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Abstract. The use of Information and Communication Technologies (ICTs) is one of the
innovative responses to the high prevalence of Alzheimer’s Disease (AD) and other
neurodegenerative disorders. A more holistic approach to the field of gerontology is being
adopted, including robotics as an expanding field in the care of the elderly. Our main aim is to
review how new technologies can provide opportunities for sensory stimulation and social
participation for older adults. We also discuss the transformation of the models of care (from
more traditional medical models to person-centered care models) reviewing the use of social
robots as a valuable tool in interventions in different residential environments. Robotic
technology aimed at the support and care for older adults has shown benefits in areas such as
communication, social interaction and quality of life. The review of recent literature also suggests
that the use of social robots presents some limitations (robots should be designed to meet the real
needs of patients and we need to take into account their impact on health and environment) and
ethical concerns (data protection or fear that robots will end up replacing contact among humans)
that must be considered when applying these new technologies. It is concluded that social robots
can be considered as promising tools for use in people with AD, both from the perspective of the
patients and their caregivers, offering cost-effective solutions. New technologies should not aim
to replace humans but rather could be a complementary tool for the management and provision
of care.
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1. Introduction

The growing number of people affected by dementia demands the development of
adequate screening and cost-effective monitoring tools for cognitive decline, as well as new
treatment approaches. The use of Information and Communication Technologies (ICTs) is one
of the innovative responses to the high prevalence of Alzheimer’s Disease (AD) and other
neurodegenerative disorders (Bejan, Glindogdu, Butz, Miller, Kunze, and Konig, 2018; Konig
et al., 2015; Koo and Vizer, 2019).

Robotics is currently being applied in various contexts with healthy older adults and in
patients with neurodegenerative disorders; among its applications are the assessment of
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cognitive deficits and cognitive activation interventions for dementia patients (Abdi, Al-
Hindawi, Ng, and Vizcaychipi, 2018). Robots are also being used to provide company for
people living alone, with the aim of improving their well-being and quality of life and offering
physical support (Gongora et al., 2018; Pedersen et al., 2018; Riek, 2016). As suggested by the
World Health Organization (WHO) in its Global Plan of Action on the Public Health Response
to Dementia 2017-2025, more effective interventions and new models of care should be
promoted by governments and social institutions. Cahill et al. (2019) have recently reviewed in
depth the challenges and opportunities that this plan represents. Although they recognize that it
may be difficult to apply the plan in some countries, the authors agree it represents an
opportunity for improving research on dementia, offering technical advice and supporting
national initiatives through the “Global Dementia Observatory”.

Our main aim is to review different interventions based on mHealth and therapeutic
robots as new approaches to the design of interventions aimed to the growing number of people
affected for dementia. New technologies provide an opportunity for multisensory stimulation
and social participation of older subjects in residential environments but also raise problems
and ethical concerns that will be discussed taking into account experimental research with
socially assisted robots in different residential environments.

2. Multisensory stimulation in therapeutic interventions aimed at patients
with dementia

Various studies suggest that the absence of complex stimulation, social interactions or
enriched environments may have consequences at cognitive and physical levels (Rafnsson et
al., 2017; Sale, 2018; Volker and Scherder, 2011). In older adults, impoverished environments
may also contribute to a faster cognitive decline (Volker and Scherder, 2011; D’Oliveira et al.,
2014). Some authors have argued that manipulation of the environment, based on complex
somato-sensory stimulation, physical activity or motor training, can enhance brain plasticity
and neurogenesis (de Macedo et al., 2015; Sale, 2018; Sampedro-Piquero & Begega, 2017;
Sansevero & Sale, 2017). It has recently been proposed that the impact of the environment on
brain plasticity should be taken into account in the design of therapeutic interventions aimed at
maintaining brain and cognitive health throughout life (Cattaneo et al., 2018; Sale, 2018;
Sampedro-Piquero & Begega, 2017), while always bearing in mind individual differences in
the response to complex stimulation (Kempermann et al., 2019).

Interventions aimed at promoting different types of environmental stimulation should
be approached from a multidimensional perspective (Ballesteros, 2015, Leon and Woo, 2018,
Mandolesi et al., 2017). Therefore, any strategy aimed at improving the emotional and social
well-being of the older adults should include social participation and multisensory stimulation,
in addition to cognitive stimulation and physical activity (Duchi et al., 2019; D’Oliveira et al.,
2014). Different new technologies provide opportunities for both sensory stimulation and
participation in pleasurable activities that can improve well-being in elderly people.
Environments such as multisensory Snoezelen rooms are a good example of this approach and
can reduce anxiety in patients with dementia (Berkheimer et al., 2017, Collier & Jakob, 2017;
Joranson et al., 2016). Furthermore, in any intervention program designed for persons with
dementia, it is important to consider the characteristics, needs and resources of the users. This
perspective has been adopted more recently by professionals, and echoes areas of research
lacking until now in the literature, reflecting a more holistic approach to the field of gerontology
(Bowes and Dawson, 2019, Fazio et al., 2018, Gravitz, 2018).

Sensory group therapy based on social robots is also being applied in patients with
dementia (Chang et al., 2013). Sensory stimulation is mainly used for psychological and
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behavioral symptoms displayed by these patients, since the appearance of this symptomatology
has been related, at least in part, to sensory reduction or deprivation in older adults (Sposito et
al., 2017; Strgm et al. 2016). A recent review highlights the positive effect of multisensory
stimulation as a non-pharmacological treatment for agitation, improving mood and reducing
behavioral and psychiatric symptoms. These results can contribute to the improvement in both
the quality of life of the patients themselves and in the well-being and reduction of burden of
their caregivers (Lorusso & Bosch, 2018, Silva et al., 2017). New approaches, such as cognitive
activation, immersive virtual reality or neuromodulation techniques, are currently being applied
as non-pharmacological interventions for Alzheimer’s disease (Raggi et al., 2017).

3. mHealth in the context of a person-centered care model

In the gerontology context we are witnessing a transformation in models of care, moving
from a more traditional medical model to person-centered care models (PCC), in which people
are the central axis of all decisions (Diaz-Veiga et al., 2014; Fazio et al., 2018). This model
takes into consideration the needs of the patients but also of their caregivers, their family
members and all other actors in the caregiving situation. A systematic review suggested the
possible benefits of this model of care in reducing behavioral and psychological symptoms
(BPSDs) and improving the quality of life of people with dementia (Kim & Park, 2017). This
shift in the caregiving model in the context of dementia seeks to promote patient autonomy and
necessitates the incorporation of the ITCs in the day-to-day life of the elderly at home, and in
the centers they attend (both day-care centers and nursing homes) (Diaz-Veiga et al., 2014,
Mordoch et al., 2013). In the PCC model, the person and his/her individual needs, preferences
and interests are the fundamental principles of any decision. Robots have been suggested as a
valuable tool in interventions within this approach, in different residential environments
(Bemelmans et al., 2016; Lane et al., 2016).

mHealth refers to different health-related objectives supported mainly by mobile
devices (Valenzuela et al., 2018) and is becoming consolidated as an innovative response to the
significant increase in the elderly population and huge costs arising from the high dependency
ratios as a result (Changizi and Kaveh, 2017; Martinez-Alcal et al., 2016). There are some
encouraging data, reflecting the willingness of patients and families to use ITCs and other
technological solutions that can be applied to support caregiving tasks (Pilotto, 2011, Nordgren
et al., 2018). Digital technologies are therefore a promising tool for use in people with
Alzheimer’s disease, both from the perspective of patients and their caregivers, offering more
cost-effective solutions (Koumakis et al., 2018; Redolat, Fernandez- Rios, Mazza, 2019). In this
context, collaboration among different disciplines to share research results in order to improve
the well-being of older adults living both in the community and in nursing homes is vital
(Robbins et al., 2018).

On the other hand, there is a group of digital tools designed to offer treatment and/or
prevention in dementia. Based on new technologies, these interventions are mainly focused on
cognitive stimulation or “serious games” as a means of maintaining the residual capacities of
the subject (Manera et al., 2017). However, these types of approaches do not generally attend
to the emotional and social well-being of the patients and their caregivers, factors that are clearly
related to quality of life and should be taken into account when developing interventions,
whether based on traditional approaches or on new technologies (Klein, Gaedt & Cook, 2013;
Rodriguez-Blazquez et al., 2015).
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4. Robotic therapeutics in day-care centers

One of the therapies widely used among clinical and research communities are animal-
assisted interventions (Peluso et al., 2018). This type of therapy involves impediments,
especially when introduced in residential and hospital settings, for reasons related to safety,
hygiene, logistical issues or allergies (Peluso, De Rosa, De Lucia et al. 2018). However, the
positive results obtained in different studies of animal therapy has promoted a growing body of
research to create companion and social robots (Bechade, Dubuisson-Duplessis, Pittaro, Garcia,
& Devillers, 2019; Liang et al., 2017; Robinson, MacDonald, Kerse & Broadbent, 2013).
Recently, Ambrosi et al. (2019) reported that dog-assisted therapy facilitated social interaction
and helped to reduce symptoms of depression in institutionalized elderly patients. However,
other studies do not support such benefits of animal-assisted therapies for people with dementia.
For example, in a systematic review, Zafra-Tanaka et al. (2019) concluded that this type of
intervention had limited effects in improving apathy but did not significantly influence
depression, quality of life or cognitive impairment in dementia patients. In this context, more
research is needed in order to confirm the effects of animal-assisted therapies in these patients.

According to some authors, the use of robots can help to overcome, at least in part, some
of the ilimitations associated with animal-assisted therapies. For this reason, social robots have
been proposed as an alternative tool for promoting the health and social welfare of the older
adults, both in day-care centers and in nursing homes (Birks et al., 2016, Preus and Legal, 2017,
Shibata, 2011). Many assistance and company robots have been developed in recent years,
including AIBO, Bandit, CuDDler, Jack and Sophie, JustoCat, Mario, Mero, MIRo, NAO,
NeCoRo, Nodding Kabochan, Silbot and PARO. In care for the older population, different roles
or areas have been identified with regard to the application of robots. A recent systematic review
identified five main roles of socially assistive robots (SAR): affective therapy, physiological
therapy, cognitive training, companionship, social facilitating and physiological therapy (Abdi
etal., 2017).

Therapeutic robotics and technology are considered innovative responses to the gradual
ageing of the population and to the search for new approaches for dementia treatment
(D’Onofrio et al., 2019; Leroi et al. 2018; Moyle et al., 2017). However, technology aimed at
stimulating patients and providing positive experiences in people with advanced dementia has
received less attention than initiatives aimed at ameliorating the negative consequences of aging
(Gordijn & Have, 2016; Klein et al., 2013). The European Strategic Research Agenda for
Robotics in Europe 2014-2020 (SPARC) has included robotics among their intervention
strategies in the field of ageing. The implementation of robots in the care of older people
includes among its objectives the improvement of mood, quality of life and health, reduction of
stress and enjoyment of patients (Klein et al., 2013; Darragh et al., 2017).

A systematic review performed by Pu et al. (2018) found that social robots could
improve anxiety and agitation in dementia patients, although it had no significant effects on
neuropsychiatric symptoms. Another uses of social robots with older adults are related to their
potential to reduce social isolation in people living with dementia (Pu et al., 2018) or to support
the performance of daily activities (Wilson et al., 2019). It has also been suggested that social
robots could reduce social vulnerability in residential care facilities, thus providing support to
caregivers (Khaksar et al., 2016). Joransson et al. (2015) found that a long-term intervention
based on a robot-assisted activity with the robot-seal PARO reduced depression and agitation
in dementia patients living in a home care center, suggesting the usefulness of these types of
interventions in the management of neuropsychiatric symptoms in dementia. In a study by
Jaranson and colleagues (2016), an intervention with the PARO seal-robot stimulated
interaction and communication among the patients themselves, as it encouraged conversation
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between the patient holding the robot and fellow patients. Social robots also seem to facilitate
communication between patients and caregivers, helping the former to become more actively
involved in their environment (Robinson et al., 2013; Sharkey & Wood, 2014). For example,
PARO has been shown to promote conversations about patients’' own real pets and those of their
relatives, thus helping individuals to connect their life histories (Sabanovic et al., 2013).

These results support prior studies suggesting that social robots can improve quality of
life among older people (Bemelmans et al., 2015; Kanamori et al., 2003).

5. Benefits and limitations of therapeutic robots

Interaction with robots could be an appropriate and novel way to stimulate
communication and improve the mood and wellbeing of patients, and so the use of this type of
instrument is becoming increasingly widespread in the care of people with dementia (Jung et
al., 2017; Moyle et al., 2019; Yu et al., 2015). Robotic technology aimed at older people has
shown benefits in areas such as communication, social interaction and quality of life (Abdi et
al., 2018, Khaksar et al., 2016; Mordoch et al., 2013; Wada and Shibata 2007). It can also
decrease levels of stress-related hormones, offering socio-emotional support to the residents
(McGlynn et al., 2014). In this way, social robots imply new approaches that provide promising
opportunities for the care of people with dementia (Bemelmans et al., 2016; Broadbent et al.,
2018; Moyle, Bramble, Jones & Murfield, 2018).

Among the possible limitations of the use of robots in people with dementia we can
highlight the following: 1) Resistance or skepticism: initially the use of these resources meets
resistance or skepticism, but these sensations are usually replaced by enthusiasm on the part of
professionals and users once intervention with robots begins (Bemelmans et al. 2016); 2)
Possible infantilization of the elderly; 3) Deceit or lies about the nature of the robot, that
negatively affects the dignity of the person (Sharkey & Wood, 2014; Vercelli et al., 2018;
Zubrycki & Granosik, 2016); and 4) Interventions with robots require monitoring in order to
avoid the reduction of human contact (Mordoch et al., 2013). In addition to these limitations,
we must add the high cost of social robots and the necessity to safeguard the security and privacy
of users and to legislate about the use of these tools in some contexts (Maalouf, Sidaoui, Elhajj
& Asmar, 2018). In this respect, robot design would need to be improved, increasing
acceptability and improving user safety and confidence. Fos-Villaronga and Albo-Canals
(2018) have reviewed the legal and social aspects related to the use of robots in different
therapeutic settings, including dementia patients, considering the possible long-term
consequences of the use of robots, including the loss of social contact and their impact on health
and environment.

In the future, it will be necessary to develop new robots with more finely tuned
capacities for interaction by means of different sensory modalities. It is also important to adapt
robots to the social and emotional needs of the patients, increasing their possibilities of
communication and social interaction (Jung et al., 2017; Whelan et al., 2018). Different authors
raise the need to promote research on the relationships established between people and robots,
identifying possible limitations that obstruct greater acceptance by users, family members and
professionals (Maalouf, Sidaoui, Elhajj & Asmar, 2018). The ultimate goal here should be to
design robots that meet the real needs of patients and their caregivers (Maalouf, Sidaoui, Elhajj
& Asmar, 2018), both in residential contexts and in day-care centers.

6. Ethical concerns related to the use of technology and robotics

In geriatrics, robots are used sometimes with the intention of replacing real pets and thus
avoiding many of the limitations that animal-assisted therapies encounter in clinical practice.
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In no case is the use of robots intended to replace interaction between people (Banks, 2013;
Tuisku et al., 2018). The results of different studies support the use of social robots for
facilitating and increasing interactions among patients themselves and between them and their
environment (Abdi et al., 2018). Although it is important to take into account the demographic
characteristics and limitations of the older adults when designing specific robots for this
population group in order to improve human-robot interaction (Beer et al., 2017).

One of the main criticisms of robot-assisted therapy refers to ethical issues, such as a
fear that robots will end up replacing contact among humans. Different authors agree that
therapeutic robots should be used as tools that can be added to human contact, rather than
replacing it. It is important that social robots are designed to respect the autonomy and
psychological, social and emotional needs of dementia patients in order to increase acceptation
of this technology (Riek, 2016, Whelan et al., 2018). A recent study in a German population
found a significant relationship between certain personality factors (neuroticism and
agreeableness) and the acceptance of social assistance robots (Gessl et al., 2019).

Some other ethical considerations need to be taken into account in this context; namely,
the monitoring of socially assistive robots when used in the care of elderly people (Mordoch et
al., 2013), expectations evoked by the robots, and how to implement care of a technical device
(Misselhorn et al., 2013). In addition, we must take into account the potential conflict between
the use of socially assistive robots in care and individual needs of the patients (Borenstein &
Arkin, 2019; Misselhorn et al., 2018). As Calo et al. (2011) emphasize, the benefits of using
robots with dementia patients are likely to outweigh any associated cost.

In light of all these considerations, a more in-depth reflection on the ethical aspects and
technological functioning of robots in aged-care settings is required (Mordoch et al. 2013;
Vandemeulebroucke et al., 2017). For example, Ponce (2018) endorse Robo-Ethics as an
emerging field that can help to answer pending questions related to the use of robots in care
settings. In this context, it is also important to consider aspects related to privacy and control
(Banks, 2013), including data protection (for example, how data are stored and who can access
them) (Stahl et al., 2016). Some authors have suggested the need for developing specific
legislation and guidelines regarding robot development and their use in older people (Frennert
and Ostlund, 2014). These guidelines should always incorporate ethical issues (Oliver, 2018).

7. Conclusions

Robotics is an example of an expanding field in the care of the elderly. The study of the
affective interaction between robots and humans needs to be addressed in depth given its
implications for both the development and application of robotics in health care in general
(Beer, Liles, Wu & Pakala, 2017). Multidisciplinary research is needed to evaluate the role of
technology and social robots as tools for helping older persons to maintain their independence
and aging-in-place (Beer et al., 2017; Mois and Beer, 2020). The use of robots can also be
extended to healthy older adults and not only to dependent subjects (McGlynn et al., 2017).
Future studies should evaluate the effectiveness of robot interventions (Abdi et al., 2017) and
their impact on caregiver wellbeing and professional “burnout” (Birks et al., 2016).

There is also a need to develop instruments that facilitate a greater participation of
elderly people in social and cultural issues (Pedersen et al., 2018). It is also important to
overcome resistance to the use of technological tools when working with older adults. Good
management of these tools should include a thorough training of personnel to improve the
acceptance of robots in care environments and their adequate use, which also requires a
consideration of ethical aspects (Coco, Kangasniemi & Rantanen, 2018; Rantanen, Lehto,
Vuorinen & Coco, 2018). Furthermore, it is vital to take into account individual differences that
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patients display in their attitudes towards robots and other types of technological interventions
(McGlynnetal., 2017), as well as cultural, physical and social contexts when evaluating human-
robot interactions (Zafrani et al., 2018; Kolling et al., 2016; Wu et al., 2012). In summary, there
are still many challenges to the design of robots in their use for different purposes (Andtfolk,
Nyholm, Eide & Fagerstrom; Lipson, 2019).

As several authors emphasize, new technologies should not aim to replace humans, but
rather should be a complementary tool for the management and provision of care (Calo et al.,
2011; Bendixen et al. 2017; Lehoux & Grimard, 2018), and a strategy to promote a more active
aging (Robbins et al., 2018).
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