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Presence and cognitive performances in virtual environment for cognitive training: an exploratory study in healthy aging and mild cognitive impairment
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Background: The growing field of artificial intelligence has opened new opportunities in computerized cognitive-training design (CCT), closer to everyday situations, specifically in the prevention of neurocognitive disorders. The aim of our exploratory study was to characterize the importance of social and cognitive facilitators in avatar-mediated CCT with reference to aging and minor neurocognitive disorders and to specify its relationship with cognitive difficulties.

Methods: We conducted a quasi-experimental study using a virtual environment simulating a supermarket. We compared performance and sense of spatial and social presence for 16 young adults, 16 healthy older adults, and 17 older adults with mild neurocognitive disorders.

Results: Older adults (with and without neurocognitive impairment) showed significantly poorer performance on the social presence dimension, but not on the spatial presence and self-dimensions. In contrast, healthy adults (young or old) make significantly fewer errors of execution on the travelling task in a virtual environment that included verbal support mediated by an avatar.

Conclusion: Considering that two types of facilitators can be considered for the use of CCT (social facilitators that can take the form of avatars, and cognitive facilitators in the form of structured cognitive support), then the results obtained suggest that only cognitive support would be decisive

I. INTRODUCTION

Age-related neurocognitive disorders are one of the most disabling health problems and a challenge in the context of an aging world population [START_REF] Cova | Worldwide trends in the prevalence of dementia[END_REF]. Their prevalence and incidence may increase in the coming decades [START_REF] Prince | Recent global trends in the prevalence and incidence of dementia, and survival with dementia[END_REF]. A significant consequence of these disorders is the decline of high-level instrumental activities of daily living (IADLs) right from the prodromal stage [START_REF] Pérès | Natural history of decline in instrumental activities of daily living performance over the 10 years preceding the clinical diagnosis of dementia: a prospective populationbased study[END_REF]. A qualitative and targeted assessment of daily life difficulties can therefore open up avenues for targeted therapeutic management to delay the progression of cognitive impairment [START_REF] Seligman | A new approach to the characterization of subtle errors in everyday action: implications for mild cognitive impairment[END_REF]. A promising approach is to implement support strategies as early as possible, using compensatory structures, particularly through computerized cognitive training (CCT) [START_REF] Hu | Effects of computerised cognitive training on cognitive impairment: A metaanalysis[END_REF].

A. Computerized Cognitive Training

A benefit of CCT is admitted for older persons with MCI on cognitive performance, but no transfer to daily life skills is recognized [START_REF] Zhang | Effect of computerised cognitive training on cognitive outcomes in mild cognitive impairment: a systematic review and metaanalysis[END_REF]. This is also the case following more focused strokes [START_REF] Zhou | Efficacy of computerized cognitive training on improving cognitive functions of stroke patients: A systematic review and meta-analysis of randomized controlled trials[END_REF]. This implies taking better account of veridicality [START_REF] Chaytor | The ecological validity of neuropsychological tests: A review of the literature on everyday cognitive skills[END_REF], the degree of an empirical relationship between the measure used and those that can be applied to daily life functioning, with more subtle measures of functional activities [START_REF] Coyle | Computerized and virtual reality cognitive training for individuals at high risk of cognitive decline: systematic review of the literature[END_REF]. In addition, a limitation of CCT lies in the lack of characterization of the commitment, motivation, and meaning that the participants may associate with this type of training [START_REF] Clare | Errorless learning in the rehabilitation of memory impairment: a critical review[END_REF]. A key factor in the meaning that users give is narrative transport, a process by which an individual is mentally "transported" from the physical world to an imaginary world, through the story told by the environment [START_REF] Green | The role of transportation in the persuasiveness of public narratives[END_REF]. Verisimilitude [START_REF] Chaytor | The ecological validity of neuropsychological tests: A review of the literature on everyday cognitive skills[END_REF], the need for the cognitive demands of training to be similar to the cognitive demands in an everyday environment, is now made possible through immersion and interactivity. These appear to be particularly important for the experience associated with training, as they would help people with MCI to better engage in real-life experiences [START_REF] Hung | Meta-Analysis on the Effectiveness of Virtual Reality Cognitive Training (VRCT) and Computer-Based Cognitive Training (CBCT) for Individuals with Mild Cognitive Impairment (MCI)[END_REF].

B. Ecological Training in Virtual Environments
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It is possible to design ecological tasks based on their realization within virtual environments (VE), and not just based on the transposition of decontextualized tasks onto a computer medium [START_REF] Romero-Ayuso | Assessment of cognitive instrumental activities of daily living: A systematic review[END_REF]. Immersion then becomes an essential objective sought by VE, to properly account for the user's movements in digitally composed surroundings [START_REF] Fox | Virtual reality[END_REF]. Chirico and colleagues [START_REF] Chirico | Virtual reality for the assessment of everyday cognitive functions in older adults: An evaluation of the Virtual Reality Action Test and two interaction devices in a 91-year-old woman[END_REF] have recently shown the feasibility of functional assessment in an immersive kitchen environment. In this context, taking subtle errors into account could then allow for the development of more targeted strategies for performing simulated activities in VE.

An approach to assessing the validity of ecological tasks in VE is to develop an ad hoc model of participants' activity. This approach is supported by the association between different types of errors in IADLs with deficits on classic neuropsychological decontextualized tasks and on alteration of the cerebral functioning [START_REF] Bailey | Action perception predicts action performance[END_REF]. In particular, cognitive control could be a critical process, including for simple and automated actions, as automated in VE. Giovannetti and colleagues [START_REF] Giovannetti | The goal-control model: An integrated neuropsychological framework to explain impaired performance of everyday activities[END_REF] proposed to use a generic model of goal control to account for errors in everyday action, which distinguishes between two types of errors: deficits in competing object and goal control (which include errors of commission, i.e. inaccurate performance of task steps) and deficits in goal activation (which include omissions, i.e. failure to complete task steps). Control operates in a top-down activation, which allows for a shift from a general goal to an adapted behavioral sequence, and in a bottom-up activation, which allows for real-time adaptation to the context [START_REF] Mis | Similarities between Cognitive Models of Language Production and Everyday Functioning: Implications for Development of Interventions for Functional Difficulties[END_REF]. Thus, age-related cognitive decline may manifest itself in subtle errors that do not necessarily result in failure to complete the task, whereas disease-related cognitive decline may manifest as higher-level errors.

C. Social Interaction in Virtual Environments

Cognitive training requires positive facilitation strategies to create a safe and comfortable environment related to supportive facilitation without inducing dilemmas [START_REF] Thoft | Assessing people with dementia participating in cognitive stimulation activities-A qualitative pilot video analysis exploring the importance of facilitating the participation[END_REF]. This is particularly the case for supporting the use of self-correction skills that are relevant during supportive interactions with older adults using a technological device [START_REF] Quillion-Dupré | Abilities to Use Technological Communication Tools in Aging: Contribution of a Structured Performance-Based Evaluation[END_REF]. An approach that assumes that confrontation with errors should be kept to a minimum to support learning for people with neurocognitive impairments [START_REF] Thivierge | Errorless learning and spaced retrieval techniques to relearn instrumental activities of daily living in mild Alzheimer's disease: A case report study[END_REF] can help structure support tailored to the level of understanding of older adults with cognitive impairments. It has shown relevance in virtual tasks [START_REF] Foloppe | The potential of virtual reality-based training to enhance the functional autonomy of Alzheimer's disease patients in cooking activities: A single case study[END_REF]. Thus, CCT using VE should certainly appeal to these principles.

VE also implies taking better account of the social dimension of the interactions that take place within it. This seems particularly relevant because immersion can be obtained through the means of characters who play a driving role or describe a story (avatars), or through a similarity effect between the characters in the game and the players themselves, to promote immersion [START_REF] Lu | Story Immersion of Videogames for Youth Health Promotion: A Review of Literature[END_REF]. Improving the sense of realism in a VE is notably based on the sense of presence [START_REF] Cummings | How Immersive Is Enough? A Meta-Analysis of the Effect of Immersive Technology on User Presence[END_REF], that is to say by the feeling of 'being there' which can refer to (1) spatial presence, (2) social presence, or (3) self-presence [START_REF] Lee | Presence, explicated[END_REF]. Enhancing this sense of presence may improve interactions with the digital interface and could optimize the therapeutic benefit of CCTs [START_REF] Sanchez-Vives | From presence to consciousness through virtual reality[END_REF]. However, to our knowledge, the role of social interactions in CCTs is poorly understood, especially when mediated by an avatar.

The study aimed to investigate the social and cognitive aspects of interactions in a virtual ecological task with verbal support among older adults with and without MCI. It was hypothesized that older adults without MCI would perform better than those with MCI on decontextualized tasks and that older adults with MCI would make more execution errors and require more support. Additionally, the aim was to explore the relationship between presence and goal achievement during a contextualized task in non-immersive VE.

II. METHOD

The study applied a quasi-experimental design. The experimental protocol was approved by UGA's ethical committee (agreement CERGA-Avis-2021-12). Methods were carried out in accordance with relevant guidelines and regulations, and informed consent was obtained from all participants.

D. Participants

A convenience sample was used to recruit participants who were over 65 years old, and under 30 years old. The test group consisted of older adults with MCI older than 65 years (N = 17, M = 85.12 years, SD = 7.87 years, age range = 68-99, 11 females -6 males). Participants were assigned to the MCI group based on the diagnostic criteria for MCI as defined by Petersen and colleagues [START_REF] Petersen | Mild cognitive impairment: clinical characterization and outcome[END_REF] Participants performed a series of computerized tasks developed for the CCT, on a 26.4 cm diagonal Samsung Galaxy Tab S6 Lite tablet. These were decontextualized tasks, followed by a contextualized task,. They performed using the COVIRTUA software (See https://www.youtube.com/watch?v=_Sw-Qrh_MjA for an introduction of the COVIRTUA software). Four different tasks had to be completed obtaining performance indicators: three decontextualized tasks (a selective attention task, a visual semantic-categorization task, and a working-memory updating task), and a contextualized task (presented as a game in a nonimmersive virtual environment). The VE represented a supermarket, arranged in thematic departments. The participant moved around in this environment through a first-person view (Figure 1). It was possible to move forward in successive increments and to orient the camera at 360° in both dimensions of the screen. The experimenter could manipulate the avatar of an in-game supermarket employee to interact with the participant. The participants could move around the supermarket aisles and interact verbally with the experimenter's avatar through a microphone. The test phase was a moving target tracking task. 

2) Coding and Indicators

Two categories of indicators were collected for the VE task. First, we considered goal achievement (i.e. success and speed of task execution) and second three indicators for the control of gestures needed to achieve the goals, with reference to the goal-control model [START_REF] Giovannetti | The goal-control model: An integrated neuropsychological framework to explain impaired performance of everyday activities[END_REF]: wandering errors (i.e. an unnecessary round trip in an aisle), corresponding to a deficit in maintaining goal activation, and orientation errors (i.e. turning in the wrong shelf), corresponding to a deficit of control of the information in competition. Orientation errors could be uncorrected (i.e. turning in the wrong shelf without turning back), or self-corrected (i.e. turn in the wrong shelf but turn back). They were operationalized by analyzing the participant's in-game travel pattern, in reference to 55 possible positions (figure 2), to create an index for each type of error [ . During a test phase, the participants were invited to follow the sales assistant through the aisles, with the aim of gaining ease and familiarity with the VE. According to Anselme and colleagues [START_REF] Anselme | Profinteg: a tool for real-life assessment of activities of daily living in patients with cognitive impairment[END_REF], we defined four types of support provided to participants. The first three categories involve verbal interactions, ordered by the level of accuracy of the information provided to the participant: general supports (incomplete information with respect to the expected action, e.g. "be careful"), specific supports (specific information for the realization of the expected action, without explaining the procedure necessary for its realization, e.g. "you started on the wrong side"), and total supports (specific information for the realization of the expected action, and explaining the procedure necessary for its realization, e.g. ""I'm on your left"). The last type of support, the physical supports, concerns the direct intervention on the tablet (e.g. the participant continues to confuse the direction and movement gestures, and requires a new demonstration). We calculated a support index for each type, in the same way as for the error indices [(number of support interactions / number of in game moves) * 100].

3) Sense of presence

To assess the three dimensions of presence, we used a French adaptation of the Multimodal Presence Scale for virtual reality environments (MPS) [START_REF] Makransky | Development and validation of the Multimodal Presence Scale for virtual reality environments: A p. 7 Colloque JETSAN 2023 confirmatory factor analysis and item response theory approach[END_REF].
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III. RESULTS

A. Contextualized Task

Considering goal achieving of the contextualized task, 100% of the young adults (N = 16) and healthy elderly people (N = 17) reached the finish area, compared to 18.8% of the elders with MCI (N = 16). A KW test showed that travel speedsmeasured by the number of movements per second (m.s -1 )are significantly affected by groups, H(2) = 41.6, p < .001. The DSCF post-hoc test tells us that this difference is between young (Mdn = 0.687 m.s -1 ) and healthy older participants (Mdn = 0.362 m.s -1 ), p < .001, as well as between older participants without and with MCI (Mdn = 0.126 m.s -1 ), p < .001.

Considering execution errors during the contextualized task, KW tests indicated a statistically significant difference between groups for wandering errors, H(2) = 19.01, p < .001, and uncorrected orientation errors, H(2) = 24.86, p < .001, but not for self-corrected orientation errors, H(2) = 4.02, p = .134. Bonferroni-adjusted Dunn post-hoc tests revealed no difference between young participants and healthy older participants for either wandering errors, p = 1, or uncorrected orientation errors, p = 1. Differences between healthy older participants and older participants with MCI were statistically significant for wandering errors, p < .001, and for uncorrected orientation errors, p < .001 (Figure 3). Bonferroni-adjusted Dunn post-hoc tests revealed no difference between healthy young and older participants for general support, p = .062, specific support, p = .073, and total support, p = .269. Differences between older participants without MCI and older participants with MCI were statistically significant for general supports, p < .001, specific supports, p < .001, and total supports, p < .001.

With regard to errors of execution, correlations using Bonferroni-adjusted alpha threshold of .016 (0.05/3) between errors and finish area reaching show a negative relationship for wandering errors, τb = -.354, p = .004, and uncorrected orientation errors, τb = -.529, p = .001, but no significant correlations were found between self-corrected errors and finish area reaching, τb = -.074, p = .551.

With regard to verbal support, the stronger the participant's need for support, the lower the finish area is reached. At the Bonferroni-adjusted alpha threshold of .16 (.05/3), general verbal supports, τb = -.398, p < .001, and specific verbal supports, τb = -.333, p = .007, are negatively correlated with finish area reaching. Similarly, total verbal supports are trendily correlated with finish area reaching, τb = -.298, p = .017.

Considering correlation between decontextualized and contextualized tasks performance, it is notable that finish area reaching was significantly correlated with selective attention performance, τb = -.325, p = .009, and working memory update performance, τb = -.405, p = .001. No significant correlation were found between finish area reaching and visual semanticcategorisation performance, τb = -.120, p = .342.

B. Sense of presence
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Considering all participants, a high level of spatial presence is reported (M = 3.63, SD = 1.20), a slightly lower level of social presence was reported (M = 3.10, SD = 1.14), and a near absence of self-presence was reported (M = 0.35, SD = 0.58) (Figure 4). Under the assumption of a response difference by group, a Fisher's exact test applied to the levels measured for each dimension of presence (N = 49) reveals a significant intergroup difference only for the feeling of social presence, p = .002, FET. Moreover, Fisher's exact tests allow us to reject null hypothesis of an age-related difference, p = .007, FET, but not the null hypothesis of an impairment-related difference, p = .800, FET.

IV. DISCUSSION

The management of neurocognitive aging can be considered on the basis of detailed and contextualized evaluations, and then by training adapted to the characteristics resulting from these evaluations. CCT by means of complex tasks closer to daily life is today a promising opportunity to limit the consequences of pathological aging, in particular for early disorders [START_REF] Hu | Effects of computerised cognitive training on cognitive impairment: A metaanalysis[END_REF]. VE is therefore particularly interesting, as it potentially provides a way of better engaging the patient who is concerned [START_REF] Wu | Examining the Influencing Factors of Exercise Intention Among Older Adults: A Controlled Study Between Exergame and Traditional Exercise[END_REF]. Although little is known about the determinants of engagement in these simulated activities, especially when training is mediated by an avatar, our results provide notable information.

An important perspective is that ecological tasks performed in VE could be closer to cognitive functioning in daily life. An approach centred on functional activities offers the possibility of early detection of cognitive impairment, insofar as functions that are very sensitive to decline are solicited by IADLs, such as executive functions or prospective memory [START_REF] Romero-Ayuso | Assessment of cognitive instrumental activities of daily living: A systematic review[END_REF].

The goal control model [START_REF] Giovannetti | The goal-control model: An integrated neuropsychological framework to explain impaired performance of everyday activities[END_REF], allows the interpretation of interactions with a VE that involves movement and thus sets precise guidelines to design adapted aids: an increase in the number of errors, reflects difficulty in activating correct goal representations, and an increase in the number uncorrected orientation errors reflects the degradation of goal representations. Our results suggest a continuum of severity, whereby the greater the impairment, the greater the number of errors in general and of low-level errors in particular. Older adults with MCI have significantly less successful goal reaching and more wandering and orientation errors. Yet, orientation errors would be high-level difficulties, which occur more frequently, but are also more easily controllable by older people without neurocognitive impairment. The wanderings would be lower-level errors, which first characterize older people with neurocognitive disorders. These interpretations must, however, be qualified by the possibility of clumsy errors [START_REF] Chirico | Virtual reality for the assessment of everyday cognitive functions in older adults: An evaluation of the Virtual Reality Action Test and two interaction devices in a 91-year-old woman[END_REF], even though the touch screen can improve accuracy and psychomotor speed compared to using a mouse [START_REF] Findlater | Age-related differences in performance with touchscreens compared to traditional mouse input[END_REF].

In contrast to actual errors, it appears that the greater the impairment, the less self-corrected the errors were. In particular, wanderings are not spontaneously corrected, but orientation errors could potentially be corrected by older people, and much less so when they had a neurocognitive disorder. This is certainly a key point in contributing to task completion, insofar as self-correction abilities are essential resources in cognitive support [START_REF] Quillion-Dupré | Abilities to Use Technological Communication Tools in Aging: Contribution of a Structured Performance-Based Evaluation[END_REF]. An adapted EV should certainly consider encouraging these self-corrections to increase its effectiveness, but also collect this indicator to provide fine-grained information on the skill level of the older people.

Our results show that young adults require less verbal support than healthy older adults, who in turn require less verbal support than older adults with MCI. Older adults with MCI would require a more specific level of verbal support than healthy older adults. An important finding was that the verbal support provided by the avatar according to the hierarchical approach proposed by Thivierge and colleagues [START_REF] Thivierge | Errorless learning and spaced retrieval techniques to relearn instrumental activities of daily living in mild Alzheimer's disease: A case report study[END_REF] would not significantly limit errors, but would be sufficient to enable participants to complete the task. This is therefore a potentially useful approach, which could be automated in CCT.

Regarding the sense of presence, the results show a significant difference in the level of social presence between adults and older adults, as well as no significant difference between healthy older adults and older adults with MCI. Yet, this is a critical dimension of sense of presence [START_REF] Felton | Presence: A Review[END_REF]. Thus, this result suggests a preservation of a sense of social presence in older adults with MCI, even though verbal support is less effective than in healthy older adults. Consequently, verbal support through avatar mediation may not disrupt engagement in the narrative framework of a VE task.

V. CONCLUSION AND PERSPECTIVES p. 6
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In view of our results, while artificial intelligence may now improve the realism of VEs and sense of presence, it is crucial to integrate an accurate cognitive model of errors related to cognitive decline into CCTs, in order to increase participants' engagement and the effectiveness of the help provided. Future developments will involve incorporating automated graded aids that promote sustained cognitive training, first on orientation, then on wandering. At the same time, it is essential to incorporate an accurate cognitive framework of errors related to cognitive decline into CCTs to increase participant engagement and detection of neurocognitive disorder-specific error patterns.

  . The two healthy control groups consisted of young adults between 20 and 30 years of age (N = 16, M = 23.75 years, SD = 2.14 years, age range = 20-29, 7 females -9 males), and those older than 65 years (N = 17, M = 70.06 years, SD = 4.39 years, age range = 65-78, 7 females -11 males), respectively.

Figure 1 .

 1 Figure 1. Virtual environment: the simulated supermarket (contextualized task)

Figure 2 .

 2 Figure 2. 55 possible positions in the simulated supermarket (in green: right pathway, in red: wrong pathway)

Figure 3 .

 3 Figure 3. Error frequency depending on groups and on error types, for young adults, healthy older adults, and MCI older adults. Asterisks denote significant differences (p < .05)

Figure 4 .

 4 Figure 4. Degrees of sense of presence, depending on groups and on the dimensions of presence, for young adults, healthy older adults, and MCI older adults. Asterisk denotes a significant difference (p < .05)
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