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Abstract

Background Mobile device-based cognitive screening has the potential to overcome the limitations in diagnostic
precision and efficiency that characterize conventional pen and paper cognitive screening. Several mobile device-
based cognitive testing platforms have demonstrated usability, but the usability of take-home mobile device-based
cognitive screening in typical adult primary care patients requires further investigation.

Methods This study set out to test the usability of a prototype mobile device-based cognitive screening test in older
adult primary care patients across a range of cognitive performance. Participants completed the St. Louis University
Mental Status Examination (SLUMS) and then used a study-supplied mobile device application at home for 5 days.
The application presented 7 modules lasting approximately 15 min. Participants completed the System Usability Scale
(SUS) after using the application.

Results A total of 51 individuals participated, with a median (IQR) age of 81 (74-85) years. Cognitive impairment
(SLUMS score < 27) was present in 30 (59%) of participants. The mean (95% Confidence Interval [CI]) SUS score was 76
(71-81), which indicates good usability. Usability scores were similar across ranges of cognitive impairment. A Lower
SLUMS score predicted early withdrawal from the study with an area under the receiver operating characteristic curve
(95% Cl) of 0.78 (0.58-0.97).

Conclusion Take-home mobile device-based cognitive testing is a usable strategy for many older adult primary care
patients. Depending on patient preferences and abilities, it could be part of a flexible cognitive testing and follow-up
strategy that includes mobile device-based testing in healthcare settings and pen-and-paper cognitive testing.
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Background

Conventional cognitive screening methods have exhib-
ited limitations in effectively capturing the intricacies of
cognitive functioning among older adults. These meth-
ods often rely on in-person, pen-and-paper assessments,
which can strain the already limited time available to
healthcare providers in primary care settings and require
a face-to-face visit [1]. Furthermore, these traditional
methods may not fully capture the nuances of cognitive
decline, especially in its early stages, potentially lead-
ing to missed opportunities for early intervention [2].
These screenings are often conducted in controlled clini-
cal environments, which might not accurately reflect
real-world cognitive performance in individuals’ day-to-
day lives [1]. Such limitations can hinder the accurate
detection and tracking of cognitive impairment, thereby
underscoring the need for innovative approaches that
harness the capabilities of modern technology to provide
more nuanced and accessible assessments.

Screening for cognitive change sooner may lead to
eligibility for new drugs, participation in clinical trials,
deployment of meaningful interventions, and overall
better health care outcomes. Early detection of major
neurocognitive disorders enables more timely deploy-
ment of pharmacologic and non-pharmacologic inter-
ventions to help both persons living with dementia
(PLWD) and their professional or family caregivers.
Cognitive screening tools must also become more inclu-
sive for demographically diverse individuals. A body of
prior work has documented limitations of screenings
that are not sensitive to varying socioeconomic, cultural,
racial, or other differences [3-9].

Although investigators have increasingly used mobile
devices for cognitive testing in older adults, we lack evi-
dence on at-home tablet-based cognitive testing in older
adults requiring active participation [10]. A limited num-
ber of studies have demonstrated that various digital
cognitive tests perform well in detecting dementia and
mild cognitive impairment (MCI) [1]. Although a study
of tablet-based cognitive assessments found high usabil-
ity ratings in older adults in a controlled setting, we need
further study about the usability of such testing in a take-
home format [11]. A study of a self-downloaded cognitive
test demonstrated feasibility in users of an online citizen
science platform, but we need to test the generalizability
of this finding to typical adult primary care populations
[12]. Consumers with mobile devices can now obtain
numerous applications designed to screen for dementia,
and the products vary widely in their similarity to estab-
lished cognitive screening instruments and the evidence
for their usability and the validity of their results [13].
In order to reach users who are less comfortable with
mobile devices, we need to understand how take-home
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mobile device cognitive testing will function in an older
adult primary care population. We present the LifeBio
Brain Phase 1 study. This study aimed to assess the usa-
bility of a take-home mobile tablet-based cognitive test in
older adults with and without cognitive impairment who
visit a geriatric primary care practice. We hypothesized
that geriatric primary care clinic patients would find a
prototype mobile cognitive testing application usable, as
defined by a mean system usability score of 75 or greater.

Methods

Study design and participants

The purpose of LifeBio Brain Phase 1 was to prospec-
tively assess the usability of a prototype mobile cognitive
testing application. We recruited volunteers from an aca-
demically-affiliated Geriatric Medicine practice focusing
on primary care for older adults. Advarra provided Insti-
tutional Review Board (IRB) approval and oversight of all
study materials and procedures through a reliance agree-
ment with the Rhode Island Hospital IRB. The Advarra
IRB approved the study on August 24, 2022, protocol
number Pro00062144.

Inclusion and exclusion criteria

This study included patients of the Geriatric Medicine
practice whose most recent St. Louis University Mental
Status Exam (SLUMS), Montreal Cognitive Assessment,
or Mini Mental Status Examination Score was greater
than 15 to sample individuals who would be likely to
engage with self-administered mobile device-based test-
ing in this study and in actual clinical practice. Addi-
tionally, we required that potential participants’ motor,
hearing, and vision abilities enabled using a mobile tablet
device and that they had reliable home Wi-Fi service.

Procedures

We recruited patients from November 2, 2022, to Febru-
ary 13, 2023. The principal investigator pre-screened all
participants for study eligibility and impaired capacity
for informed consent via medical record review under
an IRB-approved HIPAA waiver. The principal investi-
gator then notified healthcare providers (physicians and
nurse practitioners) of all potentially eligible patients
scheduled for visits and screened again for capacity via
direct communication with the referring healthcare pro-
viders. Referring healthcare providers had knowledge of
the study objectives, inclusion, and exclusion criteria but
did not formally screen patients for eligibility. Referred
potential subjects and, when applicable, legally author-
ized representatives, met in person with a study team
member for a concise overview of the study. The over-
view included a brief introduction to the mobile tablet
device and instructions for opening the cognitive testing
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application. We required informed consent from a legally
authorized representative for all subjects with impaired
capacity for informed consent. We also required signed
confirmation of assent from subjects with impaired
capacity for informed consent.

Subjects were advised of their right to disenroll from
the study at any time, for any reason, without any reper-
cussions to their current or future medical care, and with
pro-ration of the study financial incentive if they com-
pleted some but not all of the protocol. The study team
then collected demographic information and adminis-
tered the SLUMS. The SLUMS efficiently delivers a reli-
able measure of cognitive function with a single-factor
structure and good discriminability and compares favora-
bly to other brief performance-based cognitive screeners
[14-16]. The study team then provided the study device,
including a stylus and a detailed tutorial on using the
device, connecting to Wi-Fi, and using the study applica-
tion (See Supplemental file).

When an engaged care partner, such as a spouse or
adult child, was present for the initial study visit, the
study team encouraged the care partner to assist the
participant in turning on the device and accessing the
application but not completing the tests. A study team
member was available throughout the study to answer
questions about the device and the protocol. Participants
were instructed to engage with the mobile cognitive
testing application twice daily for 5 days—once during
the morning and once in the evening. After this period,
a study team member collected the study device and
administered the System Usability Scale (SUS). Subjects
who completed the protocol received a financial incen-
tive for participation at the end of the protocol.

Mobile application

This study tested the usability of a prototype cognitive
testing mobile application. The application displayed 7
distinct modules in random order. See Supplemental
file for images of the mobile application. The modules
were designed to last about 15 min in total. The modules
included adaptations of valid cognitive tests such as Trail
Making A the Clock Drawing Test, verbal fluency, and
digit-span, and game-like experiences designed to elicit
eye movement and spontaneous speech that will be used
to measure digital biomarkers in future iterations of Life-
Bio Brain:

1. In “Touch the Dot, the mobile device displayed a dot
moving between random positions on the screen and
instructed participants to ‘touch the dot!

2. In “What is This?, the mobile device displayed a series
of images and instructed participants to describe
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what they see on the screen aloud. The app randomly
selected 10 images to display from a set of 60.

3. ‘Connect the Circles, displayed an adaptation of Trail
Making Test A, in which the application instructs
participants to touch circles sequentially in numeric
order and responds by displaying a trail of line seg-
ments [17].

4. In “Animal Names,” a verbal fluency test, the mobile
device displayed a timer and instructed participants
to name as many animals as possible.

5. “Draw a Clock,” a digital adaptation of the Clock
Drawing Test [18], instructed participants to draw
an analog clock on the touchscreen using a stylus or
include all the numbers and draw the hands of the
clock so that the time reads “10 min to 11 o’clock”

6. In “Remember Number,” the device screen displayed
a 4-digit number and instructed the participant to
remember it. Subsequent screens instructed the par-
ticipant to say the number out loud in forward and
reverse order.

7. In ‘Describe the Picture, the mobile device displayed
a stylized photograph of a meal and instructed the
participant to describe what they saw, and then
displayed a landscape photograph and instructed
the participant to talk about some places they had
traveled.

Outcomes

The primary outcome was the usability of the mobile
cognitive testing application, as measured by the SUS. A
research assistant administered the SUS to each partici-
pant at the time of device return [19, 20]. The rationale
for in-person survey administration was to increase the
response rate and to avoid non-response bias if partici-
pants who did not find the device usable would be less
likely to complete a device-based SUS. The SUS measures
participants’ subjective experience with a digital system
or product using 10 Likert items [21]. The instrument
alternates between negatively-framed questions and pos-
itively-framed questions. The scoring of the SUS is on a
scale of 0 to 100 [20]. We derived SUS scores from par-
ticipant responses using methods previously described:
we subtracted 1 from the Likert Scale value for questions
1,3,5,7 and 9 and subtracted the Likert Scale value from 5
for questions 2,4,6,8 and 10. We multiplied the resulting
sum by 2.5 to obtain the total SUS score [20].

Sample size

With 42 participants completing the study, we estimated
80% power to detect an 8-point difference in the SUS
with an alpha level of 0.05 in a 2-tailed t-test, assuming a
standard deviation of 18 points on the SUS [19].
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Table 1 Participant characteristics

Characteristic N=51
Age, Median (IQR) 81 (74-85)
65-74, No. (%) 13 (25)
75-84, No. (%) 25 (49)
85-95, No. (%) 13 (25)
Race: White, No. (%) 51 (100)
Not Hispanic/Latino, No. (%) 51 (100)
Female, No. (%) 30 (59)
SLUMS Score, Median (IQR) 25(21-28)
27-30, No. (%) 20 (39)
21-26, No. (%) 20 (39)
8-20, No. (%) 10 (20)
Missing, No. (%) 102

Table 2 System Usability Scale (SUS) rating by St. Louis
University Mental Status Examination (SLUMS) score category

SUS, Mean (95%Cl)

Overall (n=42) 76 (71-81)
SLUMS 27-30 (n=19) 77 (70-84)
SLUMS 21-26 (n=17) 73 (63-83)
SLUMS 8-20 (n=6) 79 (61-97)

Statistical analysis

The primary outcome, the mean SUS score with 95%
confidence intervals, was computed using standard
methods for normally distributed data. We used Receiver
Operating Characteristic (ROC) analysis to explore the
relationship between SLUMS and study completion.
For this analysis, we defined study completion as use of
the study device for 5 days, completion of the SUS, and
return of the device. The ROC analysis used nonpara-
metric methods and estimated standard error using the
method reported by DeLong [22]. All statistical analyses
were performed using Stata SE 17.0 (StataCorp, College
Station, Texas, USA).

Results
Of the 51 participants who provided informed con-
sent, the median age was 81, with an intraquartile range
(IQR) of 74 to 85. In 51 (100%) of participants, self-
reported race and ethnicity were White and not His-
panic or Latino. The self-reported gender was female in
30 (59%) participants. The Median (IQR) SLUMS was 25
[21-28] [23]. Table 1 summarizes the characteristics of
participants.

Of the 51 individuals who consented to participate, 9
(18%) voluntarily discontinued before completing the
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study. One of these participants stopped participation
before completing the SLUMS.

The mean (95% confidence interval) System Usability
Scale (SUS) rating was 76 (71-81) overall. The mean SUS
ratings were similar across the SLUMS score categories
(Table 2). We interpreted the SUS according to the adjec-
tive ratings framework reported by Bangor et al., where a
score of 52 maps to ‘OK’ usability, 73 to ‘good’ usability,
85 to ‘excellent’ usability, and 100 maps to ‘best imagina-
ble’ usability (19). Accordingly, we estimate that LifeBio
Brain had good usability, but the confidence interval
included OK usability. The Pearson correlation coef-
ficient for SUS and SLUMS was -0.03, consistent with
weak or no correlation.

In the exploratory analysis of the relationship between
study completion and SLUMS score category, the Pear-
son chi-square test was 6.10 with a P-value of 0.047. The
median (IQR) SLUMS score was 26 [23—-28] in participants
who withdrew before study completion and 20 [13-24] in
participants who completed the study. In the ROC analy-
sis of the SLUMS score as a predictor of study completion,
the ROC area under the curve (AUC) was 0.78, with a 95%
confidence interval from 0.58-0.97 (Fig. 1). A SLUMS
score cutpoint of >15 correctly predicted study comple-
tion in the most (88%) participants, with a sensitivity of
98% and specificity of 38%.

Discussion

The objective of this study was to measure the usability
of take-home mobile device-based cognitive testing in
older adult primary care patients. Participants who com-
pleted the study protocol found the prototype to have
good usability overall, and the mean SUS rating was simi-
lar across categories of SLUMS score. SLUMS score pre-
dicted study completion better than chance, but the ROC
AUC was below the conventional lower limit of 0.8 for
the ‘moderate’ range [24]. Our study demonstrates that,
on average, patients in our geriatric primary care practice
found mobile tablet-based take-home cognitive testing
usable, but our confidence interval included ‘OK’ usabil-
ity. We also found that participants with lower SLUMS
scores tended to discontinue participation early, suggest-
ing that participants with moderate to severe cognitive
impairment did not find the testing platform usable.

In the context of prior research demonstrating that
mobile device-based cognitive testing can have acceptable
diagnostic performance, our study establishes that a geriat-
ric primary care population considers this testing modality
usable. Furthermore, our study demonstrates the usability
of cognitive testing on a take-home device in a geriatric
primary care setting. Cognitive testing using take-home
mobile devices offers an appealing alternative to in-office
pen-and-paper cognitive screenings, which strain limited
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Fig. 1 Receiver Operating Characteristic (ROC) curve of St. Louis University Mental Status Examination (SLUMS) score as a predictor of withdrawal

from the study before completion. The area under the ROC curve was 0.78

provider time in primary care settings [2, 25]. Our findings
align with other recent studies demonstrating the feasibil-
ity and acceptability of self-administered mobile device-
based cognitive tests [26—28]. Our study also aligns with
prior studies finding that cognitive testing is feasible with
various digital platforms, including computer, web-based,
and virtual-reality-based platforms [29]. Some distinguish-
ing features of our study include the use of a take-home
device rather than a patient’s own device, our inclusion
of cognitively impaired volunteers, and the geriatric pri-
mary care setting. Take-home mobile device-based testing
will enable longitudinal assessments, which could address
limitations in the diagnostic specificity of tests such as the
Montreal Cognitive Assessment [30]. Take-home mobile
device-based testing will also enable the incorporation
of digital biomarkers such as speech and eye movement
parameters into testing protocols, whereby mobile device-
based testing could eventually surpass the diagnostic per-
formance of traditional testing methods in diagnosing
Alzheimer’s Disease and related dementias [31].

This work helps establish a broad future role for mobile
device-based cognitive testing. Users could interact with
such testing platforms in traditional healthcare settings
for a one-time screening or infrequent monitoring and at-
home for screening and more frequent monitoring than
what is possible with conventional pen and paper-based
tests. Beyond easing the time/burden of administering
every test and making these tests more enjoyable and
gamified for patients, the future development of mobile
device-based cognitive testing could exceed the sensitiv-
ity and specificity of pen and paper tests in that they will

measure: 1) Attention (e.g., auditory, sustained vigilance,
working memory); 2) Processing speed; 3) Language (e.g.,
generativity, fluency, object naming); 4) Learning and
memory (e.g., free recall and recognition); 5) Executive
functioning (e.g., mental flexibility, set-shifting, problem-
solving, abstract reasoning); and 6) Visual-perceptual
reasoning. Mobile device-based cognitive testing could
also offer clinicians highly interpretable computer-gener-
ated diagnostic reports and a testing experience far more
pleasant and game-like than conventional pen-and-paper
cognitive screening tools.

Limitations

This study tested the usability of a prototype; we have
yet to establish the psychometric validity of this particu-
lar set of test modules. Several features of our study may
limit the generalizability of our findings in important
ways. The present study acknowledges a limitation in the
sample demographics, characterized by a uniform rep-
resentation of individuals who self-identified as White
and non-Hispanic. This homogeneity in racial and ethnic
backgrounds may limit the findings’ generalizability to
a broader, more diverse population of older adults. The
study’s outcomes and conclusions may not fully account
for the variations in cognitive experiences and prefer-
ences among individuals from different racial, ethnic, and
cultural backgrounds. This study required usable home
Wi-Fi service and motor and sensory ability to use the
study device, so the results may not be generalizable to
older persons without high-speed internet access or eco-
nomically disadvantaged persons. We required a legally
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authorized representative for subjects with questionable
capacity for informed consent, so our results may not be
generalizable to unbefriended older adults with mild-to-
moderate cognitive impairment. Finally, self-selection
likely occurred at multiple stages of our recruitment, and
our sample should be assumed to represent older adults
who visit an academically affiliated geriatric primary care
practice and are comfortable volunteering for research
on cognitive testing, a possible source of healthy user
bias. A more diverse participant pool could offer valuable
insights into the usability and acceptance of the tablet-
based cognitive test across a broader spectrum of older
adults. While the findings shed light on the feasibility of
this specific demographic, future studies should include a
more heterogeneous sample to ensure the robustness and
applicability of the results across various populations.

In-person administration of the SUS could have
induced social desirability bias, where participants could
have scored usability more favorably than they would
have using a digital or pen-and-paper instrument. Future
studies should include objective usability outcomes such
as device-collected emotional response data. Our study
did not qualitatively explore the reasons for discontinu-
ation among participants with more severe cognitive
impairment. Qualitative inquiry into the discontinuation
of self-administered cognitive testing would be an impor-
tant direction for future research in this area.

Conclusion

Take-home mobile device-based cognitive testing is a
usable strategy in older adult primary care patients across
a range of cognitive function. However, more severe cog-
nitive impairment predicts unwillingness to engage with
this technology. Future studies must systematically enroll
economically disadvantaged persons, non-English speak-
ing persons, and persons from racial minorities to ensure
that results generalize to all potential users so the technol-
ogy can achieve optimal public health impact. Take-home
mobile device-based testing could be part of a flexible cog-
nitive testing and follow-up strategy that includes mobile
device-based testing in healthcare settings and pen-and-
paper cognitive testing, depending on individual patient
characteristics. Mobile device-based cognitive testing has
the potential to increase the flexibility and reach of cogni-
tive screening and follow-up for older adults at risk of or
diagnosed with Major Neurocognitive Disorder.

Abbreviations

SLUMS  St. Louis University Mental Status Examination
SUS System Usability Scale (SUS)

cl Confidence interval

IQR Interquartile range

PLWD Persons living with dementia

MClI Mild cognitive impairment
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