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Introduction: The successful performance of instrumental activities of daily living
(IADLs) is critical in maintaining independence for older adults. Traditional IADL
questionnaires and performance-based assessments are time consuming,
potentially unreliable, and fail to adequately consider the interplay between
cognitive and motor performance in completing IADLs. The Cleveland Clinic
Virtual Reality Shopping (CC-VRS) platform was developed to objectively
quantify IADL performance through the characterization of cognitive, motor,
and cognitive-motor function. The CC-VRS combines an immersive virtual
grocery store with an omnidirectional treadmill to create a scenario in which
the user physically navigates through a virtual environment. The primary aim of this
project was to determine the known-group validity of the CC-VRS platform to
characterize IADL performance in healthy older adults and young adults.

Methods: Twenty healthy young (n = 10) and older (n = 10) adults completed the
Basic and Complex CC-VRS scenarios. Position data from VR trackers on the
hands, waist, and feet were used to quantify motor performance. Cognitive and
dual-task performance were automatically calculated by the application during
specific shopping sub-tasks.

Results: Older adults exhibited significantly worse performance on multiple
cognitive, motor, and dual-task outcomes of the CC-VRS (e. g., average
walking speed, number of list activations, and stopping frequency).

Discussion: The CC-VRS successfully discriminated IADL performance between
young and healthy older adults. The complex realistic environment of the CC-VRS,
combined with simultaneous evaluation of motor and cognitive performance, has
the potential to more accurately characterize IADL performance by identifying
subtle functional deficits that may precede neurological disease.
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1 Introduction

Basic activities of daily living include self-care tasks such as
bathing and dressing. In contrast, instrumental activities of daily
living (IADLs) are more complex activities necessary for
independent, community living and include tasks such as
medication management, financial management, transportation,
food preparation, shopping, and housekeeping (Spector et al.,
1987). Early identification of a decline in IADL function has
been proposed as a potential prodromal marker for neurological
disease (Amieva et al., 2008; Darweesh et al., 2017; Foubert-Samier
et al., 2020). An IADL typically involves motor and cognitive
components that are performed simultaneously (dual-task
performance). Despite the dual-task nature of IADLs, the vast
majority of work has focused on how changes in specific aspects
of executive function impact IADL performance (Gold, 2012).
Executive function (EF) is a complex domain that represents a
wide range of cognitive processes including working memory,
attention, planning, utilization of feedback, flexibility, and task
switching (Chan et al., 2008). Executive impairment is associated
with declines in personal independence and quality of life (Cahn-
Weiner et al., 2002; Royall et al., 2007; Davis et al., 2010), and deficits
in EF have been repeatedly linked to difficulty with IADLs (Bell-
McGinty et al., 2002; Jefferson et al., 2006; Vaughan and Giovanello,
2010; Hughes et al., 2012).

The traditional approach to evaluating EF involves using
neuropsychological tests (NPTs) aimed at measuring cognitive
constructs. Although clinical tests are relatively easy to
administer via paper and pencil or, in some cases
computerization, their reliability and standardization are
impacted by testing environment, administration procedures, and
scoring inconsistencies. Furthermore, the ability of traditional tests
of EF to identify IADL decline is highly variable; results from ameta-
analysis indicated the total variance in IADL performance accounted
for by cognitive predictors ranged from 0 to 80 percent, with an
average of 21 percent predicted by all cognitive measures (Royall
et al., 2007). The inconsistent relationship between NPT and IADL
performance reflects a fundamental limitation in using traditional
NPT tests: their failure to capture the contribution of motor and
cognitive-motor functioning on successful IADL performance.

Burgess and others proposed a solution to address the gap
between traditional NPTs and real-world performance by creating
performance-based assessments in which an individual is evaluated in
a real-world or laboratory simulated environment (Burgess et al.,
2006). The Multiple Errands Test (MET) is a classic performance-
based assessment that is completed in an actual physical supermarket
and requires the purchasing of items (Shallice and Burgess, 1991). The
MET provides a global evaluation, both motor and cognitive, of
functional deficits compared to traditional NPTs that only provide
information related to a specific EF construct (Rand, Basha-Abu
Rukan et al., 2009). Unfortunately, limitations in scalability-
including the time, resources, transportation, and organization
required to administer the test in a quasi-controlled real-world
environment, as well as the lack of control over the environment
and other distractors-have prevented widespread clinical use of the
MET (Bailey et al., 2010).

Virtual reality (VR) offers an opportunity to address the limitations
of IADL assessment associated with traditional paper and pencil tests

and the MET. Virtual environments can be standardized and provide
an opportunity for participants to naturally interact with objects and
respond to situations that mimic those encountered in daily life. In
addition to offering a tightly controlled and simultaneously flexible
environment, VR has the potential to objectively capture and quantify
cognitive-motor functioning during IADL activities. Previous studies
suggest the ability of VR platforms to consistently detect cognitive-
motor impairments hinges on the technology used to create a fully
immersive, ecologically valid, real-world experience (Janouch et al.,
2018; Vickers et al., 2018; Nenna et al., 2021).

Several VR applications have leveraged virtual environments to
create performance-based assessments similar to the MET (Parsons
andMcMahan, 2017; Corriveau Lecavalier et al., 2020); however, only
a few have detected cognitive-motor impairments related to normal
aging. The lack of significant findings fromVR applications highlights
the limited scope of many VR assessments as most include tasks that
1) focus on one component of executive function, e.g., memory recall
(Plechata, et al., 2019), and/or 2) remove key components of
traditional IADLs like walking and turning as users are assessed
while seated (Parsons and McMahan, 2017). Comprehensive IADL
assessments that include multiple components of cognitive, motor,
and cognitive-motor outcomes acquired from freely moving
participants can potentially improve the usability of IADL
outcomes from VR applications to detect subtle declines in
cognitive-motor function and trigger earlier interventions with
greater preservation of function.

The Cleveland Clinic Virtual Reality Shopping (CC-VRS)
platform was developed to provide an accurate and
comprehensive assessment of IADL performance as it combines
digital content with an omnidirectional treadmill to create a fully
immersive environment to precisely measure real-world cognitive-
motor performance (Alberts et al., 2022). The CC-VRS content and
tasks were developed following a formal task analysis of grocery
shopping, a traditional IADL, and each aspect of the task was
identified as either motor, cognitive, or cognitive-motor (Alberts
et al., 2022). Similar to virtual adaptations of the MET, participants
are placed in a virtual grocery store with the goal of retrieving items
from a list. Unique to the CC-VRS, participants physically navigate
through the virtual store by walking, stopping, and turning on the
omnidirectional treadmill. Data from virtual tracking devices on the
user’s waist, feet, and hands are used to objectively quantify motor,
cognitive, and cognitive-motor performance as they complete the
shopping task.

The primary aim of this preliminary project was to determine
the known-group validity of the CC-VRS platform to characterize
IADL performance in healthy older adults and young adults. It was
hypothesized that older adults would exhibit declines in CC-VRS
IADL performance measures that reflect specific aspects of motor,
cognitive, and cognitive-motor declines compared to young adults.
The capability to comprehensively evaluate IADL function and
discriminate between older and younger adults could aid in the
eventual early identification of deficits that may suggest an
underlying neurological deficit that is not detectable using
traditional NPT or performance-based IADL assessments. Finally,
considering the novelty of the CC-VRS, we sought to evaluate older
and young adult user acceptance of the platform through the
Simulator Sickness Questionnaire (SSQ) (Kennedy and Berbaum,
1993) and System Usability Scale (SUS) (Lewis and Sauro, 2009).
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2 Materials and methods

2.1 Participants

Ten young adults (average age 23.0 years) and ten healthy older
adults (average age 70.1 years) participated in this study. All
participants were free of neurological disease, including dementia
and mild cognitive impairment, and based on self-report were able
to ambulate independently for at least 20 min. The experimental
protocol was approved by the Cleveland Clinic Institutional Review
Board, and all participants provided written informed consent prior
to study participation.

All participants completed questionnaires regarding prior
experience with grocery shopping and immersive VR, as well as the
Lawton IADL scale (Lawton and Brody, 1969). Global cognitive
functioning was assessed using the Montreal Cognitive Assessment
(MoCA), a common screening tool for mild cognitive impairment
which evaluates short term and working memory, visuospatial skills,
executive function, attention, and language skills (Nasreddine et al., 2005).

2.2 CC-VRS platform

2.2.1 Hardware and set up
Details of the CC-VRS platform have been described in

detail previously (Alberts et al., 2022). Briefly, the CC-VRS,
shown in Figure 1, delivers a fully immersive grocery store
environment to the user via a head-mounted VR display
(HMD, Valve Index). Speakers embedded within the HMD
provide ambient grocery store noises and announcements to
enhance immersion. Participants physically navigate through
the store via natural locomotion on an omnidirectional
treadmill (Infinadeck, Rocklin, California) while secured in a
non-weight-bearing harness for safety. Handheld VR
controllers (Valve Index) are used to view the shopping list
and interact with any of the 480 unique items on the shelves
throughout the store. In addition to the controllers, VR tracking
devices (Vive HTC) are affixed to the lower back and feet to
provide upper and lower extremity kinematic data during task
performance.

FIGURE 1
A depiction of the CC-VRS hardware setup. The participant wears a VR headset, hand controllers, and foot trackers. The participant is secured via a
non-weight bearing harness system. Study staff are provided a first-person view from the participant’s headset, displayed on a computer screen. (Adapted
from Alberts et al., 2022 with permission)
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2.2.2 Rules of CC-VRS
In the CC-VRS, participants follow a designated 200 m route

through a large virtual grocery store while searching for five items on
the shopping list. The route begins at the entrance to the store and
ends at the register, passing all designated items on the list.
Deviations from the route are not permitted; participants cannot
backtrack for missed items. Participants are instructed to complete
the shopping task as quickly and as efficiently as possible while
minimizing the number of errors (i.e., missing items, selecting
incorrect items, or collisions with elements of the environment).
The shopping list is activated via a button on the left controller.
Participants are instructed to refer to the list as often as necessary
and are informed that the number and duration of list activations
will be recorded. Items are selected by reaching out and grasping the
virtual object using the trigger button of the left or right controller.
The item is then released into a virtual shopping cart positioned in

front of the avatar. Items are not automatically eliminated from the
shopping list when placed in the cart; however, participants may
choose to utilize the optional checkboxes on the list to keep track of
items selected. Figure 2 contains screenshots of the CC-VRS
application and a top-down view of the designated route through
the store.

2.2.3 CC-VRS protocol
Participants were introduced to the omnidirectional treadmill

and given time to acclimate to the treadmill before donning the
HMD. Study staff adjusted the HMD to ensure a clear visual display
and secure fit. All participants completed a 5-min tutorial to ensure
understanding of the task and demonstrate proficiency in
completing necessary task components (e.g., shopping list
activation, retrieving an item, etc.). In a single testing session
lasting approximately 1 hour, each participant completed two

FIGURE 2
Screenshots of CC-VRS platform depicting (A) first-person view of the store, (B) shopping list and corresponding items, (C) first-person view of
narrowed aisle avoidance task in Complex scenario, (D) top-down map view of 200 m route through virtual store.
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CC-VRS scenarios in a randomized order: Basic and Complex. Both
scenarios are governed by the same rules and use an identical route
through the store. The Basic scenario requires the user to retrieve
five items from their list. The Complex scenario has a different five-
item shopping list and increased cognitive and motor demands. To
evaluate working memory, the Complex scenario begins with an
overhead store announcement of five words, and participants are
instructed that they will be asked to recall these words following task
completion. Additionally, in the Complex scenario, the shopping list
contains one sale item that evaluates financial decision-making, and
participants are instructed to choose the more cost-effective option
(e.g., choosing between 8 oz. of ketchup for $1.00 or 16 oz. for $1.50).
Precision of motor control is increased via the placement of
additional shoppers and stocking carts in two locations to
effectively narrow the aisle.

2.2.4 CC-VRS outcome measures
The primary outcomes to characterize cognitive, motor, and

cognitive-motor performance during Basic and Complex scenarios
are provided in Table 1.

2.3 User experience questionnaires

All participants completed the SSQ before and immediately after
completing the CC-VRS. The SSQ is used to assess cybersickness;
participants score 16 symptoms on a four-point scale. The SSQ
produces a weighted total score (maximum 235.6) as well as
additional weighted sub-scores for nausea, disorientation, and
oculomotor symptoms with a higher score indicating greater
sickness symptoms (Kennedy and Berbaum, 1993). Usability was
evaluated using the SUS, a 10-item scale that measures ease-of-use,
global satisfaction, and learnability of a system (maximum score 100;
higher score indicates greater usability) (Lewis and Sauro, 2009).

2.4 Statistical analysis

Demographic variables were summarized by mean (standard
deviation) for numerical variables and by number (percentage) for
categorical variables. All CC-VRS outcomes were summarized by
median (interquartile range). Non-parametric Wilcoxon Rank Sum
tests were used to evaluate differences in CC-VRS metrics between
participant groups. The same approach was used to evaluate
differences between groups in SSQ and SUS scores. All analyses
were performed using RStudio (version 4.2.2).

3 Results

3.1 Participants

Participant demographics are provided in Table 2. With the
exception of age, there were no significant differences in
demographic variables. In each group, 80% of participants identified
as the primary grocery shopper of their household, and the average
grocery shopping frequency was 3.5 times per month for young adults
vs. 7.2 times per month for older adults (p = 0.073). The majority of
participants in each group reported no prior experience with VR, and
only one young adult participant had extensive (>3 exposures)
experience with VR prior to the study. None of the participants had
ever walked on an omnidirectional treadmill prior to the study. There
was no significant difference in MoCA scores between young and older
adults, and Lawton IADL scores for both groups were identical.

3.2 CC-VRS performance

All participants completed both the Basic and Complex CC-VRS
scenarios. Outcomes for both scenarios are provided in Table 3.

TABLE 1 CC-VRS outcome measures.

Metric name Description

Global Performance Metrics

Total trial duration The time required to complete the shopping trip

Number of correct items The number of items placed in the shopping cart that match the exact item description (name and image) on the shopping list

Number of incorrect items The number of items placed in the shopping cart that are not on the shopping list

Motor Performance Metrics

Average walking speed The participant’s average walking speed through the grocery store

Cognitive Performance Metrics

Number of list activations The number of times the shopping list is activated by the participant

Duration of list activations The total time the shopping list is activated by the participant during the trial

Items recalled Complex only- Number of words correctly recalled at completion of scenario

Sale price deliberation time Complex only- Total time spent selecting the most cost-effective sale item between two options

Cognitive-Motor Metrics

Number of stops The number of times the participant stops during the trial

Duration of stops The total time the participant is stopped during the trial

Frontiers in Virtual Reality frontiersin.org05

Lewis et al. 10.3389/frvir.2023.1261096

https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2023.1261096


3.2.1 Basic scenario
The cumulative distance traveled from a representative Basic

CC-VRS trial from one young and one older adult participant are

shown in Figure 3. The young adult completed the trial in less time
(344 vs. 421 s), had fewer list views (7 vs. 15 count) and walked faster
(0.40 vs. 0.32 m/s).

TABLE 2 Participant demographics.

Group

Young adults (N = 10) Older adults (N = 10) p-value

Age (range) 23.0 ± 3.2 (18–27) 70.1 ± 6.5 (60–77) < 0.001

Female 5 (50%) 5 (50%) 1.0

Years of education 15.8 ± 2.7 17.5 ± 2.2 0.145

Primary grocery shopper for household 8 (80%) 8 (80%) 1.0

Grocery shopping frequency (per month) 3.5 ± 1.9 7.2 ± 5.8 0.073

Frequency of immersive VR experience 2.5 ± 6.2 0.3 ± 0.7 0.281

Never 6 (60%) 8 (80%)

Between one and three times 3 (30%) 2 (20%)

Greater than three times 1 (10%) 0 (0%)

Montreal Cognitive Assessment (max 30) 28.4 ± 1.4 26.8 ± 2.4 0.082

Lawton IADL score (max 8) 8.0 ± 0.0 8.0 ± 0.0 1.000

TABLE 3 Results of Basic and Complex CC-VRS scenarios by group: Results shown as median [quartile 1, quartile 3]. p-values based on Wilcoxon rank sum test.
Significant differences bolded (p < 0.05).

Group

Basic scenario Young adults (N = 10) Older adults (N = 10) p-value

Total Trial Duration (s) 304 [273, 332] 438 [382, 458] 0.001

Correct Items 5.0 [4.0, 5.0] 5.0 [4.3, 5.0] 0.821

Incorrect Items 0.0 [0.0, 0.0] 0.0 [0.0, 0.0] 0.583

Number of List Activations 11 [8, 14] 17 [14, 27] 0.009

Duration of List Activations (s) 48 [44, 71] 79 [67, 102] 0.031

Number of Stops 9 [4, 13] 24 [13, 27] 0.017

Duration of Stops (s) 15 [7, 27] 34 [28, 44] 0.021

Average Walking Speed (m/s) 0.41 [0.40, 0.44] 0.32 [0.28, 0.36] 0.001

Complex Scenario

Total Trial Duration (s) 322 [315, 370] 467 [432, 565] 0.002

Correct Items 4.5 [4.0, 5.0] 4.0 [3.0, 4.8] 0.173

Incorrect Items 0.0 [0.0, 0.0] 0.0 [0.0, 1.0] 0.035

Number of List Activations 14 [9, 20] 24 [20, 38] 0.004

Duration of List Activations (s) 59 [57, 73] 105 [81, 124] 0.011

Number of Stops 10 [7, 16] 19 [15, 39] 0.025

Duration of Stops (s) 18 [12, 29] 34 [21, 52] 0.089

Average Walking Speed (m/s) 0.39 [0.35, 0.41] 0.28 [0.25, 0.31] 0.002

Words Recalled 4.5 [4.0, 5.0] 4.0 [2.3,4.0] 0.104

Sale Item Deliberation (s) 18 [12, 23] 30 [22, 40] 0.046
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Similar results were evident in the cohort analysis comparing
data from the young and older adult groups. Specifically, young
adults and older adults performed differently on the Basic CC-VRS
for all outcome measures except number of correct and incorrect
items gathered, which were similar across groups. Overall, older
adults completed the Basic CC-VRS significantly slower than young
adults (438 vs. 304 s respectively, p = 0.001). Older adults walked
slower through the store than young adults (0.32 vs. 0.41 m/s, p =
0.001).

From a cognitive perspective, older adults activated the
shopping list over 50 percent more frequently than young adults
(17 vs. 11 activations, p = 0.009). Cognitive-motor performance of
older adults was also worse, as they made more stops to check the
grocery list (24 vs. 9 stops, p = 0.017). Total stopping time for older

adults was more than twice that of young adults (34 vs. 15 s, p =
0.021).

3.2.2 Complex scenario
Similar to the Basic CC-VRS, older adults took significantly

greater time to complete the Complex scenario compared to young
adults (467 vs. 322 s, p = 0.002). The number of incorrect items
differed significantly between groups (p = 0.035); 40 percent of older
adults selected at least one incorrect item, and no young adult
selected any incorrect items.

Compared to younger adults, older adults activated the shopping
list more frequently (24 vs. 14 activations, p = 0.004) and for a longer
total duration (105 vs. 59 s, p = 0.011). Although the difference in
total stop duration between groups did not reach statistical

FIGURE 3
Cumulative distance for one representative trial for a young (upper figure) and older adult (lower figure) participant. The blue trace represents the
distance traveled at each time point in the trial with intervals with little to no slope marked to indicate periods where the participant stopped. Vertical
green bars indicate time points when the participant activated the list. The young adult completed the trial in less time (344 vs. 421 s), had fewer list views
(7 vs. 15 count) and walked faster (0.40 vs. 0.32 m/s).
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significance (34 vs. 18 s, p = 0.089), the number of stops was greater
for older than young adults (19 vs. 10 stops, p = 0.025).

In the Complex CC-VRS, both older and young adults recalled a
similar number of words presented at the beginning of shopping
session (4.0 vs. 4.5 words, p = 0.104). Regarding the sale item price
discrimination task, six older adults and seven young adults made
the correct selection; however, the average time tomake the sale item
selection was longer for older adults compared to young adults
(30 vs. 18 s, p = 0.046).

3.3 User sickness and experience

All participants completed the SSQ before and after
completing the CC-VRS. Post-test scores were subtracted from
baseline pre-test scores for analysis. There was no significant
difference between groups for SSQ total score (median scores =
4 [IQR: 0, 24] for older adults, 0 [IQR: 0, 3] for young adults, p =
0.166). There were no differences between groups in sub-scores
for nausea (p = 0.060), disorientation (p = 0.078), or oculomotor
symptoms (p = 0.815).

User experience was evaluated using the SUS. The CC-VRS
received a median score of 79 [IQR: 68, 88] from all participants, and
there was no significant difference in SUS scores between participant
groups (older adult median = 80 [IQR: 64, 89], young adult
median = 79 [IQR: 71, 86], p = 0.939). The SUS score for the
CC-VRS ranged from 58 to 100 across all participants.

4 Discussion

4.1 Discussion

The aim of this project was to compare healthy young and older
adult IADL performance using the immersive CC-VRS platform.
Initial data indicate young and older adults can complete the CC-
VRS with minimal symptoms of VR sickness, and outcomes from
CC-VRS successfully discriminate young and older adult IADL
performance. The CC-VRS platform is the first performance-
based IADL assessment that combines an immersive VR
environment with an omnidirectional treadmill to facilitate the
objective quantification of the important components of
successful IADL function: cognitive, motor, and dual-task
performance.

Generally, outcomes from the Basic and Complex CC-VRS
scenarios discriminated between healthy older and young adults.
Although both groups were successful in following instructions
and gathering the items designated by the shopping list, overall
performance of the task differed between young and older adults
across most measures. Differences in the aforementioned metrics
reveal declines in aspects of cognition, motor function, and
cognitive-motor dual-task function in older adults compared to
younger. Older adults referenced the shopping list more frequently
and for longer duration than young adults. List activation
behaviors may represent a component of working memory and
short-term recall, and CC-VRS results are consistent with the
established relationship between healthy aging and declines in
memory systems, particularly working memory (Luo and Craik,

2008). Another aspect of cognition, the sale price comparison task
was designed to evaluate financial decision-making and processing
speed by requiring mental financial math to select the more cost-
efficient item. Compared to young adults, older adults took almost
70% longer to choose between sale items. The price comparison
task of the CC-VRS may capture more subtle age-related changes
in financial decision-making and processing speed, both of which
have been identified as leading indicators of overall cognitive
function and markers of longitudinal trajectories of IADL
decline and cognitive aging (Salthouse, 1996; Snowdon et al.,
1996; Finkel and Pedersen, 2004; Peres et al., 2008).

From a motor perspective, it is well-established that older
adults walk slower than young adults (Bohannon et al., 1996).
Therefore, a group effect on walking speed through the grocery
store was expected and found in both scenarios. However, the
number of stops while shopping, a measure of dual-task
performance, indicated that older adults had more frequent
stops compared to younger adults. Older adults generally
moved slower through the store, stopped more frequently, and
remained stopped for longer than young adults. While young
adults were able to successfully walk while simultaneously
referencing the shopping list and searching the shelves for the
designated items, older adults appeared to prioritize completion of
the cognitive task at the expense of reduced gait speed or coming to
a complete stop altogether. It is well-documented that
performance of tasks requiring simultaneous cognitive and
motor functions declines with age (Park and Reuter-Lorenz,
2009; Alexander et al., 2012). Even seemingly automated motor
tasks such as gait and postural control require attentional
resources, particularly with advances in age (Huxhold et al.,
2006; Nobrega-Sousa et al., 2020). Historically, there has been
an effort to tease apart the effects of cognitive and motor declines
on changes in IADL performance due to aging. More frequent
stopping to check the shopping list underscores the importance of
evaluating cognitive and motor function simultaneously as both
are important and reflect the true nature of IADL performance.

Considering the known impact of dual-task conditions on
cognitive and motor performance in older adults, the CC-VRS
offers a distinct advantage over traditional tests of EF that evaluate
a single cognitive domain at a time and are performed in a sterile
clinical environment, IADL questionnaires that rely on self-report to
quantify performance, and current performance-based assessments.

The older and young adults included in this study were similar
with respect to global cognitive function as measured by the MoCA
and IADL performance as measured by the Lawton IADL scale.
However, differences between young and older adults in CC-VRS
duration, list activation behaviors, stopping behaviors, and walking
speed suggest the CC-VRS can capture subtle declines in cognitive
and dual-task performance that may indicate an impending problem
in IADL performance. The continuum between healthy aging, MCI,
and dementia is vast. Current approaches to IADL assessment, both
questionnaire and performance-based, lack the precision to measure
subtle, but potentially informative, changes that can more precisely
identify one’s position on the continuum of function. Early
identification of IADL decline could trigger additional medical
care such as referrals to neurology or geriatric specialties and
rehabilitative services such as physical, occupational, or speech
therapy. Further, if subtle declines in IADL function precede a
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diagnosis of PD or AD by 5–10 years (Amieva et al., 2008; Darweesh
et al., 2017; Foubert-Samier et al., 2020), cognitive, motor, and dual-
task performance must be measured with a level of precision that is
commensurate with the potential degree of change. While some
have claimed that prodromal neurological disease is characterized by
a “silent phase,” we contend more precise and comprehensive
measures of potential dysfunction need to be utilized to detect
changes during this clinically silent phase.

Many digital performance-based assessments similar to the
MET have been created to harness the value of assessing IADLs
to measure cognitive decline; however, while on the continuum of
VR, they are not truly immersive (Borgnis et al., 2022). The Virtual
MET (VMET) and the Virtual Reality Functional Capacity
Assessment Tool (VRFCAT) are two examples of non-immersive
VR applications, where the user is seated and uses a joystick to move
an avatar through a virtual environment on a 2D screen. Immersive
VR systems include a HMD which surround users in computer-
generated simulations with 3D video and audio elements (Borgnis
et al., 2022). Although an improvement from pen and paper, and
from first generation non-immersive VR applications, many of these
non-immersive VR assessments are limited in accurately assessing
IADL function as they rely on utilizing a joystick to move an avatar
through the virtual environment. Functional gait, specifically
turning, is an important component in most IADLs as humans
perform approximately 71 turns per hour when performing daily
activities (Mancini 2015). The CC-VRS allows users to freely walk
and turn while quantifying cognitive (sale price), motor (gait speed),
or cognitive-motor (number of stops) function separately. With this
approach, subtle declines in the cognitive and motor domains
associated with aging can be precisely identified and potentially
targeted with appropriate therapies and interventions to preserve
more function.

By combining VR technology, an omnidirectional treadmill, and
objective biomechanical outcomes to precisely quantify IADL
function, the CC-VRS represents an important shift in the
evaluation of older adults and potential for transition to
neurological disease. The current project was largely a feasibility
study to determine if older adults could complete an immersive VR
assessment and if the selected cognitive, motor, and cognitive-motor
outcomes could differentiate healthy young and older adults.
Importantly, individuals of all ages, with little to no prior VR
experience, were able to complete the entire CC-VRS protocol in
less than an hour. Few participants experienced mild nausea, and
overall symptom scores were minimal in both groups. Users rated
the usability of the CC-VRS as 79/100 on the System Usability Scale.
For comparison, the top ten popular mobile phone and tablet
applications received an average score of 77.7/100 (Kortum P
2015). Several projects with the CC-VRS platform are in
progress. The CC-VRS is being used to understand how
neurological disease, in particular, Parkinson’s disease impacts
IADL performance and potentially identify scenarios that trigger
freezing of gait episodes. Results from this ongoing project will aid in
treatment of gait dysfunction in Parkinson’s disease and provide
additional context to performance of healthy older adults. The
second project, a larger study of 400 older adults has been
initiated to determine the feasibility of integrating a hybrid of the
Basic and Complex CC-VRS scenarios, requiring less than 15 min to
complete, into routine clinical care of older adults in the annual visit

to their primary care provider. The fundamental goal of this project
is to determine the feasibility of clinical integration and secondarily
serve as a screen which could be used to trigger referral to a
neurological specialist. It is envisioned that subtle declines in
performance would trigger further monitoring or referral to
specialty services such as neurology or rehabilitation. The clinical
version of the CC-VRS was reduced slightly in terms of the distance
walked in the store through the elimination of 180° turns. Important
factors in scaling the CC-VRS will be the meaningfulness of
outcomes to providers and patients and thoughtful integration of
the technology into the clinical workflow. Regarding the latter, the
CC-VRS was developed from the onset with clinical integration as a
goal using the Develop with Clinical Intent model that we have
recently published (Alberts, et al., 2023).

4.2 Limitations

A sample size of 20 young and older adults is relatively small,
and all conclusions regarding the precise effects of age on IADL
performance must be weighed appropriately. Multiple larger
studies are on-going and planned to better understand the
relationship between CC-VRS performance and potential
neurological disease.

The use of an omnidirectional walking platform facilitates the
immersion of the user into a VR environment while
simultaneously facilitating the collection of biomechanical
outcomes related to gait. It is appreciated that the cost to
replicate the current experimental paradigm may limit clinical
adoption today. However, the cost of VR headsets and
omnidirectional treadmills continues to decline, and it is
envisioned that this platform could be integrated into clinical
care. The cost of an omnidirectional treadmill is ~$10,000-
$50,000 USD, similar to many rehabilitation treadmills
(i.e., body-weight support treadmills and treadmills with
projection or interactive screens). Despite these limitations, the
results of this project provide initial evidence that immersive VR,
such as the CC-VRS, can be used by older adults and can identify
subtle deficits in IADL performance.

4.3 Conclusion

The CC-VRS platform combines an immersive virtual grocery
store with an omnidirectional treadmill to deliver a performance-
based assessment of IADL function. In this preliminary project,
motor, cognitive, and dual-task outcomes of the CC-VRS
successfully discriminated between healthy older and young
adults, whereas traditional evaluations of global cognitive
function and IADL performance did not capture differences
between groups. By evaluating EF and IADL performance under
complex dual-task conditions, the CC-VRS may identify subtle
deficits in functional ability that are not quantified by traditional
NPTs in a clinical setting. Furthermore, the CC-VRS was generally
well-tolerated and rated high in usability among users of all ages, and
additional ongoing projects will determine the feasibility of clinical
integration of a modified CC-VRS platform into routine clinical care
of older adults.
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