaire examines whether participants feel they have left their physical environment and are “present” in the virtual environment. For the sake of precision, we wanted to determine to what extent our sample of patients would be predisposed to immerse themselves in a virtual environment. To do so, we calculated four Student's t-tests, to compare the means of the immersion propensity subscales (focus, involvement, emotion, play and the total mean) to the norms provided by the Cyberpsychology Laboratory at UQO (2002) (see Table 5).
TABLE 5 | Mean and standard deviation of patients’ propensity to immerse by subfactors vs. norm.
[image: Table 5]The patients’ ability to focus and ignore external distractions was not significantly different from the norm t (59) = −0.370, p = 713. Patients had no difficulty or ease in focusing on VR stimuli.
The difference between the mean score for patient engagement and the norm are significant t (59) = 4.429, p < .001, Cohen’s d = 0.57, the effect size is moderate. Since t cal > 0, patients tended to feel easily involved in virtual reality. The result obtained is consistent with the high levels of involvement observed with the ITC-SOPI.
The difference between the patients’ mean emotion score and the norm are significant t (59) = 2.319, p < .024, Cohen’s d = 0.30, the effect size is small. Since t cal > 0, patients were predisposed to experience the emotions induced by the virtual environment. This result is consistent with the data processed with valence SAM.
The frequency with which participants engaged in video games was not significantly different from the norm t (59) = 0.183, p = 0.855. Patients were not particularly interested in video games.
The difference between the mean score for patients’ overall propensity to immerse themselves in an activity and the norm are significant t (59) = 3.071, p < .003, Cohen’s d 0.40, effect size is small. Since t cal > 0, patients were predisposed to immerse themselves within virtual environments, and, consequently, felt transported into the relaxing space offered by virtual nature.
4 DISCUSSION
The emergence of VR in oncology has shown promise during treatment, with major advantages in promoting patients’ emotional wellbeing. Most studies have highlighted the benefits of its distracting power, allowing attention to be diverted from the stressful medical context to focus on the pleasant stimuli of the virtual experience (Chirico et al., 2019). As a follow-up to a previous study (Buche et al., 2021), this research was designed to 1) examine the benefits of VR distraction as a tool to aid emotional regulation in breast cancer patients during a critical phase of management (i.e., chemotherapy), 2) compare two immersive VR modalities (i.e., Participatory VR vs Contemplative VR) to a more traditional distraction condition (i.e., Music).
In order to best appreciate the optimal conditions for VR use, a quasi-experimental protocol was set up in an oncology department. During a chemotherapy session, patients were exposed to only one of four distraction conditions: participatory VR, contemplative VR, listening to classical music or no distraction. Patients’ sense of presence in the virtual environment (ITC-SCOPI) and emotional state (STAI; SAM) were examined. Adverse effects generated by VR (CQ) were monitored in patients receiving this distraction condition. Finally, the patients’ propensity to immerse themselves in the relaxing Universe (QPI) was monitored for the entire sample.
Our results concerning the emotional wellbeing of patients surveyed via questionnaires (SAM; STAI) underscore the relevance of using VR during chemotherapy. On the one hand, these results are consistent with the theory of Frederickson, (2001) according to which the promotion of positive emotions allows individuals to better adapt to difficult situations and promotes resilience. Consistent with our initial study (Buche et al., 2021), the main strength of VR is the support of emotional regulation by eliciting pleasant emotions, thereby calming the state of emotional tension. Recent research (O'Gara et al., 2022) reports similar results in an oncological setting and shows a progressive improvement in patients’ feelings throughout the VR sessions. In the present study, the multimodal and interactive nature offered by VR was found to be more effective than musical relaxation in regulating emotions during chemotherapy (SAM Arousal; SAM Valencia), eliciting a much more positive emotion when the immersion was interactive (SAM Valencia). This feeling could be related to the sense of more intense spatial presence when patients are immersed in a natural interactive environment (Bouvier, 2009; Chirico et al., 2019; Buche et al., 2021). The possibility to create one’s own atmosphere within a virtual natural environment is an asset to be taken into account to improve the wellbeing of patients during chemotherapy. This result is reminiscent of the benefit of offering immersion in a relaxing natural environment (Riecke & von der Heyde, 2003).
On the other hand, our results report a significant decrease in anxiety in patients regardless of the type of distraction offered (i.e., Participatory VR, Contemplative VR and Music). This result, similar to the study conducted by Chirico et al. (2019) highlights the need to offer distractive accompaniments during chemotherapy sessions. Contrary to our expectations, the lack of significant difference between the three types of distractions proposed (i.e., Participatory VR, Contemplative VR, and Music) does not support the hypothesis that moving in a natural virtual environment would be more effective than observing the same environment (and/or listening to music) in relieving patients’ anxiety during chemotherapy. The use of distractions as tools for emotional regulation is therefore to be preferred, especially when the practitioner is not available during the acute phase of cancer care. In the future, it would be interesting to precisely measure the number but also the typology of actions carried out in the participatory condition, to highlight the level of patient’s interaction with the virtual environment.
Concerning the immersive qualities, our results confirm the importance of interactivity to increase the intensity of the sense of presence in the virtual Universe. Similar to our first study (Buche et al., 2021), the sense of spatial presence is more intense in a relaxing natural environment that requires repeated motor actions (i.e., participatory immersion). In line with our hypotheses, shaping one’s virtual environment reinforces the illusion of being physically present in the virtual Universe. Furthermore, the high level of engagement in both immersive modalities reveals that the patients were fully involved in their virtual experience. The propensity to immerse is one of the inherent factors of the sens of presence (Servotte et al., 2020). The IPQ results support the effectiveness of VR as a distractor and emotional regulation tool during chemotherapy. As expected, patients were predisposed to immerse themselves in the virtual environment and to feel the emotions conveyed by the natural environment. In other words, they could easily be distracted by the pleasant stimuli generated in 3D.
Overall, it appears that the VR tool was well tolerated during chemotherapy regardless of the immersive modality: the low CQ scores in both immersive modalities indicate that cybersickness did not alter the sense of presence (Servotte et al., 2020) or the onset of positive effects of VR during chemotherapy. These results are consistent with our initial study conducted in physical therapy (Buche et al., 2021). According to Witmer Singer (1998), cybersickness patients focus attention on physical and physiological symptoms. The apparent lack of physiological difficulties indicates that the patients were able to fully engage in the immersion and tasks associated with the virtual experience. It is possible that the high-tech device used is more effective than its predecessors in improving emotional comfort, without inducing significant side effects (Chirico et al., 2019). Furthermore, the minor adverse effects of VR reported by patients in this study underline the importance of using short-term immersion during chemotherapy. Again (see Buche et al., 2021), this duration enables to maximize patients’ comfort and interest while reducing the risk of cybersickness. Finally, the QC questionnaire should be presented before and after treatment to each group of patients to provide further evidence of the benefits of VR in distinguishing chemotherapy-related symptoms. It would be interesting to be able to distinguish the origin of nausea (i.e., VR vs chemotherapy) or at least the way patients attribute the cause of their nausea.
4.1 Limitations and futures directions
While there are many strengths to our study, there are some limitations to be mentioned. First, the development of increasingly sophisticated devices now requires that a phase of familiarization with the VR tool be integrated into the research protocol so that learning to use the virtual tool does not interfere with the soothing distractive experience (Buche et al., 2021). In the present research study, only six patients out of 120 had already experienced an immersive VR system outside of a medical context. This data underlines the importance of a discovery period prior to the actual experience during chemotherapy. Implementing a familiarization phase would reduce the surprise effect of VR (Buche et al., 2021) and moderate any novelty effect. On the other hand, repeated exposure to immersion could create a phenomenon of habituation deleterious to the effectiveness of VR (Buche et al., 2021). The use of regularly updated virtual environments that can be modulated in terms of cognitive stimulation could maintain interest and wonder in this tool (Garrett et al., 2020; Buche et al., 2021).
Second, experiments conducted in non-laboratory settings do not easily allow for physiological measures to assess the level of anxiety. Our study did not include objective measures such as electrodermal or heart rate recording to compare with subjective responses obtained in chemotherapy. In addition, the clinical setting did not allow for the addition of a variable actively engaging patients in a musical task using classical instruments (i.e., participatory music) to compare its effects to other types of distraction (i.e., Participatory VR, Contemplative VR, Music). Further research comparing VR to other forms of distraction such as music therapy, meditation, cardiac coherence or mindfulness should also be considered in order to highlight the true contribution of VR distraction during patient management.
Third, our study focuses on the ability of VR to reduce anxiety symptoms and induce a positive emotional state during treatment. However, it would be appropriate to broaden the scope of possibilities, including the effects of VR on quality of life as suggested by a recent study conducted in oncology (Reynolds et al., 2022). The contributions of VR could thus be sought at a secondary level during treatment, in particular by considering compliance and satisfaction with care. These effects should be further explored in order to promote the use of this tool in oncology and to arouse the interest of health professionals (Tennant et al., 2020).
Fourth, in order to correspond as closely as possible to patients’ preferences, their profile would benefit from being established beforehand to anticipate reactions and adaptation to distraction under VR. The evaluation of personality traits would make it possible to orient patients towards a virtual immersion which is best adapted to their personal, emotional, experiential and motivational characteristics, and finally to better predict the impact of this distractive strategy on this population (Plaisant et al., 2010). A future study should aim to measure the impact of inter-individual differences on the patients’ immersive experience and the benefits reported during several oncology treatment sessions. It would also be appropriate to ask patients whether they would recommend the use of VR as supportive care to others with cancer, and whether it should be extended to other medical procedures.
Finally, the value of utilizing VR in oncology is not only to be understood from the patient’s side, but also from the caregiver’s perspective. Depression, post-traumatic stress symptoms, non-specific anxiety disorders: in the context of Covid and post-Covid, caregivers have also payed a heavy price. The causes are well identified: deteriorated working conditions, a multiplication of new tasks, conflicts altering professional relationships, and a climate of insecurity in the hospital environment El-Hage et al., 2020; Lai et al., 2020; Morgand et al., 2022). The main psychological suffering observed among nurses placed on the front line during the pandemic involves professional exhaustion (Lai et al., 2020; Morgand et al., 2022).
In this context of a deteriorating healthcare system, given what we know about VR in chemotherapy, it would be interesting to determine the extent to which the presence of this virtual device could also be of benefit to nurses. Does VR support for patients to manage their emotions in a chemotherapy setting limit the demands on caregivers? What is the impact of these devices on nurses’ wellbeing and on their perception of being effective in their role in serving patients? These are all questions that future research would benefit from investigating.
5 CONCLUSION
The observed results confirm the benefits of a VR experience during chemotherapy by lowering patients’ anxiety level. This multimodal distractive strategy was found to be more effective than musical relaxation and induced more positive emotion if the immersion was interactive. This feeling could be related to the sens of spatial presence that is more intense when patients are active in a natural interactive environment. Thus, this study provides additional evidence for the use of VR to address the need for patient support during the acute phase of breast cancer care.
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