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Introduction
Recent studies suggest that slowing the progression of dementia by one year would lead to a
better quality of life for people living with dementia (1) and a significant cut in the related
socioeconomic costs (2). In this context, the early detection of dementia is the first step to
initiate timely treatments, to manage the disease and to reduce morbidity (3), as the
pathophysiological process of Alzheimer's disease (AD) starts years before diagnosis. There
is no evidence to support screening of asymptomatic individuals, but the monitoring and
evaluation of persons suspected of cognitive impairment is justified as they have an increased
risk for developing dementia (4). A computational model-based prediction found that the
reduction in cognitive decline and dementia depends on initial screening age, screening
frequency, and specificity (5).
Several markers of dementia have been proposed (neuroimaging, biomarkers, risk factors,
cognitive performance in specific domains, etc.). However, Gomar and colleagues have
demonstrated that cognitive markers are more robust predictors of conversion to AD than
most biomarkers (6). In the neuropsychological assessment field, new screening instruments
should capitalize on new technological advances, as they provide standardization of
administration, the automatic collection of a wealth of data and a reduction of human error in
administration (7).
Information and communication technologies (ICT) is an umbrella term that refers to any
communication device or application comprising computer and network hardware and
software, radio, television, mobile phones, wireless signals and the various services and
applications associated with them (videoconferencing, tele-healthcare, distance learning,
etc.). ICT devices have been increasingly used for neuropsychological assessment, with good
correlations with well-established paper and pencil assessment tools (8). ICT instruments for
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cognitive impairment early detection and assessment can be grouped into four categories:
electronic devices (personal computers, laptops, mobile phones, tablets, etc.); internet based
devices (electronic devices that need to be connected to the internet allowing online testing
and data sharing); monitoring devices (which measure users´ behavior in different areas) and
virtual reality (which immerse the user in a more complex and integral sensorial experience).
Computerized test batteries have been reported to have advantages compared to paper and
pencil batteries in areas such as the standardization of administration and stimulus
presentation; accurate measures of response latencies; automated comparison with an
individual’s prior performance and with age-related norms; efficiencies of staffing and cost;
tailoring tests to the examinee´s level of performance; minimizing floor and ceiling effects
(9); and their potential to capture time-related information such as spatial planning strategies
(10). On the other hand, older adults’ limited familiarity with computers (11) and a general
lack of psychometric standards (12) have been raised as an obstacle for these kinds of tests.
In a recent review about computerized cognitive testing for older adults (11) 17 test batteries
were identified which had adequate discriminant validity and test-retest reliability; however,
the authors warn clinicians about the necessity to choose the correct battery for each
application considering variables such as its cost, the need for a specialist either for
administration or for scoring, and the length of administration. In a previous review (9) the
authors identified 18 computerized test batteries, of which 11 were appropriate for older
adults; they recommended that test batteries should be evaluated on a one to one basis due to
the variability they displayed. In a comparative study of tools for the assessment of cognition
in mild cognitive impairment (MCI) the authors reviewed 16 assessment instruments, of
which 14 were computer based (7); they collected data directly from technicians, including
detailed information about sensitivity and specificity. A review of computerized tests for
older adults in primary care settings (13) identified 11 test batteries from which three were
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judged potentially appropriate for assessment in primary care based on good test-retest
reliability, large normative samples, a comprehensive description of patient cognitive
performance, and the provision of an overall score or probability of MCI. Finally, a
descriptive review on this subject summarizes the cognitive functions assessed in 19
computerized tests (14).
Usability is a key aspect of ICT programs development. It can be defined as
understandability, learnability, operability and attractiveness (15). The necessity of including
tests of performance validity in the batteries has been highlighted, as the validity of the
assessment relies on the examinee’s full motivation and effort to perform as well as possible
(16). Consultation with people with dementia (PWD) and their carers is crucial to address the
issue of usability in the design of ICT based instruments. Their involvement in all phases of
the development process is of great importance to obtain valuable and user-friendly products
(17).
Despite the previous reviews of this subject, two fundamental aspects remain conspicuous by
their absence: usability and the possibility of home based self-administration. Thus, it is
necessary to analyze the state of the art of this area in the available instruments to address this
issue if necessary. The aim of this literature review is to analyze the current available ICT
based instruments for cognitive decline early screening and detection in terms of validity,
reliability and usability.
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Method
The systematic review will follow the PRISMA reporting guidelines for systematic literature
reviews (18).
Types of interventions
This review will center on ICT based instruments assessing or monitoring older adults with
potential cognitive or functional decline. This includes electronic devices (ED) (personal
computers, laptops, tablets, phones or mobile phones, etc.), internet (I), monitoring devices
(MD) and virtual reality (VR).
Inclusion criteria
 Articles describing ICT based instruments for the screening, evaluation and
assessment of cognitive and functional decline in older adults
 Articles published between 2010 and 2015 (previous studies might be based on
outdated technologies which would not be comparable to current available ICT).
Exclusion criteria
 Screening and Assessment instruments not validated for older adults (over 60 years
old).
 Studies not discriminating results for older adults.
 Studies which do not provide minimum normative data (e.g. mean age of participants,
diagnosis, etc.).
 Screening and assessment instruments based on neuroimaging algorithms.
Electronic search strategy and search terms for electronic databases
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A search will be performed in July 2015 of the databases Medline and PsycINFO with the
search terms (Dementia OR Alzheimer) AND (computer OR ICT) AND (screening OR
diagnosis OR assessment OR evaluation). The initial selection criteria will be broad to ensure
that as many studies as possible are assessed as to their relevance to the review. Any articles
that are obviously unsuitable can be excluded in the early stages or the search (e.g. on the
basis of abstracts and titles presented in electronic catalogues), whilst the decision to exclude
or include other articles will only be made once the article has been read. The number of
articles included and excluded at the various stages will be noted. Further studies might be
included through hand search, tracking cited references in other studies and relevant previous
literature reviews in this area. A ‘search diary’ will be kept detailing the names of the
databases searched, the keywords used and the search results. Titles and abstracts of studies
to be considered for retrieval will be recorded on an Endnote database, along with details of
where the reference has been found. Inclusion/exclusion decisions will be recorded on that
database. Retrieved studies will be filed according to inclusion/exclusion criteria.
Selection Procedure
The selection procedure is depicted in Figure 1. Studies will be selected for retrieval after
abstracts and titles identified in electronic searches have been appraised by the lead reviewer
for relevance (note that abstracts and titles that are clearly unrelated to Information and
Communication Technologies will be excluded by the lead reviewer). All retrieved studies
will be examined by the lead reviewer who will exclude those that make no reference to
cognitive impairment screening. Studies that do make a reference to Information and
Communication Technologies and cognitive impairment screening will be assessed for
relevance independently by three reviewers. Any disagreement about the inclusion of papers
will be discussed in a consensus meeting.
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Data management
The selected studies will be analyzed with a standardized data extraction form (Annex 1), as
suggested by the Cochrane Handbook for Systematic Reviews of Interventions. Tests, early
detection tools and screening instruments will be grouped according to their main purpose
into cognitive test batteries, measures of isolated tasks, behavioral measures (measures of
motor and sensory processes) and diagnostic tools (used by clinicians to help them in the
diagnostic process).
Self-administration is defined in the context of this Systematic Review as “test-taking that is
unsupervised after the test platform has been set up, and can occur in the clinic or home
setting” (19). Cognitive domains will be depicted as described by the authors in the article.
Concurrent validity will be considered as correlations with other previously validated
instruments. Discriminant Validity will be considered as sensitivity and specificity rates
and/or capacity to distinguish people with and without cognitive impairment. When
discriminant validity is reported as lack of correlation with unrelated measures in the
retrieved articles, the information will be also included.
Understandability, even though considered a component of usability, will be reported in a
different category as it is the most basic expression of the concept defined as the ability of
subjects to understand the instructions and whether a training session was provided before the
assessment period.
Usability is defined for data extraction as ‘the extent to which a product can be used by
specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a
specified context of use’ (20). It is a multidimensional construct composed of different
attributes; a usable system must address the following aspects: learnability, efficiency,
memorization, error prevention and satisfaction (21).
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Categorizing studies:
We intend to categorize by ICT type into electronic devices (ED) (personal computers,
laptops, tablets, phones or mobile phones, etc.), internet (I), monitoring devices (MD) and
virtual reality (VR). Three reviewers will do this independently. When the studies themselves
do not provide sufficient information to categorize, the authors will consult with each other.
Internet based instruments, usually require a PC, tablet, etc., but we included them under this
category when it was compulsory to be connected to the internet to perform the test (online
only assessments) or to submit the results. Finally, monitoring devices usually need to be
connected to a WIFI network that transmits the monitored information, the instruments
included in this category collect information automatically, without any intentional input
from the monitored person. Tests, early detection tools and screening instruments will be
grouped according to their main purpose into cognitive test batteries, measures of isolated
tasks, behavioural measures of motor and sensory processes, surveys (forms and checklists)
and diagnostic tools (used by clinicians to help them in the diagnostic process).
When the authors control the confounding variable “education” in their results, either by
ensuring their groups are equivalent or introducing it as a covariate in the analyses, it will be
stated as “yes” in the data extraction form.
Quality assessment
Schlegel and Gilliland (22) have outlined the necessary elements of quality assurance
assessments for computer-based batteries. These authors detailed 20 critical elements that
constitute a competent quality assessment grouped in 4 clusters (module information, test
functionality, data recording and others). Quality assessment will be carried out analysing
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each selected screening instrument for these 20 items with a checklist. Inter-rater agreement
will be evaluated using Cohen´s Kappa concordance index and Landis and Koch criteria (23).
Timeframe
The review is expected to take 12 months to complete.
Conflict of interests
Reviewers are unaware of any potential conflict of interests.
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Figure 1. Flow diagram of study selection procedure
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Annex 1
Standardized data extraction form

Table 1. ICT Instruments Descriptive Data:
Name

Author / Year

Technology

Input

Ty

n / diagnosis (mean age ± S.D.)

Ed

SR

T

Adm.

Domains

Usability

Understandability

Home

Lang.

Table 2. ICT Instruments Psychometric Data:
Name

Author / Year

Concurrent Validity

Discriminant Validity

Reliability

Test - Retest Reliability

Factor Analysis

Cutoff

11

References
1.
Marshall A, Spreadbury J, Cheston R, Coleman P, Ballinger C, Mullee M, Pritchard J, Russell C,
Bartlett E. A pilot randomised controlled trial to compare changes in quality of life for participants
with early diagnosis dementia who attend a 'Living Well with Dementia' group compared to waitinglist control. Aging & mental health. 2015;19(6):526-35. doi: 10.1080/13607863.2014.954527.
PubMed PMID: 25196239.
2.
Geldmacher DS, Kirson NY, Birnbaum HG, Eapen S, Kantor E, Cummings AK, Joish VN.
Implications of early treatment among Medicaid patients with Alzheimer's disease. Alzheimer's &
dementia : the journal of the Alzheimer's Association. 2014;10(2):214-24. doi:
10.1016/j.jalz.2013.01.015. PubMed PMID: 23643457.
3.
Huntley J, Gould R, Liu K, Smith M, Howard R. Do cognitive interventions improve general
cognition in dementia? A meta-analysis and meta-regression. Bmj Open. 2015;5(4):e005247.
4.
Yu SY, Lee TJ, Jang SH, Han JW, Kim TH, Kim KW. Cost-effectiveness of nationwide
opportunistic screening program for dementia in South Korea. Journal of Alzheimer's disease : JAD.
2015;44(1):195-204. doi: 10.3233/JAD-141632. PubMed PMID: 25208621.
5.
Furiak NM, Kahle-Wrobleski K, Callahan C, Klein TM, Klein RW, Siemers ER. Screening and
treatment for Alzheimer's disease: Predicting population-level outcomes. Alzheimers Dement.
2012;8(1):31-8. doi: DOI 10.1016/j.jalz.2011.05.2415. PubMed PMID: WOS:000299586900004.
6.
Gomar JJ, Bobes-Bascaran MT, Conejero-Goldberg C, Davies P, Goldberg TE, Initiative AsDN.
Utility of combinations of biomarkers, cognitive markers, and risk factors to predict conversion from
mild cognitive impairment to Alzheimer disease in patients in the Alzheimer's disease neuroimaging
initiative. Archives of general psychiatry. 2011;68(9):961-9.
7.
Snyder PJ, Jackson CE, Petersen RC, Khachaturian AS, Kaye J, Albert MS, Weintraub S.
Assessment of cognition in mild cognitive impairment: A comparative study. Alzheimers Dement.
2011;7(3):338-55. doi: DOI 10.1016/j.jalz.2011.03.009. PubMed PMID: WOS:000291239600014.
8.
Adler G, Bektas M, Feger M, Lembach Y. Computer-Based Assessment of Memory and
Attention: Evaluation of the Memory and Attention Test (MAT). Psychiatrische Praxis. 2012;39(2):7983. doi: DOI 10.1055/s-0031-1292828. PubMed PMID: WOS:000303145700005.
9.
Wild K, Howieson D, Webbe F, Seelye A, Kaye J. Status of computerized cognitive testing in
aging: A systematic review. Alzheimer's & Dementia: The Journal of the Alzheimer's Association.
2008;4(6):428-37. doi: 10.1016/j.jalz.2008.07.003. PubMed PMID: 2008-16698-014.
10.
Kim H, Hsiao CP, Do EYL. Home-based computerized cognitive assessment tool for dementia
screening. J Amb Intel Smart En. 2012;4(5):429-42. doi: Doi 10.3233/Ais-2012-0165. PubMed PMID:
WOS:000310414400005.
11.
Zygouris S, Tsolaki M. Computerized cognitive testing for older adults: A review. American
journal of Alzheimer's disease and other dementias. 2015;30(1):13-28. doi:
10.1177/1533317514522852. PubMed PMID: 2015-06475-003.
12.
Schlegel RE, Gilliland K. Development and quality assurance of computer-based assessment
batteries. Arch Clin Neuropsych. 2007;22(S):S49-S61. doi: 10.1016/j.acn.2006.10.005. PubMed PMID:
2007-04261-005.
13.
Tierney, Lermer MA. Computerized cognitive assessment in primary care to identify patients
with suspected cognitive impairment. Journal of Alzheimer's disease : JAD. 2010;20(3):823-32. doi:
10.3233/JAD-2010-091672. PubMed PMID: 20413868.
14.
de Oliveira RS, Trezza BM, Busse AL, Filho WJ. Use of computerized tests to assess the
cognitive impact of interventions in the elderly. Dementia & Neuropsychologia. 2014;8(2):107-11.
PubMed PMID: 2014-43999-003.
15.
Zapata BC, Fernandez-Aleman JL, Idri A, Toval A. Empirical studies on usability of mHealth
apps: a systematic literature review. J Med Syst. 2015;39(2):1. doi: 10.1007/s10916-014-0182-2.
PubMed PMID: 25600193.

12

16.
Roebuck-Spencer TM, Vincent AS, Gilliland K, Johnson DR, Cooper DB. Initial clinical
validation of an embedded performance validity measure within the Automated Neuropsychological
Metrics (ANAM). Arch Clin Neuropsych. 2013;28(7):700-10. doi: 10.1093/arclin/act055. PubMed
PMID: 2013-38013-008.
17.
Span M, Hettinga M, Vernooij-Dassen M, Eefsting J, Smits C. Involving people with dementia
in the development of supportive IT applications: A systematic review. Ageing Res Rev.
2013;12(2):535-51.
18.
Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS medicine. 2009;6(7):e1000097.
19.
Jacova C, McGrenere J, Lee HS, Wang WW, Le Huray S, Corenblith EF, Brehmer M, Tang C,
Hayden S, Beattie BL, Hsiung GY. C-TOC (Cognitive Testing on Computer): Investigating the Usability
and Validity of a Novel Self-administered Cognitive Assessment Tool in Aging and Early Dementia.
Alzheimer Dis Assoc Disord. 2014. doi: 10.1097/WAD.0000000000000055. PubMed PMID:
25187218.
20.
ISO 9241-210. Ergonomics of human-system interaction - Part 210: Human-centred design
for interactive systems: International Organization for Standardization; 2010.
21.
Nielsen J. Usability engineering. Boston: Academic Press; 1993.
22.
Schlegel RE, Gilliland K. Development and quality assurance of computer-based assessment
batteries. Arch Clin Neuropsych. 2007;22, Supplement 1:49-61. doi:
http://dx.doi.org/10.1016/j.acn.2006.10.005.
23.
Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics. 1977:159-74.

13

