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Abstract
Early diagnosis of cognitive disorders in older adults is a major 
healthcare priority with benefits to patients, families, and 
health systems. Rapid advances in digital technology offer 
potential for developing innovative diagnostic pathways to 
support early diagnosis. Brief self-administered computerized 
cognitive tools in particular hold promise for clinical 
implementation by minimizing demands on staff time. In this 
study, we conducted a systematic review of self-administered 
computerized cognitive assessment measures designed for 
the detection of cognitive impairment in older adults. Studies 
were identified via a systematic search of published peer-
reviewed literature across major scientific databases. All studies 
reporting on psychometric validation of brief (≤30 minutes) 
self-administered computerized measures for detection of MCI 
and all-cause dementia in older adults were included. Seventeen 
studies reporting on 10 cognitive tools met inclusion criteria 
and were subjected to systematic review. There was substantial 
variability in characteristics of validation samples and reliability 
and validity estimates. Only 2 measures evaluated feasibility 
and usability in the intended clinical settings. Similar to past 
reviews, we found variability across measures with regard to 
psychometric rigor and potential for widescale applicability 
in clinical settings. Despite the promise that self-administered 
cognitive tests hold for clinical implementation, important gaps 
in scientific rigor in development, validation, and feasibility 
studies of these measures remain. Developments in technology 
and biomarker studies provide potential avenues for future 
directions on the use of digital technology in clinical care. 

Key words: Computerized cognitive assessment, early detection, mild 
cognitive impairment, dementia, psychometrics.

Introduction

Dementia remains a widely underdiagnosed 
condition, both in Western countries (1-5) and 
globally (6). In light of projected increases 

in prevalence and burden (7) of dementia, innovative 
solutions in diagnosis and clinical care of dementia 
will be critical to alleviate the impact of these changes 
on public healthcare systems. Most experts agree 

that underdiagnosed dementia is a major gap in care 
because early detection of cognitive decline in older 
adults with cognitive symptoms (i.e., patient’s concerns, 
informant concerns, etc.) is beneficial for both patients 
and their caregivers (8-11). Targeted evaluation of 
cognitive impairment can facilitate early detection of 
cognitive disorders, which in turn can promote patient 
safety and wellbeing through more informed medication 
management, implementation of comprehensive care 
plans, introduction of lifestyle modifications, improved 
management of symptoms, and the opportunity to 
participate in clinical trials (8-11). Additionally, earlier 
diagnosis of dementia may reduce healthcare costs by 
decreasing long-term care expenditures with projected 
economic benefits to the affected individuals and to the 
public health care systems (12-14).   

Primary care providers are in a position to first 
detect cognitive decline because of their established 
relationships with their patients. In the United States, 
cognitive impairment detection in primary care is 
supported by the Medicare Annual Wellness Visit and 
a new billing code for cognitive assessment and care 
planning (11). However, based on a survey of 1,000 PCPs 
and 1,954 older adults conducted by the Alzheimer’s 
Association, nearly all PCPs (94%) recognized that routine 
cognitive assessments were important but only 16% of 
the older adults said that they received routine cognitive 
assessments (7). Moreover, the survey found that when 
cognitive assessments are performed in primary care, 
paper and pencil assessments are almost always used 
(7). Thus, the most commonly used instruments for 
detection of cognitive impairment by the PCPs were 
the Mini Mental State Examination (MMSE; 80%), the 
Clock Drawing Test (64%), and the Mini-Cog (52%) (7). 
These conventional paper-based evaluation tools are 
accurate at detecting dementia but have poorer sensitivity 
to milder forms of cognitive impairment (15). An 
additional and important limitation of these conventional 
tools is that administration, scoring, interpretation, and 
documentation require substantial clinical staff time. 
Indeed, among the commonly reported reasons to not 
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conduct the screening were insufficient time during visits 
and lack of confidence in performing the evaluation (7, 
16).

Computerized tools present both exciting potential 
advantages and significant challenges for improving 
the detection of cognitive impairment. Older adults 
endorse both eagerness to use technology (17) and actual 
usage of technology in their daily lives (18), particularly 
touchscreen devices, which allow for direct interaction 
and have lower motor demands and relative ease of use 
(17, 19). Technology-based assessments offer enhanced 
precision of measurement and scoring, instant automated 
scoring and interpretation, standardized administration, 
enhanced stimulus presentation, availability of multiple 
alternate forms to minimize practice effects, and 
potential for adaptive capabilities and more sophisticated 
algorithms (20-23). Additionally, computerized tools have 
been discussed as being more cost-effective, particularly 
with respect to materials and supplies. 

Computerized measures also present with challenges 
related to examinee variables (familiarity with technology, 
attitude and anxiety towards technology) (24) and 
technological issues (variability in hardware and software 
characteristics, data and privacy issues, data charges and 
internet access) (20, 22, 23). Additionally, a number of past 
reviews highlighted the lack of adequately established 
psychometric standards, limited or unfamiliar response 
modality, and poorly designed user interface (22, 25). A 
number of studies also demonstrated that computerized 
measures failed to demonstrate equivalence between the 
examinee’s experience of computer versus traditional test 
administration (e.g., participants performed worse on 
electronic version of the Montreal Cognitive Assessment 
[MoCA] compared to paper MoCA) (26).

Although most brief cognitive assessments designed 
for primary care use are examiner-administered, self-
administered instruments have the potential to minimize 
costs and practice barriers related to training and 
staffing costs (15, 27), and to support social distancing 
requirements during the COVID-19 pandemic. Patients 
could complete a self-administered brief cognitive 
assessment at the clinic prior to or following a provider 
appointment, or at home on their own device. Additional 
benefits include minimization of examiner effects and 
greater accessibility of the tool for patients in remote 
locations (23). If the self-administered test is translated 
into different languages, accessibility may be increased 
for patients who do not speak English because interpreter 
may not be required. Finally, there is some evidence 
that absence of an examiner may reduce observer-
related stress and increase respondents’ openness during 
administration, although these findings were reported 
only in studies on unsupervised surveys (27). While 
self-administered assessments share the same challenges 
with examiner-administered computerized assessments, 
additional challenges include lack of monitoring to ensure 
response validity (compliance, effort, motivation), lack 

of support should the patient need help with a task or 
runs into technological issues, and loss of qualitative 
data available from a conventional in-person evaluation 
(25). Additionally, a bring-your-own-device paradigm 
may present additional challenges related to potential 
technological differences to ensure consistent stimuli 
presentation and reaction time measurement, such as 
screen size and resolution, operating system, central 
processing unit capacity, etc. (23).

In this study, we conducted a systematic review of 
studies on self-administered computerized assessments 
designed to detect mild cognitive impairment (MCI) 
and dementia in older adults, discuss benefits and 
weaknesses related to their use, and provide practical 
recommendations and considerations regarding 
implementation of these measures into clinical practice.

 
Method

Databases

A systematic search of published literature was 
conducted from February 1, 2020 to April 20, 2020. 
Databases searched included PubMed, EMBASE, 
Web of Science, and PsycINFO. Example search items 
used were “computerized” or “tablet,” and “cognitive 
assessment” or “cognitive screen,” and “older adult” or 
“geriatric,” and “dementia” or “cognitive impairment.” 
Specific search strings for each database are included 
in Supplementary Methods. Additional search filters 
included 1) original peer-reviewed articles (not book 
chapters, abstracts or conference papers, unpublished 
dissertations, or review studies), 2) studies published 
on or after January 1, 2000, and 3) studies published in 
English language. 

Inclusion and exclusion criteria

Inclusion criteria were: 1) studies including a control 
sample and a clinical (MCI or all-cause dementia 
diagnosed based on published consensus criteria; 28-34) 
sample of older adults (ages 50 years and above); 2) 
studies reporting on a brief (administration time of 30 
minutes or less) computerized cognitive assessment tool; 
and 3) studies reporting on psychometric characteristics 
of the measure, including reliability and validity indices. 

Exclusion criteria were: 1) studies reporting on the 
use of the cognitive assessment tool in individuals 
with medical conditions other than MCI or dementia 
(e.g., schizophrenia, multiple sclerosis, etc.); 2) studies 
reporting on computerized instruments that were not 
cognitive assessment tools (e.g., informant surveys, 
functional questionnaires, etc.); 3) studies reporting on 
computerized instruments that required a dedicated 
hardware platform for use (e.g., virtual reality sets, 
hardware kiosks, etc.) due to potential barriers of 
implementing these modalities in clinical settings; 4) 
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studies reporting on computerized cognitive measures 
that were not validated in English; 5) studies reporting 
on computerized cognitive measures that assess a 
single cognitive domain; and 6) studies reporting on 
instruments that required an examiner to administer the 
tests.

Data extraction

To minimize selection bias, two authors (ET and 
SZ) independently conducted database searches using 
same search terms and reviewed titles and abstracts for 
inclusion criteria. Same two authors then conducted 
a full-text review of screened-in studies for exclusion 
criteria. Data extracted from the final set of studies 

Table 1. Quality assessment scale 
Domains: assessment of core cognitive domains, including attention/executive functions, memory, language, and visuospatial functions

1 = Narrow focus (2 domains)

2 = Moderate coverage of domains (3 domains)

3 = Comprehensive coverage of domains (≥4 or more domains)

Validation sample: sample size and use of standard diagnostic criteria

1 = Low sample size (<50 per group) and no reference to standard diagnostic criteria

2 = Low sample size (<50 per group) or no reference to standard diagnostic criteria

3 = Adequate sample size (≥50 per group) and reference to standard diagnostic criteria

Reliability: internal consistency and test-retest stability

1 = No data

2 = 1 type of reliability

3 = ≥1 type of reliability

Validity: concurrent validity and criterion validity

1 = No data

2 = 1 type of validity

3 = ≥1 type of validity

Level of examiner involvement

1 = High: examiner present and provides frequent assistance with administration or scoring requires an examiner

2 = Moderate: examiner present and provides minimal assistance and scoring is automated

3 = Low: examiner not present and scoring is automated

Availability for clinical use

1 = Available but not usable for clinical application or no data on availability

2 = Available for clinical use and requires purchase of a dedicated device

3 = Available for clinical use and does not require purchase of a dedicated device

Availability in different languages

1 = Available in 1 language or no data on availability of different languages provided

2 = Available in 2 languages

3 = Available in ≥3 languages

Feasibility studies

1 = No feasibility studies conducted in intended use settings

3 = Feasibility studies conducted in intended use settings

Data security: encryption, compliance with healthcare regulations

1 = Data security not addressed or no data on security provided

2 = Data security addressed, but information provided is limited

3 = Comprehensive description of data security and compliance with regulations

Delivery of test results

1 = Only numerical results reported or no data on results reporting provided 

2 = Interpretation of numerical results reported (not immediate) and no/unclear information on care guidance

3 = Interpretation of numerical results reported (immediate) and care guidance provided
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included in the review were: 1) platform; 2) level of 
supervision required; 3) administration time; 4) 
characteristics of the validation samples; and 5) 
psychometric indices. We extracted additional data 
on commercial availability of the tool, requirements 
for devices, automated reporting of results, available 
languages, and number of associated publications based 
on review of bibliography and dedicated websites of 
the measures when available. A brief e-mail survey 
(Supplementary Methods) was also sent out to test 
developers to collect additional information. Any 
disagreements were resolved via consensus discussions 
with a third reviewer (KLP).

Quality assessment

The quality of the studies was assessed using a 
scale specifically designed for this study in order 
to capture important considerations and factors 
for self-administered cognitive assessments (Table 1). 
Development of the criteria included in the scale was 
based on prior works on computerized cognitive tools 
(20). Specifically, we assessed the measures based on 
the following criteria: comprehensive assessment of the 
core cognitive domains, size of the validation sample 
and use of standard diagnostic criteria for identifying 
participants with cognitive impairment, reliability and 
validity indices, degree to which an examiner is involved 
in the testing process in relation to fully automated 
procedures, current availability for clinical use including 
any requirements for purchase of a dedicated device, 
availability of offered tests in multiple languages for 
participants/patients whose first language is other than 
English, presence or absence of feasibility studies in the 
intended settings, issues related to data security and 
compliance with regulations, and comprehensiveness of 
the delivery of test results (Table 1). Any ambiguity or 
disagreements were resolved via a consensus agreement 
with the third author (KLP). 

 
Results

The search identified 11,617 citations which, 
after removal of duplicates, resulted in 9,986 unique 
records. Seventy studies, which were selected from 
the initial screening process, were further assessed for 
eligibility based on full-text review. The overall trends 
in peer-reviewed published studies on computerized 
tools which were included in the full-text review are 
presented in Figure 1. In total, 17 studies reporting on 10 
self-administered computerized tools were included in 
the review (for PRISMA flowchart, see Supplementary 
Results). 

The measures included in this review were 
Computer Assessment of Memory and Cognitive 
Impairment (CAMCI; 35), Computer-Administered 
Neuropsychological Screen for Mild Cognitive 
Impairment (CANS-MCI; 36,37), Computerized Cognitive 

Screening (CCS; 38), CNS Vital Signs (CNSVS; 39,40), 
Computerized Self Test (COGSelfTest; 41), CogState 
(CogState; 42-44), CogState Brief Battery (CogState BB; 
45-48), Cognitive Testing on Computer (C-TOC; 49), 
digitally translated Self-Administered Gerocognitive 
Examination (eSAGE; 50), and an untitled test developed 
by Kluger et al. (51). Results of the quality assessment 
ratings of the included tools are reported in Table 2.

Abbreviations: SA, self-administered. Blue bars represent the number of studies 
that met inclusion criteria but were not self-administered, while orange bars 
represent the number of studies that met inclusion criteria and were self-
administered.

Tool characteristics

Detailed characteristics of the measures included in the 
review are reported in Table 3. Of the 10 tools included in 
the review, 3 were available only on a personal computer 
(PC) platform (CNSVS, COSSelfTest, untitled test), 2 
only on a tablet (CAMCI, CCS), and 4 on both platforms 
(CANS-MCI, CogState, CogState BB, C-TOC, eSAGE). 
CogState measures were available on an unrestricted set 
of devices, while most other tools had some restrictions, 
such as requiring touchscreen capabilities (CANS-MCI, 
CCS, eSAGE), keyboard input (CNSVS, COGSelfTest, 
untitled test), or a specific set of devices (CAMCI, 
C-TOC). Regarding level of supervision, CAMCI 
and CANS-MCI were designed to be administered in 
medical and research settings and test developers do 
not recommend at-home remote testing. Additionally, 
C-TOC and eSAGE require a trained examiner for 
scoring. Administration times varied across measures 
averaging at approximately 15-20 minutes across tools. 
Commercial availability was a common characteristic 
with 8/10 measures, except for C-TOC and untitled 
test, available for purchase. Finally, more than half 
(6/10) of the measures had fewer than 5 peer-reviewed 
published studies on the use of the measure across any 
age groups or clinical populations, while the remaining 
4 tools (CAMCI, CNSVS, CogState, CogState BB) were 
researched more widely with at least 10 peer-reviewed 
published studies. 

Figure 1. Number of published peer-review studies 
included in the full-text review from January 1, 2000 to 
April 20, 2020
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Validation samples

Characteristics of the validation samples are presented 
in Table 4. There was substantial variability in sample 
sizes across studies, and only 2/10 instruments 
(CAMCI, CogState BB) were validated in large cohorts 
with at least 50 or more participants in each diagnostic 
group. Studies on more than half of the instruments 
(6/10) used published criteria to classify participants 
into diagnostic groups, while 3 measures were validated 
in samples classified by scores on standard cognitive 
testing (CAMCI, CNSVS, CogState), and the study 
on the untitled test did not provide sufficient details 
regarding diagnostic criteria used. Additionally, studies 
were varied with regard to selection of cognitively 
normal participants ranging from recruitment of spouses 
of individuals with MCI and dementia as controls to 
comprehensive assessment of control subjects. With 
regard to demographic characteristics of validation 
samples, the vast majority of participants were non-
Hispanic White with 12 or more years of education 
(educational attainment was not reported for CNSVS and 
untitled test).

Psychometric properties
Test-retest reliability was reported on 6/10 tools (Table 

4), and there was substantial variability in the reported 
indices both across and within individual measures by 
constituent subtests. Reported reliability coefficients 
of 5/10 measures (CANS-MCI, CNSVS, COGSelfTest, 
CogState, CogState BB) were consistently within 
ranges of moderate to high stability based on standard 
psychometric criteria (52). The range of time intervals for 
test-retest reliability studies also varied ranging from 2 
hours to 12 months. Internal consistency estimates were 
reported on 3/10 tools (CANS-MCI, CCS, COGSelfTest) 
with coefficients ranging from .43-.97. 

Table 4 presents concurrent validity estimates with 
either paper-and-pencil brief cognitive assessments or 
conventional neuropsychological tests which differed by 
site and study design for 9/10 measures (not reported 
for CAMCI). Similar to reliability findings, these indices 
varied significantly across and within measures with 
most tools demonstrating moderate degree of concurrent 
validity with standard tests. Across studies, highest 
concurrent validity estimates were mostly reported 
with standard brief global assessments (e.g., MMSE), 
while domain-specific concurrent estimates were more 
varied. Criterion validity estimates were reported for 
all measures including discriminant analyses results 
for 9/10 tools and mean group differences on 1 tool 
(Table 4). Studies on 6/10 instruments (CAMCI, CANS-
MCI, CNSVS, CogState, CogState BB, eSAGE) reported 
on discriminant analyses between control and MCI 
groups with sensitivity indices ranging from .41 to .90 
and corresponding specificity estimates of .64-.94. As 
expected, the indices for distinguishing cognitively 
normal and dementia groups reported on 3/10 tools 
(CCS, CNSVS, CogState BB) were slightly higher with a 
sensitivity range of .53-.94 and a specificity range of .50-
.94. Finally, discrimination between cognitively normal 
and impaired (MCI and dementia combined) groups was 
reported for 3/10 instruments (COGSelfTest, eSAGE, 
untitled test) with the sensitivity range of .71-.99 and 
the specificity range of .72-.95. The remaining study 
on C-TOC reported on criterion validity in the form of 
mean group differences suggesting significantly lower 
performance on tasks of episodic memory, executive 
functions, and speed measures in cognitively impaired no 
dementia group compared to controls.

Table 2. Quality assessment ratings of included measures
Domains Validation 

sample
Reliability Validity Examiner 

involvement
Clinical 

availability
Languages Feasibility 

studies
Data 

security
Result 

delivery
Mean 
score

CAMCI 2 2 2 2 3 3 1 3 2 2 2.2

CANS-MCI 2 2 3 3 3 3 3 1 3 3 2.6

CCS 2 2 2 3 2 1 1 1 1 1 1.6

CNSVS 1 1 2 3 3 3 3 1 3 2 2.2

COGSelfTest 3 2 3 3 3 2 1 1 1 1 2.0

CogState 1 1 2 3 2 2 3 1 3 2 2.0

CogState BB 1 3 2 3 2 2 3 3 3 2 2.4

C-TOC 3 2 1 3 1 1 1 1 1 1 1.5

eSAGE 3 2 1 3 1 3 2 1 2 2 2.0

Untitled test 2 1 1 3 2 1 1 1 1 1 1.4

Abbreviations: CAMCI, Computer Assessment of Memory and Cognitive Impairment; CANS-MCI, Computer-Administered Neuropsychological 
Screen for Mild Cognitive Impairment; CCS, Computerized Cognitive Screening; CNSVS, CNS Vital Signs; COGSelfTest, Computerized Self Test; 
CogState BB, CogState Brief Battery; C-TOC, Cognitive Testing on Computer; eSAGE, digitally translated Self-Administered; Gerocognitive Exami-
nation.
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Delivery of results and available languages

Automated delivery of results is a feature of 6/10 
tools (CAMCI, CANS-MCI, CNSVS, CogState, CogState 
BB, eSAGE), all of which include interpretation of 
results based on normative adjustments and differ in 
presentation of the results (Table 3). Automated reports 
on 2 measures (eSAGE, CANS-MCI) are reviewed by a 
trained professional prior to generation and the delivery 
of the results is thus not immediate. Additionally, CANS-
MCI reports include recommendations to physicians 
on next steps and potential areas for intervention, and 
eSAGE has functionality to generate patient-facing 
reports. User-friendliness of the automated reports for 
non-specialist physicians was empirically examined only 
for CAMCI (53). 

Data on available languages was reported on 6/10 
tools (Table 3). Out of these, CAMCI, C-TOC, and untitled 
test are available only in English, eSAGE is available 
in English and Spanish, CANS-MCI is available in 4 
languages, and CNSVS, CogState, and CogState BB 
are available in more than 40 languages. Additionally, 
availability of peer-reviewed studies on validation of non-
English versions of these tools for detection of cognitive 
disorders in older adults varied substantially with the 
majority of published studies conducted in English-
speaking samples. 

 
Discussion

In this systematic review, we evaluated 10 brief 
self-administered computerized cognitive assessment 
measures designed to detect cognitive disorders in older 
adults. Similar to past reviews of computerized cognitive 
tools (20, 21), we found significant variability across 
measures with regard to characteristics and design of 

the tools, sizes of validation samples, availability in 
different languages, and psychometric qualities, all of 
which are crucial considerations for potential widescale 
implementation of these measures in clinical care. 
Specifically, we found that few of the reviewed measures 
were validated in sufficiently large samples (CAMCI, 
CogState BB) and are available in multiple languages 
(CANS-MCI, CNSVS, CogState, CogState BB). Test-retest 
reliability, which is critical for self-administered tools 
aiming to monitor cognitive functions, was reported only 
on 60% of the tools, and internal consistency measures 
were reported on even fewer measures. While almost 
all reviewed measures reported data on concurrent 
validity, the estimates for several individual domain 
subtests within some tools were low. These findings 
are concerning, particularly when considering the need 
for a battery to distinguish among different types of 
MCI and dementia and inform differential diagnoses 
in non-specialty settings (16). On the other hand, we 
found that most measures required minimal involvement 
of an examiner in test administration and scoring of 
results and were available as standalone applications 
on several device types (e.g., PC, tablet computer, etc.). 
These features are important benefits of self-administered 
computerized tools, particularly if additional built-in 
functionality for integration of results into electronic 
medical records (EMR) systems is developed (54). In 
general, despite the promise that self-administered 
cognitive tests hold for clinical applications, important 
gaps in scientific rigor in development, validation, and 
feasibility studies of these measures remain. Below we 
discuss critical areas of need for future development 
and validation of self-administered cognitive measures 
that would facilitate their potential for widescale clinical 
implementation.

One of the most critical gaps identified in the current 
review is the size and demographic constitution of the 

Table 3. Summary of the features of included measures
Test Platform Device require-

ments
Time
 (min)

Available
 commercially

Automated 
report

Available 
languages (N)

Publication(s) included 
in review

Associated 
publications 

(N)*

CAMCI Tablet Surface Pro 3/4 20-25 Yes Yes 1 Saxton 2009 12

CANS-MCI PC/Tablet Touchscreen 30 Yes Yes 4 Ahmed 2012, Tornatore 2005 3

CCS Tablet Touchscreen 3 Yes ND ND Scanlon 2016 1

CNSVS PC Non-touchscreen 30 Yes Yes 60 Gualtieri 2005, Gualtieri 2006 100+

COGSelfTest PC Non-touchscreen 6-15 Yes ND ND Dougherty 2010 1

CogState PC/Tablet Any device 20-30 Yes Yes 43 de Jager 2009, Hammers 2011, 
Lim 2013

100+

CogState BB PC/Tablet Any device 12-15 Yes Yes 43 Hammers 2012, Fredrickson 2010, 
Maruff 2013, Mielke 2015

100+

C-TOC PC/Tablet iPad 30-45 No ND 1 Jacova 2015 1

eSAGE PC/Tablet Touchscreen 14-17 Yes Yes 2 Scharre 2017 1

Untitled test PC Non-touchscreen 12-15 No ND 1 Kluger 2009 1

Abbreviations: CAMCI, Computer Assessment of Memory and Cognitive Impairment; CANS-MCI, Computer-Administered Neuropsychological Screen for Mild 
Cognitive Impairment; CCS, Computerized Cognitive Screening; CNSVS, CNS Vital Signs; COGSelfTest, Computerized Self Test; CogState BB, CogState Brief Battery; 
C-TOC, Cognitive Testing on Computer; eSAGE, digitally translated Self-Administered Gerocognitive Examination; ND, no data; PC, personal computer; *Includes peer-
reviewed published journal articles across all age groups and clinical populations.
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Table 4. Summary of the psychometric properties of included measures
Domains Validation Sample Diagnostic 

Criteria
Reliability Validity

Attention
/ EF

Memory Language VS Internal 
consistency

Test-Retest Concurrent Criterion

CAMCI X X X N = 524
296 CN: age 72±6, 
education 14±3
228 MCI: age 75±7, 
education 13±3

Based on stan-
dard cognitive 
tests

ND 3 w r = .30-.74 ND MCI: 
SN = .86, SP 
= .94

CANS-MCI X X X N = 35
20 CN: age 77±4, 
education 15±3
15 MCI: age 81±7, 
education 13±3

(29) α = .77-.96 1 m r = .61-.85
6 m r = .62-.89

r = .44-.64 MCI: 
SN = .89, SP 
= .73

CCS X X X N = 60
20 CN: age 73±12, 
education 55% 12+
40 DEM: age 77±13, 
education 50% 12+

(32) α = .79* ND r = .38-.78 DEM: 
SN = .94, SP 
= .60

CNSVS X X N = 178
89 CN: age 63, educa-
tion ND
36 MCI: age 66, educa-
tion ND
53 DEM: age 62, edu-
cation ND

Based on stan-
dard cognitive 
tests

ND 4 w r = .65-.88 r = .26-.79 MCI: 
SN = .90, SP = 
.64-.85
DEM: 
SN = .90, 
SP = .50-.94

COGSelfTest X X X X N = 215
104 CN: age 75±7, 
education 15±3
27 MCI: age 67±6, 
education 14±4
84 AD DEM: age 75-
77, education 13-15

(28,33) α = .43-.88 6 w r = .76 r = .56 MCI+DEM:
SN = .99, SP 
= .95

CogState X X N = 119
98 CN: age 77±6, edu-
cation mostly 12+
21 MCI: age 82±5, 
education mostly 12+

Based on stan-
dard cognitive 
tests

ND 2 h r = .54-.80
3 m r = .76-.97

r = .20-.53 MCI:
SN = .78, SP 
= .90

CogState BB X X N = 817
659 CN: age 70±7, 
education median 12
107 MCI: age 76±8, 
education median 12
51 AD DEM: age 79±7, 
education median 12

(28,31,33) ND 4 m r = .90-.96
12 m r = 
.65-.91

r =. 45-.52 MCI: 
SN = .41-.80,
SP = .85-.86
DEM: 
SN = .53-1.0, 
SP = .85-.86

C-TOC X X X X N = 49
16 CN: age 68±8, 
education 94% 16+ 
16 CIND: age 64±7, 
education 81% 16+

(32,33) ND ND r = .37-.88 CIND: signi-
ficant mean 
differences 
on memory, 
EF, and speed 
tests

eSAGE X X X X N = 66
21 CN, 24 MCI, 21 
DEM, age (all) 75±7, 
education (all) 15±3

(28,33) ND ND r = .67-.76 MCI: 
SN = .63, SP 
= .81
MCI+DEM:
SN = .71, SP 
= .90

Untitled test X X X N = 105
39 CN: age 64±11, 
education ND
19 MCI: age 72±10, 
education ND
47 DEM: age 69-78, 
education ND

No reference 
to consensus 
criteria

ND ND r = .49-.80 MCI+DEM: 
SN = .92, SP 
= .72

Abbreviations: AD, Alzheimer’s disease; CAMCI, Computer Assessment of Memory and Cognitive Impairment; CANS-MCI, Computer-Administered Neuropsychological 
Screen for Mild Cognitive Impairment; CCS, Computerized Cognitive Screening; CIND, cognitively impaired no dementia; CN, cognitively normal; CNSVS, CNS Vital 
Signs; COGSelfTest, Computerized Self Test; CogState BB, CogState Brief Battery; C-TOC, Cognitive Testing on Computer; DEM, dementia; EF, executive functions; 
eSAGE, digitally translated Self-Administered Gerocognitive Examination; h, hours; m, months; MCI, mild cognitive impairment; ND, no data; PC, personal computer; 
w, weeks; *Reported only in the dementia group
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validation samples. In particular, several studies included 
in this review included fairly small (<50 participants 
in each diagnostic group) validation samples, and the 
majority of validations samples were comprised of 
White, highly educated individuals. Because we did not 
identify systematic reporting of the power analyses for 
detecting main effects in the reviewed studies, we applied 
a generous estimate of 50 participants per group as part 
of our criteria. However, given the variability in statistical 
approaches used in these studies, reporting of robust 
power estimations would not only support the overall 
results but also ensure transparency, comparability, and 
generalizability of results across cohorts. 

Another important finding of this review is the 
scarcity of feasibility and implementation studies 
of self-administered instruments in care settings. In 
contrast to highly standardized research settings, self-
administration of cognitive assessments in the real world 
may be subject to interruptions and practical limitations 
such as time and space, which could be detrimental 
not only to feasibility but also to the validity of results 
(22). Some domains, such as orientation, may not be 
applicable for self-administration altogether, as it would 
be difficult to ensure the fidelity of responses on such 
tasks in absence of examiner. Given these considerations, 
research on development and validation of self-
administered computerized measures must be supported 
by well-designed feasibility and implementation studies, 
which will critically inform the clinical utility of these 
measures in intended settings. Specifically, feasibility and 
implementation studies have the potential to identify 
facilitators and barriers to clinical applications, inform 
development of optimal diagnostic and care pathways, 
and, based on the insights from 2 measures (CAMCI, 
53,55 and CogState BB, 56) studied in clinical settings, are 
critical for informing targeted solutions for individual 
practices. 

The automated delivery of results is key to the clinical 
utility of computerized tools. To facilitate integration of 
self-administered tests in non-specialty settings, they 
should have easy-to-interpret, safe automated report 
delivery, which would ideally inform the provider on 
follow-up care and diagnostic considerations based 
on evidence-based practice guidelines (54). Out of 
the measures reviewed, only CANS-MCI features an 
automated report that provides such recommendations to 
physicians. Moreover, a study on CAMCI with primary 
care physicians (53) suggested that providers expressed 
a need for training in interpretation of the report, which 
highlights the need for refinement of automated reporting 
and empirical studies on non-specialty providers’ 
attitudes and perceptions of cognitive testing results. 

With regard to patient-level characteristics, there are 
number of critical considerations, particularly given the 
dearth of normative or validation data in older adults 
who are racially/ethnically diverse and have low 
educational attainment. Importantly, one of the prior 

studies on CogState BB reported that older adults with 
lower education were less likely to meet the integrity 
criteria on 3/5 subtests of the battery (47). This is a major 
issue given that one of the most promising potentials of 
self-administered cognitive assessments is supporting 
services in remote areas and populations less likely to 
seek specialty evaluations. Moreover, numerous studies 
suggest that older adults in the U.S. who report Hispanic 
ethnicity, non-White race, or low education are at a higher 
risk for neurodegenerative diseases (7) and experience 
significant disparities in healthcare access and delivery 
(57). Well-validated self-administered assessments 
may help substantially reduce these disparities given 
their potential to deliver tests in different languages 
(23) but only if they undergo rigorous scientific and 
cross-cultural validation development. In addition to 
language and education variables, it is important 
to validate computerized tools across socioeconomic 
groups, as past evidence suggests that older adults with 
lower socioeconomic status reported lower levels of 
intention to use computerized cognitive testing (24). 
Finally, successful clinical implementation of even the 
most well-validated tools would likely require continuous 
efforts for education and outreach to patients belonging 
to underrepresented groups as well as their medical 
providers and families.

Another important variable to consider for self-
administration of computerized cognitive measures is 
the impact of familiarity with technology on test results. 
While some studies (CCS; 38) reported no differences 
in test scores between older adults with and without 
technology experience, these variables do appear to play 
a significant role through interactions with age (CogState 
BB; 48) and diagnostic status (C-TOC; 49). Moreover, 
comparisons between content-equivalent paper and 
electronic version measures revealed that older adults 
with no technology experience performed worse on the 
electronic version of the measure compared to those 
with digital proficiency (eSAGE; 50). Finally, while most 
studies examine the associations between familiarity with 
technology and computerized cognitive testing results on 
a group-based level, systematic research on the impact 
of these variables for individual patients is necessary to 
support utility of self-administered assessments in clinical 
practice. 

Regarding technical considerations, the practice 
parameters on optimal development and validation of 
computerized cognitive tools, including issues related 
to end-user agreements, privacy, data security and 
reporting (23, 25), are highly relevant to self-administered 
paradigms. Of particular relevance are challenges 
related to the use of bring your own device (BYOD) 
model and dependence on broadband connection, which 
pose a threat for timing and measurement error and 
may thus lead to inaccurate interpretation of results. 
Built-in integrity measures designed to address this 
challenge are features of some self-administered tools 
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(e.g., CogState; 47,48), but are not widely available across 
reviewed instruments. Moreover, because of rapidly 
evolving hardware and operating systems across both 
PC and tablet platforms, computerized assessments 
require continuous quality assurance testing and 
software maintenance investments, and these challenges 
are greater when many devices (i.e., BYOD models) are 
supported. Additionally, availability of a measure on 
multiple devices also requires supporting research to 
establish the equivalence of normative and psychometric 
data across different platforms and input parameters, 
such as touchscreen vs. keyboard response, screen size, 
etc. Finally, past studies highlighted concerns regarding 
underreporting of privacy and security safeguards and 
their limitations on currently available computerized 
measures (22), and test developers should strive to 
explicitly disclose any potential consequences of data loss 
or breaches, particularly for individual patients in clinical 
settings. As such, collaborative efforts among researchers, 
funding bodies, industry, policy regulators, and 
consumers are necessary to develop robust, sustainable 
platforms supporting optimal levels of security, privacy, 
confidentiality, and potential functionality of data sharing 
across sites in order to promote and maintain successful 
implementation of computerized tools into everyday 
clinical practice while meeting programming cost 
demands.

This study has a number of limitations. First, while 
all attempts were made to conduct a comprehensive 
search of available literature, our results were limited to 
studies available in databases searched. Second, due to 
variability in study design and test statistics, quantitative 
summary of the findings was not possible. Finally, our 
review was limited to inclusion of studies that reported 
on instruments available at least in English language, and 
a number of promising self-administered computerized 
cognitive measures validated in non-English cohorts were 
not considered. 

At the same time, a major strength of this study is 
the scope of reviewed characteristics of the included 
measures, including not only psychometric qualities but 
also functional and technological features critical for 
clinical implementation considerations. Additionally, 
our review is conducted at a point in time when the 
need for self-administered cognitive assessments has 
never been so dire in both clinical and research 
settings. In light of rapidly developing technologies 
for identifying disease biomarkers, future studies 
should examine the associations of a variety of self-
administered cognitive assessments with biomarkers 
of neurodegenerative diseases, particularly given 
promising existing studies within this line of research 
(CogState; 58 and Computerized Cognitive Composite 
[C3]; 59). Additionally, future studies on self-administered 
cognitive measures in clinical settings should explore 
optimal implementation paradigms and provider 
behavior patterns which would be valuable for informing 
public healthcare policy and efforts to support earlier 

diagnosis of cognitive disorders in older adults. 
 

Conclusion

In conclusion, this systematic review identified 10 
self-administered brief computerized cognitive measures 
which have a potential for future clinical implementation. 
Continuous collaborative efforts of different stakeholders 
are necessary to address the gaps in scientific rigor of 
development, validation, and implementation studies of 
these measures.
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