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At present, with the development of an aging society and an increase in the number
of elderly people, in order to ensure the ability and enthusiasm of the elderly to live
independently, it is necessary to ensure that they can understand the world in a
normal way. More and more elderly people have cognitive impairment, and virtual reality
(VR) technology is more effective in cognitive diagnosis and treatment than traditional
methods. This review article describes some studies on cognitive diagnosis and training
for the elderly, and puts forward some suggestions for current studies, in the hopes that
VR technology can be better applied to cognitive diagnosis and training.
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INTRODUCTION

Cognitive Impairment

Cognitive processes are defined by a neural process that allows us to interact with complex
environments in a goal-oriented manner. It is a multifaceted process that includes attention,
memory, language, emotion, etc. When multitasking is done at the same time, the normal brain can
correctly process the information obtained from the complex environment and avoid interference
with useless information. When the brain is in a normal state, this process can proceed smoothly,
but if the brain produces lesions, this cognitive process will fail, leading to memory impairment,
learning disabilities, attention deficits, and aphasia (Anguera et al., 2013).

Moreover, with the aging of today’s society, age is the most common cause of cognitive
impairment in an increasing number of people entering old age (Tarnanas et al., 2014a,b), which has
led to an increasing number of cognitive impairments in the elderly. Progressive decline in cognitive
function leads to neuropsychological disorders such as Alzheimer’s disease (AD), including amnesic
cognitive impairment in high-risk populations of AD (Tarnanas et al., 2015). Older people with
cognitive impairments may not be able to take care of their own lives. They may lose their memory,
the ability to navigate through spaces, and the ability to communicate with others. They may not
be able to participate in daily activities such as boiling water, cooking, driving, and so on. Cognitive
impairment in the family can be a major burden on the family. Children may not have the time and
energy to take care of the sick elderly, and the elderly often need professional caregivers to look after
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them. For the elderly, damage to the brain’s nervous system,
which causes cognitive impairment, may even be irreversible,
meaning the disease is incurable. For a country, a growing
number of elderly people’s cognitive aging will lead to more
social problems.

However, if the disease can be diagnosed in the early
stages of cognitive training and recovery, it can be gradually
recovered. But it is difficult to use neuropsychological methods
for diagnosis, and there is no effective method of cognitive
training. In this context, the introduction to virtual reality (VR)
technology provides a very viable way to explore more cognitive
diagnosis and recovery programs to prevent and delay cognitive
aging, to ensure the normal life of the elderly, and to maintain
the enthusiasm and vitality of independent life for the elderly
(Klimova, 2016).

Virtual Reality Technology
In recent years, VR technology has developed rapidly, and it
is one of the most promising and challenging technologies in
computer graphics. VR is a technology that uses computer
technology and interactive devices (such as head mounted
displays, handles, gloves, etc.) to artificially create an
environment close to the real world, allowing one or more
people to interact with the virtual environment and its 3D
entities (Gatica-Rojas and Méndez-Rebolledo, 2014; Tan et al.,
2019a,b).

At present, VR has been proposed to treat some
neuropsychological diseases such as anxiety and fear. VR
technology can intuitively provide patients with an almost real
environment; patients can be placed at the center of things and
get better treatment results. At the same time, VR can also be
used for surgical training to provide doctors with a recyclable and
ecologically efficient way to gain more training experience. VR
can also be used for other medical purposes such as post-stroke
intervention and treatment.

In VR, several sensory perceptions are mainly used, including
vision, touch, and kinematics. In the process of interaction
between human and virtual environment, the transmission of
information must be real-time, and it can make corresponding
responses to human actions in time so that people can operate
it fluidly. The use of VR in the diagnosis and treatment of
cognitive impairment can provide a fully controlled experimental
environment for timely observation of memory, emotion,
perception, motion control, and other aspects of the user
(Tarnanas et al., 2014a,b).

The environment provided by VR for the diagnosis or
treatment of cognitive impairment can be divided into three
levels of systemic immersion: non-immersion, semi-immersion,
and full immersion. The difference between these three levels is
the reality of the reality simulation. The better the immersion,
the more realistic the virtual environment is, the more realistic
the participants will be (García-Betances et al., 2015). Different
experimental tasks may require varying degrees of immersion,
and non-immersion limits the risks of simulation disease and
is more portable than a 3D environment. But a higher level
of immersion would provide a more realistic environmental
effect. VR technology has obvious advantages in the diagnosis

and treatment of cognitive impairment. First, it can provide
an ecologically efficient way to diagnose and treat patients
(Allain et al., 2014). VR can measure a subject’s behavior in
an ecologically efficient environment and place the subject in a
virtual environment to provide the physician with a judgment of
the condition (Rizzo et al., 2004). Second, the combination of VR
and neuropsychology as a non-pharmacological approach can
be performed before symptoms occur (where symptoms mean
the conditions that occur in patients with cognitive impairment,
such as forgetting, being unable to move at will, etc.), and
this approach is non-invasive. Third, experimenting in a virtual
environment can avoid the dangers caused by improper patient
operation and provide a safer environment. When participants
enter a virtual environment, however, it can cause discomfort,
such as dizziness. But it is undeniable that it is a very effective
method for cognitive diagnosis and treatment.

COGNITIVE DIAGNOSIS AND TREATMENT
WITH VR

In this section, some recent studies on cognitive diagnosis and
treatment using VR technology are briefly classified according
to their research objectives, and the main research methods
and expected results are summarized. Table 1 summarizes the
main features of these articles. The research objectives of these
articles are mainly divided into two aspects: the first is to
evaluate and diagnose cognition, and the second is to train and
treat cognition.

Research on Cognitive Diagnosis
Godehard Weniger’s studies assessed self-centered and hetero-
ego-centered memory in individuals with amnesic mild cognitive
impairment (aMCI) through VR. A total of 29 patients with
aMCI and 29 healthy controls were enrolled in the study. In
this experiment, a virtual maze of self-centered memories was set
up, and a virtual park of hetero-ego-centered memories was set
up. This study demonstrates the feasibility of VR techniques to
study spatial memory deficits in aMCI patients, and the future
direction of its use is to be able to predict the transition from
MCI to AD and from normal to MCI (Weniger et al., 2011).

Plancher et al. (2012) used VR in aMCI and AD to study
the characteristics of episodic memory. A total of 21 healthy
elderly people, 15 aMCI patients, and 15 AD patients were
selected to complete the task. Two virtual environments were
designed: one for participants to act as drivers of virtual
vehicles and the other for participants to act as passengers
of virtual vehicles. The patient’s recall and identification of
central information (i.e., environmental elements), contextual
information (i.e., time, egocentric and distribution center
spatial information), and the overall combined qualities were
assessed. In this study, the performance of these participants
was found to be consistent with atrophy of the hippocampus.
The performance of AD patients was the worst. Spatial
distribution memory assessment was particularly useful for
distinguishing between aMCI patients and healthy older
adults. Cognitive differences between the three groups can
provide effective recommendations for the early diagnosis and
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TABLE 1 | Recent virtual reality (VR)-based studies on cognitive diagnosis and treatment.

First author Participants Virtual environment Target Results

Godehard Weniger 29 aMCI, 29 healthy controls VR-Maze, VR-Park Patients with aMCI were
evaluated for self-centered and
hetero-ego-centered memory

VR technique can indicate
spatial memory impairment in
aMCI patients

G.Plancher 29 aMCI, 29 healthy controls Virtual automobile environment Use VR to describe the
characteristics of episodic
memory

Virtual environment can be
used as a tool to characterize
episodic memory

Francesca Morganti 26 AD, 26 healthy controls VR-Maze, VR-Road Map Using VR technology, we study
the transition from heterosexual
space to self-space in early AD

In the early stages of AD, there
were shortcomings in the
planning of space missions

Silvia Serino 15 healthy controls, 15 aMCI,
15 early-AD

Virtual room VR was used to detect the
defects of egocentric and
hetero-centric in early AD

AMCI patients and AD patients
have defects in different
aspects

Glen M. Doniger 125 adults with a family history
of AD

Virtual supermarket Cognitive motor training based
on VR was given to
middle-aged people with high
risk of Alzheimer’s disease

Effectively improve
cognitive ability

Déborah A. Foloppe 1 AD Virtual kitchen Enhance the autonomy of AD
patients in cooking activities

Patients regain the ability
to cook

Moffat Mathews 15 stroke patients - Recovery of prospective
memory in stroke patients

Participants’ prospective
memory improved well

Paul J.f. White 1 early-AD Virtual buildings without
landmarks

Neurocognitive therapy was
performed in AD patients using
VR navigation environment

Enhanced spatial cognition

Silvia Serino 20 AD, 8 healthy controls Virtual city Enhancing mental frame
synchronization in AD patients

Effective improvement

rehabilitation of pathological aging, and they prove that the
virtual environment can be used as a tool to characterize
episodic memory.

Morganti et al. (2013) published a article in 2013 that used
VR technology to study the early transition of AD from a
heterosexual space to its own spatial capabilities. In the study,
26 early AD patients and 26 healthy seniors were assigned to two
virtual environment tasks: a VR-Maze and a VR-RoadMap, both
of which provide different path finding processes. This study
shows that in the early stage of AD, the planning of spatial tasks is
insufficient, and, in the task of transforming heterosexual spatial
memory into an effective path of path finding, the ability of
spatial memory is insufficient.

In Serino et al.’s (2015) study, VR was used to detect
the egocentric and hetero-centric defects of early AD. The
study involved 15 patients with early AD, 15 aMCI patients,
and 15 cognitively healthy subjects completing two tasks. In
the first task, participants needed to indicate the location of
the objects they remember on the real map, while in the
second task they were invited to retrieve their locations from
different starting points in the empty version of the same
virtual room. Comparing the performances of the three groups
of participants showed that aMCI patients had deficiencies in
storing hetero-centric independent representational memories
and AD patients had deficiencies in storing hetero-centric
independent representational memories and their synchrony.
This may reflect the selective flaws in spatial organization,
and these findings provide a preliminary understanding of the
cognitive basis of amnesic damage.

The Goal Is to Study Cognitive and Training
Therapy
Doniger et al.’s (2018) study of VR-based cognitive motor
training for middle-aged people at high risk of AD used VR
technology to intervene in middle-aged people with high risk
of AD in a non-pharmaceutical manner, offering effective
prevention possibilities for middle-aged asymptomatic but
high-risk people. In this study, a total of 125 middle-aged
people aged 40–65 years with a family history of AD
participated in the study and were randomly divided into
four groups. The first group performed cognitive stimulation
on a treadmill, the second group performed the same task
without a treadmill, the third group performed non-specific
cognitive stimulation on a treadmill, and the fourth group
did not receive training as a control group. After 3 months
of training, they conducted a cognitive assessment and
concluded that cognitive training can effectively improve
cognitive ability.

Foloppe et al. (2018) used a case study to discuss how
VR-based cognitive training can enhance the autonomy of AD
patients in cooking activities. The study evaluated a 79-years-
old AD patient who was trained in four cooking tasks in a
non-immersive manner, and it showed that VR restored the
patient’s ability to perform cooking activities.

Mathews et al. (2016) used a virtual environment to test
prospective memory (PM) recovery in stroke patients. Using
non-immersive VR techniques, the study of 15 stroke patients
showed that participants’ PM was significantly improved by
VR-based cognitive training.
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White and Moussavi (2016) used a VR navigation (VRN)
environment for neurocognitive therapy in AD patients. The
study involved a 74-year-old man who was in the early stages
of AD and was asked to perform navigation tasks in a virtual
environment. The results showed that the cognitive ability of the
participants was enhanced by the cognitive rehabilitation task.

Serino et al. (2017) conducted a new VR-based training
approach to enhance psycho-frame synchronization of AD
patients. ‘‘Psychological frame synchronization’’ refers to the
specific cognitive process of transition between egocentric and
hetero-egocentric. The project recruited eight healthy elderly
people and 20 AD patients, of whom 10 were healthy. Ten AD
patients performed navigation tasks in a virtual environment,
and the other 10 AD patients served as controls. The results
showed that the spatial memory of AD patients and healthy
people were effectively improved.

CONCLUSION

VR technology is a very effective tool for cognitive assessment
and recovery. It enables researchers and doctors to monitor
patients’ responses in real time, which traditional methods may
not have permitted them to do. The interactivity of VR allows
participants to use multiple senses for feedback to get more
details. VR works in an ecologically efficient way and pages are
safer. There is still room for improvement in the study of VR for
cognitive diagnosis and recovery. In most studies, the number of
participants was insufficient, which led to more uncontrollable
factors in the experiment. Therefore, in an experiment, we

need to recruit as many participants as possible to improve
the participation of patients, better understand their needs,
coordinate different services, and access participants in a long-
term, timely manner to obtain experiments. Although much
research has been done, more research is needed on the scale of
its use in patients.
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