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Currently, due to the demographic trends, the number of aging population groups
is dramatically rising, especially in developed countries. This trend causes serious
economic and social issues, but also an increase of aging disorders such as mild
cognitive impairment (MCI) or dementia in older population groups. MCI and dementia
are connected with deterioration of cognitive functions. The aim of this mini review article
is therefore to explore whether computer-based training programs might be an effective
intervention tool for older people with MCI and/or dementia or not. The methods include
a literature search in the world’s acknowledged databases: Web of Science, Scopus,
Science Direct, MEDLINE and Springer, and consequently, evaluation of the findings of
the relevant studies. The findings from the selected studies are quite neutral with respect
to the efficacy of the computer assisted intervention programs on the improvement
of basic cognitive functions. On the one hand, they suggest that the computer-based
training interventions might generate some positive effects on patients with MCI and/or
dementia, such as the improvement of learning and short-term memory, as well as
behavioral symptoms. On the other hand, these training interventions seem to be short-
term, with small sample sizes and their efficacy was proved only in the half of the
detected studies. Therefore more longitudinal randomized controlled trials (RCTs) are
needed to prove the efficacy of the computer-based training programs among older
individuals with MCI and/or dementia.

Keywords: cognitive impairment, dementia, computer programs, efficacy, intervention, older adults

INTRODUCTION

Mental health affects the quality of life of a large number of individuals and family members
(Klimova et al., 2015; Maresova et al., 2016). Dementia is closely linked to aging. Dementia is a
consequence of the brain disease and it results in the deterioration of mental and cognitive activities.
Most symptoms refers to cognitive impairment, but dementia also affects behavior (Holmerova
et al., 2007). Dementia can be diagnosed if there are cognitive and behavioral symptoms which
should include at least two of the following aspects (McKhann et al., 2011):

e worsened ability to gain and recall a new source of information (e.g., disorientation in known
places, forgetting appointments or asking the same questions several times);

e worsened reasoning and judgment (e.g., low decision-making processes, tendency to safety risks
or inability to conduct complex tasks);
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e worsened visuospatial skills (e.g., failure to recognize known
faces or things, inability to dress appropriately or to find things);

e worsened language (e.g., difficulties finding the right
words, name the objects correctly, making hesitations or writing
mistakes); and

e behavioral changes (e.g., frequent changes in mood, social
withdrawal or apathy).

Mild cognitive impairment (MCI) is then one of the
pre-phases in the development of Alzheimer’s disease (AD)
and people usually have moderate difficulties with cognitive
functions such as memory, attention, language or vision.

Although there already exist a few effective drugs to delay
the cognitive decline and the development of dementia (Lyketsos
et al,, 2011; Klimova and Kuca, 2016), these drug therapies
still have, however, quite modest benefits and they are rather
expensive (Maresova et al., 2016). Therefore there is ongoing
effort to use non-pharmacological approaches as a good support
in the treatment of dementia (Klimova and Kuca, 2015; Klimova
et al, 2016). One of such support, with the emergence and
abundant use of information and communication technologies,
seems to be computer-based intervention programs which may
contribute to the maintenance and in some cases, to the
reduction of cognitive disorders in dementia, particularly in
the early stages of this disease as the research studies confirm
(Preece and Maloney-Krichmar, 2003; Savitch et al., 2006).
These computer programs can be tailored-made and meet
patients’ needs. They are also economical and can be more
easily disseminated among a wide range of people (Klimova
and Maresova, 2016). Recent research studies (Hernandez-
Encuentra et al, 2009; Sayago et al., 2011; Kueider et al,
2012) have indicated that older generation groups are now
more technologically savvy than two decades ago. However,
most of the computer-based training programs are aimed at
healthy older individuals such as three well-known commercial,
computer-based training programs CogMed, Jungle Memory
and Cognifit (Fernandez, 2011; Melby-Lervag and Hulme, 2013).
Thus, more research has been conducted among healthy older
individuals and it has shown some evidence of training with
the help of modern technologies on cognitive performance as
several reviews (see Kueider et al., 2012; Klimova, 2016) and
meta-analytic studies have illustrated (see Powers et al., 2013;
Lampit et al., 2014; Toril et al., 2014).

The aim of this mini review article is therefore to explore
whether computer-based training programs might be an effective
intervention tool for older people with MCI and/or dementia
or not.

METHODS

The methodology of this mini review article follows Moher
et al. (2009). The methods involved in this study include a
review of available literature sources dealing with the research
topic. Furthermore, a method of comparison of findings of
different research studies exploring the research topic was
applied. Research studies were selected on the basis of the
following keywords:

e cognitive impairment AND computer-based training
programs,

e dementia AND computer-based training programs,

e computer-based training programs AND Alzheimers disease.

These keywords were found in research studies in peer-review
English written articles from the Web of Science, Science
Direct, Springer, Scopus, and MEDLINE in the period of
2000 up to the end of 2016. However, there were not many
studies on the efficacy of computer-based training programs
on people with MCI and/or dementia. The lack of the studies
dealing with computer-based training programs has been also
confirmed in literature (Barnes et al., 2009). Most of the
studies were found in the database Science Direct, almost
4976, in Scopus—506 documents, in Web of Science—altogether
196 studies and 210 studies in Medline. The studies were
first screened for the title of their abstracts and duplications.
Then, the abstracts were screened and eventually, the full-text.
After this, only six studies were detected for the final review
although there are some studies in progress, such as Flak et al.
(2014). The study was included if it matched the corresponding
period, ie., from 2000 to the end of 2016, involved older
people with MCI and/or dementia, focused on computer assisted
training, respectively computer assisted cognitive training, was a
randomized controlled trial (RCT), and was written in English.
The search started with the year of 2000 because this is the
period when the studies on computer-based training programs
among older individuals began to appear. Furthermore, besides
dementia, the authors of this mini review article also included
the studies on MCI since MCI represents a transitional stage
between aging and AD. The high rate of transition from MCI
to AD makes early treatment an important clinical issue (see
Rozzini et al., 2007). As Lu et al. (2011) claim, RCT are regarded
to be the best design plan to verify the efficacy of intervention
measures because they require rigorous design and scientific
methods.

The selection process of the studies was as follows:

1. The search was conducted according to the keywords in four
databases (5888) and in other web sources (32).

2. Furthermore, duplication was removed. Altogether
3718 studies were identified. Afterwards, the titles of
only 276 studies/articles were checked in compliance with
the research purpose within the Web of Science, Scopus a
Medline, which contain the studies on clinical trials. In fact,
this type of articles was included in the inclusion criteria.
Thus, altogether 276 studies were selected for the further
analysis.

3. The authors checked the content of the abstracts in order
to discover whether the study examines the research topic.
After that, 98 studies/article were selected for the full-text
analysis.

4. Altogether 42 studies focused on the research topic,
however, only six studies could be eventually used
for a detailed specification. These were publications
whose findings were new and contained traceable and
comparable data such as a number of subjects or results
specifications.
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FINDINGS

Altogether six studies were identified for this review article.
All studies were RCTs. Thus, the subjects were randomly
divided into an experimental and control group. In all
studies the control groups were active, exposed to traditional
cognitive training (TCT) using pen-and-paper exercises designed
to improve cognitive functions: attention and concentration,
memory, language, calculation, or orientation to reality, or
the subjects in the control group were involved in an
integrated psychostimulation programs (IPPs) comprising music
therapy, art and crafts and physical activity. Only in one
trial (Tdrraga et al, 2006) there were two control groups;
one active and one passive. The mean age of subjects
ranged between 74 years and 83 years. The dose of the
intervention period was between 4 weeks and 24 weeks. The
efficacy of computer-based intervention programs on cognitive
impairment among older individuals with MCI and dementia
was measured by validated neuropsychological tests such as
digit span test, vocabulary recall test, or verbal fluency test.
Three studies (Tarraga et al, 2006; Barnes et al, 2009;
Herrera et al., 2012) confirmed beneficial effects of computer-
based intervention programs on cognitive functions such
as episodic memory or abstract reasoning, while the other
three (Galante et al., 2007; Gaitan et al, 2012; Yu et al,
2015) revealed no effect of this intervention on cognitive
functioning among older people with MCI and/or dementia.
The description of the analyzed studies and their findings are
summarized in alphabetical order of their first author in Table 1
below.

DISCUSSION OF THE FINDINGS

As Table 1 above demonstrates, the findings of this mini
review article are quite modest and neutral on the issue
of the efficacy of computer-based training interventions on
cognitive decline among older people with MCI and/or
dementia because half of the presented studies suggest small
benefits for the improvement of cognitive performance among
older individuals with MCI and/or dementia and the other
half of the studies do not show any effects on cognitive
decline.

As the results of the detected trials indicate, the positive
effects on the improvement of cognitive performance among
older adults with MCI and/or dementia concern especially
the following areas: verbal and visuospatial memory, episodic
memory, verbal learning, attention and decision-making. For
example, Barnes et al. (2009) reported improvements of verbal
learning and memory and observed an effect Size (ES) of 0.33 SD
as far as the global cognitive function is concerned. Herrera
et al. (2012) on the post hoc Newman-Keuls t-test (p < 0.05)
showed that the trained group had reached the better results
in recognition and recall of words than the control group.
The same was true for the study by Térraga et al. (2006).
Similar findings were also described by Coyle et al. (2015)
who in their review state that especially the cognitive domains
of visual and verbal memory and executive functions could

be improved. This has been also confirmed by Cipriani et al.
(2006).

Although the rest of the studies did not prove any effect
on cognitive decline among the target group (Galante et al,
2007; Gaitan et al.,, 2012; Yu et al., 2015), their results showed
that computer-based training may be effective at least in
delaying the continuous progression of cognitive impairment
in AD (Galante et al., 2007). Furthermore, Gowans et al.
(2007) in their study conducted among 40 people with AD
and their 30 caregivers indicate that even in later stages
of AD people can interact meaningfully when prompted
specifically. The computer-based training may help them with
reminiscence, communication as well as social contact. In
addition, the findings of this mini review article confirm a
positive effect of the computer-based intervention on behavioral
symptoms such as depression and anxiety on older people
with MCI and/or dementia (Yu et al., 2015). A more recent
review study by Garcia-Casal et al. (2016) also argue that
computer-based cognitive interventions have moderate effects
on cognition, depression and anxiety in people with dementia
and no significant effects can be found on activities of daily
living.

The findings of the detected randomized control trials
generated several important issues since they differed on
numerous dimensions that might have affected the results of
the training. First, the age range of the subjects was quite wide,
for instance 54-91 years (Barnes et al., 2009) or 57-85 years
(Gaitan et al., 2012) and the researchers did not study the effects
of younger-older adults or older-older adults as, for instance,
was done in the meta-analytic studies by Powers et al. (2013),
Lampit et al. (2014) and Toril et al. (2014) who performed
research on this issue among healthy older individuals. They
revealed that there had been small benefits after training with
larger effects in old-older adults than in young-older adults.
However, in a recent meta-analysis by Wang et al. (2016),
young adults have benefited more from the cognitive training
than the older adults. Second, there was a question of the
duration of these trainings. Some research studies suggest that
that longer and more intense interventions might contribute
to the improvement of cognitive functions among people with
MCI and/or dementia (Bozoki et al.,, 2013). On the contrary,
Ballesteros et al. (2014) or Toril et al. (2014) claim that the effects
of cognitive training in healthy old individuals are greater when
training is of short duration (1-6 weeks) than when it is long
(7-12 weeks). Third, the study designs of the selected studies also
differed in the type of intervention programs. Only two studies,
for example, had the same type of training for their control
groups.

Thus, the limitations of this review article were quite
significant since the identified studies consisted of the small
sample sizes, large variability of study designs and outcome
measures used in the analyzed RCTs, which may have had
ambiguous results due to the overestimated effects of training
interventions. Moreover, apart from the study by Garcia-Casal
et al. (2016), the authors did not manage to detect any negative
studies on this issue, which contributes to publication bias since
studies with negative results tend to be less likely published. For
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these reasons and the reasons described above, the authors of this
study could not conduct the meta-analysis.

CONCLUSION

The findings from the selected studies seem to be quite neutral
with respect to the efficacy of the computer assisted intervention
programs on the improvement of basic cognitive functions. On
the one hand, they suggest that the computer-based training
interventions might generate some positive effects on patients
with MCI and/or dementia, such as the improvement of learning
and short-term memory, as well as behavioral symptoms. On
the other hand, these training interventions seem to be short-
term, with small sample sizes, and their efficacy, as far as the
statistically significant differences are concerned, was proved
only in the half of the detected studies. Therefore there is
a need for more longitudinal RCTs which would prove the
efficacy of these computer-based training programs as a suitable
intervention tool for cognitively impaired older people since the
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