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Abstract

There is a pressing demand for improving the quality and efficacy of health care and social support services needed by the world’s
growing elderly population, especially by those affected by mild cognitive impairment (MCI) and Alzheimer’s disease (AD)-type
early-stage dementia. Meeting that demand can significantly benefit from the deployment of innovative, computer-based applica-
tions capable of addressing specific needs, particularly in the area of cognitive impairment mitigation and rehabilitation. In that
context, we present here our perspective viewpoint on the use of virtual reality (VR) tools for cognitive rehabilitation training,
intended to assist medical personnel, health care workers, and other caregivers in improving the quality of daily life activities of
people with MCl and AD. We discuss some effective design criteria and developmental strategies and suggest some possibly useful
protocols and procedures. The particular innovative supportive advantages offered by the immersive interactive characteristics

inherent to VR technology are discussed.
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Introduction

As life expectancy continues to increase, the number of older
people unable to live independently and in need of assistance
because of cognitive impairments is rapidly rising worldwide.'
The world’s population aged older than 60 years is estimated to
grow to about 2 billion by the year 2050. Such circumstances
entail severe social consequences regarding growing family
burdens, lesser quality of life (QoL) and well-being, increasing
health care demand, longer term utilization of care facilities,
and so on, all of which generate very significant impacts on
health care services demand and costs.'”

Memory impairment is one of the main cognitive issues that
contribute to inability to live independently.'** Memory
impairment in the early stages of dementia limits memory pro-
cesses and reduces older people’s autonomy when performing
more complex daily activities. It concurrently causes deteriora-
tion of emotional control, social behavior, and motivation.>>-
Although dementia is not necessarily part of aging per se, it still
represents one of the major causes of disability and dependency
among older people worldwide. The World Health Organiza-
tion (WHO) reported that an estimated 35.6 million people
lived with dementia in 2010, and the number is expected to
almost double every 20 years, to 65.7 million in 2030 and
115.4 million in 2050.” Accordingly, the WHO recommends
that dementia should be regarded and handled as a major public
health issue because of its widespread high incidence.” Dementia
disease represents one of the major challenges for health and

social services in Europe today.® Between about 2% and 10%
of all dementia cases begin before the age of 65, and this propor-
tion doubles every 5 years after age of 65. It is estimated that
about 7 million people were having dementia in Western Europe
in 2011, and they are expected to continue to rapidly increase.’
An estimated 5.2 million people had Alzheimer’s disease (AD)
in the United States of which about 200 000 people are younger
than 65 years of age.®

Additionally, prevalence of mild cognitive impairment
(MCI), a diagnosis that is often considered an early transition
state between healthy cognitive aging and dementia, among
older adults is between 3% and 19%, and from 20% to 50%
of these individuals have a high risk of developing dementia
over a period of 2 to 3 years."”'° About 10% to 55% of cases
with MCI turn into dementia over a 2- to 6-year period.'*
Therefore, MCI can act as a predictor of dementia disease."*'!

There is a growing social demand to significantly improve
the quantitative and qualitative efficiency of health care and
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social support services provision to the general population.
Information and computer technology (ICT)-based health care
applications specifically designed for the elderly patients can
considerably contribute to alleviate this presently growing
problem. Research, development, and implementation of novel
computer-based ICT applications for not yet covered needs in
the field of cognitive impairment mitigation and rehabilitation
can considerably contribute to address this problem. Emerging
ICT applications based on virtual reality (VR) environments,
including such novel means as Augmented Reality technology,
can become important game changers.

Inrecent years, researchers have started to focus their attention
on the prevention and treatment aspects of dementia.>'>!3:14
Being as it is a currently critical public health challenge, early
dementia treatment calls for the development and implementa-
tion of novel actions. Nonpharmacological interventions, such
as cognitive training and behavioral interventions,® for mem-
ory difficulties have gained much attention in recent years.’
Theories of brain plasticity mechanisms (ie, axonal sprouting,
glial cell activation, denervation supersensitivity, and meta-
bolic changes), as well as recent findings about the ability of
the brain and nervous system to reconstruct new cellular
synapses as a result of interaction with enriched environments,
have opened up the way to new and increasing research activity
in the area of memory rehabilitation.>'> Nonpharmacological
therapies are intended to maintain cognitive function or to help
the brain compensate for impairments so that the QoL can be
improved by reducing behavioral symptoms such as depres-
sion, apathy, wandering, sleep disturbances, agitation, and
aggression.® There is evidence that some specific nonpharma-
cological therapies may improve or stabilize cognitive func-
tion in the performance of daily activities.'®

Since there is still insufficient knowledge and experience on
the use of VR environments to cognitive rehabilitation (CR)
training for the treatment of MCI and patients with early
dementia, strengthening research activities offers the possibil-
ity of ascertaining the potential efficacy of this technology as
a useful tool in CR. A deeper knowledge and experience in this
field is needed to allow the application of novel concepts,
approaches, and methods to the treatment of dementia.

Strategies for CR

Cognitive rehabilitation can be attempted by way of 2 main
schemes known as the Restorative and Functional approaches.'”
The former uses systematic cognitive processes that aim to
retrain people on how to plan and conceive behaviors. The latter
approach aims to functionally teach people to perform observa-
ble behaviors of daily living activities. Such interventions should
be applied during the first stages of AD and could be applied also
to patients with symptoms of MCI. Personal context is a fore-
most factor to identify effective cognitive interventions to reduce
the progression of dementia. The design of appropriate CR train-
ing techniques to improve everyday memory to accomplish real-
world tasks and daily functioning must emphasize the patient’s
personal context.'

Studies have substantiated the effectiveness of brain plasti-
city theories and cortical activation in psychological aging
CR.*® Functional neuroimaging yields evidence that certain
cortical areas of older adults display greater or lesser activity
depending on the task performed and conditions to which they
are exposed.*'%!7!® Cognitive training based on this brain
plasticity concept has been found to improve cognitive func-
tions that can last for up to 5 years after the intervention.’
Recent studies have also confirmed such improvements
through the use of computerized cognitive training programs,
offering further evidence of the beneficial effects of CR on
memory and attention.'*-?°

In spite of the fact that MCI and early-stage dementia rep-
resent key periods for providing effective patient intervention,
CR is not being routinely offered for such patients.'**' On the
other hand, most of today’s CR interventions in AD are
mainly only focused on episodic memory intervention. There
are several studies that confirm the efficacy of CR techniques
in training individuals with MCI and dementia to learn,
relearn, keep over time, and apply information to everyday
contexts. Cognitive rehabilitation also helps to develop strate-
gies to compensate for memory impairment and to adjust
the environment to reduce memory demands.' There is also
evidence of the efficacy of teaching visual or semantic mne-
monics to improve episodic memory in individuals with
carly-stage dementia.'®** Analytic reviews of cognitive train-
ing indicate that techniques such as Errorless Learning and
Spaced Retrieval are promising procedures for memory train-
ing in patients with AD.>?* The potential usefulness of nonin-
vasive nonpharmacological CR intervention in the early
stages of AD has been already accredited by various studies
reported in the specialized literature.>**

Computers in Neuropsychology

The use of computers in psychological testing began over a
quarter of a century ago.”> Today software technologies are
being gradually introduced into the domain of dementia care
to assist patients and their families, mainly by providing mem-
ory aids and educational support.>* A growing number of
research, development, and innovation (R&D + i) undertak-
ings have focused in recent years on ICT applications intended
to help the dependent elderly population, their families, and
their caregivers.® Several fields, such as Domotics, Ambient
Intelligence (Aml), e-services, and telemedicine, are examples
of this trend.

A few computer-based CR exploratory programs have
been carried out aimed at elderly people who have demen-
tia.'”?* There are also several projects and research studies
developed in the last 2 decades where computer-based inter-
ventions were suggested for memory training and CR of
elderly people with MCI and early-stage dementia. Such
incipient training intervention actions already reveal the
potential benefits to function improvement in select cogni-
tive tasks such as face—name association, memory, attention,
list recall, and so on.>**
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Virtual Reality in CR

Virtual reality is a novel branch of ICT that has been suggested
recently for use in the area of neuropsychology. Virtual reality
is founded on several perception components of psychophysics,
the foremost of which are visual, tactile, and kinesthetic per-
ceptual sensations. The use of VR systems offers the possibility
of simulating immersive and interactive real-life scenarios to
produce a sensation of ““being there.”” Virtual reality also offers
the ability to perform tests in an adaptive environment that can
be adjusted according to various patients’ needs.>>’ The use of
VR systems for disease treatment has been already explored in
several areas, such as brain damage, poststroke intervention,
musculoskeletal recovery, and so on.?**° Immersive VR envir-
onments have also been used for neuropsychological assess-
ment and CR therapies such as phobias, stress, anxiety,
exercise, and memory problems.>’-28-30-3¢

The potential of VR and of virtual environments (VEs) is pre-
sently being investigated by several research groups and labora-
tories, focusing on cognitive processes, including attention,
executive functions, memory,27 motor rehabilitation,28 special
abilities,”” and spatial orientation.>® Virtual reality scenarios
have been also designed for testing instrumental activities of
daily living, including wheel chair navigation.’’ Some VR sys-
tems and applications for patients with MCI and dementia have
been developed in recent years. However, still there seems to be
insufficient unambiguous evidence of the benefits of use of VR
systems for CR of patients with MCI and dementia.>* Some fea-
sibility studies done on the use of this type of systems with such
patients did not provide evidence of significant improvements,
and rather point out instances of VE simulator acceptance prob-
lems.*” On the other hand, there are differing reports, which indi-
cate that patients feel a sense of control and enjoyment while
interacting with the VE.*” Still other researchers concur in recog-
nizing the benefits of using suitable VE for CR of patients with
early-stage dementia.'>* Virtual reality systems and applica-
tions seek to address various diverse treatments for patients with
MCI and dementia, such as navigation and orientation,>!%-3340
face recognition,*' cognitive functioning?’>>>"" as well as
other instrumental activities of daily living.>****?

It is therefore evident that the regular use of VR-based train-
ing technology for MCI and dementia rehabilitation still requires
broader and deeper study and research. The development of
adaptable, friendly, and easy to interact with VEs, especially tai-
lored for cognitive training of patients with MCI and dementia,
is a must to facilitate further research in this field and to be able
to implement viable CR processes to maximize its effectiveness.
Well-designed and soundly described clinical protocols, prop-
erly controlled trials, and long-term follow-ups are indispensable
to reach solid conclusions about the efficacy of use of VR sys-
tems in rehabilitation of patients with MCI and dementia.'>**

Virtual reality-Based CR Training

In the general context described previously, the use of VR tech-
nology in CR constitutes a valuable tool to better meet the

impending challenges posed by the need to qualitatively and
quantitatively improve elderly patients’, their families’, and
their caregivers’ overall QoL. Additionally, VR-based CR sys-
tems can become much needed systematic CR test platforms, as
well as effective sources of reliable information, for age-related
cognitive impairment specialists. The implementation of
VR-based CR systems opens up enormous possibilities for
innovation beyond the state of the art in several operational
aspects of CR, some of which are mentioned subsequently:

e Active involvement of specialists, caregivers, and users
in the interdisciplinary process of designing and devel-
oping a VR system specifically for CR, in correspon-
dence to their circumstances, unique needs, and
appropriate customized training protocols.

e Availability of advanced, adaptable, and easy-to-use
multisensory VR platform interfaces where strategies
and procedures for patients’ interaction and navigation
tasks can be developed and tested.

e Attainment of true immersive presence so that patients
may be treated physically inside a VE.

e Convergence of diverse behavioral, cognitive, and
experimental scientific and technological means and
approaches into a multidisciplinary integrated setting.

e Accessibility to a high level of experimental control,
allowing the study of diverse brain-stimulation activities
within different areas: memory, attention, language,
executive functions, and functional activities of daily
living, and so on.

e Researchers’ and specialists’ access to real-time feed-
back and data collection capacity, to gather performance
information during the course of the CR training activi-
ties, to be used for analysis of patients’ rehabilitation
evolution and procedure effectiveness evaluation and
tuning.

e Systematic production of robust facts and statistics
about the effectiveness of VR-based CR therapies for
patients with MCI and early-stage AD that can be a
source of reliable information for further research.

Key Objectives and Developmental
Methodologies

Developing, designing, implementing, and optimizing VR-
based CR training tools to help mitigate cognitive, behavioral,
and psychological impairment symptoms of the elderly popula-
tion is the fundamental objective. Any implemented platform
should also provide useful support and timely information to
assist clinicians and caregivers to improve the QoL of elderly
people affected by MCI and early-stage AD dementia.

The design and development of CR training activities in the
framework of VR technology must be carried out within the fol-
lowing domains: memory, attention, language, executive func-
tions, and functional activities of daily living. The design result
should be a VR training system that is easy to use by this type
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of patients and that is capable of providing effective feedback of
the progress of their rehabilitation. The goal is that the VR-based
CR system becomes an instrument for tuning CR procedures as
well as a useful tool for further research and development.

The VR-based CR platform ought to be decisively multidis-
ciplinary, in that it should facilitate joint work among research-
ers, technical and medical specialists, and caregivers, aimed at
attaining an interdisciplinary development of strategies and
procedures to fulfill the patient’s specific rehabilitation needs
as well as the caregivers’ intervention requirements.

The VR-based CR system’s working approach needs to be
itself multidisciplinary in nature, in the sense that it should
empower cross-enrichment among diverse scientific and
technological disciplines such as computer-based QoL tech-
nologies, ICTs, VR, e-health technologies, human-computer
interfaces, biosensor systems and technologies, cognitive sci-
ence, sensory perception psychophysics, neuropsychology,
noninvasive treatment, training strategies, and so on.

There are some specific working objectives that in our judg-
ment are most relevant for chronologically guiding the successful
development of VR-based CR systems to mitigate age-related
cognitive impairments. They may be separated into scientific and
technological categories and briefly enunciated as follows:

Scientific

S1. Analysis of existing MCI and early-stage AD cogni-
tive models.

S2. Identification of theories, methods, and activities cur-
rently in use by specialists who are treating CR issues
in patients with MCI and early-stage AD.

S3. Study of the potential acceptance and identification of
technological barriers that the use of VR might present
to patients with MCI and early-stage AD.

S4. Definition of patients’, specialists’, and caregivers’
needs, in order to effectively address them in the con-
text of the VR-based CR training system.

S5. Critical analysis of results on the basis of data col-
lected from patients’ CR pilot trials.

Technological

T1. Description, specification, and design of the system,
considering patients’ needs, acceptance, and technolo-
gical barriers, and taking into account specialists’ and
caregivers’ requirements.

T2. Development of VR platform simulation environ-
ments, on the basis of cognition rehabilitation training
methods and activities previously agreed upon with
specialists.

T3. Simulations of system design to be implemented in
the VR facility in order to test correct performance
according to specifications.

T4. Validation by specialists of the system’s design
through pilot trials.

To assure that the design methodology is firmly founded on a
comprehensive multidisciplinary approach, it is convenient that
it be carried out systematically, preferably distributed among
specific methodological phases, as described subsequently.

Phase |

The first phase involves all the preliminary research and data
collection referred to the end users (patients, specialists, and
caregivers). This phase aims to achieve scientific objectives
S1 to S5 by first conducting research reviews and analysis of
specialized literature, followed by polling surveys and personal
interviews and questionnaires, in order to identify and define
patients’ cognitive models and profiles, professional users’
needs as well as possible technological and acceptance barriers
specifically related to the use of VR systems.

Phase 2

This second phase deals with the interdisciplinary nature of the
design and development of the VR system itself. It should
accomplish technological objectives T1 to T3, which involve the
selection of the CR methods and activities to be used in the
design, all based on the information collected during the first
phase. System components and requirements are defined at this
stage. Data gathering capabilities are integrated into the simula-
tion environment in this phase, to allow the collection of
patients’ performance data during the course of the CR training
activities. System testing and VR environment simulation are
also carried out to confirm operation according to specifications.

Phase 3

This phase’s purpose is to assess system design and analyze its
efficacy. Scientific objective 5 and technological objective 4
should be fulfilled, through pilot trial testing of the VR-based
CR training system, applying CR therapy procedures to con-
trolled groups of patients with MCI and early-stage AD, over a
period of time. Data collected by the system about patients’
accomplishments and evolution should be used, together with
medical and technical specialists’ evaluations, to ultimately com-
plete critical multidisciplinary analysis of the effectiveness of the
VR-based CR training system and its therapeutic procedures,
including meaningful conclusions and useful recommendations.

Discussion

The European Union decided in 2011 to encourage, assist, and
support the improvement in dementia prevention, diagnosis,
treatment, and patient care. The research, development, and
implementation of VR-based training systems for cognitive
impairment mitigation and rehabilitation of people affected
by age-related cognitive impairments directly addresses several
important elements of the European Parliament resolution
about the European initiative on AD and other dementias.**
Specifically, the use of VR-based CR training systems would:
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e offer effective support to patients with MCI and early-
stage AD and caregivers to enhance the QoL of these
patients in their familiar environment;

e place a particular focus on appropriate therapeutic inter-
ventions for the predementia phase of AD to slow down
its progression;

e provide effective training interventions to mitigate the
symptoms of patients with MCI and early-stage AD; and

e introduce novel multidisciplinary approaches to foster the
syntrophic enrichment of knowledge for MCI and early-
stage AD prevention, diagnosis, treatment, and care giving.

Motivated by this European initiative, we have begun work
at Life Supporting Technologies (LifeSTech) in this field of
VR-based CR training by means of a currently underway proj-
ect entitled “Cognitive Tralning through VirtuAl realiTy for
the Elderly (aCTIVATE).” This project utilizes the Smart
House Living Lab’s VR facilities at LifeSTech in the Telecom-
munications Engineering School of Universidad Politécnica de
Madrid (UPM).* Its main objective is to develop, design, and
optimize VR-based CR training tools for mitigating cognitive,
behavioral, and psychological impairment symptoms. It
intends to provide useful support and timely information to
assist health workers, caregivers, and clinicians to improve the
QoL of elderly people affected by MCI and early-stage AD
dementia. The contributions of this project will be in the form
of R&D + i advancements regarding new VR-based methods,
approaches, and technologies to help advance CR solutions for
cognitive impairment mitigation in the aging population. The
goal is that it becomes an instrument for tuning CR procedures
as well as a useful tool for further research and development.

Conclusion

Virtual reality-based CR systems are capable of achieving the
expected training goals for people affected by age-related cog-
nitive impairments. They support procedures for mitigating
behavioral and psychological symptoms of patients having
MCT and early-stage AD, to best fulfill these patients’ specific
rehabilitation needs, as well as their caregivers intervention
requirements.

In addition to the overall relevance of the contributions to
the current state of the art of CR, a salient feature of implement-
ing VR-based CR training systems is the reliance on intense
multidisciplinary collaboration during the innovation and sys-
tem design phases as well as the high level of involvement
on the part of patients, physicians researchers, technical spe-
cialists, and caregivers.

A more comprehensive and far-reaching aspect of develop-
mental VR-based CR training systems is that they also become
versatile experimental platforms that can provide timely informa-
tion and useful feedback to clinicians and caregivers through con-
tinuous monitoring of system performance. Such systematic
information is the basis for producing significant contributions
to the strategic “active and healthy aging” QoL undertakings as
well as to other ambient intelligence endeavors in general.
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