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Abstract
The aging of the population generates a number of very interesting research questions in the fields of medicine, psychology, 
sociology, demography, and many others. One of the issues subject to both intensive research by scientists and exploration 
by practitioners is associated with cognitive functions. The article presents current knowledge regarding practical actions 
in the field of promoting cognitive function using diagnostic programmes and training using modern technologies. An 
important aspect presented in this study is also related to the welfare of the maintenance or improvement of cognitive 
function. Information and communication technologies will contribute to the dissemination of computerized cognitive 
training, also personalized.
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INTRODUCTION

The change in the age structure of Europe is already a 
fact. Predictions related to the number of people over 65 
years of age in the coming decades indicate that in Poland 
they could constitute more than 1/3 of the population [1]. 
This phenomenon generates a number of very interesting 
research questions in the fields of medicine, psychology, 
sociology, demography, and many others. It also inspires 
practitioners and the business sector to create new, innovative 
services dedicated to people over the of age of 65. One of 
the issues subject to intensive research by both scientists 
and practitioners is associated with cognitive functions. As 
indicated in the vast literature available, in the population 
aged 65+ the occurrence of cognitive impairment is highly 
likely [2]. Thus, practitioners are looking for techniques that 
could significantly delay the emergence of cognitive deficits, 
and which would be accessible, easy to use and inexpensive, 
and access to them could greatly benefit a significant part 
of society.

Cognitive impairment associated with aging – ‘cognitive 
reserve’. Cognitive ability decreases with age, especially 
regarding processing speed and psychomotor speed. Some 
skills, however, can remain at a stable, or even up to a 
certain age can improve, for example, verbal memory [3]. 
There is a variety of cognitive changes linked to aging [4]. 
Understanding this aspect of cognitive aging (on the so-
called cognitive reserve) can lead to the search for ways to 
enhance cognitive function and prevent their deficits [5, 6].

Currently available literature shows that within the 
population there are individual differences in cognitive 
processing and neurological brain function, which are 
of particular importance in the context of prevention of 
cognitive disorders or minimizing the cognitive deficits in 
patients diagnosed with mild cognitive impairment (MCI) 
and Alzheimer’s disease. Evidence for these differences 
include cases of people with similar head injuries, but 
result in completely different cognitive deficits. Stern, for 
an explanation of this phenomenon, proposed the concept of 
the so-called. ‘Cognitive Reserve’ (CR) [7]. ‘This term refers 
to a set of mental skills and strategies needed to effectively 
address the complex cognitive tasks, despite the existence of 
the pathology of the brain. With the CR, even the presence of 
advanced neuropathological changes does not rule out dealing 
with difficult (complex or new) cognitive problems. Those 
with a high reserve of cognitive functioning better than those 
with low reserve – even when the severity of AD is typical 
of similar’ [8]. The level of cognitive reserve is dependent on 
a number of variables related to life experiences, challenges 
undertaken, educational pastime, position, profession, social 
status, etc. Therefore, the cognitive activity of the individual 
is of great importance.

After the first suggestions that those with a higher level 
of education have a lower incidence of dementia, there have 
been studies suggesting that cognitive activity is associated 
with a reduced risk for cognitive impairment and dementia. 
Several prospective observational studies have reported that 
people who engage in mentally stimulating activities, such as 
learning to read, are less likely to develop dementia compared 
with those who do not engage in such activities. Older people 
who are cognitively active, can have a higher degree of 
neuropathological changes without symptoms showing the 
characteristics of dementia, compared with those who do not 
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engage in cognitively stimulated activity. Broad action also 
includes activity and forms of recreation among the activities 
that maximize cognitive reserve. Studies have shown that 
interventions that could reduce the risk of cognitive disorders 
and slow cognitive deficits [9]. It has also been shown that 
although mental training can improve memory, reasoning 
and processing speed in the elderly [9], one cannot generalize 
their impact on all the cognitive domains, and have no effect 
on daily functioning [10]. It should also be noted that older 
people with well-established memory impairment may be less 
able to capture the benefits of memory training, compared 
to those without such dysfunction [11].

The results of cohort studies published in BMC Public 
Health in 2015, shows that a higher level of involvement in 
physical, social and intellectual activity improves cognitive 
abilities, and at the same time reduces the probability of 
incident dementia [12], thus confirming the concept of 
‘cognitive reserve’. Implementation of tasks that require the 
involvement of cognitive function works not for prevention 
but also brings significant benefits for people diagnosed 
with AD. Research by Treiner et al. shows that in the case 
of people who have dementia for less than a year, the lack 
of commitment to the cognitive tasks may lead to lower test 
scores in the MMSE of 3.9 points per year, while in people 
performing five stimulating exercise per week, the decline 
was 2.2 points [13].

It therefore appears that stimulating the development of 
cognitive reserve through intellectual exercise is one of the 
most effective forms of prevention of cognitive disorders, 
and delaying the increase in cognitive deficits. This justifies 
the need for professional development of the possibilities 
available in terms of the training task.

Diagnostic programmes and training to support cognitive 
function using modern technologies. In the area of software 
supporting cognitive function, the best known at the moment 
is Lumosity Brain Games & Brain Training. The company 
(Lumos Labs, USA) has created several short games and 
exercises aimed at strengthening cognitive function, 
as specified by the manufacturer. In 2013, the software 
recorded 50 million users [14]. Another important player 
in the market is the platform HAPPYneuronPro (http://
www.scientificbraintrainingpro.com). The platform includes 
three training programmes, including one dedicated to 
people diagnosed with MCI (Mild Cognitive Impairment). 
Games like Lumosity consist of a series of exercises, divided 
thematically: Memory, Executive Functions, Attention, 
Language, and Visual Spatial Orientation. Trade studies 
indicate some of the most important cognitive vendors at 
the moment [15]:
1) Brain Resource – contains not only exercises in the area 

of cognitive function, but also those associated with a 
reduction in stress, building positive emotions and 
psychological resistance (www.mybrainsolutions.com).

2) CogState – focuses mainly on computerized diagnostic 
tests (www.cogstate.com).

3) Emotiv – uses a portable device for measuring EEG, 
connected with the personal computer and mobile devices 
to monitor brain function (www.emotiv.com).

4) Lumos Labs – creator of Lumosity.
5) NeuroSky – similar to Emotive combines software 

solutions with a portable device for monitoring EEG (www.
neurosky.com).

A Polish counterpart – NEUROGRA (www.neurogra.pl) 
– contains four training programmes, including the so-
called ‘prevention of dementia’. A similar offer is available 
at www.brainmax.pl. Young researchers from the University 
School of Social Psychology in Warsaw are responsible for 
the laying out of the scientific programme. An extremely 
interesting project has been initiated by Deutsche Telekom, 
in cooperation with the University of East Anglia in the UK, 
UCL Dementia Research, and the Alzheimer’s Research UK, 
who have created a game in which the main task is to gather 
information about the functioning or orientation of those 
participating in the visual-spatial game. On the basis of a 
huge number of collected data, a new model is created of the 
development of dementia, and widely available diagnostic 
tools (detailed information at: http://www.seaheroquest.
com/pl).

Another direction for the use of ICT in support of people 
with cognitive impairment are themed games. An example 
is a game called ‘Kitchen and Cooking’, dedicated to patients 
with a diagnosis of MCI and AD (presentation of the game: 
https://www.youtube.com/watch?v=MzPnowouK7Y&featu
re=youtu.be). The game contains four scenarios associated 
with the preparation of a specific meal. Each has a similar 
list of tasks: choice of ingredients, planning of the order of 
tasks, performance on the tablet specific traffic (e.g. rotation 
of the object), starting ‘cooking’. A survey of 20 users of the 
game, confirm that it is acceptable and ‘playable’ by people 
with cognitive impairment, but – as in the case of cognitive 
training – the issue of transfer of non-specifics remains 
questionable [16].

Intensive development of software for the diagnosis and 
maintenance of cognitive function will take place in the next 
few years. Experts estimate that in 2012 the market value 
was approx. $1 trillion, and by 2020 will increase six-fold to 
approx. $6,000,000,000,000. The development will concern 
both the software and portable devices to measure EEG and 
heart rate variability (HRV) [16].

Research on the effectiveness of computer training 
programmes. The available literature analyzing the 
effectiveness of task-based computer computer training 
programmes produces mixed results. The main area of 
discussion refers to the transfer of specific vs. non-specific 
trained skills. Transfer specific lies in the fact that the 
individual, through a process of learning, is better able to 
perform only the tasks of a similar nature as such as job 
training. This similarity may be manifested in the wording of 
instructions, appearance and character of a task, procedure, 
etc. The transfer of a specific character is thus limited and 
skills are not subject to broad generalizations. In the case of 
non-specific transfetransfe, we have to deal with the ability 
to apply previously acquired knowledge to solve problems of 
a different nature, unlike those practiced [17]. In the case of 
software to train specific cognitive transfer, this would mean 
faster and more effective execution of the same exercises 
(‘better do what I practice’), and non-specific transfer, the 
transfer of practice from a situation training to a broader 
spectrum of untrained cognitive function. Some studies have 
confirmed the existence of the transfer of non-specific, such as 
in patients with a diagnosis of MCI for which the exercises are 
related to recognition. Pre-tests have demonstrated positive 
changes in the functions of memory [18]. Similarly, in a study 
published in 2014 involving 80 people aged 65–95s, applied 
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exercises in verbal memory, working, and visual-spatial, 
simultaneously observed transfer to other cognitive functions 
[19]. At the same time, however, one can point out the study, 
the results suggest that in the case of programmes of this 
kind there is no transfer of non-specific [20]. According 
to the researchers, part of the transfer of specific has been 
proved, while the question of transfer of non-specific is still 
controversial [21].

Cognitive function and well-being. There are hundreds 
of studies on the impact of positive affect on cognitive 
processes, such as the search for creative solutions, abstract 
thinking, information processing, and flexibility in thinking 
[22]. In the search for a neurobiological explanation for 
these relationships, researchers turned to dopamine as a 
neurotransmitter, with a positive affect. Currently, there is 
already evidence that the dopaminergic system – ventral 
tegumental area (VTA) part of the brain – is active when people 
experience positive emotions. Activity is increasing after the 
presentation of rewarding stimuli [23]. Assuming that the 
neurobiological basis of the positive affect of dopamine, the 
researchers are subsequently seeking relationships between 
the activity of the dopaminergic system and cognitive 
processes. Research in this area are still being intensively 
implemented. It turns out that there are projections of the 
dopamine hippocampus and prefrontal cortex [24], which 
are responsible for such processes as the consolidation 
of information from short-term memory into long-term 
memory, spatial orientation, working memory, planning 
movements and activities. Therefore, since the positive affect 
activates dopamine, and this in turn affects the biological 
structures responsible for learning, it would be reasonable 
to state that an effective system of support cognitive should 
also include a positive emotionality. Confirmation of this 
thesis is the study of long-term stress, which, after all – from a 
psychological point of view – is a conglomeration of difficult 
emotions. In seniors in whom glucocorticoid levels increased 
over the years, the most significant changes have occurred 
in the hippocampus, resulting in significant problems with 
memory [25]. Conclusions from the studies show, among 
others, that the decline in cognitive function can be up to 30% 
higher in those individuals who have a high susceptibility 
to distress [26], and that negative social relationships may 
be a risk factor in the development of MCI [27]. At the 
same time, it appears that patients with a diagnosis of MCI 
and dementia cognitive performance associated with the 
reminder and recognition of objects, increases at a time 
when the task objects ‘positive’ [28]. In our opinion, these 
are very inspiring for further research results, indicating 
that the issue of cognitive impairment is a combination 
of issues, strictly medical, biological and psychological, 
resulting from the entity’s system of interpreting onesself, the 
world and surrounding people. The creators of the modern 
tools to support older people seem to increasingly notice the 
complexity of the phenomenon. Perhaps that is why some 
tools, which we have referred to at the beginning of the 
article, also contain modules associated with the building of 
well-being and good mood. It appears that the effectiveness 
of cognitive exercises can be enhanced if the recipient is:
1) confident and psychologically ready for their use;
2) motivated and supported in their practice;
3) confident that performance will enable the learning of new 

skills, apply them in practice, and that they are beneficial.

From these, some indications may result for the 
development of training programsme, assuming that, like 
any learning process associated with cognitive function, 
they should be based on the mechanisms of motivation and 
support.

CONCLUSIONS

Information and communication technologies will contribute 
to the dissemination of computerized cognitive training, 
including those personalized. The undoubted advantage in 
this case is to increase the availability of a relatively cheap 
and user-friendly range of services. It is also noticeable that 
a more comprehensive approach to the subject is developing: 
from simple games, learners perform everyday life activities 
through training programmes which consistof a series 
of exercises purely cognitive, to comprehensive support 
programmes, including cognitive tasks, building a good 
mood or monitoring brain activity. Such a diversity allows 
offers to every potential customer – from people for whom 
prevention is important, to those after being diagnosed with 
dementia. For them, such offers can be an essential element 
of support in performing simple daily activities.
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