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Abstract

Preliminary validity of a computer-based test of everyday function (Virtual Kitchen

Challenge [VKC]) was examined against brain-imagingmarkers of cerebrovascular dis-

ease and in contrast to conventional neuropsychological and self-report measures.

Twenty community-dwelling older adults (n= 6mild cognitive impairment) performed

simulated breakfast and lunch tasks using a computer touchscreen (VKC). Automated

measures (completion time, proportion time off screen, etc.) were computed during

training and test conditions. White matter hyperintensity (WMH) volumes from brain

magnetic resonance imaging and conventional measures of cognition and function

also were obtained. VKC completion time and proportion time off screen improved

significantly from training to test and were significantly associated with WMH vol-

ume (r > 0.573). VKC measures and WMH were not significantly correlated with

conventional cognitive or self-reportmeasures. TheVKCholds promise as a validmea-

sure of subtle functional difficulties in older adults that is sensitive to change and

cerebrovascular pathology, highlighting its potential for clinical trials.
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Highlights

∙ Virtual Kitchen Challenge (VKC) scores showed significant improvement from

training to test conditions.

∙ VKC scores (completion time and proportion of time off screen) were associated

with a neuroimaging biomarker of brain health (whitematter hyperintensities).
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1 INTRODUCTION

Assessment of everyday function is crucial for the clinical diagnosis

and staging of neurodegenerative disease in older adults. Older adults

and their families are most interested in the functional implications of

cognitive difficulties,1 particularly if they preclude independence. The

current benchmarkmethod ofmeasuring functional problems includes

interviews and/or questionnaires that capture only global level of func-

tional disability but lack objectivity and standardization. The current

approach is insufficient to detect subtle functional difficulties expe-

rienced by individuals with mild cognitive difficulty/decline.2,3 Thus,

there is a need for an objective assessment of mild functional difficul-

ties for the comprehensive clinical assessment of neurodegenerative

disease in older adults.

Self- and informant-report measures of function are easy to admin-

ister and score butmay be limited by an unreliable reporter.4 Cognitive

difficulties as well as depression and anxiety symptoms may impact

self-/informant report because of poor recall, poor insight, or biases.

Informants may not always be available or knowledgeable,5 and their

reports can be influenced by demographic features and their rela-

tionship to the participant.6 Self-/informant-report measures also lack

standardization, as everyday activities and the modifications that peo-

ple make to their daily activities to compensate for mild decline vary

widely across people.7–9

Performance-based tests of everyday function address many of the

limitations of self-/informant report but are generally labor inten-

sive, requiring extensive set-up, trained human coders, and/or video

recordings. Tests that are easier to administer and score may not be

sufficiently complex or nuanced to capture mild difficulties.3,10–12 The

Virtual Kitchen Challenge (VKC) was created to address these obsta-

cles in measuring subtle functional difficulties in older adults. The VKC

is a standardized non-immersive virtual reality task that is easy to

administer and score using a touch-screen interface. The VKC includes

two tasks (breakfast, lunch) of comparable complexity that were mod-

eled after tasks from the Naturalistic Action Test (NAT) and the Virtual

Kitchen, which have been extensively researched (see Supplemental

Materials in supporting information).11,13,14

TheVKCscoringwas informedby the goal-controlmodel that posits

problems in everyday activities arise due to difficulties in keeping task

goals/steps active and/or in controlling the activation of goals/steps

to enable efficient performance.15 Automated VKC scores include an

accomplishment score (i.e., total steps completed) and three measures

of efficiency: completion time, proportion of time off screen (i.e., time

spent deliberating between steps and deciding on one’s next move),

and the number of screen interactions (number of times the screen

is touched). In an initial validation study, VKC automated efficiency

scores correlated with human-coded scores of VKC, performance of

theVKCtaskswith real objects (NAT), and cognitive test scores.16 Con-

sistent with performance with real objects (NAT), healthy older adults

and younger adults did not differ in accomplishment but performed sig-

nificantly worse on measures of efficiency (i.e., slower, more time off

screen,more screen interactions).16 The original study did not examine

whether VKC scores could detect change and did not validate the VKC

RESEARCH INCONTEXT

1. Systematic review: Sourceswere reviewed fromPubMed

and Google Scholar. Empirical data validating efficient,

objective measures of mild functional difficulties that are

sensitive to change are lacking. The Virtual Kitchen Chal-

lenge (VKC) is a computer-based tests with automated

scoring that is sensitive to mild functional difficulties and

related to cognitive abilities in older adults. Research has

not yet examined the ability of the VKC to detect change

or whether VKC scores are related to neuropathology or

self-reported function.

2. Interpretation: Significant improvement in VKC scores

after practice and strong associations between VKC

scores and cerebral white matter integrity suggest the

VKC may be sensitive to subtle changes in functional

ability and reflect brain health.

3. Future directions: Further study is needed to establish

the full psychometric properties of the VKC, including

reliability across time, predictive validity of cognitive

and functional status, and validation against additional

biomarkers.

against biomarkers of cognitive decline. The goal of the current study

was to extend the psychometric analysis of the VKC by determining

whether VKC scores (1) detect change from expected practice effects

and (2) are associated with known biomarkers of cerebrovascular

pathology.

Repeated practice improves performance of everyday tasks in peo-

ple with dementia.17–20 From the perspective of the goal-control

framework, repeated practice may serve to strengthen activations and

control of task goals, improving task accomplishment and increasing

task efficiency over time. Thus, VKCperformance should improve after

training. If VKCscores are insensitive to expectedpractice effects, then

its utility for longitudinal studies and clinical trials may be limited.

As stated, the VKC has not yet been validated against well-

established biomarkers of cognitive impairment. White matter (WM)

disease has been associated with cognitive deficits in older adults

since the 1990s21,22 andWMhyperintensities (WMH), a neuroimaging

marker of small vessel cerebrovascular disease, correlate with concur-

rent executive dysfunction and increased risk for cognitive/functional

decline,23,24 independent of education, genetic risk, and hippocampal

volume (i.e., biomarker for Alzheimer’s disease).25 WMH are present

before clinical dementia symptoms,26 and regarding everyday func-

tion, WMH volumes are associated with errors on performance-based

tests reflecting poor control of goal activations (i.e., poor sequencing,

distractibility) in people with dementia.27 To our knowledge rela-

tions between WMH and performance on the VKC have not been

investigated.

The current study included community-dwelling older adults who

completed the VKC training and test conditions, magnetic resonance
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imaging (MRI) of the brain, and conventionalmeasures of cognition and

function.We hypothesized that VKC scores would improve from train-

ing to test conditions: increased accomplishment, faster completion

time, fewer screen interactions, less time off screen. We also hypothe-

sized that VKCmeasures reflecting lower task accomplishment, slower

completion time, more screen interactions, and greater proportion of

time spent off screen would be associated with greater WMH vol-

ume. Exploratory analyses examined relations between the VKC and

self-reportedmeasures of function.

2 METHODS

2.1 Study sample

Participants aged 60+ were recruited from a parent study (NINDCD

R0101694) in Philadelphia andwere classified as having healthy cogni-

tion (HC) or mild cognitive impairment (MCI) according to established

criteria.28 Participantswere recruited fromadvertisements in the com-

munity and university-affiliated neurology clinics. Exclusion criteria

were non-English speaker, current/past neurological disorder or major

medical illness (e.g., dementia, traumatic brain injury, etc.), and severe

sensory/motor deficits that preclude interaction with a touchscreen.

2.2 Procedures

All procedures were approved by the Temple University Institutional

Review Board. Participants completed the study in two sessions. Ses-

sion 1 lasted approximately 3 hours and included informed consent,

screening/demographics interview, VKC, cognitive tests, question-

naires, and blood pressure readings. Participants were encouraged to

take breaks between measures. A brain MRI, lasting approximately 1

hour, occurred during a second session within 6 months of the first

session.

2.3 Virtual Kitchen Challenge

Details regarding theVKC tasks, administration, and scoring have been

published previously.3 In brief, the VKC includes two tasks (breakfast,

lunch) of comparable complexity and difficulty modeled after those

used in the NAT.11,13 The VKC is administered using a non-immersive

virtual reality interface developed after the Virtual Kitchen.14 A Dell

XPS 15 (9575) with a 13.5-inch PixelSense touchscreen display (3000

× 2000 resolution) was used. Participants were instructed to use their

dominant hand’s index finger tomanipulate VKC objects.

2.3.1 VKC movement training

All participants underwent a 5- to 10-minute training of the basic

movements required to complete the VKC (e.g., pouring, stirring,

spreading butter, etc.). Basic movement training was not scored.16

2.3.2 VKC task training

After basic training, participants completed the breakfast and lunch

task (order counterbalanced across participants). The training trial

included detailed instructions (i.e., “Pack a lunch box for someone who

wants a peanut butter and jelly sandwich, cookies, and a drink”). Par-

ticipants were told to verbalize their actions so that errors could be

corrected by the examiner immediately. Participants were allowed to

ask questions and there was a back-and-forth dialogue about the tasks

during the training trials.

2.3.3 VKC test trials

The test trial for each task (breakfast/lunch) was administered imme-

diately after the practice trial. Test trials were completed in silence and

without feedback. Participants were instructed to complete the test

as quickly as possible, using clear movements, and without errors. All

participants completed the breakfast and lunch training and test trials.

2.3.4 VKC-automated coding

Five automated measures were obtained from the VKC system (see

Table 1) separately for training and test trials. We also computed an

overall VKC composite score for exploratory analyses (see Supplemen-

tal Materials).

2.4 Self-reported everyday function

The Functional ActivitiesQuestionnaire (FAQ29) includes 10 items (i.e.,

daily activities) that are rated according to performance over the past

4 weeks using a scale from 0 to 3 (e.g., dependent = 3; normal = 0).

All items are summed with higher scores reflecting worse functioning

(max= 30).

The Measurement of Everyday Cognition (E-Cog)8 requires partic-

ipants to rate their current level of functioning compared to 10 years

ago on a 4-point scale (e.g., 1 = better or no change; 4 = consistently

much worse). E-Cog scores for memory and executive function items

were computed separately by summing item scores and dividing by the

number of items completed (range 1–4). Higher scores reflect greater

decline.

2.5 MRI acquisition and processing

A Siemens 3T TrimTrio fitted with a 64-channel head coil was used for

the T1- and T2-weighted fluid-attenuated inversion recovery (FLAIR)

images. A high-resolution T1 magnetization-prepared rapid gradient

echo (MPRAGE) sequence consisting of 176 contiguous sagittal slices

(voxel size: 0.9 mm isotropic, repetition time [TR] = 1900 ms, echo

time [TE] = 2.32 ms, 900 ms inversion time, 90 flip angle, pixel

matrix = 256 × 256) and T2-weighted FLAIR sequence (TR = 4.2 ms,
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TABLE 1 Virtual Kitchen Challenge (VKC) efficiencymeasures and associated descriptions.

VKC efficiencymeasure Description

Accomplishment Total steps completed during the breakfast (16max) and lunch (16max) tasks were summed (max= 32). Higher

scores reflect greater accomplishment.

Total screen interactions The number of instances the participant made contact with the computer screen during completion of the breakfast

and lunch tasks was summed.3 Fewer screen interactions reflect more precise and efficient movements. The

minimum screen interactions are 12 for the lunch task and 18 for breakfast. More screen interactions reflect extra

actions and imprecision whenmoving objects.

Distractor interactions The number of times a distractor object was touched and/ormovedwas summed to reflect inefficient and off-task

actions.

Completion time Recording begins when the participant touches the screen after instructions and ends when the participant presses

the quit button on the screen. Longer completion times reflect less efficient task performance.

Proportion of time off screen Time spent interactingwith the touch screen during the VKCwas computed and subtracted from the completion time

to obtain the amount of time participants spent without interacting with the screen. The time off screenwas

divided by completion time to control for differences in total time. Longer off-screen times could be due tomultiple

factors, including slower planning, difficulties locating target objects, difficulty resolving competition for object

selection, and reachmicro-errors.

TE= 0.039ms, flip angle= 149 degrees, matrix size= 512 × 512, slice

thickness= 2mmwith 2mm gap) were obtained.

ToquantifyWMH, a cluster-based segmentation toolbox used the k-

nearest neighbor (k-NN) algorithm with T1 and FLAIR images.30 First,

candidate clusters were segmented from FLAIR images with FMRIB’s

Automated Segmentation Tool (FAST) using default settings.31 Co-

registration with T1 scans enabled identification of the clusters’

anatomical location (i.e., clusters inWMwere extracted), intensity fea-

tures (i.e.,WMHarehyperintense inFLAIR, hypointense inT1), and size

(i.e., log-transformed number of voxels; WMH size is highly variable).

A supervised machine learning algorithm determined WMH versus

non-WMH classification based on anatomical location, intensity, and

cluster size. The average WMH of right and left hemispheres, nor-

malized for intracranial volume, were used for analyses. WMH were

quantified inmm3 for three regions: deepWMH (DWMH), periventric-

ularWMH (PVWMH), and whole brainWMH. All WMH volumes were

log transformed due to positive skewness.

2.6 Cognitive testing

All participants completed the Mini-Mental State Examination

(MMSE)32 to screen for dementia, an estimate of premorbid IQ (Hop-

kins Reading Test33), andwidely used cognitive tests (see Table 2). Raw

cognitive scores were standardized using t scores based on normative

data from the Calibrated Neuropsychological Normative System,34

adjusting for sex, age, education, and estimated IQ. A cognitive com-

posite score was computed by averaging all demographically adjusted

t scores.

2.7 Cognitive status

Demographically adjusted cognitive t scores were used to classify

participants as having healthy cognition or MCI according to actuar-

ial (Jak–Bondi) neuropsychological criteria.28,41 MCI criteria require

TABLE 2 Neuropsychological measures and domains assessed.

Cognitive domain Neuropsychological measures

Attention Trail Making Test Part A35

Digit Span Forward36

Executive function Trail Making Test Part B35

Digit span backward36

Language Letter Fluency (S and P) and Category Fluency

(Animals)34

BostonNaming Test 30-item version37

Processing speed Salthouse Letter Comparison and Pattern

Comparison38

Episodic memory Hopkins Verbal Learning Test-Immediate,

Delayed Recall, and Recognition trials39

Brief VisualMemory Test-Revised-Immediate,

Delayed Recall, and Recognition trials40

scores > 1 standard deviation (SD) below the age-/education-/sex-

adjusted mean on two tests within the same cognitive domain or on at

least onemeasure across all five domains listed in Table 2.

2.8 Estimates of vascular risk

To characterize the sample’s vascular risk, the Framingham Stroke Risk

Profile score was computed for all participants based on self-report;

a higher score indicates increased risk of stroke within 10 years.42

Systolic and diastolic blood pressure (mmHg) were measured to cap-

ture pulse pressure (i.e., systolic – diastolic pressure). Elevated pulse

pressure suggests increased vascular risk.43

2.9 Analyses

Paired sample t tests assessed differences between VKC training and

test conditions. Partial correlation coefficients, controlling for age,
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examined relations between WMH and measures of everyday func-

tion (VKC, self-reports). Parametric and non-parametric sensitivity

analyses were performed and results were consistent across both

approaches; thus, only parametric results are reported.

3 RESULTS

3.1 Participant characteristics

Twenty older adults ranging in age from 60 to 85 participated in the

study. On average, participants were college educated with estimated

IQscores in thehigh average range (seeTable3).MMSEscores and self-

reports of functioning were well within the normal range. The sample

includedmenandwomenwho reported eitherWhite orBlack race, and

six participants who met Jak–Bondi criteria for MCI. On average, the

sample showed relatively low vascular risk.44

3.2 VKC practice effects

As shown in Table 3, the accomplishment score was at ceiling and the

distractor interaction score was at floor for both VKC test and VKC

training. Therefore, accomplishment and distractor interactions were

not included in statistical analyses. Paired sampled t tests comparing

performanceon theVKCtraining andVKCtest trials revealedno signif-

icant difference in in total screen interactions (t(19)= 0.515, P=0.613,

d = 0.115). By contrast, completion time (t(19) = 7.123, P < 0.001,

d = 1.59) and proportion of time off screen (t(19) = −3.99, P < 0.001,

d = -0.89) were significantly lower (i.e., better) on the VKC test tri-

als. Figures showing training versus test scores for each participant are

included in Supplemental Materials.

3.3 Associations among measures of everyday
function

After controlling for age, noneof theVKC test scoreswere significantly

associated with self-reported measures of everyday function (FAQ, E-

Cog; rs < 0.2). Correlation coefficients are included in Supplementary

Materials.

3.4 Associations between WMH and measures of
everyday function

As shown in Table 4, after controlling for age, VKC completion time

and proportion of time off screen were significantly correlated with

whole brain WMH, PVWMH, and DWMH, such that slower com-

pletion times and more inefficient performance was associated with

greater WMH volume. VKC total screen interactions and self-report

measures (E-Cog, FAQ) were not significantly associated with WMH

measures.

TABLE 3 Demographics and characteristics of the sample.

Entire sample (N= 20)

M (SD) or % (n)

Age, years 70.15 (6.38)

Education, years 16.68 (2.51)

Sex (% female, n) 40%, 8

Race (%, n)

White 65%, 13

Black 35%, 7

MCI (%, n) 30%, 6

Estimated IQ 113.35 (9.69)

FAQ 1.40 (2.01)

E-Cogmemory 1.78 (0.80)

E-Cog executive function 1.47 (0.73

Mini-Mental State Examination

(MMSE) raw score

28.75. (2.20)

Cognitive composite 50.66 (5.33)

FSRP stroke risk percent 13.8 (9.30)

Pulse pressure, mmHg 53.02 (19.42)

Virtual Kitchen Challenge (VKC)measures

VKC training

Accomplishment steps

completed

31.00 (1.89)

Total screen interactions 60.80 (15.61)

Total distractor interactions 0.05 (0.22)

Total completion time 230.97 (62.87)

Proportion of time off screen 0.63 (0.10)

VKC test

Accomplishment steps

completed

31.15 (1.26)

Total screen interactions 59.00 (14.39)

Total distractor interactions 0.20 (0.52)

Total completion time 158.77 (43.36)

Proportion of time off screen 0.56 (0.10)

Imagingmeasures

Whole brainWMHvolume (in

mm3)

2320.82 (3096.78)

DeepWMHvolume (in mm3) 329.40 (417.15)

PeriventricularWMHvolume (in

mm3)

1973.36 (2735.20)

Abbreviations: E-Cog, Measurement of Everyday Cognition; FAQ, Func-

tional Assessment Questionnaire; FSRP, Framingham Stroke Risk Profile;

MCI, mild cognitive impairment; SD, standard deviation; WMH, white

matter hyperintensities;

Note: Cognitive Composite= average of t scores from all cognitive tests.
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TABLE 4 Partial correlation coefficients betweenmeasures of everyday function and cognition andWMH controlling for age.

Whitematter hyperintensities

Whole brain Periventricular Deep

r
(P value)

r
(P value)

r
(P value)

Virtual Kitchen Challenge

test trials

Total completion time 0.575* (0.012) 0.557*

(0.016)

0.505*

(0.033)

Proportion of time off screen 0.612*

(0.007)

0.596*

(0.009)

0.533*

(0.023)

Total screen interactions 0.205

(0.415)

0.167

(0.509)

0.328

(0.184)

Self-report questionnaires FAQ 0.161

(0.523)

0.170

(0.499)

0.106

(0.677)

E-Cogmemory 0.087

(0.731)

0.120

(0.634)

–0.185

(0.462)

E-Cog executive function 0.011

(0.967)

0.044

(0.862)

–0.319

(0.196)

*P< 0.05.

Abbreviations: E-Cog,Measurement of Everyday Cognition; FAQ, Functional Assessment Questionnaire;WMH, white matter hyperintensities.

TABLE 5 Partial correlation coefficients between functional
measures and cognitive composite score controlling for age.

Cognitive

composite score

r
(P value)

Virtual Kitchen

Challenge test trials

Total completion

time

–0.185

(0.449)

Proportion of time

off screen

–0.008

(0.974)

Total screen

interactions

–0.238

(0.327)

Self-report

questionnaires

FAQ –0.536*

(0.018)

E-Cogmemory –0.226

(0.352)

E-Cog executive

function

–0.279

(0.248)

*P< 0.05.

Abbreviations: E-Cog, Measurement of Everyday Cognition; FAQ, Func-

tional Assessment Questionnaire.

3.5 Associations between measures of everyday
function and cognitive tests

All correlation coefficients were in the expected direction, such that

worse everyday function on all measures was associated with a lower

cognitive composite score (Table 5). However, only the correlation

between the FAQ and the cognitive composite score was statistically

significant.

4 DISCUSSION

This study investigated the validity of the VKC as a sensitive mea-

sure of subtle changes and cerebrovascular pathology in older adults.

VKC performance scores were compared across two conditions (train-

ing vs. test) and examined in relation to biomarkers of cerebrovascular

disease (i.e., WMH). The VKC showed significant improvement in effi-

ciency scores after practice, such that older adults completed the VKC

more quickly (shorter completion time) and with less deliberation and

effort (lower proportion of time off screen). Completion time and pro-

portion of time off screen also were strongly positively related to

WMHs. Other VKC measures, namely, number of screen interactions

and accomplishment steps, did not differ significantly from training to

test conditions and were not strongly related to WMHs. Thus, VKC

measures of completion timeand theproportionof timeoff screenhold

most promise as objective, performance-based measures of everyday

function that may be sensitive to change and reflect cerebropathology

in older adults with verymild functional difficulties.

Performance on VKC measures of completion time and propor-

tion of time spent off screen significantly improved from training to

test conditions while accomplishment steps and number of screen

interactions showed only minimal improvement in our sample. The

accomplishment score was affected by ceiling effects, as even partici-

pants with MCI completed all the task steps during the practice trials,

a finding that has been demonstrated on conventional performance-

based tasks that use real objects.45 Thus, the VKC task accomplish-

ment score may be more useful when evaluating participants with

greater functional difficulties (e.g., dementia). By contrast, the number

of screen interactions required to complete the VKC was not affected

by ceiling effects. On average participants required approximately 60

interactions to complete the VKC, whereas the VKC may be com-

pleted in as few as 30 screen interactions by experts. Younger adults
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(M age = 20) have been shown to complete the VKC in an average of

45 (SD = 14) interactions.16 It is possible that the number of times

older participants interact with the screen to complete the VKC may

reflect a variety of non-cognitive factors, including computer touch-

screen skills/experience, peripheral motor abilities (e.g., arthritis), or

idiosyncrasies related to personal preferences or personality traits. For

example, participants may have differed regarding their interactions

in completing specific task steps depending on personal preference,

such as spreading the peanut butter. Although they were instructed

to perform the task precisely, efficiently, and quickly, participants also

differed in performing clean-up actions, like replacing lids on jars, etc.

Morework is needed tounderstand screen interactions, but our results

suggest that completion time and proportion of time off screen were

sensitive to change and hold promise for future longitudinal studies

and clinical trials.

VKCmeasures of completion time and proportion of time off screen

also were significantly associated with PVWMH, DWMH, and total

WMHs, highlighting the potential of the VKC as an objective test of

mild functional difficulties that may be used to identify people at risk

for future cognitive decline in a variety of clinical and research settings.

There were no meaningful differences between PVWMH and DWMH

in relation to the VKC. Past studies have suggested that PVWMHmay

bemore strongly associatedwith cognitionanddementia risk, but stud-

ies of everyday functionhavedemonstratedbothPVWMHandDWMH

are each associated with different aspects of function in people with

dementia (e.g., informant reports vs. specific errors on performance-

based tests).27 Morework is needed tomap regionalWMHs to specific

functional outcomeswith special attention to the potentialmoderating

role of age and cognitive status.

The VKC measures were developed to reflect the cognitive pro-

cessing demands of everyday tasks, including the rapid and controlled

activationof task goals,whichmaybedisruptedbyWMdisease. Impor-

tantly, unlike other performance-based measures, the VKC obtains

measures of task efficiency immediately in an automated fashion with-

out the need for video recording and/or human coding. Although the

VKC is more time consuming than questionnaires, questionnaire mea-

sures of function were not associated with WMH in our sample. In

mild stages of impairment, questionnaire measures may be too blunt

to identify slowed and inefficient everyday task processing abilities

that are not yet at the level of severity to preclude completion of

everyday tasks, limit independent function, or raise concern regarding

decline.

Although relations between the VKC and standard questionnaires

of everyday function and tests of cognition were not the focus of this

study, it is worth noting that VKC measures were not correlated with

the cognitive composite or questionnaires of everyday functioning. The

cognitive composite score may not have been sensitive enough to cap-

ture mild cognitive difficulties in our sample of older adults, as the

mean cognitive composite score demonstrated that our sample was

relatively healthy and unimpaired. Our findings contrast with an ear-

lier study of the VKC that showed strong and significant relations (r

values between 0.35 and 0.71) between cognitive test scores (memory

and executive function) andVKCmeasures (e.g., completion time, num-

ber of screen interactions, proportion of time off screen) in a sample

that included both younger and older adults.16 It is possible that within

a sample of only older adults, the range of cognitive test scoreswas too

restricted to identify relations between cognitive tests and VKC mea-

sures.Wedonot thinkouruseof a global cognitive composite obscured

relations with specific cognitive abilities, because correlation coeffi-

cients for individual test scores (see supporting information) also were

non-significant. Given the discrepancies between the VKC and cog-

nitive measures, longitudinal studies are needed to determine which

measures (VKC vs. traditional cognitive tests) are best for detecting

early cognitive/functional difficulties that predict future decline.

Questionnaires, such as the FAQ and E-Cog, may not be as sensitive

for capturing mild cognitive difficulties in completing everyday tasks.

Past studies report that performance-based measures and self-report

measures of everyday functioning are onlyweakly related.46 Question-

naires ask about functioning in one’s natural environment, where task

demands may vary widely across people. Task demands are known to

impact performance and cognitive complaints. For example, younger

adults report more memory complaints than older adults, despite hun-

dreds of experimentswith objective tests demonstrating age effects on

memory performance.47 This age paradox may be explained by differ-

ent taskdemandsacross the lifespan, varying levels of business, and the

use of compensatory strategies.47 Thus, objective performance mea-

sures and questionnaires likely capture different aspects of everyday

function. Performance-based measures, such as the VKC, assess the

cognitive processes that are important for performing everyday tasks

in a standardized manner that enables objective comparisons across

participants and over time.

The sample size, though racially diverse, was small, reducing statis-

tical power to detect small to medium effects. Replicationwith a larger

sample is needed. Furthermore, participants were characterized as

“mild cognitive impairment” basedononly cognitive test scores andnot

a comprehensive clinical assessment, which is a limitation. Longitudinal

study is needed to determine predictive validity of the VKC measures

for identifying meaningful cognitive and functional decline, includ-

ing conversion to MCI or dementia. WMH volume has been linked

to executive dysfunction and processing/motor speed, which could

explain the specific relations with VKC measures. VKC completion

time may measure processing speed, motor speed, or a combination

(e.g., psychomotor speed). Althoughparticipantswithmotor difficulties

were not recruited and the VKC was designed to evaluate the cog-

nitive aspects of everyday function, future work must disambiguate

the effects of motor ability level on the VKC measures and evaluate

the implications of the different motor demands of the VKC versus

real, everyday activities. Despite the study limitations, the results sup-

port the validity of the VKC, particularly measures of completion time

and proportion of time off screen, as sensitive to subtle changes in

functional abilities and to mild functional difficulties associated with

cerebrovascular disease in older adults without dementia. Thus, the

VKC holds promise as an efficient measure of everyday function in a

variety of settings.
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