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ABSTRACT

Background: Assistive devices with context-aware computing and artificial intelligence (Al)
capabilities can be applied for cognitive and communicative impairments experienced by
persons with dementia (PwD). Such intelligent assistive technology devices (IATDs) may
assist in reducing the activity limitations and participation restrictions of PwD. Research
regarding IATDs and augmentative and alternative communication (AAC) devices for PwD
is rarely transferred to commercial and clinical use.

Aim: To provide an overview of current literature regarding characteristics of IATDs
cognitive and communicative impairments of PwD as well as the areas of impairment
addressed by the IATDS; to summarise the reported benefits and limitations of the IATDs
and to identify trends and gaps in the research.

Method: A multi-faceted systematic search strategy involving three electronic database
platforms, two electronic databases and three electronic journals yielded records of the past
decade. Predefined criteria were applied for inclusion and data extraction. Data were
thematically analysed and synthesised.

Main Contribution: This review demonstrates that the majority of research involving IATDs
in the past decade has focused on cognitive impairments of PwD and have not yet evolved
past the conceptual or prototype stages. A summary of commercially available IATDs for
PwD is provided at the end of this review.

Conclusion: Research established that IATDs for PwD primarily focus on social robots,
especially PARO, addressing cognitive impairments of attention and affect, as well as social-
pragmatic communicative impairments. The majority of IATDs are operated by the PwD
themselves, and aim to support interpersonal interactions and relationships by enabling and
empowering PwD. Few IATDs addressed the linguistic impairments experienced by PwD.
Future research should collaborate between computer engineering and health practitioners to

address the identified gaps to contribute to evidence-based decision-making for PwD.

Keywords: assistive devices, cognition, communication, dementia, intelligent technology
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Section 1: Problem Statement and Literature Review

1. PROBLEM STATEMENT AND LITERATURE REVIEW
1.1 Dementia

Dementia is a clinical syndrome and a major neurocognitive disorder (NCD) that
typically affects older people, but is distinct from cognitive decline associated with increased
age (American Psychiatric Association [APA1], 2013; Prince et al., 2013; Salmon & Bondi,
2009). The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5),
classifies dementia as a significant acquired cognitive decline in any one or more of the
domains of complex attention, executive function, language, learning and memory,
perceptual-motor or social cognition. Diagnostic criteria include a decline in any one or more
of these six cognitive domains, resulting in an interference with independence and activities
of daily living (ADLs) (APA?, 2013).

Types of dementia that have a primary insidious onset and gradual progression of
impairment of cognitive function include dementia due to Alzheimer’s disease (AD),
frontotemporal dementia and dementia with Lewy bodies (APA!, 2013). AD is the most
frequently occurring type of dementia. Secondary dementia due to causative aetiologies
includes vascular dementia, substance/medication-induced dementia as well as dementia due
to traumatic brain injury (TBI), human immunodeficiency virus (HIV), Prion disease,
Parkinson’s disease, Huntington’s disease or other medical conditions (APA?, 2013).
Dementia types secondary to health conditions might differ from primary dementia types
when considering the disease’s treatability, progression and course. For the purpose of this
review, the effects and possible support of neurodegenerative dementia (i.e. dementia due to
AD, frontotemporal lobar degeneration and Lewy body dementia) are of interest (APA,
2013).

Persons with dementia (PwD) often experience memory problems. The types of
memory impairment experienced differ, depending on the underlying condition, extent and
site of the brain lesions (VVan der Roest, Wenborn, Pastink, Droes, & Orrell, 2017).
Prospective memory impairments have significant influences on independent living as it
involves remembering tasks without prompts. Retrospective memory impairments affect the

recognition or recall of previously acquired information (Van der Roest et al., 2017).
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Section 1: Problem Statement and Literature Review

Other neuropsychological symptoms of dementia include deficits of executive
functions, which are the higher-order cognitive processes responsible for planning, concept
formation, problem-solving and the simultaneous manipulation of information (Salmon &
Bondi, 2009). Attention deficits affect tasks that entail the disengagement and shift of
attention, as well as the management of attentional resources. Visuospatial and
visuoperceptual deficits often occur with AD, although less noticeably in the early stages of
AD (Salmon & Bondi, 2009). A large portion of PwD also have mental state symptoms,
influencing affect, agitation and psychotic needs such as co-morbid depressive and anxiety
symptoms (Meaney, Croke, & Kirby, 2005). The behavioural changes due to cognitive and
neuropsychological symptoms contribute to caregiver burden, create a need for

institutionalised care and impact on various life areas in PwD (Azermai, 2015).

The International Classification of Functioning, Disability and Health (ICF) model
(World Health Organization, 2001) views nine different domains of activity limitations and
participation restrictions. These are the result of physiological, psychological body functions
and anatomical structures interacting with environmental and personal factors. For example,
neurological impairments associated with dementia influence the PwD’s capabilities to
manage activities and decisions of daily life, maintain appropriate attitude by regulating
emotional reactions and perform perceptive movements. This in turn leads to limitations in
activities and restrictions in participation (Fried-Oken, Mooney, & Peters, 2015; Scherer et
al., 2012). There are nine domains of activity limitations and participation restrictions. These
are: (1) learning and applying knowledge, (2) general tasks and demands, (3) communication,
(4) mobility, (5) self-care, (6) domestic life, (7) interpersonal interactions and relationships,
(8) major life areas, and (9) community, social and civic life (Scherer et al., 2012). PwD are
expected to experience activity limitations and participation restrictions and possibly require
assistance in all of the above mentioned domains, except in domain (8), major life areas
(Scherer et al., 2012).

Caring for PwD increases societal and financial/economic costs due to increases in
diseases and healthcare costs and shortages of caregivers (Rashidi & Mihailidis, 2013), which
emphasises the importance of timely diagnosis (Hung et al., 2019). Therefore, interventions
can then be planned to guide PwD and their families to prepare for the progression of

cognitive decline (Koumakis, Chatzaki, Kazantzaki, Maniadi, & Tsiknakis, 2019).
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Section 1: Problem Statement and Literature Review

1.2 Assistive Devices for Persons with Dementia

While pharmacological interventions may assist in delaying the progression of
dementia symptoms, they are not only costly but also limited to the biological dimensions of
dementia (Klimova, Valis, & Kuca, 2018). Aligned to the ICF, functional, holistic goals that
facilitate participation and independence of persons with dementia in various life domains
can be addressed with non-pharmacological interventions such as assistive technologies
(Livingston et al., 2017). Assistive technology (AT) is defined as commercially acquired
equipment or product systems that could be customised or modified to be applied toward
improving or maintaining the functional capabilities of persons with disabilities (Van
Niekerk, Dada, Tonsing, & Boshoff, 2018).

AT devices range from simple, low-technology devices such as calendar clocks to
sophisticated, high-technology devices such as automatic lighting or social robots
(Kenigsberg et al., 2019). In their review of information and communication technologies
(ICT), Martinez-Alcald, Pliego-Pastrana, Rosales-Lagarde, Lopez-Noguerola, and Molina-
Trinidad (2016) also recognised the range of low-level technology, telecare and smart home

technology as tools for PwD accessible in the public market.

The main goal of AT for PwD is to enable them to maximise their mental and physical
functions in order to continue leading independent and purposeful lives and to continue
participating in social networks (Mokhtari et al., 2012). This is achieved by assisting with the
following three areas of functional impairments experienced by PwD. The first area is health
and well-being, such as reducing the risks of falls and disorientation and supporting
medication regimes and reminiscence activities. The second area of functional impairment is
safety and independence, such as preventing accidents and getting lost outside the home. The
third area pertains to enabling and empowering, such as supporting ADLSs, increasing choices
and opportunities, assisting with communication and social networks (Kenigsberg et al.,
2019).

The integration of technology into care for PwD is a significant opportunity as it can
prospectively reshape dementia care (Hung et al., 2019). In this regard, innovations in the
technological field can promote independent living, safety and autonomy of PwD. It can also
reduce psychological and behavioural symptoms of PwD (Klimova et al., 2018) and increase
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the quality of life (QoL) experienced by PwD and the family members acting as their

informal caregivers (lenca et al., 2017; Topo, 2009).

Trends in assistive devices have moved toward context-aware computing and the use of
artificial intelligence (Al). Systems that are context-aware can sense information about a
person and remember the information with the purpose of reducing effort and computer-user
communication (Mihailidis & Fernie, 2002). Furthermore, technologies that amplify or
augment human abilities have proliferated as service robots and home automation equipment
with Al have become commonplace in users’ lives (McMurray et al., 2017). Sennott, Akagi,
Lee, and Rhodes (2019) defined Al as a machine’s capability to mimic human intelligence
with the goal to develop machines that are able to use human intelligence characteristics.
These traits include emotion, creativity, language, self-awareness, learning, logic, planning
and reasoning to solve problems and to adapt to changing environments. Al, a relatively new
field in science and engineering, brought about intelligent assistive technology devices
(IATDs). IATDs have the ability to support or increase human abilities or activities while
sensing and responding to the user’s needs and adapting to the changing environment
(McMurray et al., 2017; Russel & Norvig, 2014). IATDs employ algorithms for mobile and
ambient activity recognition, context modelling, anomaly detection, location and identity

distinguishing, and automatic planning and scheduling (Rashidi & Mihailidis, 2013).

Recent technologies with intelligent or context-aware capabilities have developed a
variety of IATDs. These include mobile and wearable sensors, assistive robotics and smart
homes (Koumakis et al., 2019; Rashidi & Mihailidis, 2013). Firstly, mobile and wearable
sensors involve various instruments such as global positioning systems (GPS), proximity
sensors, gyroscopes and accelerometers, which are integrated into most smart phones to
detect user mobility and activity. Other examples of wearable sensors include patches, small
portable or body-worn devices, as well as smart garments. These monitor health signals such
as blood pressure, blood glucose and cardiac activity (Rashidi & Mihailidis, 2013). Data from
these mobile devices are communicated to the internet or other network access points, or
could be connected to a web interface to provide communication options between the user
and caregivers (Rashidi & Mihailidis, 2013).

Secondly, assistive robots aim to aid with physical limitations in daily activities.
Rashidi and Mihailidis (2013) specified three types of assistive robots that perform the
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Section 1: Problem Statement and Literature Review

following functions. (1) They provide assistance with ADLSs, for instance bathing, grooming,
dressing and feeding. (2) They help with instrumental activities of daily living (IADLS), such
as medication management, meal preparation, housekeeping, laundry, shopping and
telephone use. (3) Also, they support enhanced activities of daily living (EADLS), such as

social communication, hobbies and new learning.

Thirdly, regular homes are augmented with various sensors and actuators (devices
activated by commands from control mechanisms to control features such as lights, locks or
windows) to create smart homes (Rossi et al., 2014). Sensor data are analysed to provide
context-rich information. In turn, the information is utilised by a smart home to provide
automation and increased comfort and to assess cognitive and physical health of its residents
(Rashidi & Mihailidis, 2013). A synopsis of research by lenca et al. (2017) indicated that
distributed systems such as smart home systems dominated the largest portion of indexed

technologies for PwD, followed by assistive robots and mobility aids (Liddle, 2017).

Furthermore, researchers have inspected augmented reality (AR) applications for
people with cognitive impairments. AR superimposes information through digital screens
onto what is seen in the real environment in real time. In this way, customised directions,
cues and supplemental information are provided to the PwD (Zanwar, Heyn, McGrew, &
Raji, 2018).

Technologies for dementia care can have various users. In a review of AT products for
PwD in the United Kingdom, Gibson et al. (2014) found three themes of AT products in
terms of their users. Firstly, AT devices could be used independently by the PwD, such as
products that assist in everyday activities (e.g. medication dispensers), raising alerts (e.g.
reminder alarms) or providing prompts (e.g. signage or memory aids). Secondly, AT devices
can be used collaboratively between PwD and other persons, such as reminiscence aids or
puzzle games that support, encourage or enable communication. Lastly, AT devices can be
used without the PwD’s cooperation, such as products to monitor the PwD’s activities,

movement and safety, or to send emergency alerts (Gibson et al., 2014; Topo, 2009).

Applying IATDs for dementia include various benefits. Firstly, the burden on public
finances is decreased through delaying institutional care. Also, the psychological burden on
formal and informal caregivers is also decreased, counteracting the progressive scarcity of
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caregivers. The quality of care as well as the QoL of PwD is improved by empowering them
(lenca et al., 2017). Other valuable gains as discussed by Das, Cook, Krishnan, and
Schmitter-Edgecombe (2016) are the improved activity initiation and completion assisted by
automated prompts, and extended independent living without the safety of PwD being

compromised.
1.3 Current Research

IATDs for PwD have sparked interest noted in recent reviews. Summaries of some

leading reviews follow next.

A review by Bharucha et al. (2009) examined ATs with direct implications on the
functional impairments of PwD. The reviewed studies mainly examined environmental
sensors and advanced integrated sensor systems. Other types of IATDs identified by
Bharucha et al. (2009) were cognitive aids (mainly memory aids), physiological sensors,
wearable radiofrequency transmitters and proactive activity toolkits. Bharucha et al. (2009)
recommended critical evaluation of the performance characteristics and utility of commercial

products brought about by the proliferation of research in the years following the review.

lenca et al. (2017) reviewed studies from January 2000 to April 2016 to categorise
characteristics of IATDs for PwD according to the technology types, application, impaired
function assisted, user-centred design, primary target-user population and evidence of clinical
validation. The most common applications of IATDs were for ADL completion and safety
monitoring of PwD. The majority of IATDs assisted general-purpose functions. The second
most common function assisted with was the cognitive dimension, which included memory,
communication, orientation, reasoning and decision-making, in this order (lenca et al., 2017).
Trends toward the development of smart homes and environments, and commercial
availability of social robots were identified. The reviewers recommended that IATDs for

emotional support of PwD be explored.

Klimova, Maresova, and Kuca (2016) examined ATs applied to the language disorders
of PwD and concluded that ATs, specifically augmentative and alternative communication
(AAC) technologies, can significantly improve and substitute the spoken and written
communication of PwD. However, these ATs were not limited to IATDs. May, Dada, and
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Murray (2019) specifically reviewed current AAC interventions for PwD and found the focus
of non-electronic aids for memory and communication impairments to be on persons with
AD. Similarly, a systematic mapping study indicated that academic research on software-
based assistive devices focused on providing assistance to socialisation, leisure and cognitive
difficulties (Asghar, Cang, & Yu, 2016). However, the study highlighted that commercially
available software-based assistive devices for health and activity monitoring and cognitive

difficulties receive more attention (Asghar et al., 2016).

Corresponding with the above, Maresova et al. (2018) also conducted a review on ATs
for PwD and found that wearable physiological monitors that track the vital health signs of
PwD were the most preferred function of smart homes for persons with AD. Maresova et al.
(2018) recommended that professionals in health and social care be made aware of the

potential of such ATs for PwD.

Recently, the application of IATDs expanded to communication and socio-contextual
use (McMurray et al., 2017). Bemelmans, Gelderblom, Jonker, and De Witte (2012) reviewed
studies on socially assistive robotic systems used for care of elderly persons, of which many

were PwD. They reported positive socio-psychological and physiological outcomes.

The most recent available review focused on integrated care models for PwD and
explored types of AT for PwD, of which most were identified as home-setting ATs and
assistive robotics (Koumakis et al., 2019). However, the review by Koumakis et al. (2019)

did not identify the parameters of the IATDs that are explored in this review.
1.4 Communication and Communication Devices for PwD

Communication is an especially important ICF domain of the activities and
participation of the PwD. Communication involves receiving and producing messages,
continuing conversations and applying communication techniques and devices by using

signs, symbols and language (Hopper, 2007; World Health Organization, 2001).

The cognitive or neuropsychological symptoms of dementia also have a detrimental
effect on the communication abilities of PwD. Extralinguistic deficits such as inattention to
tasks, difficulty remembering target words or being distracted by related responses occur
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when communicating (Kempler & Goral, 2008). Additionally, semantic or conceptual
memory impairments affect word meaning and message content (Kempler & Goral, 2008).
General communication impairments associated with dementia may include receptive
language impairments such as listening comprehension and reading difficulties, as well as
expressive language impairments such as verbal expression and writing difficulties (Banovic,
Junuzovic-Zunic, & Sinanovic, 2018). Pragmatic impairments are observed when the rules
that govern language use in conversation and communicating in social situations are affected;

these are observed less frequently in PwD (Banovic et al., 2018; Swan et al., 2018).

Arnott and Alm (2016) also emphasised that PwD experience the deterioration of the
ability to communicate as an especially challenging aspect. For instance, the communication
of persons with AD is characterised by impaired sociolinguistic abilities. Initially, persons
with mild AD still have speech with intact phonological, morphological and syntactical
structure. However, lexical-semantic language difficulties such as word finding and naming
difficulties, as well as empty speech, become prominent due to affected semantic memory.
Persons with moderate to severe AD experience a rapid decrease of verbal fluency and
breakdown of comprehension. Thus, AD affects flowing communication, repetition, the
understanding of words and sentences, as well as the ability to read and write (Klimova,
Maresova, Valis, Hort, & Kuca, 2015). Sociolinguistic difficulties such as poor turn-taking,
topic maintenance and inappropriate repetition negatively affect social situations (Klimova et
al., 2015). This highlights that the development of interventions such as assistive devices to
support communication and conserve relationships between PwD and caregivers is a growing

priority in social and healthcare sectors (Arnott & Alm, 2016).

Communication has a significant influence on the other seven domains of the ICF
activities and participation (Byrne & Orange, 2009). Learning and applying knowledge,
general tasks and demands, self-care, domestic life, interpersonal interactions and
relationships, major life areas, and community, social and civic life are the domains affected
by the PwD’s ability to communicate. The domain of mobility is not affected by

communication (Byrne & Orange, 2009).

When considering the communication activity and participation limitations for PwD,
impaired communication might lead to certain difficulties. Examples of these difficulties

include understanding directions for the use of medication, reading recipes or newspapers,
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completing any tasks or everyday activities that require the ability to use language for
reading, writing, speaking or understanding others. Other difficulties include initiation,
maintaining and terminating conversations with other people in addition to the activity
limitations and participation restrictions discussed previously (Badarunisa, Sebastian,
Rangasayee, & Kala, 2015). The capability approach places emphasis on the possible
freedom that technological development and ATs can provide for PwD. By reflecting on
activity and participation limitations by using the capability approach (Le Galés & Bungener,
2019), technology can be seen as an enabler that promotes the participation in life activities
and capabilities of the PwD (Kenigsberg et al., 2019).

In addition to the ICF model (World Health Organization, 2001), the National Joint
Committee for the Communication Needs of Persons with Severe Disabilities (1992) posed a
Communication Bill of Rights. This bill states that all persons with disabilities have the basic
right to influence the conditions of their lives through communication. This includes persons
with severe speech and language impairments due to neurodegenerative diseases such as
dementia (National Joint Committee for the Communication Needs of Persons With Severe
Disabilities, 1992).

To address this basic human right, the scientific field of AAC endeavours to involve the
three components of evidence-based practice as well as development of computer-based
technologies to improve QoL through effective communication (Hill, 2006; Schlosser &
Sigafoos, 2009). The three components of evidence-based practice include current research
evidence, clinical expertise and stakeholder perspectives. AAC technologies are ATs that
compensate for communication losses associated with acquired neurological conditions such
as dementia (Beukelman, Fager, Ball, & Dietz, 2007). AAC interventions for PwD
compensate for, maintain or enhance memory, communication functions, participation and
QoL for PwD. This is done by capitalising on remaining cognitive and communicative skills
of PwD, such as visual processing and reading skills, by reducing cognitive demands on
especially memory, and taking advantage of environmental cues to elicit recall skills
(Beukelman et al., 2007; Lanzi, Burshnic, & Bourgeois, 2017). AAC devices for PwD
similarly range from low technology such as communication books or printed reminders to

high technology such as computerised memory aids (Beukelman et al., 2007).
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AAC technologies are also evolving. From the development of Al, a field named
natural language processing (NLP) emerged (Russel & Norvig, 2014). NLP examines the
automatic analysis, generation or translation of human language in spoken or written form
(Langer & Hickey, 1999). By applying statistical language models trained on natural
language observations to the acquired input and by using machine learning techniques, the
intelligent device can predict and complete words based on patterns observed (Higginbotham,
Lesher, Moulton, & Roark, 2012). AAC and NLP are closely linked when considering the
influx of high-technology assistive devices or AAC aids (Langer & Hickey, 1999).

NLP technigues have had a positive effect on AAC technology development in the past
decade (Mooney, Bedrick, Noethe, Spaulding, & Fried-Oken, 2018a). Applications of NLP in
AAC include the processing and generation of outputs by optimising topic identification,
word prediction, speech recognition algorithms, and the processing of the context of language
use (Elsahar, Hu, Bouazza-Marouf, Kerr, & Mansor, 2019; Trnka, Yarrington, McCoy, &
Pennington, 2006). This technology is well suited for AAC devices for PwD. Word sets are
automatically built over time and are able to provide content to the user’s vocabulary without
family or other professionals having to pre-store vocabulary on the device (Mooney et al.,
2018a). This provides an AAC user with the opportunity to continue being active and
independent participants in their own communication interactions and social networks
(Mooney et al., 2018a). Another Al capability that can be used with NLP is natural language
generation (NLG) for an increased pace of utterances and social interaction, as well as pre-
stored phrases or messages (Dempster, Alm, & Reiter, 2010). Additionally, a global system
for mobile communication (GMS) module of an assistive device can send and receive data
messages via available mobile networks. It serves as an automated communication function
to automatically provide feedback or request help for a person with severe communication
difficulties in unfamiliar or emergency situations (Atayero, Ozara, Popoola, & Matthews,
2016). The ultimate goal of AAC devices and systems with Al capabilities may provide
enhanced methods to persons with complex communication needs to solve the challenges of
participation when their communication needs are hampered by their speech or language
abilities (Sennott et al., 2019).

Although current trends of AAC interventions for PwD still involve non-electronic
aids, a shift to the incorporation of NLP in AAC devices is seen (May et al., 2019). To take

further advantage of devices augmenting communication and memory, PwD are being
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included in contributing to the development of conversational topics on non-electronic
devices to reflect personal agency as advised by the person-centred care approach. However,

the evidence in this regard is still emerging (May et al., 2019).

Despite the numerous advantages that IATDs offer PwD to enable their participation
and independence in daily activities, there are potential limitations that must be considered.
For instance, the ease of access, programming, maintenance, affordability and portability are
potential IATD features that may influence usage by PwD (Elsahar et al., 2019).

1.5 Problem Statement

Based on the review of literature, it is evident that considerable effort has focused on
development of technological applications for assessment and diagnosis of dementia
(Koumakis et al., 2019). However, there appears to be a distinct disparity in how IATDs can
be applied by, with or to persons diagnosed with dementia in the home setting (Koumakis et
al., 2019). Furthermore, although sophisticated IATDs for cognition and communication (e.g.
memory glasses as a prospective memory aid) increase the performance and functioning of

PwD in multiple ADLs, there is a lack of evidence on its effectiveness (Klimova et al., 2016).

Moreover, the adoption rate is lower than expected. This is due to inadequate
information transfer and dissemination between technology development and medical
implementation, lack of clinical validation of IATDs and because clinicians are unaware of
new IATDs and the applicability in dementia care (lenca et al., 2017). Although previous
reviews such as the review by Bharucha et al. (2009) encompassed many technologies, only a

few IATDs have been investigated with PwD (Gagnon-Roy et al., 2017).

Therefore, the purpose of this review is to provide a recent, comprehensive synthesis of
evidence (including studies published up to 2020) about IATDs that have been used by PwD
or their caregivers. This review includes information relating to: (1) cognitive and
communicative areas assisted, (2) the user operational skills required, (3) benefits,
limitations, commercial availability of these IATDs, and (4) identified trends in the
development of IATDs for PwD.
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2. METHODOLOGY

2.1 Research Aims

2.1.1 Main aim

The main aim of this scoping review is to synthesise the current research evidence of

available IATDs applied for the impaired cognitive and communicative functions of PwD,

and to identify trends and gaps in the evidence.

2.1.2 Sub-aims
The sub-aims of the study attempt to:

1.
2.
3.

10.

11.

Identify research designs of research regarding IATDs for PwD;

Identify the types of dementia of the populations exposed to IATDs;

Describe the types of IATDs that are used by PwD or their caregivers to assist with
impaired cognitive and communicative functions;

Identify the primary operators of the IATD in relation to the care of PwD;
Determine the skills required by the primary operators to use the IATD;

Identify the areas of cognitive and communicative impairment of PwD with which
the IATD aids;

Identify the availability for purchase of the IATD to the public for the care of PwD;
Describe the reported benefits and limitations of the IATD in relation to the care of
PwD,;

Describe the reported recommendations made by the authors in relation to IATDs
for PwD;

Describe the reported gaps in development and research regarding IATDs for PwD;
and

Identify trends in current research regarding IATDs for PwD.

2.2 Research Design and Phases

A scoping review is recommended for complex areas that have not yet been reviewed

comprehensively, such as the relatively new field of intelligent assistive devices. A scoping

study will be able to map the key concepts, main sources and types of evidence available in

an area of research (Arksey & O’Malley, 2005). An analytical reinterpretation of the
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literature can also be performed (Levac, Colquhoun, & O’Brien, 2010). Two reasons to
undertake a scoping study would be to summarise and disseminate research findings in terms
of IATDs for PwD, and to identify research gaps in the existing literature to guide further
research (Arksey & O’Malley, 2005). The methodological framework for a scoping study
developed by Arksey and O’Malley (2005) prescribes the following steps. (1) Identify a
research question, (2) identify relevant records, (3) record selection, (4) chart the data, (5)

collate, summarise and report the results, and (6) optional consultation.

No formal quality assessment of the records selected for inclusion in a scoping review
is necessary (Grant & Booth, 2009). Synthesis of data typically takes a tabular form with
narrative commentary (Grant & Booth, 2009). Qualitative data analysis was applied through
the process of inductive analysis, where specific data were synthesised into general categories

and patterns to yield meaning from the data (McMillan & Schumacher, 2014).

The PRISMA-ScS (Preferred Reporting Items for Systematic reviews and Meta-
Analysis extension for Scoping Reviews) checklist (Tricco et al., 2018) was followed to
increase methodological transparency. The checklist involves title, method, results and

discussion elements.

2.3 Ethical Considerations

Firstly, ethical approval was granted by the Research Ethics Committee of the

University of Pretoria (UP), Faculty of Humanities (Appendix A).

A researcher has an ethical responsibility of protecting the rights and welfare of the
participants in a study (McMillan & Schumacher, 2014). However, since scoping studies only
review and summarise literature to disseminate findings and do not involve human
participants, no informed consent was necessary. There is no harm or risk to the participants
(Arksey & O’Malley, 2005). The original records are expected to have upheld participant
privacy and anonymity (McMillan & Schumacher, 2014).

Furthermore, accurate scholarly and scientific knowledge and the protection of
intellectual property rights are upheld by accurate referencing techniques (American
Psychological Association [APAZ?], 2017). UP’s plagiarism policy was also upheld (UP,
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2010). To avoid the duplication of a study, it was intended to register this scoping review on
PROSPERO (International Prospective Register of Ongoing Systematic Reviews) (University
of York, n.d.). However, PROSPERO did not accept scoping studies at the time. Please see
Appendix B.

2.4 Protocol

A research protocol was developed before the systematic searches were performed to direct
essential procedures of the review. According to Schlosser, Wendt, and Sigafoos (2007), the
presence of a protocol increases replicability and transparency of the review process and
decreases the probability of selection bias when performing the review. Various persons,
including information specialists from three UP Library departments, were consulted. They
were from the Speech-Language Pathology and Audiology, Electrical, Electronic and
Computer Engineering, and Medical (Centre for Stomatological Studies) departments.
Consultations with an expert, Associate Professor Pammi Raghavendra from the College of
Nursing and Health Sciences, Flinders University (personal communication, September 27,

2019), also provided valuable information that guided the searches.
2.5 Pilot Search

Pilot searches tested technical adequacy, feasibility of the search terms and
applicability of the inclusion and exclusion criteria, and determined whether any changes to

the protocol were required (Brereton, Kitchenham, Budgen, Turner, & Khalil, 2007). The
procedures of the pilot searches are summarised in Table 1.
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Table 1

Pilot Study Aims, Materials, Procedures, Results and Recommendations

Aim

Materials

Procedures

Results

Recommendations

To determine whether the
search terms were
effective.

To simplify search terms
from all relevant search
terms and subject
headings.

To investigate yields from
various electronic
platforms and databases
suggested by UP
information specialists
from Speech-Language
Pathology and
Audiology, Electrical,
Electronic and Computer
Engineering and Medical
(Centre for
Stomatological Studies)
departments to determine
which to use in
systematic search.

Electronic platforms and
databases

Electronic platforms and
databases

Electronic platforms and
databases investigated:
Academic Search Complete,
ACM Digital Library,
Cochrane Library, The
Cumulative Index to Nursing
and Allied Health Literature,
EBSCOhost, Education
Resources Information
Center, EI Engineering
Village, Family & Society
Studies Worldwide, Health
Source — Nursing Edition,
IEEE Xplore Digital Library,
Inspec, Linguistics &
Language Behaviour

Search terms for
population,
exposure and

outcome facets were

explored separately
and in combination.

Search terms were
explored separately
and in combination
through process of
elimination.

Platforms and
databases were
explored separately
and yields
investigated.

Search terms for
outcome facet
increased number of
results yielded
significantly.

Search terms that
yielded manageable
number of results
selected.

Some yielded
irrelevant records
from other areas of
research, or yielded
too few or too many
records. Some
yielded acceptable
numbers of
appropriate records.

Search terms for outcome
facet removed from search
strategy. Records to be
screened for outcome facet in
title, abstract and full-text
levels.

Specific search terms for
population combined with
exposure decided on. See
Table 2.

Electronic platforms and
databases to use for this
review identified and
combinations selected:
Scopus, EBSCOhost
(including databases
Academic Search Complete,
The Cumulative Index to
Nursing and Allied Health
Literature [CINAHL], E-
Journals, Education
Resources Information Center
[ERIC], Family & Society
Studies Worldwide, Health
Source: Nursing/Academic
Edition, MEDLINE,
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Abstracts, McGraw-Hill’s
Access Engineering,
McGraw-Hill’s Access
Science, Medline, ProQuest
Computer Science Collection,
ProQuest Dissertations &
Thesis Global, Psychinfo,
Science Direct, Scopus.

To investigate yields from Electronic journals

various electronic
journals available from
the UP Library.

investigated: Aging and
Disease, Alzheimer’s Care
Quarterly, Alzheimer’s and
Dementia: The Journal of the
Alzheimer’s Association,
Assistive Technology,
Augmentative and Alternative
Communication, Current
Alzheimer Research,
Dementia and Neurocognitive
Disorders, Journal of
Robotics, Journal of Robotics,
Networking and Artificial
Life.

Electronic journals
were explored
separately and
yields investigated

PsycARTICLES, and
PsycINFO), ProQuest
(including databases
Humanities Index, ProQuest
Dissertations & Theses
Global, Science Database,
Advanced Technologies &
Aerospace Collection, ERIC,
Linguistics and Language
Behavior Abstracts [LLBA],
Linguistics Database and
Social Science Database),
IEEE Xplore DL database,
ACM Digital Library
database

Some yielded too few  Electronic journals selected
or irrelevant records.

for this review: Alzheimer’s
and Dementia: The Journal of
the Alzheimer’s Association,
Assistive Technology,
Journal of Automation, and
Augmentative and
Alternative Communication
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2.6 Search Strategy

Arksey and O’Malley (2005) recommended a breadth of coverage in a scoping study by
maintaining a wide approach. Further decisions about search parameters on extensive
bibliographic references should be made only once the general scope and volume of the field
have been acquired (Arksey & O’Malley, 2005). Table 2 reports the search terms applied to

searches in all the below-mentioned sources.

Table 2

Search Terms as Boolean Phrases

Facet Search terms as Boolean phrases

Population “dementia” OR “Alzheimer*” OR “cog* degenerat*” OR “progress*
cog* decline” OR “neurocog* dis*”

Exposure “assist® tech*” OR “assist* dev*” OR “assist* app™” OR “artific*

intelligen*” OR “heurist*” OR “robot*” OR “natural language
process*” OR “NLP” OR “info* communicat*” OR “cog* tech*”
OR “augment®” OR “augment* communicat®’ OR “augmentative
and alternative communication” OR “AAC” OR “neuro* rehab*”
OR “rehab* engin*” OR “communicat® aid” OR “assis* engin*”

Data were compiled from a multi-faceted search strategy to avoid a biased yield
(Schlosser, Wendt, Angermeier, & Shetty, 2005). A combination of search methods was
utilised. Firstly, electronic database platform searches included: Scopus platform,
EBSCOhost platform (including databases Academic Search Complete, The Cumulative
Index to Nursing and Allied Health Literature [CINAHL], E-Journals, Education Resources
Information Center [ERIC], Family & Society Studies Worldwide, Health Source:
Nursing/Academic Edition, MEDLINE, PsycARTICLES, and PsycINFO), ProQuest platform
(including databases Humanities Index, ProQuest Dissertations & Theses Global, Science
Database, Advanced Technologies & Aerospace Collection, ERIC, Linguistics and Language
Behavior Abstracts [LLBA], Linguistics Database and Social Science Database). The search
strategies and resulting yields of the relevant electronic database platforms can be found in

Appendix C.

Secondly, electronic database searches included IEEE Xplore DL database and ACM
Digital Library database. Appendix C also includes the search strategies and resulting yields

of the electronic databases based on the search terms and publication requirements, namely
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published in English in the period 2010-2020. To ensure that any articles added to the
platforms or databases after the systematic search date are also sourced, the RSS (Really
Simple Syndication) feeds of the searches were applied. This feature allowed updates
concerning the search yields from the library databases. Where RSS feeds were not possible,
searches were repeated, and duplicates were removed to identify new additions. Appendix C
also reports the additional records identified by RSS feeds and second yields with duplicates

removed.

Thirdly, hand searches of electronic journals identified through literature readings for
the period of 2010-2020 were also included in the systematic search, namely Alzheimer’s &
Dementia: The Journal of the Alzheimer’s Association, Assistive Technology, and
Augmentative and Alternative Communication. Appendix C also reports the yields of the

electronic journals.

2.7 Inclusion and Exclusion Criteria

To collate a set of records that will provide accurate answers to the research question, a
set of inclusion and exclusion criteria was based on the framework recommended for
qualitative research reviews, namely Population, Exposure and Outcome (PEO) (Butler, Hall,
& Copnell, 2016). By applying the inclusion and exclusion criteria, irrelevant records were
excluded, and only primary research on PwD who were exposed to IATDs and which
reported cognitive and communicative outcomes of the PwD was included. Table 3 describes

the eligibility criteria for inclusion and exclusion as used by the reviewers.
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Table 3

Eligibility Criteria for Inclusion

Criterion Inclusion Exclusion Rationale
POPULATION Adults (18 years +) Children and young adults below 18  To limit the topic to adult PwD.
(age) years.
POPULATION Persons with degenerative mild to Adults with dementia that is non- To limit the topic to adult PwD
(diagnosis) severe primary dementia, with degenerative, does not have an (APA?, 2013).
insidious onset, as well as gradual insidious onset, or purely secondary
progression of impairment affecting dementia (e.g. vascular dementia,
one or more cognitive domains, TBI, substance or medication-
(APA!, 2013) including dementia induced dementia, dementia due to:
due to Alzheimer’s disease, HIV infection, Prion disease,
frontotemporal dementia (e.g. Parkinson’s disease, Huntington’s
primary progressive aphasia), disease, or another medical
dementia with Lewy bodies. condition), unspecified dementia
(APA!, 2013), psychiatric disorders
(e.g. delirium), dementia with any
co-morbidities, or any other
diagnosis according to the DSM-5,
such as Mild Cognitive Impairment
(MCI) (APAL, 2013).
EXPOSURE/IATD  ATs with Al for cognitive and Non-intelligent AT devices, IATDs To focus the review on IATDs that

interventions

OUTCOME

communicative impairments, thus
IATDs that respond to the user’s
needs and adapts to changing
environments (McMurray et al.,
2017)

Results related to performance of any

of the cognitive domains that

for other areas of impairment (e.g.
physical, ADLs), Al devices with
the aim to identify, diagnose or
classify dementia.

Outcomes related to physical

assistance (e.g. motor control,

assist with the defining areas of
impairment of dementia (APA!,
2013) and exclude technologies
used for neuroimaging or diagnosis
of neurological disorders.

To focus the review on IATDs that
assist with the defining areas of
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Criterion Inclusion Exclusion Rationale

experience decline due to dementia:
Complex attention, executive
function, learning and memory,
language, perceptual-motor, or
social cognition (APA?, 2013).
Other outcomes related to cognitive
faculties such as memory,
communication, orientation,
reasoning and decision-making
(lenca et al., 2017), and social and
emotional faculties (lenca et al.,
2017)

Quantitative experimental,
quantitative non-experimental,
qualitative, mixed method design
(McMillan & Schumacher, 2014)

mobility) (lenca et al., 2017), or
outcomes related to the
functionality of the IATD.

Analytical designs (systematic
reviews, scoping reviews, literature
reviews).

impairment of dementia (APA,
2013)

A wide approach is employed to
generate a breadth of coverage
(Arksey & O’Malley, 2005).

RECORD TYPE Primary/original research published Expert opinions, meta-analyses, To construct an objective and
as peer-reviewed journal articles, systematic reviews, scoping comprehensive scope of primary
unpublished dissertations and reviews, books. Research sources studies.
theses, conference proceedings, not available through the UP
conference abstracts available Library and databases.
through the UP Library and
databases.
TIME AND Published in English, publication Publications not available in English  Reviewers’ language preference and
LANGUAGE dated 2010-2020. or published before 2010. to ensure inclusion of recent

literature and unpublished studies.
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2.8 Selection of Records

The systematic search yielded a total of 9377 records, which were imported to

Covidence systematic review software (Veritas Health Innovation, n.d.) in a research

information systems (RIS) format. The software removed 3,523 duplicate records and

progressed 5,854 records to title and screening level.

Two reviewers independently performed a screening protocol for each record by

reading the title and abstract. Each reviewed the total number of records. Covidence software

(Veritas Health Innovation, n.d.) enabled the reviewers to apply the inclusion and exclusion

criteria to each record, and cast a “yes/include”, “maybe” or “no/exclude” vote. At this level,

5,295 records were deemed irrelevant for the review. Frequently occurring reasons for

exclusion were as follows.

1.

Population criteria: Non-human subjects were used for neurophysiological
research, or human participants with a diagnosis other than dementia were used
for assistive device research, for instance persons with mild cognitive impairment
(MCI). MCl is a separate diagnosis for elderly persons with cognitive impairment
that is not sufficiently severe to qualify as a dementia diagnosis, as daily
functioning is commonly preserved (Petersen et al., 2001), and therefore excluded
from population criteria.

Exposure criteria: Devices for neurophysiological or neuroimaging research, or
IATDs utilised for the prevention, early identification, diagnosis, classification or
cognitive training of PwD.

Outcome criteria: IATDs applied to PwD for outcomes not involving cognitive or
communicative abilities, but rather to assess accuracy or technical efficacy of the
devices.

Other criteria: Records were not the required source type (e.g. reviews, magazine
articles), not in English, or published before 2010.

To conduct the screening conservatively, any records with disagreements between the

reviewers were progressed to full-text screening. Thus, 559 records were progressed to full-

text screening level. At this level, the software offered “include” or “exclude” vote options,

as well as a reason why a record was excluded. The majority of records were excluded based

on the following reasons. The IATD was still only in theoretical or conceptual phase
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(n = 125); the IATD was designed for PwD but experimentally applied to other participants
such as researchers, students, healthy elderly persons or persons with MCI (n = 79); IATDs
for PwD were investigated, but no participants were exposed to the IATD (n = 11). Many
records (n = 34) that were excluded concerned IATDs that were digital, pre-programmed or
operated remotely by teleoperation, but did not have intelligent, adaptable and context-aware
functionality. A large number of records (n = 61) were also excluded because they were not
available to the reviewers through the UP online library. Figure 1 visualises the PRISMA

selection process.

Any disagreements in votes or reasons were labelled by the software as “conflicts”.
Disagreements on reasons for exclusion were consolidated to provide a clearer view of the
current state of research available. Disagreements about inclusion or exclusion of records
were resolved by comparing rationales and establishing a consensus. Interrater agreement
was calculated as a percentage of total vote agreements per record. All the included records
were deemed appropriate for inclusion by the reviewers; this compiled the set of eligible

original research records.
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)

) (1 Identification

2. Screening

) (

3. Eligibility

[ 4. Included ) [

Records identified through searching
multiple platforms and databases

(n =7820)

Scopus (n = 1307), EBSCOhost (n = 2139),
ProQuest (n = 466), IEEE Xplore

(n =1883), ACM (n = 2025)

Additional records identified through
second searches and hand searches of
journals) (n = 1557)

Alzheimer and Dementia (n = 531),
Assistive Technology (n = 34),
Augmentative and Alternative
Communication (n = 36), Updated feeds in
total (n = 956)

Records after duplicates were removed
by Covidence Software (n = 5854)

Phase: Title & Abstract screening

(n =5854)

Records screened for inclusion and
exclusion by two independent reviewers

Records excluded (n = 5295)
Examples of reasons for exclusion:

(P) — Not human subjects, persons with
diagnosis other than dementia, etc.

(E) — Neurophysiological research,
neuroimaging research, |ATD for
prevention, identification, diagnosis or
classification, cognitive training, etc.
(O) — Not cognitive or communication
outcomes of PwD, etc.

(Other) — Not appropriate source type,
language, date of publication, duplicates not
removed by Covidence, etc.

Phase: Full text screening (n = 559)
Full-text records assessed for eligibility

Records included in synthesis (n = 99)

Full-text records excluded (n = 460)

Reasons for exclusion:

Theoretical or conceptual constructs of
IATDs for PwD (n = 125)

Other persons exposed to the IATDs that
are designed for PwD (n =79)

IATDs for PwD investigated, but no
participants exposed to IATD (n = 11)

Not persons with dementia (n = 24)

Devices not assistive devices (n = 20)

Assistive devices not intelligent (n = 34)

Functionality or usability outcomes of
IATDs investigated (n = 53)

Published before 2010 (n =1)

Inappropriate source type (n = 35)

Duplicate records (n = 14)

Record not in English (n = 3)

Record not available (n = 61)

Figure 1. PRISMA flow diagram of selection process.
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2.9 Materials and Equipment

The required equipment included a personal computer and internet access. Furthermore,
access to the UP library database and Covidence systematic review software (Veritas Health
Innovation, n.d.) was required. PROSPERO (International Prospective Register of Ongoing
Systematic Reviews) database registration was considered as it decreases the likelihood of
duplicate reviews. However, scoping reviews are not accepted for registration by
PROSPERO (see Appendix B). Materials that were utilised include the predefined inclusion
and exclusion criteria (Table 3) and the data extraction table and code book (Appendix D and
Appendix E).

2.10 Data Extraction

2.10.1 Data collection

From the Covidence systematic review software, the eligible records were exported to
Microsoft Excel as CSV (comma-separated values) format, from where the charting of
records occurred. A code book, developed by the reviewers, accompanied the Microsoft
Excel document to ensure clarity of concept definitions. One reviewer extracted the required
data relating to the specific sub-aims from 100% of the records. An independent person
scrutinised the extracted data from 40% of the records to ensure accuracy of the data.
Appendix D provides the data extraction table and Appendix E is the accompanying code
book.

2.10.2 Data analysis

Data extraction occurred by the categorisation and verbatim transcription of parameters
(as outlined in Appendix D) from the included records. Transcribed data were sorted and
charted according to key issues and themes based on the specific research sub-aims (Arksey
& O’Malley, 2005). Categories and themes were then synthesised and interpreted.

A common analytical framework was applied to primary research records to collect
standard information from each study (Arksey & O’Malley, 2005). The narrative style of the
descriptive-analytical method of an evolving framework for qualitative themes is useful in

scoping records (Colquhoun et al., 2014). The data were collated in a data charting form in
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Microsoft Excel. Appendix F encompasses identifying information of all the eligible records

used for data extraction. The complete body of data is available upon request.

2.10.3 Reliability

To address reliability and account for bias that might occur with a single rater or
reviewer, two independent reviewers (the student researcher and the main supervisor)
assessed the search results for eligibility for inclusion and evaluated data from the included
records for categorical analysis at title, abstract and full-text level. Due to the variability
among human raters, disagreements at title and abstract screening level, where the raters
might have provided differing votes between “yes”, “maybe” and “no”, were advanced to

full-text screening level to address the disagreements conservatively.

The percentage of agreement between raters, namely interrater agreement (IRA), was
measured at full-text screening level (McHugh, 2012). The percentage of agreement between
raters was calculated by dividing the number of votes agreed on (either “include” or
“exclude” voted by both reviewers) by the total number of references to be voted on.
Disagreements between raters were discussed until agreement to either include or exclude the

references had been reached. The calculation of IRA was as follows:

total records total at full text screening level-number of conflicts
IRA =* £ g f conyliets) 100

total records at full text screening level

IRA =228 700
559
IRA = 98,6 %

A strategy to enhance reliability of data extraction is verification by independent
member checking (McMillan & Schumacher, 2014). A speech-language therapist with a
Master’s degree in AAC scrutinised the data extracted from 40% of the records, as deemed
appropriate for interobserver or interrater agreement data in AAC (Schlosser, 2003). The
above also contributed to internal validity of the review by minimising subjective bias, as
personal opinions and beliefs could not influence the outcomes. The level of evidence and
validity of a review is also regarded higher than individual studies (Schlosser &
Raghavendra, 2009) and the prescribed PRISMA-ScS items of reporting are followed for

transparent reporting (Tricco et al., 2018).
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3. Results and Discussion

After the screening process had been completed, the eligible records for data extraction
(n =99) remained. The aim of the review is to provide an overview of current available
evidence of the IATDs (n = 105) in the records that address the cognitive and communicative
capabilities of PwD. First of all, the types of record are discussed, followed by the population
featured in the records. The results of the types of IATDs, as well as the primary operators
and required skills to operate the IATDs, are explored. Next, the impaired abilities assisted by
the IATDs and the subsequent outcomes are considered. Lastly, the benefits, limitations,
recommendations and gaps in research as reported by the authors of the records are

discussed.

3.1 Results of Records

As per sub-aim (1), in exploring the types of records, 47 (47.5%) were identified as
journal articles and 51 (51.5%) as conference proceedings and a single record (n = 1, 1.0%)
as a doctoral thesis. This distribution indicates that research involving IATDs for PwD occurs
in the fields of medical or caregiving intervention as well as engineering. It also shows the
value of combining the fields to yield a wide range of information. This review also aimed to
identify the research design of the research regarding IATD for PwD. The majority of the
research had a quantitative design: 66 (66.7%) had an experimental design and 7 (7.1%) a
non-experimental design. Qualitative designs encompassed more (n = 20, 20.2%) and mixed
method designs some (n = 6, 6.1%) of the records (McMillan & Schumacher, 2014).

3.2 Results of Population

To address sub-aim (2), the results indicated that 25% of the records involved
participants with a mix of types of dementia diagnoses. Of this group of records, 23% also
involved indistinct groups of participants with dementia as per the inclusion criteria,
combined with participants with no cognitive impairment, with MCI or with types of
dementia that do not fit the inclusion criteria. The majority of records (73%) did not specify
with which type of dementia the involved participants had been diagnosed.
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Furthermore, only 46% of the records reported on the severity of dementia of the
involved PwD. Less than half of the records (n = 41, 41.4%) indicated whether the PwD
specifically had mild, moderate or severe stage dementia. Persons with mild dementia were
investigated more than those with moderate and severe stage dementia. Wider ranges of
stages, such as mild to moderate or moderate to severe stage dementia, were reported by
some (n = 29, 29.3%) of the records (Figure 2). Considering the large number of records
originating from engineering and technology databases, one can assume that the type of
dementia diagnosis and the stage of dementia that the PwD is diagnosed with are not
important factors to investigate in these fields, as more than half of the records (n = 52,

52.5%) did not report on the severity.
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Mild Moderate Severe Mild - Moderate -  Mild - severe Not reported
moderate Severe

Severity of Dementia

Figure 2. Severity of dementia as reported by the records.

3.3 Types, Operators of and Skills Required for the Use of IATDs

In sub-aims (3), (4) and (5), this review aimed to identify the types of IATDs, primary
operators of the IATD, and the skills required to operate the IATDs in relation to the care of
the PwD. These results can be found in Table 4. Various types of IATDs featured in the
included records. More than half of the IATDs (n = 63, 60.0%) were social robots. The
remainder of the IATDs were comprised of mobile devices and wearable sensors, smart
homes, AR and other IATDS. The vast majority of IATDs were primarily operated by PwD
(n =94, 89.5%) and required operational competence (n = 103, 98.1%). More detailed results

and examples are discussed in Table 4 and the following paragraphs.
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Table 4
Types, Users and Skills Required for IATDs
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Mobile devices and wearable sensors 28.6%
8 Assistive robots
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Figure 3. Types of IATDs.
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Figure 4. Primary operators of the IATDs.
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According to the results, the majority of IATDs investigated are
classified as assistive robots (n = 63, 60.0%), followed by
mobile devices and wearable sensors (n = 30, 28.6%), smart
homes (n =12, 11.4%), and AR (n =9, 8.6%). Other
uncategorised types of IATDs comprised the least devices
(n=1, 1.0%). Figure 3 demonstrates the distribution of types of

IATDs featured in this review.

The records reviewed involved IATDs that were mainly used
by the PwD (n = 94, 89.5%). Examples of these include social
robots, augmented interactions, memory applications and
reminiscence devices. Fewer devices, such as physiological
monitors and location trackers, were developed to be used
primarily by caregivers (n = 22, 21.0%). Single records
reported on IATDs that were used by emergency services

(n=1, 1.0%) or clinicians and healthcare workers (n = 2, 1.9%)
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Figure

Result

Linguistic skills 59.0%
Operational skills 98.1%

Social skills 2.9%

Skills Required

Strategic skills 31.4%
0% 20% 40% 60% 80% 100%  120%

Percentage of IATDs

Figure 5. Skills required by the operator of the IATDs.

via automated messages or by accessing a database to plan
medical intervention. Figure 4 displays these numbers.

In terms of operational competence of the primary operator of
the IATD, the majority of IATDs require operational skills

(n =103, 98.1%) from the users. Linguistic skills are also
required by many IATDs (n = 62, 59.0%). Fewer devices

require strategic (n = 33, 31.4%) and social skills (n = 3, 2.9%).

Figure 5 visualises the results.
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To explore the results of IATDs for PwD further (Figure 3 in Table 4), assistive robots
addressing cognitive and communicative impairments frequently take the form of social or
companion robots. The results indicate that almost half (n = 29, 46.0%) of the research
involving social robots mainly focused on PARO the baby seal pup robot. This pet-like robot
has been applied to address communication, empathy and emotional stability in PwD. It is
able to nod, blink and produce sounds in reaction to the PwD’s voice or touch (Koh & Kang,
2018). It is therefore fitting to use for addressing emotional and communication difficulties
experienced by PwD. The remaining social robots (n = 34, 54.0%) are comprised of 12 other
companion robots without speech functions (i.e. Guide, Pepper, Pleo, Bonoid) and 11

conversational robots with speech functions (i.e. Ryan, MARIO, Eva, NAO, Ludwig).

Mobile devices and other wearable sensors (n = 30, 28.6%) in this review can be
classified under the following functions. Environmental monitoring devices and sensors
(n =9, 30.0%) have the functionality to monitor movement of the PwD or other persons in
the immediate environment. Information from these devices and sensors can inform
caregivers of situations, for instance where the PwD is walking around during the night or
spending an unusually long time in the bathroom, indicating possible fall incidents of PwD.
Physiological monitoring devices and sensors (n = 15, 50%) can inform caregivers of a
PwD’s health status concerning blood glucose levels, heart rate and hydration. This may
assist caregivers in determining the health status of PwD who cannot communicate how they
are feeling. Three (10%) of the wearable devices were specifically used for agitation
detection to improve caregivers’ ability to address the PwD’s mood, such as the Detection of
Agitation and Aggression (DAAD) system that collects patient information to identify
agitation events (Khan et al., 2019).

Additionally, nine (30%) of the mobile devices functioned as memory applications and
reminder systems as PwD struggle with impaired memory. Only one mobile device (3%) also
assisted with reminiscence, which has been proven to be an effective psychosocial
intervention to improve PwD’s psychological states (Alarcdo, 2017). PwD also struggle with
wayfinding and often get lost. A portion of mobile devices and sensors assist PwD with
navigation (n = 2, 6.7%) and caregivers with location tracking and wandering detection
(n =5, 16.7%). These devices have proved to increase the autonomy and safety of PwD and
also relieve caregiver burden (Landau & Werner, 2012). Examples of such IATDs were
examined by Thorpe, Forchhammer, and Maier (2019) as well as Wessel et al. (2019). A
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single mobile device (n = 1, 3.3%), namely the CoChat (Mooney, Bedrick, Noethe,
Spaulding, & Fried-Oken, 2018b), provided language compensation. Another mobile device
(n=1, 3.3%), Ticket to Talk, provided conversation, prompting topics for young people and
PwD (Welsh et al., 2018).

Smart homes comprised some (n = 12, 11.4%) of the IATDs for PwD, as in Figure 3.
This term refers to houses with automated control over any electrical house components. In
the context of care for PwD, a smart home can assist the resident with independent living for
a longer period of time. Furthermore, smart homes can reduce the workload of the caregiver
and ease the emotional burden on the family of the PwD, as well as enable communication
between the resident and medical professionals, produce reports and allow direct monitoring
(Bouchard, Bouchard, & Bouzouane, 2012). The NOCTURNAL system is an example of an
interactive smart home system that identifies night-time waking events and provides music

and lighting guidance for safety purposes (Martin et al., 2013).

Augmented and virtual reality technology refers to the enhancement or superimposition
of computer-simulated elements or environments to the physical environment of the user
(D’Cunbha et al., 2019). These interactive components rely on computer-based decision-
making and learning to adapt the virtual elements to the physical environment. In the context
of PwD as users of this technology, it has been utilised for the provision of mental
stimulation, reminiscence and positive leisure activities to increase QoL, social interactions
and psychological well-being (D’Cunha et al., 2019). Eight of the records examined
augmented or virtual reality in this review, utilised actions such as arm movements, walking
or feeding animals to achieve the interactional and emotional outcomes described in the
literature (Feng et al., 2019, Feng et al., 2018; Ludden, Van Rompay, Niedderer, & Tournier,
2019). The development of this technology is still advancing and has many interesting
potential applications to the care of PwD. The small portion (n = 9, 8.6%) of IATDs
employing this technology can be due to the technology still being in its infancy (D’Cunha et

al., 2019). The one other uncategorised device is an adaptable music player for leisure.

To assist with communication impairments experienced by PwD, some IATDs have the
functionality to send automated messages to emergency services or caregivers on behalf of
the PwD. These are mostly for safety and emergency purposes (Alam, Samin, & Samin,
2018). Few (n =7, 6.7%) of the IATDs in question have this function, although more (n = 33,
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31.4%) of the IATDs assisted with expressive language in other ways, indicating the need of

addressing expressive language difficulties.

Figure 4 in Table 4 also contains the results as related to sub-aim (3) of primary
operators of the IATDs. Examples of IATDs that had multiple users include home monitoring

systems, AR systems and a conversational prompting system (Welsh et al., 2018).

To be able to use these IATDs, the operators require certain skills. Light and
McNaughton (2014) provide descriptions for the four types of competence required to
operate assistive devices, namely linguistic, operational, social and strategic competence. As
can be seen in Figure 5, a large portion of IATDs (n = 62, 59.0%) required a level of
linguistic competence as knowledge, understanding and judgement of the language code is
required to operate the devices. Some examples of IATDs in this review that required
linguistic competence from the PwD include memory applications and reminder systems
(Tokunaga et al., 2016), ADL guidance (Abdollahi, Mollahosseini, Lane, & Mahoor, 2017),
and conversational social robots (Rudzicz, Raimondo, & Pou-Prom, 2017). The more
complex IATDs require caregivers to understand user instructions, messages and results of,
for instance, physiological monitors (Bankole et al., 2011) and to upload information
(Bormans, Roe, & De Wachter, 2016).

Almost all (n = 103, 98.1%) of the IATDs reviewed required operational skills to be
utilised. Companion social robots such as PARO react to touch or hand strokes (Bemelmans,
Gelderblom, Jonker, & De Witte, 2015); guidance devices react to body movements
(Kashimoto, Firouzian, Asghar, Yamamoto, & Pulli, 2016). Most of the other devices require
the PwD or the caregiver to physically make selections or navigate the system (Tokunaga et
al., 2016).

However, the low number of IATDs (n = 3, 2.9%) that require social competence skills
can be explained by the small portion of devices that employ conversational interactions.
Companion social robots react to repeated words and do not necessarily require pragmatic or
discourse skills. The other devices that aim to improve health and safety aspects of the PwD,
such as physiological monitors, ADL guidance and navigation devices, require input and
provide output. However, they do not call for pragmatic or discourse skills, a variety of

communicative functions or socio-relational skills to build relationships.
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The number of IATDs (n = 33, 31.4%) that require strategic competence is higher than
those requiring social skills. These coping strategies to bypass limitations would primarily be
required from the caregiver when complications such as connectivity failures or errors occur
with the devices. These skills would probably not be expected from a person with more

advanced dementia when their IATDs malfunction or encounter problems.

3.4 Impaired Abilities of Dementia with which IATDs Assist

The results, related to sub-aim (6) (Figure 6), indicate that IATDs have been developed
to predominantly assist cognitive domains of impairment. These domains are complex
attention (n = 76, 72.4%) and emotion or affect (n = 77, 73.3%), such as the RAMCIP robotic
assistance device that provides support for activities and recognising emotions (Antona et al.,
2019). Fewer IATDs examined assisted with executive function (n = 37, 35.2%), learning and

memory (n = 20, 19.0%) and perceptual-motor difficulties (n = 11, 10.5%).
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Cognitive domains

Figure 6. Cognitive domains of impairment assisted by IATDs.

IATDs that assist with communication difficulties were mentioned less than those that
assist with cognitive difficulties due to dementia. Figure 7 illustrates the number of IATDs
(n =22, 21.0%) that assist with receptive language difficulties. More IATDs (n = 33, 31.4%)
assist with expressive language difficulties. These language difficulties are mostly addressed
by conversational social robots, such as Ryan Companionbot, which can interpret and react to
the utterances and facial expressions of PwD (Abdollahi et al., 2017). The majority of the

IATDs (n =72, 68.6%) provided social-pragmatic skill assistance via companion social
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robots such as Pleo, CuDDler and PARO that prompt and reinforce turn-taking and eye
contact (Hendrix, Feng, Van Otterdijk, & Barakova, 2019; Moyle et al., 2017, 2015). The

distribution of communicative symptoms assisted with is visualised in Figure 7.
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Figure 7. Communicative symptoms of dementia with which IATDs assist.

The ICF core set provides the expected areas of participation and activity in which
PwD might face limitations (Scherer et al., 2012). All but one area (8 — Major life areas) are
included in the core set of limitations typically experienced by PwD. This review investigated
which areas of participation and activity were assisted by IATDs and the results corresponded
with the core set, as no IATDs assisted in major life areas, as predicted by the ICF core set.
Figure 8 summarises the areas addressed by the reviewed records. According to the results,
some (n = 11, 10.5%) of the IATDs addressed the impairments of the first area of
participation and activity, namely learning and applying knowledge. Examples such as
focusing attention and solving problems were identified in the records. Less than half (n = 43,
41.0%) of the IATDs addressed the second area, namely general tasks and demands such as

executing daily routines and multiple tasks.
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Figure 8. ICF participation and activity areas with which IATDs assist.

The third area, communication, also received more attention (n = 71, 67.6%) in
research, according to the results of this review. A possible reason for this high percentage is
that this area includes all forms of communication, such as receiving and producing verbal,
nonverbal and written messages. The high number of examined social or companion robots
might also explain this. In contrast to communication, the fourth, fifth and sixth areas did not
receive as much attention in research according to the reviewed records. Physical impairment
is not a characteristic symptom of dementia, and therefore the fourth area, mobility, was not
addressed often (n = 14, 13.3%). Activities such as walking and moving to different locations
were addressed by navigational and location tracking devices that assisted in the memory and
orientation aspects of these activities. The fifth area, self-care, includes activities such as
washing, grooming, eating and drinking. Only 6 (6.7%) IATDs addressed this area in the
form of reminders or motivation to complete these activities. The sixth area involves
activities of domestic life, such as food preparation and household tasks. Some (h =9, 8.6%)
IATDs addressed domestic life activities by providing guidance through social robots or

smart home devices.

In correlation with the high percentage of the third area (communication), the seventh
area (interpersonal interactions and relationships) also received a high percentage (n = 77,
73.3%) of attention from the research reviewed. Activities such as basic interpersonal

interactions and participation in informal social relationships were addressed by various
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social and companion robots. The communication, conversation and interaction prompting
devices (such as Ticket to Talk application and CARE system) were also aimed at promoting
family and social relationships through communication (Welsh et al., 2018; Wolf, Besserer,
Sejunaite, Riepe, & Rukzio, 2018).

The eighth area of activity and participation involves major life areas (i.e. education,
employment and economic self-sufficiency). This area is not included in the ICF core set of
limitations in activities and participation (Scherer et al., 2012). As expected, none of the
records reviewed addressed this area, as this does not seem to be applicable to PwD due to

their typically advanced age and the severity of dementia.

The ninth and final area of activity and participation involves community, social and
civic life. Activities of community life, recreation and leisure are addressed by more than half
(n =74, 70.5%) of the records reviewed. In correlation with the high percentages of
communication and interpersonal interactions and relationships, this high number might be
due to the many social robots used to occupy leisure time with the PwD to address cognitive

and communicative outcomes.

In addition to the ICF core set of impairments, Kenigsberg et al. (2019) classified
assistive devices into three categories according to their assistance with functional
impairments. These categories are: enabling and empowering; health and well-being; and
safety and independence. Figure 9 demonstrates which functions provided by IATDs received
the most attention in the reviewed articles. Enabling and empowering includes efforts such as
supporting what the PwD can do for themselves to support ADLs, increase social connection
and inclusion, support cognitive abilities such as memory, decision-making and reasoning,
and enhance personal connections via digital and social media. It seems that the majority of
IATDs (n = 86, 81.9%) aim to fulfil these functions.

Some IATDs (n = 35, 33.3%) address health and well-being functions, such as
physiological and environmental monitors, reminder systems for medication and devices for
improved affective states. Safety and independence received the least reports (n = 13, 12.4%),
as can be seen in Figure 9. These IATDs aimed to detect wandering, location and falls.
Therefore, the assumption can be made that research about PwD from the past decade has
formed a trend that focused on IATDs that aim to improve QoL, due to the absence of a cure
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or successful treatment of dementia. Research efforts have rather investigated ways to

enhance the PwD’s autonomy and to compensate for the impairments experienced

(Kenigsberg et al., 2019).
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Figure 9. Areas of functional impairment with which IATDs assist.

3.5 OQutcomes of IATDs for PwD

With further review of the included records, it is clear that the vast majority of authors
reported positive outcomes from their research on IATDs (n = 92, 92.9%). The overall
conclusion can be made that IATDs have positive outcomes on the cognitive and
communicative impairments experienced by PwD. This speaks positively to the possibilities

of using IATDs in dementia care in clinical use.

However, some authors also reported negative outcomes of their research (n = 14,
14.1%). From these, some mixed outcomes were reported. These included positive outcomes
in terms of agitation, attention and comfort for the PwD with PARO but no positive impact
on sleep patterns, or PARO causing nightmares after intervention sessions (Demange et al.,
2018; Moyle et al., 2018). Some records also reported inconclusive outcomes in relation to
some aims (n = 6, 6.1%) and some records did not report outcomes (n = 2, 2.0%). The results

of the outcomes as reported by the authors can be found in Figure 10.
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Figure 10. Outcomes of research regarding IATDs for PwD.

3.6 Availability for Purchase

This review further aimed to identify the availability for purchase of the IATDs to the

public for the care of PwD in sub-aim (6). Figure 12 shows the percentages of availability

according to the records reviewed.

7.6%

5.7% . . .
Available via ordering

8.6% Only prototype

42.9%
Commercialy available in retail

Only for research purposes

Unknown
37.1%

Figure 11. Availability for purchase of IATDs to the public.
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The results indicate that a large portion of the IATDs (n = 39, 37.1%) took the form of
prototypes that were still under development and not yet commercially available. Prototyping
is necessary for researchers to develop, refine and assess human-computer interaction (HCI)
concepts and systems (Odom et al., 2016). Although prototyping is a positive outcome of an
expanding HCI research field, prototypes are only references or placeholders of future
systems, services or products that are not yet available outside of the involved research
settings (Odom et al., 2016).

The majority of the IATDs (n = 45, 42.9%) are available to the public through online
ordering, as seen in Figure 11. These completed products can be attained via the respective
manufacturers’ websites. Many social robots were available for online ordering. The results,
however, provide a skewed view of the availability of IATDs for PwD or their caregivers.
The research field is dominated by research concerning PARO, the robotic seal pup. When
the availability results of PARO (n = 29) are separated from the rest, significantly fewer
records reported IATDs other than PARO (n = 16) are available through online ordering.

Figure 12 visualises this disparity when extracted from Figure 11.

29 PARO

IATDs other than PARO: ABBY,
Cuddlin Kitty, Guide, MARIO, NAO,

16 PaPeRo, Pepper, Pleo, Robot Cat,
Sota, Ticket to Talk, etc.

Figure 12. Availability for online ordering (n = 45) of IATDs to the public.

Furthermore, a total of 9 (8.6%) of the IATDs are commercially available in retail.
However, the research involving these IATDs often combined various off-the-shelf devices
or used specific software to achieve IATDs for PwD. The devices rarely functioned as IATDs
in isolation. The remaining portion of IATDs examined in the collection of records were
reported as only for research purposes (n = 6, 5.7%). Finally, the availability of some (n = 8,
7.6%) of the IATDs are unknown.
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3.7 Qualitative Results as Reported by Authors

The last portion of this review aimed to qualitatively summarise the benefits,
limitations, recommendations and gaps in the development of the IATDs and research
concerning the IATDs as reported by the authors. This was in line with sub-aims (8), (9) and
(10). The authors mainly identified the outcomes of their research as benefits and strengths of
the IATDs. From the total number of records (N = 99), some (n = 38, 38.4%) concluded
strengths of the IATDs as bringing improvements in affect of the PwD. Slightly fewer
records concluded improved interaction (n = 31, 313%), and few improved communicative
(n =19, 19.2%) and cognitive functions (n = 18, 18.2%) such as autonomy as benefits of the
IATDs. Some records (n = 12, 12.1%) indicated improved caregiving or decreased caregiver
burden as benefits of the IATDs. Other records (n = 11, 11.1%) mentioned that the IATDs
have the potential to be utilised clinically in care homes for PwD as a benefit. Single to few
researchers concluded distinct benefits of the IATDs as being individualised for the PwD
(n =5, 5.1%). Some records reported the IATD as being affordable (n = 3, 30.0%), accurate
(n=1, 1.0%), multimodal (n = 1, 1.0%) or available at no cost as an open source application
(n =1, 1.0%). Single records reported features as benefits of the IATDs, namely having a
touch screen (n = 1, 1.0%), having good text-to-speech functionality (n = 1, 1.0%) or having
a remote control (n =1, 1.0%).

When exploring the limitations of the IATDs, many authors (n =57, 57.6%) did not
include limitations of the IATDs in their conclusions. A wide variety of limitations were
mentioned in the conclusions of the rest of the records. IATD hardware limitations reported
included examples such as physical look and design (n = 7, 7.1%), physical size and weight
(n =3, 3.0%), technical failures (n =5, 5.1%), internet connection requirement (n = 1, 1.0%),
incompatibility with other devices (n = 1, 1.0%), other equipment (speakers) requirements
(n =1, 1.0%), connection difficulties when outdoors (n = 1, 1.0%), environment poses

obstacles (n =1, 1.0%), sound (n =1, 1.0%) and material limitations (n = 1, 1.0%).

Software limitations included devices having limited functions (n = 4, 4.0%), algorithm
performance issues (n = 2, 2.0%), immature development (n = 2, 2.0%), devices not being
able to make inference (n =1, 1.0%) or confirm data (n = 1, 1.0%), poor accuracy (n = 2,
2.0%) and poor reliability (n = 1, 1.0%). When considering that devices were required to
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communicate with or receive verbal messages from PwD, few records (n = 2, 2.0%) reported
limitations of the speech generation technology and some (n = 6, 6.1%) limitations of the

speech processing technology of the IATDs.

Practical limitations concerning the implementation of the IATDs as reported by the
authors involved increased workload for caregivers (n = 5, 5.1%) in terms of effort, time,
hygiene, storage and charging batteries. Other limitations in terms of consequences of IATDs
mentioned were negative outcomes (n = 1, 1.0%), poor generalisation (n = 1, 1.0%), poor
acceptance of the IATD (n = 1, 1.0%), poor comprehension of operating instructions (n = 3,
3.0%), fatigue of the PwD after using the IATD (n = 1, 1.0%) and negative reactions such as
sadness and frustration (n = 2, 2.0%).

Other noteworthy limitations as reported by the authors include the high costs of the
IATDs and their maintenance (n = 5, 5.1%), as well as ethical concerns such as the collection
and sharing of information of the PwD and indistinct boundaries caused by IATDs between
reality and AR (n =5, 5.1%).

This review also aimed to describe the reported recommendations made by the authors
in relation to IATDs for PwD. The authors of the eligible records made recommendations in
the areas of development, research and implementation. Most of the records (n = 53, 53.5%)
concluded with recommendations about further research that should be performed. Topics
that were addressed in the recommendations include researching the effects, benefits and
effectiveness of IATDs with PwD of diverse backgrounds in larger groups and for longer
timeframes. It was also suggested to look into the QoL of PwD and user group patterns with
the IATDs. Testing after fine tuning, and investigating verification, validity and cost-

effectiveness of the IATDs were also mentioned.

The authors also concluded some records (n = 32, 32.3%) with recommendations for
further development of the IATDs. Recommendations for physical changes included size,
weight, robustness, visual display and updated parts. Added features such as emergency
buttons, increased autonomy, improved facial recognition, emotional display, extralinguistic
interaction and personalisation were mentioned. Improved algorithm functionalities such as
flexible behaviour, context recognition, adjustment, planning and timeous feedback were also

recommended. In terms of design, it was recommended that IATDs should be designed with
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the end-users, namely PwD, in mind as well as the environment it has to function in, and that

improvements should be based on user evaluation feedback.

Lastly, some (n = 3, 3.0%) authors recommended workshops, cooperation and
knowledge sharing between academia and the AT industry. Few (n = 2, 2.0%) records
recommended that the IATDs in question would be clinically useful tools and that IATD

architecture should be integrated in group homes for PwD.

Only some (n = 4, 4.0%) of the records explicitly discussed gaps in their conclusions of
investigating IATDs for PwD. The limited availability of data concerning synthesised or
generated speech by ATs was identified as a gap, as well as research about the development
and use of social robots. One record implied that literature evidence on the effects of PARO
is scarce, although this review found many records on PARO and its effects on PwD.
Furthermore, this record reports that the goals and rationales behind the procedure of
exposing PwD to PARO are lacking. Overall, HCI and the user experience of such innovative
technologies still lack evidence, especially in the field of AT for PwD. Hopefully, this review

contributes to an overall view of IATDs for PwD and eliminating gaps in the field.

3.8 Discussion

This review aimed to synthesise current research evidence of available IATDs applied
to the impaired cognitive and communicative functions of PwD, and to identify trends and
gaps in the evidence. To address sub-aim (11), the first trend was identified by the high
number of records that were excluded at full-text level. The trend revealed that the field of
IATDs for PwD is heavily dominated by research that has not evaluated the devices
developed for PwD with PwD. Furthermore, the research has not assessed the cognitive and
communicative outcomes of PwD following implementation of an IATD. This indicates a
need to include PwD as research participants of IATDs studies and to involve PwD in
assessing the social validity of the cognitive and communicative outcomes of these
interventions, as aligned with evidence-based practice (Schlosser & Raghavendra, 2003). It
should also be mentioned that the type of dementia diagnosis and severity of impairment of
the PwD is often not specified in the research records. A reason for this could be that

computer science and engineering fields do not deem it as important as health and non-
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pharmacological intervention fields that address cognitive and behavioural difficulties, such

as activity and communication impairments (Livingston et al., 2017).

This correlates with recommendations of authors that suggested that research should
aim to examine IATD interaction of different user groups to determine patterns of outcomes
in relation to severity of impairment (Hebesberger, Dondrup, Gisinger, & Hanheide, 2017;
Heerink et al., 2013).

The records eligible for inclusion demonstrated that a large proportion of evidence in
the field is concerned with social robots for PwD, and that PARO is especially popular with
researchers, which also forms a definite trend. Due to the high number of records examining
social robots, the symptoms of attention, affect and social-pragmatic skills are especially
highlighted, as participation in interactions and social activities such as leisure feature
frequently. The positive outcomes of physiological and environmental monitoring also
feature, although not as much as the outcomes of social robots. The review also shows how
little attention is given to research pure intelligent communication devices for PwD, even
though communication difficulties form a substantial part of the symptoms experienced by
PwD.

Another aspect this review aimed to report on is the availability of IATDs for PwD or
their caregivers. It seems that IATDs are not easily accessible to the public, as many are only
prototypes under research, and those available for ordering are very costly. Although authors
reported many limitations of IATDs due to the early phase of development, this field seems
to be filled with potential for future IATDs for PwD.
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4.  Critical Evaluation, Implications and Conclusions

4.1 Critical Evaluation of the Study

The strengths of this review lie in the broad scope of sources used to collect eligible
records. Electronic platforms, databases and journals from computer engineering as well as
medical research fields were included. Different types of sources, namely journal articles,
conference proceedings and dissertations and theses were incorporated, although only one

thesis passed the inclusion criteria.

The aim of this review was to investigate the scope of IATDs for PwD broadly. This
review did not critically evaluate the quality of research findings of the eligible records, as
this is not a function of a scoping review. This may, however, implicate that records of lesser

quality are viewed equally to records of high quality.

Furthermore, this review regarded IATDs as ATs with intelligent, adaptive
functionalities. The aim was not to provide a scientific definition of what intelligent
technology, or Al, is or the technicalities of how these new developments are applied to ATs
for PwD.

Limitations of this review include the possibility of reviewer bias, although reviewers
were blinded to each other’s inclusion or exclusion votes. Unfortunately, not all records
yielded by the systematic searches could be accessed to be evaluated for inclusion in the
review, and linguistic bias occurred with the exclusion of records that were not published in

English.

4.2  Clinical Implications

Involving PwD in decision-making regarding advance care planning, as well as
considering the PwD’s aspirations, values and beliefs to support their expression of agency is
valuable (Boyle, 2014). Therefore, this scoping review can inform PwD about the current
developments of IATDs that might assist with the cognitive and communicative difficulties
they experience. Furthermore, translating research evidence into practice requires

dissemination of information, policy considerations and workforce training (Gitlin, Marx,
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Stanley, & Hodgson, 2015). The outcomes of this scoping review can thus inform clinicians
or caregivers of PwD exploring IATD procurement, and might be used in policy or training
development. Information about the IATDs mentioned in this review available for purchase
or ordering is made available in Appendix G to assist informed decision-making.

4.3 Recommendations for Further Studies

It is highly recommended that future research regarding cognitive and communicative
IATDs, or AAC devices, for PwD places focus on developing technology where PwD are
involved as collaborators. Future research should also include participants with dementia who
are physically exposed to the IATDs, and the subsequent cognitive and communicative
outcomes should be evaluated to contribute to evidence-based decision-making and practice
(Schlosser & Raghavendra, 2009). Populations should be specified in terms of dementia

diagnosis and severity to identify outcome patterns.

Research concerning social robots other than PARO, other types of IATDs and IATDs
with other functions, especially communication, will also benefit the field of communication
intervention for PwD greatly. Evidence-based decision-making regarding AAC technology
will further benefit from research investigating NLP and its applications for different areas of

communicative impairment.

Lastly, collaboration between computer engineering and health practitioners is
recommended. The collated evidence for clinical application and advancement from
prototypical stages to commercial availability will be beneficial.

4.4 Conclusion

PwD experience various impairments, especially those affecting cognitive and
communicative faculties. Technological advances such as adaptable, context-aware and
artificially intelligent computing has opened many possibilities for non-pharmacological
treatment of the impairments experienced by PwD. However, numerous research efforts
concerning this topic have not yet investigated the effects of the technology when used by
PwD. This scoping review aimed to synthesise research evidence about this matter from the
last decade. Trends identified include the bulk of research focusing on social robots to
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address interaction, leisure and social-pragmatic communication skills of the PwD, especially
featuring the PARO seal pup robot. The majority of the IATDs were designed to be operated
by the PwD themselves to enable and empower them. Furthermore, research results prove
overwhelmingly positive outcomes, especially in the areas of complex attention, affect and

social interaction.

Current gaps in the research, as reported by the included records of this review, involve
unspecified population groups, making patterning of outcomes attributable to exposure to the
IATDs difficult. Furthermore, prototypes featuring in the research have not yet progressed to
commercially available products, limiting the potential for clinical use. IATDs for AAC
purposes and outcomes also require further development and research, as communication

difficulties are prevalent in PwD.
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Appendix Search strategies and yields

Electronic platform,
database, or journal

Search strategy

Initial
yield

Second
yields
*(Total)

Scopus

EBSCOhost (Academic
Search Complete,
CINAHL, E-Journals,
ERIC, Family & Society
Studies Worldwide, Health
Source: Nursing/Academic
Edition, MEDLINE,
PsycARTICLES,
PsycINFO)

(ABS ( "dementia" OR "Alzheimer*" OR "cog* degenerat*" OR "progress* cog* decline” OR "neurocog* dis*")
AND ABS ( "assist* tech*" OR "assist* dev*" OR "assist* app*" OR "artific* intelligen*" OR "heurist*" OR
"robot*" OR "natural language process*" OR "NLP" OR "info* communicat*" OR "cog* tech*')) AND (
LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 2018) OR LIMIT-TO (PUBYEAR, 2017) OR
LIMIT-TO (PUBYEAR, 2016) OR LIMIT-TO (PUBYEAR, 2015) OR LIM