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Introduction: Dementia is increasingly prevalent globally. Existing questionnaire-based cognitive assessment tools may not comprehensively assess cognitive function and real-time task-performance across all cognitive domains. CAVIRE (Cognitive Assessment by VIrtual REality), a fully immersive virtual reality system incorporating automated audio-visual instructions and a scoring matrix was developed to assess the six cognitive domains, with potential to maintain consistency in execution of the testing environment and possibly time-saving in busy primary care practice.

Aims: This is a feasibility study to compare the completion times of the questionnaire-based Montreal Cognitive Assessment (MoCA) and the CAVIRE in cognitively-healthy Asian adults aged between 35 and 74 years, overall, and in and across each 10-year age group (35–44; 45–54; 55–64; 65–74).

Methods: A total of 100 participants with a MoCA score of 26 or more were recruited equally into the four 10-year age groups at a primary care clinic in Singapore. Completion time for the MoCA assessment for each participant was recorded. They were assessed using the CAVIRE, comprising 13 segments featuring common everyday activities assessing all six cognitive domains, and the completion time was also recorded through the embedded automated scoring and timing framework.

Results: Completion time for CAVIRE as compared to MoCA was significantly (p < 0.01) shorter, overall (mean difference: 74.9 (SD) seconds) and in each age group. Younger, vs. older, participants completed both the MoCA and CAVIRE tasks in a shorter time. There was a greater variability in the completion time for the MoCA, most markedly in the oldest group, whereas completion time was less variable for the CAVIRE tasks in all age groups, with most consistency in the 45–54 year-age group.

Conclusion: We demonstrate almost equivalent completion times for a VR and a questionnaire-based cognition assessment, with inter-age group variation in VR completion time synonymous to that in conventional screening methods. The CAVIRE has the potential to be an alternative screening modality for cognition in the primary care setting.
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INTRODUCTION

Dementia is a syndrome of one’s cognitive function deterioration, leading to increasing difficulties in coping with everyday activities. It is of increasing global concern. The World Health Organization projects that 50 million people worldwide live with dementia, with nearly 10 million cases diagnosed each year. The number of people with dementia is expected to triple by 2050 (World Health Organisation, 2020).

Singapore faces increasing prevalence of dementia in an aging population. According to the Well-being of the Singapore Elderly (WiSE) study (Subramaniam et al., 2015), one in ten people aged 60 years and above may have dementia. This translates to almost 82,000 people in 2018 and is expected to exceed 187,000 by 2050 (Alzheimer’s Disease Association Singapore, 2020). Early detection of cognitive impairment becomes imperative to initiate management, and also to prepare caregivers in handling the syndrome.

Identifying the early stages of cognitive decline remains challenging. No single cognitive screening tool is universally recommended for use worldwide. Screening tests commonly used in clinical practice include neuropsychological questionnaire-based assessments such as the Montreal Cognitive Assessment (MoCA) and the Mini-Mental State Examination (MMSE) (Abd Razak et al., 2019). These neuropsychological tests are rigorous and over-emphasize learning and memory dysfunction over other cognitive domains, such as executive function (Cullen et al., 2007) and perceptual-motor function (Alegret et al., 2009), which are more evident in early stages of dementia (Gauthier et al., 2006). These tests are also dependent on age, language and literacy status of the person. Exploring all cognitive domains via neuropsychological tests and quantifying overall cognitive performance together with history from a collateral informant is time-consuming. Such laborious process limits cognitive assessment within a primary care physician’s practice (Sabbagh et al., 2020). Developing a cognitive assessment modality that can objectively evaluate a person’s cognitive function across all six cognitive domains is thus necessary. Ideally the alternative test should be accomplished within an acceptably short time, address the limits of current paper-and-pencil tests, and contextualize and culturally adapt to the population in which it is being used.

Virtual reality (VR) has been used extensively in medicine, including for cognitive assessment, rehabilitation, and training (Pensieri and Pennacchini, 2014). By wearing a head-mounted device coupled with a device to detect hand gestures, VR enables a person to be immersed in a simulated environment that represents everyday life, allowing active interaction and participation of the subject within a realistic virtual environment. VR can potentially save manpower and time resources to complete the traditional questionnaire-based tests. It eliminates word literacy which impacts performance during cognitive assessment. Immersive virtual reality also provides a sensitive, ecologically valid way to assess cognition in a safe environment (Bohil et al., 2011), allowing an individual to interact with a non-threatening, controlled, yet realistic environment, for assessment of performance of day-to-day activities not otherwise assessed through traditional paper-and-pencil tests. It allows for consistent execution of test stimuli and the automation facilitates computation of performance scores and outcome measures.

Kourtesis et al. (2021) had validated the Virtual Reality Everyday Assessment Lab (VR-EAL), as the first immersive VR neuropsychological battery devised to assess cognitive functions central to everyday functioning, which showed enhanced ecological validity and a pleasant testing experience, without inducing cybersickness in a group of 41 Edinburgh participants with a mean of 13.80 years of education, 44% of whom were gamers. The participants had reported that VR-EAL tasks were significantly more ecologically valid and pleasant than the paper-and-pencil neuropsychological battery, and a shorter administration time was needed.

In Singapore, a novel system capable of giving automated audio-visual instructions while individuals perform VR tasks that cover all six cognitive domains—perceptual-motor function, language, learning and memory, executive function, complex attention, and social cognition—has been developed for Asians living in urban settings (Lim et al., 2021). Known as the CAVIRE (Cognitive Assessment using VIrtual REality) system, it is developed to assess the cognition of community-dwelling, ambulatory, older multi-ethnic Asians living in densely populated housing estates in Singapore.

The CAVIRE system is designed as a fully immersive VR with a three-dimensional environment, which interacts with the user. By fully immersive, we mean the system has the technical capability through use of a high-end head-mounted device, of allowing a participant to perceive his physical body in a natural way with the inference that what is being perceived is his actual surroundings, and not a virtual environment (Slater and Sanchez-Vives, 2016). This gives rise to the subjective illusion of “being there” in the environment depicted by the VR display, and this specific feeling is referred to as “place illusion” (PI). Plausibility illusion (Psi) refers to the illusion that the scenario being depicted is actually occurring (Slater, 2009), when the virtual environment relates to the participant’s actions, allowing the user to believe the plausibility that events are actually happening (Slater and Sanchez-Vives, 2016). When both place illusion and plausibility illusion occur, participants will then respond realistically to virtual reality, emphasized in the guidelines (Kourtesis et al., 2020) in developing an ecologically valid neuropsychological assessment that necessitates genuine responses from the user.

The time to complete the VR tasks is a quality indicator of the performance of this novel tool. It provides insight into the resources and hence the cost required to operationalize the system. Cognitively-healthy younger individuals are postulated to achieve better VR performance scores and shorter completion time due to exposure and familiarity with advanced technology compared to their more senior counterparts. The completion time for the MoCA is widely reported to be 10–15 min (Wong et al., 2015) in older adults but the time to complete it among younger Asian adults is not well established. Furthermore, MoCA has limitations, in terms of its ability to assess only specific cognitive domains, the need for trained healthcare personnel, and often requiring the subject to be literate. Understanding the completion time of a VR-based cognitive assessment in comparison with the MoCA across different age groups would be able to determine its utility potential and deployment in a time and manpower-constrained primary care practice.



AIMS

This is a feasibility study to compare the completion times of the standard neuropsychological questionnaire-based MoCA and the tasks in the fully immersive and automated CAVIRE in cognitively-healthy Asian adults aged between 35 and 74 years, overall, and in and across each 10-year age group (35–44; 45–54; 55–64; 65–74).



MATERIALS AND METHODS

This paper presents the results of the primary aim, the feasibility of using the CAVIRE11.


Study Site

The study site was a public primary care clinic (polyclinic) situated in the southern region of Singapore. This polyclinic provides primary care healthcare services to an estimated population of 18,960 residents of varying Asian ethnicity in the Outram estate, of which 24.7% were aged 65 years and above in 2019 (Department of Statistics, Ministry of Trade and Industry, Republic of Singapore, 2019).



Study Population

The participants were Asian patients who were attending medical consultations, or their accompanying persons or visitors at the polyclinic. The eligibility criteria included: (1) age between 35 and 74 years, (2) understood English (the medium of audio-visual instructions in the CAVIRE), (3) willing to complete the study questionnaires and undergo assessment using the CAVIRE, and (4) MoCA score of 26 or more.

Adults with any of the following were excluded: pre-existing diagnosis of cognitive impairment or dementia as self-reported or as documented in their electronic medical record; any disability which rendered them incapable of providing written informed consent; neurological deficits that might affect vision, hearing, speech or motor skills; or known motion sickness or epilepsy.



Sample Size

25 participants were recruited in each 10-year age group: (A) 35–44, (B) 45–54, (C) 55–64, and (D) 65–74. The sample size was not estimated for the primary aim of this study, which assesses the feasibility of the CAVIRE. For feasibility studies, sample size justifications need to be provided but not necessarily a sample size calculation (Billingham et al., 2013). The Modified Wald method was utilized to compute the confidence interval of a proportion. By setting the proportion as 23 out of 25 participants in an age group, based on a one-sided 95% confidence interval, it can be assumed that at least 77% of future participants in that age group will be able to complete the CAVIRE assessment. A 90% completion rate (23 out of 25 participants in each age group) is deemed as adequate for the purposes of our feasibility study. Thus, in total, 100 cognitively-healthy participants, in four age groups of 25 participants each, were enrolled.



Recruitment and Procedure During the Study Administration

A research assistant (RA) screened potential participants for eligibility at the waiting area of the polyclinic. After establishing their understanding of the study protocol and acquiring their written informed consent, the RA verified their diagnosis against their electronic medical records.

Participants then followed through the procedure, with the questionnaires completed first, then followed by the CAVIRE assessment, all within one sitting. The questionnaire gathered the participants’ details and their scores from the following validated assessment tools in the following sequence:

(1) Demographic data (age, gender, ethnicity, number of years of formal education)

(2) Abbreviated Mental Test (AMT)

(3) Barthel Index for Activities of Daily Living

(4) Lawton Instrumental Activities of Daily Living Scale

(5) Mini-Mental State Examination (MMSE)

(6) Montreal Cognitive Assessment (MoCA)

(7) CAVIRE VR assessment

(8) Participant feedback form

For the MoCA questionnaire, participants were provided with instructions, this taking 2–3 min, before the administration of the MoCA. While scoring the MoCA, an additional point correction was accorded to those with ≤10 years of education (Ng et al., 2013). Cognitively-healthy participants, defined as those with a MoCA score of 26 or higher were inducted into the next part of the study, which involved their completion of the CAVIRE assessment. Those who attained a MoCA score of less than 26 were excluded and referred for further clinical assessment at the polyclinic with their consent. The time to completion for the MoCA (start-time: when they start reading the first question of the MoCA questionnaire; end-time: completion of last question on the MoCA) was measured manually with a calibrated stopwatch (either: 1. VWR digital timer, one channel, Traceable® Catalog Number VWRI609-0224, or 2. Casio Handheld Stopwatch Timer Model HS-3V-1R) and recorded in the research document. It excludes the time to transcribe the raw data from the questionnaire-based assessment into a person’s electronic medical records.

Participants were then briefed on the CAVIRE procedure and equipment. They sat on a chair and put on the VR head-mounted device (HTC VIVE Pro HMD set with Leap Motion mounted, with Lighthouse sensors and VIVE controllers), a new generation head-mounted device recognized for its superiority in pick-and-place, VR experience and interactive area, in line with technological recommendations for immersive VR research to safeguard the health and safety of the participants and the reliability of neuroscientific results (Kourtesis et al., 2019). They were inducted in a tutorial to a simulated virtual scenario, which took 3–5 min to complete. Participants continued to complete the 13 segments once they indicated readiness and ease in using the headset and familiarity with their hand movements in the VR environment. The time measured to complete the CAVIRE was recorded automatically in the program (start-time: beginning the task in Segment 1; end-time: completion of task in Segment 13).

The CAVIRE incorporates automated voice and visual instructions in English to guide the participants to complete the tasks. They performed these virtual tasks using hand gestures and head movements detected by motion sensors. Their speech was assessed using a voice recognition technology (English language) embedded in the system. Each segment features common everyday activities to assess specific domains of cognitive function through a person’s VR journey from an apartment to a grocery store:

1. Brushing and rinsing teeth

2. Preparing peanut butter bread for breakfast

3. Identifying pictures of important persons in the newspaper

4. Watching television, while listening to the weather forecast regarding impending rain on the radio

5. Naming the fruits in a shopping list and remembering the fruits

6. Choosing the appropriate clothing to go for grocery shopping

7. Remembering to pick up the umbrella, before opening and locking the door to leave the home

8. Taking the lift to level 1 in an apartment block by pressing the correct buttons

9. Looking to the left and right, and waiting for green pedestrian light, before crossing the street

10. Remembering and choosing the stipulated stall, i.e., the one which sells fruits

11. Picking the correct fruits based on recall from the shopping list (from Segment 5)

12. Calculating and paying the correct sum of money for all the fruits selected

13. Selecting the appropriate emotional response, with regards to scenes of a birthday party and car accident, respectively.

These virtual segments cover the six cognitive domains as shown in Figure 1. Four segments (6, 8, 11, and 13) assess a single cognitive domain, while the tasks in the remaining nine segments evaluate two or more cognitive domains. To ensure a balanced evaluation framework, each cognitive domain is assessed over four different segments.
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FIGURE 1. Cognitive domains assessed in the Cognitive Assessment by VIrtual REality (CAVIRE) segments.




Outcome Measures

An automated scoring and timing framework is embedded in the CAVIRE to assess each task performance and completion for the 13 segments. Each task is allocated a limited completion time, ranging between 30 and 90 s, and start time of CAVIRE is defined as when Task 1 is commenced. Each participant is allowed multiple attempts within the time limit, beyond which the participant will move on to the next task in an ordered sequence. The completion time and scores are computed automatically for each scenario and for the entire VR assessment. Participants who complained of headache, nausea and/or giddiness during the VR assessment were advised to discontinue, and considered as a dropout and reported in the results.



Data Management and Monitoring

The data from the questionnaires were transcribed into the REDCap, a secure research database, and audited by a data management officer in the institution for errors. The VR data from the CAVIRE was exported to the same database and merged with the audited questionnaire data. The anonymized combined data were handed over to data analysts in the study team.



Statistical Analysis

Potential confounders, including gender, ethnicity (Chinese, non-Chinese), education (secondary, post-secondary), and housing (public, private) as a surrogate for socio-economic status, were compared among age groups. Finding no significant difference among age groups for the confounders, the time to completion of MoCA and VR assessment indices were compared across the age groups using a one-way analysis of variance (ANOVA) F-test of the hypothesis H0: μ1 = μ2 = μ3 = μ4 (all means equal) vs. H1: μi ≠μj for at least one i ≠ j (i = j = 1, 2, 3, 4) (at least two means different). An F-test p-value of p < 0.05 was regarded as statistically significant for rejection of H0. Post hoc pair-wise comparisons among age groups were performed on time taken to complete the MoCA and CAVIRE tasks. Reported pair-wise comparison p-values are unadjusted for multiple comparisons given that the omnibus F-test provides protection against inflation of the false-positive error rate resulting from indiscriminate pair-wise testing. However, as an added measure of protection, a Bonferroni corrected significance level for six pair-wise comparisons was calculated as 0.05/6 = 0.0083 and applied. A test for a linear trend across the four ordinal age groups was tested using a contrast. Normality of residuals was assessed visually using linearized Q-Q plots and found to be tenable. The statistical analyses were performed using the SAS software v9.4.



Ethics Approval

The SingHealth Centralized Institutional Review Board of Singapore approved the study (CIRB Reference Number: 2019/2782).



RESULTS

The study commenced recruitment in October 2020 and was completed by January 2021. One participant from the 35–44-years age group failed to complete the study due to apprehension during the administration of the MoCA questionnaire, constituting a dropout rate of 1%. It was not related to the VR performance.

Demographic characteristics of the remaining 99 participants are presented in Table 1, and did not differ significantly across the four age groups, labeled as Group (1) for 35–44 years; Group (2) for 45–54 years; Group (3) for 55–64 years and Group (4) for 65–74 years.


TABLE 1. Demographic characteristic frequency counts (%) and comparison among age groups.
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Table 2 summarizes the mean (SD) total time taken (in seconds) for each age group and the inter-age group mean total time differences. The time taken to complete the CAVIRE tasks as compared to the MoCA was significantly shorter, overall (p < 0.001) (mean difference: 74.9 (SD) seconds) and in each age group (p ≤ 0.01). Overall, younger participants completed both the MoCA and the CAVIRE tasks in a shorter time compared to the older participants, and the younger they were, the shorter the time of completion for both modalities of assessment. The Groups (1) vs. (2) and (3) vs. (4) pair-wise differences for time to completion for both MoCA and CAVIRE tasks were not statistically significant, but when compared between Groups (2) and (3), significant time differences were observed (Bonferroni significance level, p ≤ 0.0083). CAVIRE vs. MoCA time differences among age groups did not achieve significance (p = 0.147).


TABLE 2. Total time taken (SD) for MoCA and the CAVIRE tasks by age group with differences and 95% confidence intervals.

[image: Table 2]

All analysis methods were parametric and assumed normal error distributions. The assumption of normality of ANOVA residuals was assessed and found to be tenable. All comparisons were performed in the context of parametric 1-way ANOVA using F-tests followed by t-tests for pair-wise comparisons.

Figure 2 shows a scatter plot of the total time taken for the MoCA vs. the CAVIRE tasks, which further reflects that most participants across the different age groups took a shorter time to complete the CAVIRE tasks as compared to the MoCA, and younger participants generally performed better and more consistently. More variability in completion time was seen in Group (4).
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FIGURE 2. Scatter plot of Montreal Cognitive Assessment (MoCA) vs. Virtual Reality (CAVIRE) total time taken.


Figures 3, 4 show the completion time for the MoCA and the CAVIRE tasks using a box-and-whisker plot. Figure 3 shows the overall completion time for MoCA and the CAVIRE for all groups, with the mean completion time (represented as the dot maker within each box) for MoCA as 515.12 s, and the mean completion time of CAVIRE as 440.18 s, excluding the outliers (dots at the top of the box-and-whisker plot). The median time is represented as the line within each box, and the top and bottom lines denote the minimum and maximum values recorded, with the interquartile range denoted by the height of the box.
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FIGURE 3. Total time taken (sec), MoCA vs. Virtual Reality (CAVIRE), overall.
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FIGURE 4. Total time taken (sec), MoCA vs. Virtual Reality (CAVIRE), by age groups.


Figure 4 reflects the completion time for MoCA and CAVIRE by age groups. The median time taken to complete the MoCA and the CAVIRE tasks was comparable in Groups (1) and (2). In addition, across Groups (2), (3), and (4), there was a greater variability in the total time taken to complete the MoCA, most marked in Group (4), whereas completion time was less variable for the CAVIRE tasks across all age groups, with most consistency in Group (2).

Figure 5 shows the difference in mean completion time between the MoCA and the CAVIRE tasks across age groups, again using a box-and-whisker plot. The difference was statistically significant across all age groups (p < 0.01) (Table 2).
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FIGURE 5. Difference [MoCA—VR (CAVIRE)] in total time taken (sec).


Figure 6 depicts the mean total time taken for the MoCA and the CAVIRE tasks, with the increase in completion of each modality statistically significant as one gets older, the steepest difference being where participants cross from Group (3) to Group (4). Completion time of the MoCA is not differentiated from Group (3) to Group (4), reaching somewhat of a plateau, but showed a difference for the CAVIRE tasks between Group (3) and Group (4), though not statistically significant (Table 2).
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FIGURE 6. Mean (95% CI) total time taken (sec) for MoCA and VR (CAVIRE).




DISCUSSION

This study showed significant differentiation of the VR-based CAVIRE completion time vs. the MoCA completion time between the younger and older cognitively-normal Asian adults. The completion time for the CAVIRE tasks was shorter than the MoCA in each of four considered age groups, with the difference (MoCA—CAVIRE tasks) ranging from 48.6 s [Group (2)] to 101.6 s [Group (3)] (Table 2 and Figure 6). Additionally, the data from the questionnaire-based MoCA assessment has to be manually transcribed into a person’s electronic medical records. In contrast, the embedded automated scoring and time-recording in the CAVIRE eliminates such manual entry and increases convenience to the healthcare worker. While the time saving of about 1–2 min may not seem remarkable for an individual end-user, it can potentially be impactful in a healthcare establishment with high patient volume and limited healthcare manpower. Any non-clinical person can be trained to operate the CAVIRE, which will alleviate the medical or nursing resources in busy primary care practices. In contrast, the MoCA assessment usually requires a trained medical or nursing staff to administer the questionnaire, in order to maintain test validity, reduce variability and ensure high accuracy (MoCA Clinic and Institute, MoCA Test Inc., 2020), as recommended by its founder.

The results show wider intra-age group variability in time performance using the MoCA assessment. There was no overall time limit for completion of the MoCA, with the only time-limited component under the Language < Fluency—Name as many animals as possible in 1 min >, which already exists as part of the validated questionnaire. The VR modality reveals more consistency in its completion time (Figure 4) partly due to the automated system and standardized assessment procedure, which sets a maximum total time of 640 s for completion of the segments’ tasks, with an additional 100 s (hence total time of 740 s) to include instructions time and transition time between the segments, embedded in the CAVIRE system Without a forced time limit for each task, the participant could have performed better in terms of accuracy through repetition of the task.

Younger participants, in Group (1) and (2), completed both the MoCA and the CAVIRE tasks faster than their older counterparts (Figure 2). Their kinesthetic ability and processing speed may enable them to complete the CAVIRE tasks in a shorter time and with fewer repeated attempts. It is also possible that with each consecutive segment, study participants would have learned to control the depth and grasp of their hand motions to complete the tasks, and hence improve the time efficiency for task-completion in the later segments, albeit a different task and/or cognitive domain. This “real-time feedback” learning capability appears to be associated with better working memory performance. Miyake and Shah alluded that the younger adults were more adaptive to the mechanisms or processes involved in the control, regulation, and active maintenance of task-relevant information in complex cognition compared to the older adults (Miyake and Shah, 1999).

The difference in time-based performance was more apparent between the 45–54 and 55–64 year-age groups (Table 2 and Figure 6). Rieck et al. (2017) had reported that older-age adults (55–69 years) exhibited diminished brain activations with increasing task difficulty as compared to middle-age adults (35–54 years). Lower level of deactivation was observed between the transition from younger adults (20–34 years) to middle-age adults. This suggests that normal aging itself reduces neural efficacy and cognitive reserve, in task performance for accuracy and efficiency, and that as one moves into the fifth decade, there is a likelihood for a reduction in neural processing translating to diminished physical execution.

The significant decline in cognitive performance appears to be at the turn of 50 years, with the greatest mean time difference between the MoCA—VR in the 55–64 year-age group or Group (3). When assessed by the MoCA, the difference between Group (3) and (4) is minimal (Table 2 and Figure 6). However, the decline is sharper from Group (3) to Group (4) (Figure 6) when assessed using the VR modality. While the difference is not statistically significant, it suggests that VR may be a more discriminating tool than MoCA in detecting subtle cognitive performance impairments between the 55–64 and 65–74 year-age groups. This may allow earlier detection of subtle cognitive impairment in specific domains better assessed by VR, which is not otherwise observed through the use of conventional questionnaire-based tools.



STRENGTHS AND LIMITATIONS

This study is novel to demonstrate almost equivalent time-based performance between a VR and a questionnaire-based cognition assessment. The opportunity of scalability lies in the VR system being able to assess an individual’s cognition as long as a person can see and hear even if he or she may not be able to write, eliminating the dependence on word literacy, although we recognize that Tasks 8 and 12 do need numeracy.

The study also shows the acceptability of senior participants in using the headset and interacting in the virtual environment without apprehension of the technology nor experiencing adverse effects related to the VR motions. Participants completed a 10-question feedback form at the end of the CAVIRE assessment, which assessed their level of comfort in using VR, level of similarity of VR compared to real world, level of interest toward VR, and overall experience, with positive responses. All of them completed the VR assessment, without describing cybersickness symptomatology such as nausea, headache or giddiness. We acknowledge that a more comprehensive and specific assessment of virtual reality-induced symptoms and effects (VRISE) and user experience through tools such as the Fast Motion Sickness Score (FMS) for assessing VRISE, and Virtual Reality Neuroscience Questionnaire (VRNQ) for assessing user experience and game mechanics, would be important in future studies determining the suitability of the CAVIRE tool as a neuropsychological tool for research and clinical purposes (Somrak et al., 2021). Interestingly, one younger participant failed to complete the study due to concern during the MoCA assessment, as part of the overall study protocol.

The study has its limitations. The limited number of 25 participants in each of the four designated age cut-off groups restricts its generalizability to the general population. Cognitively-healthy participants were identified using a single MoCA cut-off score of 26, and the study had not adjusted for other confounders such as intellectual ability, current and previous vocations (which may relate to exposure to VR technology), primary linguistic capability in processing the system’s audio-visual instructions, physical agility, and intra-age group variations in VR performance. However, no significant basic demographic difference was observed in the participants across the age groups.

Each VR segment has a pre-determined maximum completion time, which was based on an estimate of the time taken to complete a real-life task. When the time runs out in that particular segment, the participant is automatically moved to the next segment. The time-difference can be artificially narrowed between the best-performing participant vs. the least-performing individual due to the pre-set cap.

The shorter time needed to complete the VR assessment compared to MoCA is potentially cost-saving to the institution. However, the cost of investing to procure the VR equipment, their maintenance and upgrading of the VR system have to be computed to evaluate its eventual cost-effectiveness of using VR as an alternative assessment tool for cognition. Additional cost will be incurred to ensure infection control of the headset amidst the current COVID-19 pandemic.



CONCLUSION

In summary, the VR-based CAVIRE has potential to be an alternative screening modality for cognition in a time-constrained primary care setting. It has demonstrated almost equivalent completion time across all age groups, and has been deployable with time-efficiency in the primary care practice. Younger adults completed the assessment in a shorter time than older adults, showing inter-age group variation, synonymous to conventional screening methods. There is potential to scale up its use as a cognition-screening modality.
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APPENDIX


TABLE A1. Scoring algorithm of the VR assessment.
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