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Garcia-Casal, J. A., Franco-Martin, M., Perea-Bartolomé, M. V., Garcia-Moja, C., Gofii-Imizcoz,
M., Toribio-Guzman, M., & Csipke, E. (2017). Electronic devices for cognitive impairment
screening: A systematic literature review. International Journal of Technology

Assessment in Health Care, 33(4), 1-20 (In press).

Titulo: Dispositivos electronicos para el cribado del deterioro cognitivo: revision bibliografica

sistematica.

Resumen

Introduccion:

El diagndstico precoz del deterioro cognitivo es clave para el acceso a tratamientos eficaces. Los
métodos de cribado por ordenador han demostrado ventajas con respecto a los de lapiz y papel.
A pesar de la amplia oferta de este tipo de instrumentos, aspectos como su usabilidad, la
experiencia de usuario y la posibilidad de ser administrados de manera independiente no han
sido estudiados. Asi mismo, existen areas que pueden indicar precozmente la aparicion del
deterioro cognitivo, pero que tradicionalmente no han sido valoradas como marcadores del
mismo, como aspectos conductuales (monitorizacion de actividades de la vida diaria),

emocionales (capacidad de reconocer emociones), etc. En los Ultimos afios se ha comenzado a
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estudiar su potencial en la deteccidén del deterioro cognitivo ya sea como alternativa a las

baterias tradicionales o de manera complementaria a las mismas.

Objetivos:

Analizar los instrumentos para el cribado del deterioro cognitivo basados en tecnologias de la

informacion y la comunicacion (TIC) en relacion a su usabilidad, validez y fiabilidad.

Método:

Se realizd una revision bibliografica sistematica a partir de una blsqueda en las bases de datos
seleccionadas (Medline y PsycINFO), con los términos de busqueda especificados [(Dementia
OR Alzheimer) AND (computer OR ICT) AND (screening OR diagnosis OR assessment OR
evaluation)] que arroj6 1785 articulos de los cuales 34, que describian 31 instrumentos,
cumplieron los criterios de inclusion. Los instrumentos fueron clasificados de acuerdo a su
objetivo principal en baterias, medidas de funciones aisladas (memoria visual, etc.), medidas
conductuales (andar, cocinar, etc.) e instrumentos diagnosticos dirigidos a ayudar al clinico. Se
valor¢ la calidad metodoldgica de los estudios seleccionados y se analizaron sus propiedades

psicométricas.

Resultados:

52% de los instrumentos utilizaron como tecnologia de soporte ordenadores de sobremesa, 26%
tabletas, 13% ordenadores portatiles y un instrumento se administré por teléfono movil. La
interfaz mas utilizada fue la pantalla tactil (48%). Los instrumentos fueron validados con un total
de 4307 participantes de los cuales 2146 fueron personas sanas, (Edad media (EM) = 73.59,
desviacién tipica (DT) = 5.12); 1104 tenian demencia (EM = 74.65, DT = 3.98) y 1057 deterioro
cognitivo leve (EM = 74.84, DT = 4.46). El 6% de los instrumentos podia ser administrado de

manera independiente en los hogares de los participantes, el 19% incluy6 informacion sobre la
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usabilidad de la tecnologia y un 22% sobre su grado de comprensibilidad por parte de los
usuarios. La experiencia de usuario se estudio en un instrumento, si bien dos la mencionaron de
manera genérica. El 23% de los instrumentos incluy6 informacién sobre validez convergente y el
34% sobre validez discriminante, con valores aceptables de especificidad y sensibilidad para la
deteccién del deterioro cognitivo. La calidad metodoldgica de los estudios fue buena, siendo el

area metodoldgica més débil el estudio de la usabilidad.

Conclusiones:

Es indispensable incluir el estudio de la usabilidad y la experiencia de usuario en el disefio de los
instrumentos de deteccidn del deterioro cognitivo basados en dispositivos electronicos, asi como
realizar un esfuerzo por desarrollar instrumentos que puedan ser auto-administrados de manera
independiente o con la ayuda de otra persona en el hogar. La inclusién de personas con
deterioro cognitivo en todas las fases del proceso de desarrollo de soluciones tecnoldgicas es
fundamental para la obtencion de productos validos y adaptados a los usuarios. También seria
interesante que los investigadores incluyan puntos de corte al informar de los resultados de
validacién y normalizacion de los instrumentos, ya que facilitan la deteccion del deterioro

cognitivo.

Palabras clave: deterioro cognitivo, ordenadores, demencia, diagndstico, cribado, ingenieria

humana.
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Electronic devices for cognitive impairment screening: A systematic literature
review

Abstract

Objectives: The reduction in cognitive decline depends on timely diagnosis. The aim of
this systematic review was to analyze the current available Information and
Communication Technologies” (ICT) based instruments for cognitive decline early

screening and detection in terms of usability, validity and reliability.

Methods: Electronic searches identified 1785 articles of which 34 met the inclusion
criteria and were grouped according to their main purpose into test batteries, measures

of isolated tasks, behavioral measures and diagnostic tools.

Results: Thirty one instruments were analyzed. Fifty two percent were PC based, 26%
Tablet, 13% laptop and one was mobile phone based. The most common input method
was touchscreen (48%). The instruments were validated with a total of 4307
participants: 2146 were healthy older adults (M = 73.59, SD = 5.12); 1104 had dementia
(M =74.65, SD = 3.98) and 1057 mild cognitive impairment (M = 74.84, SD = 4.46).
Only 6% were administered at home, 19% reported outcomes about usability and 22%
about understandability. One study reported users’ experience. Twenty-three percent of
the instruments included information about convergent validity and 34% about
discriminant validity; most of them obtained acceptable values of specificity and
sensitivity. The methodological quality of the studies was good, the weakest
methodological area being usability. Most of the instruments obtained acceptable values

of specificity and sensitivity.
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Conclusions: It is necessary to create home delivered instruments and to include
usability and users” experience studies in their design. Involvement of people with
cognitive decline in all phases of the development process is of great importance to
obtain valuable and user-friendly products. It would be advisable for researchers to

make an effort to provide cut-off points for their instruments.

Key words: Cognitive dysfunction, Computers, Dementia, Screening, Human

engineering.
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Introduction

People aged over fifty years currently represent 37% of the population in Europe, and
population projections foresee that the number of people aged over 60 will increase by
about two million people per annum in the coming decades and it is expected that by
2060 this group will represent around 30% of the total population (1). Dementia and
cognitive impairment are age related conditions that constitute a major public health
challenge due to their prevalence and consequences in the older population. Forms of
mild cognitive impairment (MCI) have been reported to be a risk factor for dementia
affecting more than 20% of those over 70 years (2). 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 and a significant cut in the related socioeconomic costs (3). In this
context, the early detection of dementia is the first step to initiate timely treatments, to
manage the disease and to reduce morbidity (4). 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 (5). A computational model-based prediction found that the
reduction in cognitive decline and dementia depends on initial screening age, screening

frequency, and specificity (6).

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.). In the neuropsychological assessment field, new screening instruments
should capitalize on new technological advances (7); ICT devices have been

increasingly used for neuropsychological assessment, with good correlations with well-
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established paper-and-pencil neurocognitive testing batteries. ICT instruments for
cognitive impairment early detection and assessment can be grouped into four
categories: electronic devices (personal computers, laptops, mobile phones, tablets,
etc.); internet based devices; 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 neurocognitive testing batteries in areas such
as the standardization of administration and stimulus presentation; the automatic
collection of data; the reduction of human error in administration; accurate measures of
response latencies; automated comparison with an individual’s prior performance and
with age-related norms; efficiencies of staffing and costs (8); 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 (8) and a general lack of

psychometric standards (11) have been raised as an obstacle for these instruments.

In a review about computerized cognitive testing for older adults (8) 17 test batteries
were identified which had adequate discriminant validity and test-retest reliability; the
authors concluded that a large number of available batteries could be beneficial to the
clinician or researcher. However, they warn clinicians about the necessity to choose the
correct battery for each application considering variables such as 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 the authors reviewed 16 assessment
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instruments, of which 14 were computer based (7). Their goal was to identify measures
capable of assessing cognitive changes before noticeable decline suggestive of MCI or
early Alzheimer’s disease. They concluded that there was no single recommended “gold
standard” battery but, rather, a subset of instruments to choose from, based on
individual study needs. They recommended researchers compare performance on a
given cognitive test/battery with changes in known disease-related biomarkers
(structural MRI, cerebrospinal fluid, etc.). A review of computerized tests for older
adults in primary care settings (12) identified 11 test batteries from which three were
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.

Usability is a key aspect of ICT programs development. The International Organization
for Standardization (ISO) defines usability 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’ (13). It comprises concepts as
understandability, learnability, acceptability, user experience, operability and
attractiveness (14). User experience is a subjective feeling related to having a
satisfactory experience when using technology (15). There is a need to better understand
the usability of ICT for persons with dementia, their preferences for specific interfaces,
and their acceptance of different technologies (16). Consultation with people with
dementia (PWD) and their carers is crucial to address usability in the design of ICT

based instruments (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



54 |

available instruments to address this issue if necessary. The objective of this systematic

review is to analyze the current available ICT based instruments for cognitive decline

early screening and detection in terms of validity, reliability and usability.

Method

A protocol was developed for this systematic review (Supplementary File 1) following

the PRISMA reporting guidelines; the supporting PRISMA checklist is available as

Supplementary File 2.

Types of interventions

This systematic review centered on ICT based instruments assessing or monitoring
older adults with potential cognitive decline. This included electronic devices (ED)
(personal computers, laptops, tablets, phones or mobile phones, etc.), internet (1),
monitoring devices (MD) and virtual reality (VR). Due to the profuse amount of
instruments in this area, we decided to focus in this paper on the study of electronic

devices.

Inclusion and exclusion criteria

All studies describing ICT based instruments for the screening, evaluation and

assessment of cognitive and functional decline in older adults published between 2010

and 2015 were included. Screening and assessment instruments not validated for older

adults, not discriminating results for older adults, or which did not provide minimum

normative data (e.g. mean age of participants, diagnosis, etc.) were excluded.

Selection of studies
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A search was 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) and yielded 13893 papers (3891 after the
exclusion of duplicates). Of them, 1785 where published between 2010 and 2015. On
the basis of the inclusion criteria, the titles, keywords and abstracts were assessed by the
first author obtaining a total of 89 relevant papers in this first stage of the selection
process. Those 89 papers were then assessed by two authors on the basis of abstracts
and full copies of the article when needed. Any disagreement about the inclusion of
papers was discussed in a consensus meeting. Seventeen further studies were found
through hand search, tracking cited references in other studies and relevant previous

literature reviews in this area.

Data synthesis

The selected studies were analyzed by two reviewers with a standardized data extraction
form, as suggested by the Cochrane Handbook for Systematic Reviews of Interventions.
Tests, early detection tools and screening instruments were 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 was defined as “fest-taking that is unsupervised after the test
platform has been set up, and can occur in the clinic or home setting” (18). Cognitive
domains were depicted as described by the authors in the article. Concurrent validity
was reported as correlations with other previously validated instruments. Discriminant
Validity was reported as sensitivity and specificity rates and/or capacity to distinguish
people with and without cognitive impairment. When discriminant validity was reported

as lack of correlation with unrelated measures the information was also included.
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Quality assessment

Schlegel and Gilliland (19) have proposed 20 critical elements that constitute a
competent quality assessment for computer based test batteries grouped in 4 clusters
(module information, test functionality, data recording and interface
usability/anomalous behavior). These elements can be summarized in a systematic list
of problems sorted by instrument and identified by severity of problem from 1 (severely
affects test integrity) to 8 (affects look and feel). A checklist with these items was used

for the quality assessment of the instruments.

Results

The reviewers agreed that 34 articles covering 31 instruments met the inclusion criteria.
Figure 1 presents a flowchart illustrating the selection process. The instruments and
their characteristics are summarized in Tables 1 (Descriptive data) and 2 (Psychometric
properties). All the selected articles were cross sectional descriptive studies, which is
coherent with the fact that all of them validated a test or test battery. See Supplementary
File 3 for the references of the reviewed articles. A list of instruments reviewed in the
previous literature is provided in Supplementary File 4; twenty three of the 31
instruments included in this review had not been included in the previous literature

reviews.

Study quality assessment

The total score of the studies in Schlegel and Gilliland checklist (2007) ranged from
2/20 (10%) to 20/20 (100%). The average score was 15.40, equivalent to 77% of the
possible marks. Table 3 shows the checklist with the scores of each instrument. Module
information and version control was the better quality area, with 92% of the possible

marks accomplished. Data recording got 88% of the possible marks, and test



functionality 71%. The weakest areas of the instruments were usability (18%) and

anomalous behavior reporting (29%).

Descriptive Data

Of the 31 instruments, 52% (16) used a PC, 26% (8) a Tablet, 13% (4) a laptop, one was
set in a mobile phone, one used the telephone and another one used a specifically
designed technology. Three of the tablet based instruments could also be displayed in a
personal computer. The most common input device was the touchscreen in 48% (15) of
the instruments, followed by buttons or keys in 29% (9); of which 5 had two buttons
simplified input pads. Other input modalities were mouse (3), microphone or voice
recognition (2), eye tracker (1) and multiple devices (1). Fifty five percent (17) of the
instruments were test batteries, 36% (11) individual tasks, 2 diagnostic tools and 1 a
behavioral measure. The instruments were validated with a total of 4307 participants,
1104 of whom were PWD (M = 74.65, SD = 3.98), 1057 people with MCI (M = 74.84,
SD =4.46) and 2146 healthy older adults (M = 73.59, SD = 5.12). Eighty four percent
(26) were administered to healthy older adults, 58% (18) to people with MCI and 65%
(20) to PWD. Seventy nine percent of the articles (27) provided information about the
years of education of the participants and 94% reported exact results and quantitative
normative data. The instruments’ administration time ranged from five to 44.2 minutes
(M =21.99, SD = 12.05). Sixty eight percent (20) were self-administered; of them, 13%
(4) were completely self-administered while 19% (6) had to be initiated by a technician,
29% (9) needed assistance or supervision and one had to be corrected by a professional.
Twenty six percent (8) were administered by a technician and three did not report the

way of administration.



58 |

Six percent (2) were delivered at home, 39% (12) were delivered at a clinic or
laboratory but had the potential of being delivered at home and 55% (17) could only be
delivered at a clinic. Ninety four percent (29) had cognitive outcomes while the

remaining two were diagnostic tools assessing the risk to convert to AD.

Usability

Results about usability and understandability are summarized in Table 1. Nineteen
percent (6) of the instruments reported outcomes about usability defined as
acceptability, efficiency and stability. In a single paper the development of the
instruments was carried out in several stages, including in each step the suggestions
from the usability assessment performed in the previous step through an iterative
process (18). In another case, the researchers used a computerized system including a
Perception Response Evaluation (PRE) module that established whether a participant

met minimum perceptual and response requirements for taking various tests (20).

Additionally, 22% (7) of the instruments provided information about understandability.
In three cases, understandability was used as a synonym for the participants’ ability to
complete the assessment, but it was not assessed with tests or questionnaires, with one
exception (COGVAL) that used a non-standardized questionnaire (21). In one study
(22), the test instructions were automatically reiterated by the computer program when
the pattern of errors suggested that instructions were misunderstood. User experience
was assessed in only one instrument (18) and other two articles addressed it generically

(23, 24)

Psychometric Properties

Twenty three (74%) instruments provided information about concurrent validity. Of

them, five were validated against well stablished neuropsychological test batteries (e.g.
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ADAS-Cog), seven were validated against brief tests (e.g. MMSE, MOCA, HDS-R)

and 11 against individual tasks or parts of batteries.

Twenty four (77%) instruments reported information about discriminant validity,
obtaining in general good levels of sensitivity and specificity in detecting population

with cognitive impairment.

Regarding internal consistency, six instruments provided information about intra-class
correlation, and 11 about test-retest reliability. Two instruments had had a factor

analysis performed and seven provided cut-off points for cognitive impairment.

Discussion

Even though computer-based testing has been used for more than 65 years in research
until recently assessment was always carried out by a trained professional in a clinical
context (clinic, laboratory, hospital, etc.). General access to personal computers, tablets
and smartphones has opened a wide new horizon of opportunities for community-based
assessments that can be self-administered or administered by a carer improving
accessibility and the potential for early detection without compromising validity and
reliability. However, the results of this review indicate that despite the range of different
and accessible technologies developed in the last years, most of the instruments are still
delivered through a personal computer, only 8 using a tablet and one a mobile phone. It
is necessary to design screening instruments that can be delivered through the most

accessible technologies like tablets and smartphones.

One of the strengths and potentials of ICT based devices is the possibility of being

delivered at home, eliminating the need to travel to a health care facility. This would
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allow early screening and detection to be more feasible in comparison with traditional
paper and pencil instruments, yet most of the instruments could only be delivered at a
clinic (55%). As a matter of fact, even though 39% of the instruments had the potential
to be home delivered (based on the technology needed and automated completion), most
of them still needed the assistance of a technician to be administered. In some cases the
role of the technician included aspects that the current technology can overcome with
remote control or automatic systems like collecting demographic data (25); side by side
supervision (20); or repeating the instructions (22). This might be caused by a gap
between the health system capacity to work with automatically generated data and
current ICT development. An effort should be made to develop completely self-
administered instruments and to design software that can be initiated by end users or
their carers at home. In addition, clinicians and health care systems should develop their
capacity to gather and use remote automatically generated clinical data for diagnostic
and screening purposes. Ethical concerns about home-based assessments should be
addressed, obtaining informed consent from persons with dementia due to possible
difficulties understanding complex technology and loss of awareness over time of the

data being collected.

Usability

Of the areas analyzed in this review, usability is the most under reported, with only six
studies including it into their design process. The fact that 81% of the instruments did
not address the subject of usability, and 78% did not assess understandability poses a
concern over their design processes. There seems to be a lack of consensus of the scope
of the term; in one of the five studies, for example, usability was taken as a synonym for

acceptability (24).
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Integration of electronic devices in the assessment and treatment of older adults with
cognitive impairment has raised critics and skepticism, being regarded as solutions not
acknowledging their interests, needs and values. In this context, it is essential to
incorporate person centered design (26) to the development of ICT based instruments
for early screening and detection of cognitive decline. The usability of the system and
the application of user-centered design are more important than the level of education or
the familiarity with ICT (27). ICT instruments can be embedded in a person-centered
model; a good example of this is the provision of feedback sessions after the completion
of the assessment to ensure patient and family understanding of diagnosis and
prognosis, to answer questions and to collaboratively discuss recommendations and
their implementation (28). The interface of the devices should be designed according to
individual's age, gender and preferences, personalizing their appearance (29). While the
previous findings of the literature recommend touchscreens as the best interface for
older people (30), still almost half of the instruments do not include this technology.
The match of person and technology has to be considered as it is a key factor in the
decision to use technology or not. The inclusion of older adults with cognitive decline in
the design and evaluation of these instruments is fundamental, as well as assessing
users’ experience (31). Unfortunately, this was not the case in most of the instruments
reviewed. User experience information is necessary for the design and adaptation of the

technology to the participant’s desires, thoughts, learning style and aesthetics.

Lack of computer experience has been repeatedly reported as a characteristic that
decreased the odds of independent completion of tests and correct understanding (25).
The evidence found in this systematic review suggests that this situation could be
overcome by the introduction of pre-assessment practices. Pre-test training sessions are

often used to let participants become familiar with the novel technology (32-36).
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Practice and training before using electronic devices is advisable, as older adults can
learn to use them and improve their performance. Another field to be explored in future
studies is the comparison of individuals” test scores in different contexts: does the
performance of the assessed person change because of the presence or absence of the
clinician? Does it get worst or better in independent and automatic evaluation compared
to face to face assessments? Another direction to move forward is to increase the
accessibility of the instruments by carrying out trials that assess their suitability for
independent administration. Usability assessment is vitally important if tests are to be

administered independently.

The assessment of usability can be performed through different methods. The ISO/IEC
9126-4 metrics recommends that usability assessments should comprise: effectiveness
(the accuracy and completeness with which users achieve specified goals); efficiency
(the resources expended in relation to the effectiveness); and user satisfaction (comfort
and acceptability of use). There are specific usability assessment tools like the
“Usefulness, satisfaction and ease of use questionnaire” (37); the Everyday Technology
Use Questionnaire (38); the After Scenario Questionnaire (39); and the System
Usability Scale (40). There is also a questionnaire that captures perceived usability and
acceptance according to the technology acceptance model (41). In addition, there are
also empirical ways in which usability can be measured through observation (e.g.
difficulty to release the touchscreen after pressing it, number of times the users pressed
the screen, number of times they requested help from the technician and why help was
requested, etc.). Automated evaluation mechanisms should also be adopted to improve

the empirical methods employed to assess usability (42).

Validity and reliability



A quality assessment evaluation should represent a required initial step before
psychometric properties and validity evaluation, and it should be performed by someone
independent of the developer of the instrument (11). The methodological quality of the
instruments was good according to Schlegel and Gilliland checklist, but only four
scored 100% of the items (10, 18, 21, 24), showing a potential for quality improvement,

especially in the fields of usability and test functionality.

The validation of the instruments reviewed was carried out with healthy older adults as
well as PWD and MCI as distinct groups. This is an asset to be highlighted as it has
been reported that persons with cognitive impairment are likely to have decreased
ability to manage everyday technology (43). People with dementia have greater
impairment than people with MCI (44). The fact that researchers have validated their
instruments for the three groups provides clinicians with the tools needed to make
clinical decisions regarding the assessment of the different populations. Most of the
instruments obtained acceptable values of specificity and sensitivity. Still, only seven
studies provided cut-off points for cognitive impairment. It would be advisable for
researchers to make an effort to provide cut-off points for their instruments, as they are

essential for screening purposes.

In terms of concurrent validity, most of the instruments were validated against brief
tests (MMSE) or individual tasks. This is an aspect to be improved in the validation of
screening instruments, as brief batteries like MMSE have significant limitations for
early detection of cognitive decline (45). Ecological validity of the assessments was not
assessed in any of the instruments. Bardram (2006) raised awareness about the necessity
to utilize technological assessments in a real world setting, outside the laboratory, and to
carry out longitudinal studies which assess the evolution of the relationship between the

end user and technology (46). The mean duration of administration varied across
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instruments, but in general it remains as an added value of ICT based instruments as
they achieve good levels of specificity and sensitivity with reasonably brief
assessments. There is a need to develop longitudinal studies to analyze the reliability of

early detection of cognitive impairment and inherent risk to develop dementia.

Test batteries vs. individual tasks

The existence of tests of specific domains like visuospatial function, which present good
specificity and sensitivity for the detection of cognitive impairment opens the debate
about the cost/benefits of performing full assessment batteries for screening purposes.
On the other hand, many screening tools are weighted towards assessment of memory
impairment; however deficits in other areas are crucial for differential diagnosis (47). In
this regard, the next step should be the design of brief screening instruments that assess
key markers for early detection. Indeed, some computer based batteries have been
analyzed to see if specific subtests would have enough sensitivity to discriminate
healthy older people from people with cognitive impairment. Automated speech
recognition technology is a promising field (12); and research on brain-computer
interfaces could offer in the near future an opportunity for the assessment, diagnosis and

treatment of people with communication impairments (48).

Limitations

As pointed out elsewhere (7), some of these instruments are subject to proprietary issues
like license fees which leave them out of reach for the general public, or copyright
aspects which prevent researchers and clinicians from modifying them. Researchers,
grant funders and the industry should strive to deliver open access instruments. Even
though wide scale cognitive screening can reliably identify individuals with cognitive

impairment, additional neuropsychological, clinical and biomarker data are necessary to
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identify prodromal dementia (49). The instruments reviewed in this paper are not meant
to replace neuropsychological assessment, and cannot carry out a dementia diagnosis on
their own; they are instruments that allow the identification of those subjects that could

be referred to specialized units.

Conclusions

As ICT develop, clinicians and health services fall behind in using technological
advances for improving health care for older people. Electronic devices for dementia
and cognitive impairment early detection and assessment are still in their infancy in
terms of accessibility and usability. Innovative and comprehensive instruments with the
capacity to be delivered in the community are still to be developed and the current
existing gap between research and applied technological solutions integrated in the
health care services and policies should be narrowed. All in all, we have all what is
necessary to tackle the problem of early detection of cognitive impairment in older
adults, now the challenge is to find the way to integrate the existing solutions in user

friendly and accessible instruments.
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Table 3. Methodological quality of included studies (Schlegel and Gilliland, 2007)
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Instrument Author / Year -§ = . ‘E g % K] -E £ » 2 E;) o0 ; g £
EE: D £ % IR
5 2 £ £ 2z E , £ £ £ E £ £ E g 5 f & % o
E g £ § 3 ¥ 5§ g » % g & E 5 g 2 3 s g £
s ® &z E 5 £ E - £ s £ 3 £ £ S 2 8 E & % 32
: 2 - % i :% %3 £ 2% :E 8% sz =3 &8
S £ 2 F:z Fo oz £ & 2 E 22 & 2 & & E & 3
2 = 2 R B 4 & B & 5 - g o6 4 w6 £ & = & B o
- & & - T S R - — - = = - = - = = Q =
MODULE INFORMATION - VERSION TEST FUNCTIONALITY DATA RECORDING OTHER
CONTROL
cADAS O’Halloran et al., 2011 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 NR 19 95
CADi Onoda et al,, 2013 1 1 1 1 1 1 1 1 1 0.5 1 1 1 0 1 1 1 1 NR NR 165 83
CAD-PAD Alomet al., 2012 1 0 0 0 1 0 0 0 NA 0 NA NA NA O 0 0 0 0 0 NA 2 10
CAMCI Tierney et al., 2014 1 1 1 1 1 1 1 0 1 1 0 1 1 0 0.5 1 1 1 05 1,0 16 80
Memoria et al., 2014
CANS-MCI Ahmed et al,, 2012 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 NR 16 80
CANTAB-PAL Junkkila et al., 2012 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 18 90
CDR (COGDRAS-D) Wesnes et al.,, 2010 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 18 90
ClockMe System Kimet al., 2012 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20 100
Hamers et al., 2011
CogState Fredrickson o al., 2010 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20 100
CogState Brief Hamers et al., 2012 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 19 95
CogVal-Senior Solis et al.,, 2015 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20 100
CRRST Ramratan et al., 2012 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 NR 17 85
C-TOC Jacova et al,, 2014 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20 100
Wright et al., 2011
DETECT Wright et al., 2010 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 NR 16 80
GrayMatters® Brinkman et al., 2015 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 NR 16 80
HGT Lacz6 et al., 2011-2012 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 NR 16 80
IVR Drarcy et al., 2013 I NA 1 1 NA NA 1 NA 1 1 0 0 NR 0 0 0 0 1 0 1 8 40
MCI Screen Rafii et al., 2011 I NA NA 1 NA NR 1 NR NR NR O 1 NA 0 0 0 0 0 0 0 4 20
MCS Zorluoglu et al,, 2015 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 0 16 80
NCGG-FAT Makizako et al., 2013 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 0 16 80
NIHTB-CB Heaton et al., 2014 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 0 16 80
NIHTB-PSMT Dikmen et al., 2014 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 17 85
PredictAD Liu et al,, 2013 1 0 0 0 1 0 0 0 NA 0 NA NA NA 0 0 0 0 0 0 NA 2 10
SCIT Friedman et al., 2012 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 17 85
SDRST Satler et al., 2015 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 0 16 80
TDAS Inoue et al., 2011 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 0 16 80
TPST Ishiwata et al., 2014 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 0 16 80
TPT Vacante et al. 2013 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 0 16 80
VECP Bayer et al., 2014 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 1 1 1 0 0 15 75
VPC Lagun et al,, 2011 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 0 0 16 80
VSM Maki et al., 2010 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 17 85
Total 31) 31 27 28 29 29 27 29 26 28 275 12 25 27 9 25 27 27 28 55 9 4718 71
% 92 71 88 24

Notes: NA = Not applicable; NR = Not reported.
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Figure 1. Flowchart of study selection

13893 records identified through database searching

3891 records after duplicates removed

1785 records published 2010-2015 screened

—> 1696 records excluded on Title/Abstract

17 records included based on hand search

106 full text articles assessed for eligibility

36 articles excluded with reason:
- Reviews (13)
- Descriptive, editorials (10)
- Critiques (2)
- Younger adults (6)
- No normative data (age) (3)
- Other language (1)
- Feasibility study (1)

70 articles selected

- Electronic devices (34)
- Internet / online (13)

- Monitoring devices (18)
Virtual Reality (5)

34 articles included in this systematic
literature review

- Electronic devices
- Articles (n=34)
- Instruments (n=31)
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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
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assessment, with good correlations with well-established paper and pencil assessment
tools (8). ICT instruments for 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
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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 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 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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the Systematic Review

Relevant studies included in

Relevant studies included in the
Systematic Review

Y

y

Studies included in Systematic Review
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Supplementary File 2: PRISMA 2009 Checklist

#

Checklist item

Reported

on page #

TITLE : Usability, validity and reliability of electronic devices for cognitive impairment screening: A

systematic review

Title | 1 ‘ Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured 2 | Provide a structured summary including, as applicable: background,; 1

summary objectives; data sources; study eligibility criteria, participants, and

interventions; study appraisal and synthesis methods; results; limitations;
conclusions and implications of key findings; systematic review registration
number.

INTRODUCTION

Rationale 3| Describe the rationale for the review in the context of what is already 3

known.

Objectives 4 | Provide an explicit statement of questions being addressed with reference to | 5

participants, interventions, comparisons, outcomes, and study design
(PICOS).

METHODS

Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., 6

registration Web address), and, if available, provide registration information including
registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report | 6
characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale.

Information 7 | Describe all information sources (e.g., databases with dates of coverage, 6-7

sources contact with study authors to identify additional studies) in the search and
date last searched.

Search 8 | Present full electronic search strategy for at least one database, including 6
any limits used, such that it could be repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included 6-7 (+
in systematic review, and, if applicable, included in the meta-analysis). Figure 1)

Data collection 10 | Describe method of data extraction from reports (e.g., piloted forms, 7

process independently, in duplicate) and any processes for obtaining and
confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, 7
funding sources) and any assumptions and simplifications made.

Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies 7 (Quality

individual studies (including specification of whether this was done at the study or outcome assessment
level), and how this information is to be used in any data synthesis. )

Summary measures | 13 | State the principal summary measures (e.g., risk ratio, difference in N/A
means).

Synthesis of results | 14 | Describe the methods of handling data and combining results of studies, if | 7
done, including measures of consistency (e.g., I%) for each meta-analysis.
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Section/topic # Checklist item
Risk of bias 15 | Specify any assessment of risk of bias that may affect the N/A
across studies cumulative evidence (e.g., publication bias, selective reporting
within studies).
Additional 16 | Describe methods of additional analyses (e.g., sensitivity or Quality
analyses subgroup analyses, meta-regression), if done, indicating which assess
were pre-specified. ment
Page 8
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and Figure 1
included in the review, with reasons for exclusions at each stage,
ideally with a flow diagram.
Study 18 | For each study, present characteristics for which data were Table 1
characteristics extracted (e.g., study size, PICOS, follow-up period) and provide &2
the citations.
Risk of bias 19 | Present data on risk of bias of each study and, if available, any Table 3
within studies outcome level assessment (see item 12).
Results of 20 | For all outcomes considered (benefits or harms), present, for each Table 1
individual studies study: (a) simple summary data for each intervention group (b) &2
effect estimates and confidence intervals, ideally with a forest plot.
Synthesis of 21 | Present the main results of the review. If meta-analysis are done, 8-10
results include for each, confidence intervals and measures of consistency.
Risk of bias 22 | Present results of any assessment of risk of bias across studies N/A
across studies (see ltem 15).
Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or Table 3
analysis subgroup analyses, meta-regression [see Item 16]).
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence for | 11
evidence each main outcome; consider their relevance to key groups (e.g.,
healthcare providers, users, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), 16
and at review-level (e.g., incomplete retrieval of identified research,
reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other | 16
evidence, and implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other 2
support (e.g., supply of data); role of funders for the systematic
review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS
Med 6(6): e1000097.
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Table S1. ICT based electronic instruments reported in previous reviews and in this review

# Zygouris 2015 de Oliveira 20 Snyder 2011 Tierney 2010 Wild 2008 'c{:"’::,t # Zygouris 2015 de Oliveira 20 Snyder 2011 Tierney 2010 Wild 2008 i:::":

1 ANAM ANAM ANAM ANAM 32 CMBT

2 CALLS 33 CTSPRT

3 CANS-MCI CANS-MCI CANS-MCI CANS-MCI CANS-MCI 34 CsT CsT

4 CAMCI CAMCI CAMCI CAMCI 35 ACT

5 CANTAB CANTAB CANTAB-A CANTAB CANTAB-PAL 36 GrayMatters GrayMatters

6 CANTAB Mobile 37 Integneuro / Webneuro

7 CFT 38 NIH Toolbox

8 COG selftest 39 CADAS

9 COGDRAS-D CI COGDRAS COGDRAS-D CI COGDRAS-D  COGDRAS-D COGDRAS-D 40 CADi
10 CogniScreen CogniScreen 41 CAD-PAD
11 CogState Cogstate CogState Cogstate Cogstate CogState 42 (;roigesftate
12 CNS Vital Sign: CNS Vital Sign: CNS Vital Sign: CNS Vital Sign: CNS Vital Signs 43 gg:i\zli
13 csl csl csl csl 44 CRRST
14 Kluger 45 c-ToC
15 Inoue 46 DETECT
16 Maki 47 HGT
17 MicroCog MicroCog Microcog shoi MicroCog 48 IVR
18 MClScreen McCIS McCIS MmcCIs MClScreen 49 mcs
19 Mindstreams Mindstreams Mindstreams Mindstreams Mindstreams 50 NCGG-FAT
20 TDAS 51 NIHTB-CB
21 CNTB CNTB 52 NIHTB-PSMT
22 GMLT 53 PredictAD
23 TAP 54 SCIT
24 CPT 55 SDRST
25 SUCCAB 56 TDAS
26 SCNT 57 TPST
27 Nex Ade 58 TPT
28 NES-2 59 VECP
29 CAPT 60 VPC
30 Hooper’s Test 61 VSM

31 Sperling WRT







