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The importance of cognitive rehabilitation and use of virtual reality  

in human ontogenesis 

ABSTRACT 

Cognitive functions are some of the main areas of the human psyche. Their centers are located in different parts 

of the brain. Through cognitive functions, one perceives the world around him, acts, reacts, and performs various 

tasks. Thought processes give one the possibility of learning, remembering, and adapting to the constantly 

changing environmental conditions. In addition to memory, cognitive functions include concentration, attention, 

speech functions, speed of thinking, as well as the ability to understand information. Executive functions include 

the ability to assess and solve problems, planning, and organizing. 

Cognitive rehabilitation is an activity that focuses on memory and cognitive functions. They aim to develop 

attention, verbal fluency, space-time orientation, judgment, and more effective work with information. Cognitive 

training is always led by a lecturer, programs can be group or individual, often accompanied by motivational 

training. 

Nowadays, in the age of the fast development of robotics, cognitive science is also becoming useful in the design 

of artificial cognitive systems. Non-pharmacological interventions are needed to support the function in people 

who are struggling with cognitive impairment. Cognitive rehabilitation becomes relevant in various neuropsy-

chological, neurological and psychiatric pathologies such as traumatic brain injuries, cerebrovascular accidents, 

brain tumors, dementias, multiple sclerosis, schizophrenia and other diseases. 

Cognitive rehabilitation is important because it affects processes such as language, memory, attention, practice, 

gnosis and executive functions. Treatment should focus on intervention that integrates three spheres of the per-

son – “bio-psycho-social”, which are always interrelated. 
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Introduction 

Aristotle began researching the individual development of organisms more than two millennia 

ago, so we might think that developmental mechanisms are well known. In fact, they are not. It is clear 

that ontogenesis is a process that begins with a single cell stage and leads to the formation of a com-

plex individual that consists of about one hundred trillion cells arranged into a functional system. The 

ways in which this happens are not yet fully understood in modern biology. Mental development 

should be understood as a process of origin and regular transformations of mental processes and pro-

perties within the differentiation and integration of the whole personality. Ontogenetic psychology 

examines qualitative and quantitative changes in human life and behavior throughout life. It observes 

the course of changes and the occurrence of psychic features that inevitably arise, develop and gradu-

ally disappear in the human being's perception and behavior, in his personality from conception, and  

explains the causes of these changes [1]. 

Biological agents are primarily congenital abilities that are a prerequisite for the development of 

both general and special abilities. Thus, ontogenetic psychology is a discipline that analyzes and clas-

sifies knowledge about changes that occur in an individual's mental life.  

Social factors and purposeful upbringing affect man and his development of the abilities, skills 

and attitudes to health that exist in a given society. It is an important means of health development and 
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disease prevention. It focuses on positively influencing the behavior of people to maintain and acquire 

good health habits, as well as a healthy lifestyle. 

The differentiation of knowledge has a significant impact on cognition in the ontogenesis of 

human life in two forms: the declarative “I know...” and procedural “I know how...”. According to the 

authors, only through declarative and procedural knowledge coded in cognitive structures, as well as 

informational metabolism – the constant process of accepting and reshaping variables found in the 

environment – can one understand the world and act in it selectively [2]. 

The learning process results not only in the acquisition of knowledge but also in the renewal of 

knowledge, as well as changes in behavior, thinking and emotions. One of the goals of cognitive-

behavioral theory is to induce desirable changes in inappropriate behavior, thinking, and emotions; 

a change in lifestyle that ultimately leads to a significant increase in the quality of life of a person. 

Cognitive-behavioral theory has gained recognition in the European environment with regard to  

approaches, concepts and techniques of behaviorism, social learning theory, cognitive or behavioral 

therapy, client activation and a task-oriented approach that are relatively short-term and focus on pre-

sent and specific problems. In the context of cognitive-behavioral theories, we consider it important to 

note that this theory is not represented by a unified model of problem-solving and solution. 

The term rehabilitation comes from the Latin habilis (able) and re (again). According to the  

initial definition of WHO, it is the combined and coordinated use of therapeutic, social, educational 

and working means for practice/training or exercising an individual to the highest possible functional 

ability. Later, the WHO definition was amended, meaning that rehabilitation is a process that helps 

people with disabilities to develop or strengthen their physical, mental and social skills. 

Objective  

Cognitive rehabilitation is an activity that focuses on memory and cognitive functions. It focu-

ses on developing attention, verbal fluency, space-time orientation, judgment and leads individuals to 

effective work with information. Cognitive training is led by a lecturer, programs can be group, indi-

vidual, often accompanied by motivational training. 

Brain jogging is designed primarily for younger ages and is aimed at improving cognitive func-

tions such as improving the perception rate, concentration, logical and verbal thinking in addition to 

creativity. It is a targeted exercise that stimulates positive thinking and develops diagonal thinking, so 

called “thinking across”. Involvement and coordination techniques of the right and left brain hemi-

spheres are used. 

Cognitive functions are some of the main areas of the human psyche. Their centers are located 

in different parts of the brain. Through cognitive functions, one perceives the world around him, acts, 

reacts, and manages various tasks. Mental processes give one the possibility of learning, remembering, 

as well as adapting to constantly changing environmental conditions. In addition to memory, cognitive 

functions include concentration, attention, speech functions, mental rate, and the ability to understand 

information. Executive functions include the ability to assess and solve problems, planning, and orga-

nizing. 

Cognitive science is concerned with the research of the human mind, i.e. the processes of per-

ception, thinking (mental process), action, etc. and related issues such as how these processes are per-

formed in the brain. This science is characterized by interdisciplinarity – or the combined use of 

knowledge and research methods from relevant disciplines – psychology, artificial intelligence, neuro-

science, linguistics, philosophy, anthropology and others. In connection with the tendency to apply 

quantum theory also in psychology, some basic knowledge of quantum theory is presented in a simpli-

fied form. Corpuscular wave dualism describes the basic concepts of this field (quantum, superposi-

tion, complementarity, complementary logic). The application of this knowledge focuses first on the 

definition of quantum psychology and then on questions of consciousness and cognitive processes. On 
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the other hand, advances in brain imaging methods make it possible to identify more accurately neural 

correlates of cognitive functions; the old philosophical problem of the mind-body relationship remains 

open. 

Exploration of the mind through natural sciences is complicated by the fact that cognition  

involves subjective experience accessible only by introspection; thus, the condition of an independent 

observer is not met. Therefore, in addition to objective exact methods, phenomenological approaches 

based on perspective are becoming standard in cognitive science. 

Nowadays, cognitive science is also becoming useful in the design of artificial cognitive  

systems. Non-pharmacological interventions are needed to support the function in people who are 

struggling with cognitive impairment. Cognitive rehabilitation becomes relevant in various neuropsy-

chological, neurological and psychiatric pathologies such as traumatic brain injuries, cerebrovascular  

accidents, brain tumors, dementias, multiple sclerosis, schizophrenia and other diseases. 

Cognitive rehabilitation is important because it affects processes such as language, memory, 

awareness, attention, practice and executive functions. In addition to the importance of affecting the 

problems of anosognosia (the inability of the patient to perceive their own disease), treatment should 

focus on intervention that integrates the three 'bio-psycho-social' spheres that are always interrelated. 

Cognitive rehabilitation is the correction of impaired cognitive functions. In a broader sense, it 

is possible to summarize cognitive training and cognitive rehabilitation into one concept, which then 

includes both exercise and correction of the cognitive ability deficit. 

The process goes from simple training of focusing attention, improving psychomotor timing, 

practicing spatial imagination, speech, counting, visual perception, space-construction thinking and 

memory, to practicing more complex and higher cognitive functions such as solving logical tasks, in 

addition to abstraction practicing executive functions. 

Many experts recommend training memory and other cognitive functions. In its true sense, it is 

suitable for those who have only mild memory impairment in terms of age-related cognitive decline. 

Furthermore, the combination of memory training and psychomotor training counteracts the aging 

process, improves memory performance, enhances self-sufficiency, as well as improves and delays the 

dementia process. In cognitive rehabilitation, the emphasis is on supporting and practicing those  

cognitive functions that are still preserved, but also on fostering clients' self-confidence and on the 

right motivation for this exercise. 

At present, cognitive stimulation is also performed by computers (ECO) using new technolo-

gies, and mobile applications. They provide some advantages over traditional stimulation since it is 

possible to work with more attractive and motivating incentives for the patient and can be more easily 

controlled at both quantitative and qualitative levels. One such method is the use of virtual reality in an 

emotionally positive environment, multiplied by a possibly multi-sensory perception (smell, relaxation 

music, lighting), which are positively motivating elements. 

Virtual Reality (VR) is an environment modeled by means of computer simulating reality.  

It primarily means creating a visual experience displayed on a computer screen, possibly through spe-

cial stereoscopic devices. In more sophisticated cases, other senses are also stimulated, e.g. hearing, 

smell and touch. 

In the 1950s, Morton Heilig wrote about the so-called Experience Theater, which would stimu-

late all the senses of the viewer according to a fictional scene. In 1962, on the basis of this vision, he 

built a prototype called Sensorama, which in addition to screening five short films, made it possible to 

perceive the smell in addition to image and sound. Despite the advent of computer technology, it is 

reportedly still operating today. 

In 1968, Ivan Sutherland, together with his pupil Bob Sproull, designed a head-wear display de-

vice, which is generally considered the first virtual reality device. The inventor of virtual reality Jaron 

Lanier claimed that he invented this name himself [3]. A similar term, artificial reality, has been used 



J. Mašán et al.: The importance of cognitive rehabilitation (…)                                                                           77  

 

 

by Myron Krueger since the 1970s. Virtual reality is a technology that has reached ordinary people in 

the 21st century as a result of cheaper LCD displays, computing devices, and has accelerated the de-

velopment of this technology. The greatest trigger of virtual reality for ordinary consumers was 

Google Cardboard. By combining a low-cost carton and a display from a smartphone, it was able to 

bring people into a 3D environment, displaying 3D models and interacting scenes. The basis of virtual 

reality is the effort to display space models and scenes as truly as possible, manipulate them, create the 

real world, its part with all its laws and rules, move in three-dimensional space and in real time. The 

basic procedures in the area of computer graphics are used. To take advantage of virtual reality, we 

use smartphone-mobile virtual reality, computer-desktop virtual reality, or a Sony Playstation console. 

The features of virtual reality are that all happening are done in real time, preferably with immediate 

response to user action. The virtual world and the objects placed in it have a three-dimensional cha-

racter or at least create an impression of it. The user is allowed to enter the virtual world and move 

through it in different paths (walking, flying, jumping, moving quickly to a predefined location), the 

virtual world is not static; its parts can be manipulated by the user. Virtual bodies move along anima-

tion curves, and they affect users. Virtual reality can be used in a wide range of rehabilitation inputs, 

in movement difficulties, but also in cognitive disorders. 

Use of the idea of movement and observation within physical and cognitive rehabilitation and 

concrete possibilities of their use in practice: It is evident from clinical rehabilitation practice that the 

resulting functional restitution of movement is determined primarily by the individual quality of  

cognitive functions. They include oriented attention and visual-space orientation. Motor imagery is 

defined as a conscious simulation of motion (“in thoughts only”) without accompanying active mo-

mentum [3]. Motor imagery is an active process during which the representation of a certain event is 

internally reproduced by means of motion memory, but the motion itself is consciously inhibited [4]. 

The idea of movement can be divided into visual and kinesthetic. In the visual representation of an 

activity, the individual is “as if just observing”; in kinesthetic the person imagines that he performs 

a particular activity. 

Both motor imagery and movement observation share to some extent the activity of similar  

neural supraspinal and also spinal circuits that are involved in the actual design of movement. The 

similarity of motor imagery to real movement is evidenced by the results of recent studies using mo-

dern technologies that allow detection of the activity of partial neural systems involved in the control 

and realization of movement. Many studies show that not only the real sensory perception of a particu-

lar subject is important. Greater facilitation is also achieved with the idea of a more sophisticated 

movement or generally more complex ideomotorics than with the idea of a simple “mechanical” 

movement [5]. Active observation, that is observation accompanied by motor imagery, is much more 

effective (leading to increased corticospinal excitability) than just the imagery or observation of mo-

tion. 

Who is imagination suitable for? In particular, cognitive training is suitable “only” for people 

who are capable of generating an idea of movement. At present, cognitive rehabilitation can also be 

provided in the home setting in the form of telerehabilitation. 

Telerehabilitation is a term describing the provision of remote rehabilitation services using tele-

communications technology. Telerehabilitation refers to services providing a range of medical disci-

plines including physiotherapy, speech therapy, ergotherapy, and biomedical engineering. It also  

offers all the aspects of patient care, including the patient interview, physical assessment and diagno-

sis, treatment, consultation, education and training. 

Conceptually, telerehabilitation is an alternative way of providing traditional rehabilitation ser-

vices and should not be understood as a new or different rehabilitation than true rehabilitation. Telere-

habilitation was established in 1997 at the National Institute for People with Disabilities and Rehabili-

tation Research based in the USA. 
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The driving factor for the development of telerehabilitation is the effort to provide sufficient  

access to rehabilitation services, no matter where the client is located. Access to rehabilitation services 

may be limited by the distance from health care facilities, a lack of physicians or rehabilitation specia-

lists, and the lack of transport from rural and remote areas play a major role. 

Telerehabilitation provides services that are available at home and can be delivered from any lo-

cation. Research has shown that image technology can be successfully used for remote diagnostics and 

is considered to be the most effective means for physiotherapists when providing services remotely. 

This has led to the use of this technology for routine public health care in Australia. 

Telerehabilitation is the provision of rehabilitation services through telecommunication net-

works and the Internet. Most types of services fall into two categories: clinical assessment (functional 

capabilities of the patient in his environment) and clinical treatment. Telerehabilitation also enables 

professionals to engage in rehabilitation or remote clinical consultation. 

Telerehabilitation employs sensor technologies that quantify movement in three-dimensional 

space. Virtual reality based telerehabilitation systems use computers that generate a three-dimensional 

virtual environment to evoke specific motion and motor response from the client. The virtual envi-

ronment can be displayed on a computer screen, or in a fully absorbing environment using a visual 

display and haptic feedback devices. Physiotherapists are able to manipulate these environments as 

well as commission and control rehabilitation concepts such as tasks and repetition, feedback and mo-

tivation. Proven motivation plays an important role here in order to learn new skills that translate into 

the real world.  

Applications that run over the Internet, just like on a computer (called Rich Internet Applica-

tions), are a new direction for software development. They were first introduced in 2001. Most telere-

habilitation is visual. The most commonly used methods are through webcams, videoconferences, 

telephone lines, videophones and websites containing rich Internet applications. The person logs in on 

the website. Any updates or changes to the software system are immediately available to all the parti-

cipants. Applications can be accessed from anywhere there is access to a computer connected to the 

Internet. Similarly, patient data is available where the therapist is located. Neither the application nor 

the data is bound to one computer. 

Conclusions  

Cognitive rehabilitation is a very effective method and can be used in a variety of applications 

throughout life. The methods are expected to lead to an expected state of cognitive abilities and it 

should be fun as well as motivating for these people. If it succeeds, in addition to the benefits of cogni-

tive function, the method can contribute to a positive assessment, increase the independence and moti-

vation for activity in these persons [6]. 

Individual cognitive rehabilitation includes similar types of activities as group activities, but is 

used both for bedridden persons and especially for those who do not seek group events. Whether it is 

a group or individual form of virtual cognitive rehabilitation, it is one of the new beneficial and popu-

lar types of rehabilitation activity. 
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