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Effects of cognitive training interventions on the cognitive and
everyday functioning of older adults - systematic overview of
meta-analyses
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Abstract: As the population is aging, the prevalence of age-related cognitive decline is now the highest in history, with a long-
term trend of increase. Many studies have examined whether cognitive training (CT) is an effective intervention for preventing and
slowing down the neurodegenerative processes of aging so as to enable independent functioning and active living in older age. In
order to summarize the available data, we conducted a systematic literature overview of meta-analyses investigating the efficacy of
various CT interventions on cognitive and subjective/functional outcomes in healthy older adults, older adults with mild cognitive
impairment, and older adults with subjective memory/cognitive complaints. We searched six databases (Web of Science, Scopus,
PsycINFO, MEDLINE, CINAHL, and Cochrane Library) and identified eight eligible meta-analyses. The quality of the included
meta-analyses was assessed using the AMSTAR-2 checklist. The confidence ratings were “moderate” for one meta-analysis, “low” for
two meta-analyses, and “critically low” for five meta-analyses. Although there is a need for better methodological standards for meta-
analyses, the available evidence suggests that CT is an effective intervention for improving both cognitive and subjective/functional
outcomes in older adults. Future research should be more oriented toward measures that indicate the practical efficiency of CT and
should be more specific regarding the type of CT intervention, so as to elucidate the potentially different underlying mechanisms of
their functioning.

Keywords: cognitive training, older adults, overview, meta-analysis

Ucinki kognitivnega treninga na kognitivno in vsakodnevno
funkcioniranje starejsSih odraslih - sistematicni pregled metaanaliz
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Izvlecek: Ker se prebivalstvo stara, je razsirjenost s starostjo povezanega kognitivnega upada najvisja v zgodovini ob dolgoroénem
trendu nara$¢anja. Stevilne 3tudije ugotavljajo, ali je kognitivni trening (KT) uéinkovita intervencija za prepre¢evanje in/ali
upocasnitev nevrodegenerativnih procesov staranja ter omogocanje neodvisnega delovanja in aktivnega zivljenja v pozni odraslosti.
Da bi povzeli podatke, ki so na razpolago, smo izvedli sistemati¢en pregled metaanaliz, ki so preucevale ucinkovitost razlicnih
intervencij s pomocjo KT na kognitivne in subjektivne/funkcionalne rezultate pri zdravih starejsih odraslih, starejSih odraslih z blago
kognitivno motnjo in starejSih odraslih s subjektivno kognitivno pritozbo. Preiskali smo Sest podatkovnih zbirk (Web of Science,
Scopus, PsycINFO, MEDLINE, CINAHL in Cochrane Library) in identificirali osem primernih metaanaliz. Kakovost vklju¢enih
metaanaliz je bila ocenjena s kontrolnim seznamom AMSTAR-2. Ocene zaupanja so bile »zmerno« za eno metaanalizo, »nizko«
za dve metaanalizi in »kriti¢no nizko« za pet metaanaliz. Ceprav se kaZe o&itna potreba po boljsih metodoloskih standardih za
metaanalize, dobljeni rezultati kazejo, da je KT ucinkovita intervencija za izboljSanje kognitivnega in vsakodnevnega funkcioniranja
pri starejsih odraslih. Prihodnje raziskave bi morale biti bolj usmerjene k meram vsakodnevne funkcionalnosti, ki bi kazale na
prakti¢no ucinkovitost KT in biti bolj specificne glede vrste KT, da bi razumeli potencialno razlicne mehanizme njihovega delovanja.
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The prevalence of cognitive decline, as a result of an aging
population, is now the highest in history, with a long-term
trend of increase, predicting that by 2050 the older population
will outnumber the young in many developed countries,
and the prevalence of dementia will double (Eurostat, 2021;
Scheltens et al., 2021; Statista, 2022). With aging, cognitive
functions such as memory, processing speed, spatial ability,
and abstract reasoning decline significantly (Murman,
2015; Salthouse, 2012; Tucker-Drob, 2019), and one is more
susceptible to a variety of age-related neuropathologies that
result in faster cognitive deterioration and dementia (Boyle,
et al., 2021; Willik, 2021). Despite many efforts, there is no
effective cure for Alzheimer’s disease, the most common
form of dementia; therefore, early intervention that targets
the at-risk population is of great importance in preventing and
slowing down these neurodegenerative processes (Scheltens
et al., 2021), and possibly extending the independent everyday
life of the elderly and improving their quality of living.

Neuroscientific research in the context of cognitive
reserve and similar concepts (Stern et al., 2020) has shown
a discrepancy between an individual’s expected cognitive
performance and their particular level of age- and pathology-
related brain changes (Reed et al., 2010; Stern, 2009), which
could be explained by better efficiency, capacity, or flexibility
of cognitive neural networks, as a result of cognitively
demanding life exposures (Stern, 2012; Stern et al., 2020).

Such cognitively demanding activity, or cognitive training
(CT), presents itself as an intervention that could potentially
maintain or improve cognitive functions and everyday
living despite neurodegenerative processes. The assumption
behind CT is that one can enhance cognitive abilities
such as processing speed, working memory, perceptual
abilities, attention, or general intelligence through dedicated
behavioral training (Green et al., 2019). CT includes cognitive
tasks focused on a certain cognitive ability, usually working
memory, or other executive functions. A CT regime can either
be single-domain, when training only one cognitive ability, or
multi-domain, when targeting different abilities (e.g., working
memory and processing speed or executive function; Binder
et al., 2015). Furthermore, one possible approach is process-
based training that aims to enhance processes of cognitive
functions by repetitive tasks, usually with adaptive difficulty
to adjust to the person’s ability (Deveau et al., 2015; Morrisom
& Chein, 2011; von Bastian & Oberauer, 2014), while
strategy-based training is focused on enhancing the efficacy
of function as a result of knowledge and skill acquisition, as
in the use of a specific memory strategy, chunk learning, etc.
(Morrisom & Chein, 2011; von Bastian & Oberauer, 2014).

Many studies have analyzed the effects of various CT
regimes, and many meta-analytic studies have been conducted
on this topic. While there is relatively consistent evidence of
“near-transfer” effects in trained or similar cognitive abilities
(c.g., Melby-Lervag et al. 2016), “far-transfer” effects of
different CT regimes on non-trained abilities or broader
“real-world” measures, such as well-being and activities of
daily living, are inconsistent and therefore highly debated
(c.g. Gobet and Sala, 2023; Green et al., 2019).

In order to contribute to the debate and clarify the potential
effects on age- and pathology- related cognitive declines,

the aim of our research was to synthesize the results from
systematic literature reviews with meta-analysis regarding
the effects of various CT interventions on cognitive functions
and everyday functioning for the elderly population with a
mean age of 50 or above, as it is around this age that the first
signs of age-related cognitive deterioration occur (Willik et
al., 2021). We separately inspected populations with different
risks for dementia, from low to high risk: healthy elderly,
those with subjective memory/cognitive complaints (SM/
CC), and mildly cognitively impaired elderly (MCI).

Methods

This review was carried out following PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis)
guidelines (Page et al., 2021).

Registration and protocol

The review protocol was registered with the International
Register of Systematic Reviews PROSPERO (ID:
CRD42022302151).

Eligibility criteria

Studies based on the following criteria were included:

1. Types of study design: Our focus were systematic
literature reviews with meta-analysis. Only studies
with the statistical, quantitative combination of results
providing effect size estimates (standardized mean
difference; Cohen’s d, Hedges g, odds ratio or correlation
coefficient) were included. Narrative reviews or clinical
trials were excluded.

2. Types of Population: Included were studies on adults with
a mean age of 50 or above and, based on the cognitive
status, studies with one or more of the following
categories of participants: a) healthy adults, b) adults with
subjective cognitive/memory complaints, and/or c) adults
with mild cognitive impairment. Studies with participants
whose mean age was below 50 were excluded, as well
as studies with participants with moderate or severe
cognitive impairment, dementia, or other neurological or
psychiatric conditions or diseases.

3. Type of intervention: Studies with various types of CT
were included:

— process-based or strategy-based
— training of specific cognitive functions (memory,
reasoning, executive functions...) or multi-domain-
training type of CT (including video games).
Cognitively stimulating activities (playing instruments,
meditation, mindfulness...) and other types of cognitive
intervention (exercise, pharmacological treatment, etc.)
were excluded, as were combinations of CT with those or
other interventions.

4. Type of control group: Randomized and non-randomized
trials (quasi-experiment) were eligible for our study, with
the active or passive control group. Although randomized
controlled trials provide the highest quality of evidence,
in order to make a more comprehensive review, we also
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included non-randomized studies, as a significant number
of systematic reviews include this type of study design
(Shea et al., 2017). Studies with no control group, case
studies, and other types of studies were excluded.

5. Type of outcome: All measures of cognitive functioning
were eligible. Apart from cognitive measures, our
systematic literature review had to include at least one
measure indicating everyday functioning or measure of
well-being, quality of life, mood, or subjective measures
of cognitive functioning, as we wanted to inspect the
extent of the effects and the impact on everyday living.
If only a part of a study met our criteria and provided
separate analysis for those data, we included said data in
our review.

Search strategy

A systematic literature search of six databases (Web of
Science, Scopus, PsycINFO, MEDLINE, CINAHL, and
Cochrane Library) was conducted on 27 January 2022 using
predefined keywords (keywords and syntax are provided in
Supplemental materials (Table 1).

Considering that most of the crucial scientific articles
are in English, only English-language papers were included
due to insufficient resources for article translation. An
additional, manual search of the references of relevant studies
(those included based on title and abstract) was conducted.

Selection of studies

Two reviewers (the first and third authors) independently
screened titles and abstracts of initial references. Articles
deemed eligible based on our inclusion/exclusion criteria
were then retrieved and the two reviewers then read the
full-text articles to make the final selection of studies. Any
potential selection inconsistencies between the two authors
were resolved by discussion and consultation with the second
author.

Risk of bias assessment

The first and third authors independently assessed the
quality of studies using the AMSTAR-2 checklist (Shea et al.,
2017; AMSTAR - A Measurement Tool to Assess systematic
Reviews). Any potential inconsistencies of evaluations were
resolved by discussion between the authors. The AMSTAR-2
is a 16-item instrument for critically appraising systematic
reviews of randomized and non-randomized trials. The
following seven items inspect domains that can critically
affect the validity of the review:

— ITEM 2: written protocol

— ITEM 4: comprehensive literature search strategy

— ITEM 7: list of excluded studies with justification of
exclusions

— ITEM 9: assessing the risk of bias (RoB)

— ITEM 11: appropriate methods for statistical combination
of results
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— ITEM 13: accounting for RoB when interpreting/
discussing the results
— ITEM 15: publication bias inspection.

Rating the overall confidence in the results of the reviews
is not based on the generation of an overall score; rather, the
quality is categorized by an evaluation of the critical and
non-critical weaknesses of a review based on the following
criteria:

— high confidence: if the review has no or one non-critical
weakness

— moderate confidence: more than one non-critical weakness

— low confidence: one critical flow with or without non-
critical weaknesses

— critically low confidence: more than one critical flaw with
or without non-critical weaknesses.

If we analyzed only one part of the data in an article (in
accordance with our eligibility criteria), then the assessment
of the quality of studies was made only for that part of the
article.

Data collection and data synthesis

The first and second authors designed preset tables for
the extraction of relevant data from eligible studies. Data
extraction was made by the first author, while the third author
extracted a sample of eligible studies, and the data extraction
agreement between the authors was 100 percent.

Tables of extracted data include:

— general information about studies: author/s, name of the
article, publishing year, number of studies included in
the meta-analysis, number of participants included in the
meta-analysis;

— PICO components: type of population, type of
intervention, type of control group(s), type of outcomes,
type of randomization;

— vresults of statistical analysis: type of effect size
calculation, effect sizes, confidence intervals, and
statistical significance for effects on different outcome
measures, by population, intervention, control group, and
randomization.

Outcome measures were divided into two broad
categories: cognitive outcomes and functional/subjective
outcomes. The taxonomy was made through consultation
with A Compendium of Neuropsychological Tests (Strauss
et al, 2006). Cognitive functions: general cognitive
functioning, executive functions, attention, memory, visual
perception, language, and semantic knowledge. Subjective
and objective measures of functioning: adaptive functioning,
activities of daily living, psychosocial functioning, quality
of life, subjective well-being, subjective memory, subjective
cognitive functioning, and mood (depression, anxiety...).

Data was collected in Microsoft Excel. Only a narrow
synthesis of the results was performed due to heterogeneity
and insufficiency of data for statistical analysis.
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Results
Study Selection

As shown in Figure 1, the initial search of databases
identified 3039 citations. After duplication removal, 1746
citations remained, of which 1705 were excluded based on
titles and abstracts (a detailed list and reasons for exclusions
can be found in Supplemental materials (Table 2). A full-text
review of 41 articles and a reference search identified eight
articles eligible for the review.

Characteristics of included reviews

The characteristics of the included systematic literature
reviews with meta-analyses are presented in Table 1 and Table
2. The characteristics are described based on information
regarding our inclusion criteria, available data, and our
conclusions based on the available data. The latter mainly
concerns the type of CT, as not all reviews used the (same)
terminology for describing the type of CT.

The number of studies included in the meta-analyses
ranged from 215 (of which 161 were healthy and 54 were
with MCI) in a review by Basak and colleagues (Basak et
al., 2020), to eight studies in a review by Metternich and
colleagues (Metternich et al., 2010).

Type of population: Out of the eight meta-analyses, four
reported data for healthy elderly reviews (Basak et al., 2020;
Kelly et al., 2014; Nguyen et al., 2022; Tetlow & Edwards,
2017), three studies included elderly with MCI (Basak et
al., 2020; Hill et al., 2017, Nguyen et al., 2022), and three
studies comprise data for elderly with subjective memory
(Metternich et al., 2010) or cognitive complaints (Bhome et
al., 2018; Sheng et al., 2020).

Figure 1
Flow diagram for systematic literature review

‘ Records identified from databases N=3039 ‘

‘ Records identified after duplicated removed N=1746 ‘

Records excluded based on title and
abstract N=1705

‘ Full-text articles assessed for eligibility N=41 ‘

Papers excluded N=34

not target population N=8
not target intervention N=7
not target outcomes N=8
not target study design N=4
not english language N=1
no sufficient data N=6

‘ Additional papers identified by references search N=1 ‘

‘ Papers included 1n the review N=8 ‘

Type of CT: Most of the reviews analyzed multidomain
CT (N =5) or presented combined results for single-domain
and multidomain training (N = 6). Only one review (Basak
et al., 2020) separately analyzed the effects of single-domain
training for healthy elderly and for those with MCI, and
only one study (Metternich et al., 2010) analyzed the effect
of single-domain training in the population with SM/CC.
For healthy elderly, two reviews analyzed process-based CT
(Nguyen et al., 2022; Tetlow & Edwards, 2017), two presented
data for combined process-based and strategy-based CT
(Basak et al., 2020; Kelly et al., 2014), and none of the reviews
showed separate results for strategy-based CT. Based on
the available data, the reviews for elderly with MCI did not
analyze the effects of strategy-based CT only. One review
analyzed combined process-based and strategy-based CT
(Basak et al., 2020) and two reviews analyzed the effects of
process-based CT only (Hill et al., 2017; Nguyen et al., 2022).
For populations with SM/CC, two studies analyzed combined
strategy- and process-based CT (Bhome et al., 2018; Sheng
et al., 2020), and one analyzed the effects of strategy-based
training only (Metternich et al., 2010).

Type of control group and randomization: All studies
included a passive and/or active control group, and all studies
except one (Nguyen et al., 2022) included randomized control
trials (RCT) only. In the review from Nguyen and colleagues
(2022), eligibility criteria were broader, including studies
that incorporate a pre-test—intervention—post-test design.
Nonetheless, most of the included studies were RCT (93%;
Nguyen et al., 2021).

Type of outcome: Our eligibility criteria included
reviews with cognitive outcomes and at least one subjective/
functional outcome, resulting in a broad list of cognitive and
subjective/functional outcomes (see details in Figure 1).

Quality of meta-analyses

While assessing the quality of reviews, we only applied
the AMSTAR-2 criteria (Shea et al., 2017) on data that were
relevant for our review based on our eligibility criteria.
Only three full reviews were analyzed (Basak et al., 2020;
Nguyen et al., 2022; Tetlow & Edwards, 2017). None of the
studies provided data that we classified as high confidence
(Table 3). Out of eight reviews, only one was classified as
moderate confidence (Basak et al., 2020), two were classified
as low confidence (Bhome et al., 2018; Hill et al., 2017), while
most of the studies, five out of eight (63%) were classified as
critically low in confidence (Kelly et al., 2014; Metternich et
al., 2010; Nguyen et al., 2022; Sheng et al., 2020; Tetlow &
Edwards, 2017).

Regarding critical domains, all of the included reviews
conducted a comprehensive literature search strategy (ITEM
4; partial or full yes). Of all the critical domains, the smallest
number of reviews, only two out of eight (25%; Basak et al.,
2020; Kelly et al., 2014) provided a list of excluded studies with
a justification of exclusions (ITEM 7). Most reviews adhered
to the remaining critical domains, although a considerable
number of reviews (38%) did not provide a written protocol
(ITEM 2; Metternich et al., 2010; Nguyen et al., 2022; Sheng
et al., 2020) and did not inspect publication bias (ITEM 15;
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38%; Kelly et al., 2014; Metternich et al., 2010; Tetlow &
Edwards, 2017).

Effects of cognitive training (CT)
Healthy elderly

The cognitive outcomes of CT effects for healthy elderly
were sorted into the following categories: overall (composite)
cognitive function, general cognitive functioning, memory,
executive function, attention, processing speed, visuospatial
ability, and language (Table 4).

Two studies (Basak et al., 2020; Kelly et al., 2014) analyzed
the effect of CT (composite: single-domain and multidomain,
and strategy- and process-based CT) on overall cognitive
functioning in healthy elderly, with Basak and colleagues
(Basak et al., 2020) providing additional separate analyses for
single-domain CT and multidomain CT. All analyses showed
significant small effects of CT on overall cognitive function
in healthy elderly. The evidence is of moderate confidence
(Basak et al., 2020).

Three studies analyzed the effects of CT on general
cognitive functioning in healthy elderly (Basak et al., 2020;
Nguyen et al., 2022; Tetlow & Edwards, 2017), and only a
moderate confidence review from Basak et al. (2020) showed
significant small effects of CT (composite). Two reviews
with critically low-confidence evidence (Nguyen et al., 2022;
Tetlow & Edwards, 2017) showed non-significant effects of
multidomain process-based training on general cognitive
functioning in healthy elderly (Nguyen et al., 2022; Tetlow &
Edwards, 2017).

Most of the analyzed effects of CT in healthy elderly
were in the domain of memory. Most effects were significant.
The effects of CT (composite) in healthy elderly were the
following: a) small statistically significant effects on short-
term memory (Basak et al., 2020), episodic memory (Basak
et al., 2020), recognition (Kelly et al., 2014), face-name recall
(Kelly et al., 2014), immediate recall (Kelly et al., 2014),
and nonverbal memory (Nguyen et al., 2022), b) medium
statistically significant effects on paired associates (Kelly
et al., 2014), and 3) non-significant effect on delayed recall
(Kelly et al., 2014).

Small and statistically significant effects of multidomain
process-based CT in healthy elderly are found on verbal
memory (Nguyen et al., 2022), non-verbal memory (Nguyen
et al., 2021), and visuospatial memory (Tetlow & Edwards,
2017), while non-significant effects were found on combined
memory (Tetlow & Edwards, 2017), and similarly, on overall
memory (after adjustment; Nguyen et al., 2022). Nonetheless,
evidence in the domain of memory is rated as critically low
in confidence, except for the moderate confidence effects of
CT (composite) on short-term and episodic memory (Basak
et al., 2020).

In the domain of executive functions in healthy elderly, CT
(composite) appears to have a small statistically significant
effect on executive function (Basak et al., 2020) and working
memory (Kelly et al., 2014; Nguyen et al., 2022). A review
(Nguyen et al., 2022) of the effects of multidomain process-
based CT in healthy elderly found a small statistically

significant effect on working memory, while a small
statistically significant effect on overall executive function
did not remain significant after adjusting (Nguyen et al.,
2022). Non-significant effects of multidomain strategy-based
CT in healthy elderly were found on global executive function,
cognitive flexibility, and inhibitory control in the review by
Nguyen and colleagues (2022), and Tetlow & Edwards (2017)
did not find significant effects for executive function and
verbal fluency. Overall, in the domain of executive functions,
most analyses (67%) did not provide statistically significant
results, and all evidence is rated as critically low confidence,
except moderate confidence evidence for the small positive
effect of composite CT on executive function (Basak et al.,
2020).

Regarding the effects of CT on attention in healthy elderly,
the evidence is critically low in confidence and inconsistent.
Tetlow & Edwards (2017) found a statistically significant
medium effect of multidomain process-based training, while
the effects were non-significant in the studies by Kelly et al.
(2014) and Nguyen et al. (2022).

All reviews found statistically significant effects of CT in
healthy elderly on processing speed (Basak et al., 2020; Kelly
et al., 2014; Nguyen et al., 2022; Tetlow & Edwards, 2017).
Only a small statistically significant effect of CT composite
is of moderate confidence (Basak et al., 2020), while other
evidence is rated as critically low in confidence (Kelly et al.,
2014; Nguyen et al., 2022; Tetlow & Edwards, 2017). Modest
confidence evidence suggests small statistically significant
effects of CT (composite) on language in healthy elderly
(Basak et al., 2020). A critically low-confidence review
did not find effects of multidomain process-based CT on
visuospatial ability in healthy elderly (Nguyen et al., 2022).

The subjective and functional outcomes of CT effects in
healthy elderly were categorized into two domains: everyday
functioning and subjective cognitive functioning. Basak et
al., (2020) provided modest confidence evidence and found
a small statistically significant effect of CT (composite) on
subjective and objective everyday functioning in healthy
elderly. Other evidence in this domain was rated as critically
low: this included the following: multidomain process-
based training in healthy elderly showed small statistically
significant effects on subjective measures of everyday
functioning (Nguyen et al., 2022) and, similarly, self-reported
everyday functioning (Tetlow & Edwards, 2017), while the
effects on objective tasks of everyday functioning (after
adjustment; Nguyen et al., 2022) and, similarly, performance-
based everyday functioning (Tetlow & Edwards, 2017) were
non-statistically significant. Considering other subjective
measures, the effect of CT (composite) on subjective memory
(Kelly et al., 2014) appears to be small and significant in
healthy elderly.

Elderly with mild cognitive impairment

The cognitive outcomes of effects of CT in elderly with
MCI were classified into the following categories: overall
cognitive function, general cognitive functioning, memory,
executive function, attention, processing speed, visuospatial
ability, and language (Table 5).
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The evidence for the effects in elderly with MCI on overall
cognitive functioning was moderate confidence (Basak et al.,
2020) and consistent (Basak et al., 2020; Hill et al., 2017),
suggesting small and statistically significant effects of single-
domain CT (Basak et al., 2020), multidomain CT (Basak et
al., 2020), and CT in general (composite; Basak et al., 2020;
Hill et al., 2017). The effects of CT composite in elderly with
MCI were also small and significant in the domain of general
cognitive functioning, specifically on reasoning (moderate-
confidence evidence (Basak et al., 2020)) and global cognition
(low-confidence evidence (Hill et al., 2017)).

In the domain of memory in elderly with MCI, moderate
confidence evidence (Basak et al., 2020) was provided for CT
composite and small statistically significant effects on short-
term and episodic memory were found. A low-confidence
review (Hill et al., 2017) for CT (composite) reveals a small
statistically significant effect on verbal learning, a medium
statistically significant effect on non-verbal learning, and non-
significant effects on non-verbal memory and verbal learning
(after adjustment). A critically low-confidence review
(Nguyen et al., 2022) did not find statistically significant
effects of multidomain process-based CT on memory overall
for the elderly with MCI.

Regarding executive functions in the elderly with MCI,
a moderate confidence review (Basak et al., 2020) indicates
a small statistically significant effect on the executive
functioning of CT (composite), while low confidence (Hill et
al., 2017) and critically low-confidence reviews (Nguyen et
al., 2022) did not find any effects on executive functioning.
Low-confidence evidence (Hill et al, 2017) for CT
(composite) reveals a medium statistically significant effect
on working memory and a small statistically significant effect
on attention, but not on processing speed, visuospatial skills,
and language for the elderly with MCI. On the other hand,
modest-confidence evidence (Basak et al., 2020) indicates
a small statistically significant effect of CT (composite) on
processing speed and language in the elderly with MCI.

Functional and subjective outcomes of CT for the elderly
with MCI were found in the domain of everyday functioning.
Moderate confidence evidence (Basak et al., 2020) is provided
for small statistically significant effects of CT (composite)
on subjective and objective everyday functioning. A low
confidence review (Hill et al., 2017) found small statistically
significant effects (after adjustment) of CT composite on
psychosocial functioning, but not on instrumental activities
of daily living (IADL).

Elderly with subjective memory/cognitive
complaints

Reviews that inspected the effects of CT in elderly with
SM/CC were rated as providing low-confidence (Bhome et
al., 2018) or critically low-confidence evidence (Metternich
et al., 2010; Sheng et al., 2020).

The cognitive outcomes of the effects of CT in elderly with
SM/CC were grouped into two categories: general cognitive
functioning, and memory (Table 6). While one review
(Bhome et al., 2018) found small statistically significant

effects of CT composite on objective cognitive performance,
the other one (Sheng et al., 2020) did not find any effects of
CT composite on global cognitive function. In the domain
of memory in elderly with SM/CC, one review (Metternich
et al.,, 2010) found small statistically significant effects of
single-domain strategy-based CT on objective memory. The
effects of CT composite in elderly with SM/SC, inspected in
a review by Sheng and colleagues (Sheng et al., 2020), were
small and statistically significant for total memory, but not for
immediate recall, delayed recall, and recognition.

Subjective outcomes of CT in the population with SM/
CC were sorted into three groups: psychological well-
being, mood, and subjective cognitive function. Regarding
psychological well-being, two reviews (Bhome et al., 2018;
Sheng et al., 2020) found small statistically significant effects
of CT (composite), while one review (Metternich et al., 2010)
did not find a statistically significant effect of single-domain
strategy-based training on well-being in elderly with SM/CC.
In the domain of subjective cognitive function in elderly with
SM/CC, only one review (Sheng et al., 2020) found a small
statistically significant effect of CT (composite) on subjective
memory II (higher score better memory), while non-
significant effects were found for subjective memory I (higher
score worse memory; Sheng et al., 2020), subjective memory
(Metternich et al., 2010), and metacognition (Bhome et al.,
2018) for elderly with SM/CC. Furthermore, no statistically
significant effects were found for mood, specifically for
depressive symptoms (Metternich et al., 2010), and depression
and anxiety (Sheng et al., 2020) in elderly with SM/CC.

Near-transfer and far-transfer effects of CT

Considering the overall effects of CT on near-transfer and
far-transfer measures, medium confidence evidence (Basak et
al., 2020) suggests small, statistically significant near-transfer
and far-transfer effects of CT composite for healthy elderly
and those with MCI (Table 7). A critically low confidence
review (Nguyen et al., 2022) also showed small statistically
significant near-transfer effects of the multidomain process-
based training in healthy elderly and those with MCI, but far-
transfer effects were only statistically significant and small for
healthy elderly, not for elderly with MCI. Moreover, although
far-transfer effects were, overall, statistically significant for
healthy elderly, when analyzed separately, small statistically
significant effects were evident only on subjective measures
of far transfer, but not on objective measures of far transfer.
None of our included reviews analyzed near-transfer and far-
transfer effects in the elderly with SM/CC.

Discussion

Given the massive number of studies examining
the effectiveness of CT on slowing down or reversing
cognitive decline that comes with aging and the onset of
neurodegenerative processes, the aim of our review was
to summarize the already existing reviews on this topic.
Specifically, we wanted to synthesize the systematic literature
reviews with meta-analyses considering the effectiveness of
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different CT interventions for older adults, with or without
the onset of cognitive decline, in improving cognitive and
everyday functioning.

Generally, most systematic literature reviews
with meta-analyses that inspect both the cognitive and
the functional effects of CT in elderly that are at risk of
cognitive decline provide low-confidence or critically low-
confidence evidence, having one or more critical domains
flaws by methodological standards for systematic reviews
(AMSTAR-2; Shea et al., 2017). The exception is a moderate-
confidence review without major flaws from Basak and
colleagues (2020), providing data for healthy elderly and
those with MCI. Although there is a need for higher-
confidence evidence, some of the effects of CT are of modest
confidence and appear to be more consistent through various
reviews, suggesting CT can be beneficial for some aspects
of cognitive and everyday functioning. Compared to other
synthesized reviews (Gavelin et al., 2020; Sala et al., 2019),
we have provided more a detailed analysis, thus providing
more insights into the effectiveness of CT for various specific
cognitive, subjective, and functioning outcomes.

In our review, regarding healthy elderly, consistent
evidence, including a moderate confidence review, proved
the small effects of CT (single-domain, multidomain and
composite) on overall cognitive functioning, and small
effects of CT (composite and multidomain process-based)
on processing speed. There is no consistent evidence for the
effects of CT on memory, executive functions and attention
for healthy elderly; nonetheless, moderate confidence
evidence proved small effects of CT (composite) on short-
term memory, episodic memory, executive functioning, and,
additionally on language (Basak et al., 2020). For elderly with
MCI, consistent evidence, including a modest confidence
review, was found for small effects on overall cognitive
function and general cognitive functions for CT (composite),
and small effects for single-domain and multidomain CT on
overall cognitive function. For other domains of cognitive
functioning, the effects were heterogeneous; nonetheless,
moderate confidence evidence (Basak et al., 2020) suggests
some efficacy of CT (composite) on memory (short-term and
episodic memory), executive functioning, processing speed,
and language.

That CT can improve cognitive performance in older
adults is also implied by the results of a systematic overview
by Gavelin et al. (2020), who provided consistent and
modest-confidence evidence of the effects of CT on objective
cognitive measures for healthy adults and those with MCI,
and additionally for adults with Parkinson’s disease. A
second order meta-analysis by Sala et al. (2019) found that
working memory training has a small significant effect on
memory performance in healthy older adults and those with
MCI; on the other hand, working memory training, as well
as action and non-action video game training in older adults,
were not beneficial for combined cognitive functioning
outcomes (fluid reasoning, cognitive control, processing
speed, and language) as a measure of far transfer. Regarding
subjective and objective measures of functioning, Basak et
al. (2020) provided moderate-confidence evidence of limited
effectiveness of CT (composite) on subjective and objective

measures of everyday functioning in healthy elderly and
those with MCI. Although the evidence is of low confidence,
reviews in which subjective and objective measures were
analyzed separately consistently suggest that CT has effects
only on subjective measures, but not on objective measures
of everyday functioning (Hill et al., 2017; Kelly et al., 2014;
Nguyen et al., 2022; Tetlow & Edwards, 2017).

Considering the overall effects of CT on near-transfer and
far-transfer measures, medium-confidence evidence (Basak
et al., 2020) suggests small statistically significant near-
transfer and far-transfer effects of CT (composite) for healthy
elderly and those with MCI, while evidence for multidomain
process-based CT for healthy elderly and elderly with MCI
is of critically low confidence (Nguyen et al., 2022), and
indicates small effects for near transfer in both populations;
far-transfer effects, however, are less convincing, showing
a small significant effect only for a healthy population, and,
specifically, only for subjective measures, but not objective
ones. Effects other than cognitive functioning, which were
inspected in another systematic overview (Gavelin et al.,
2020), are less convincing, showing only small effectiveness
of CT on psychosocial functioning in healthy older adults,
while the effects were inconsistent for MCI; furthermore, no
effects were proved on subjective cognitive and functional
outcomes in healthy older adults and those with MCI (Gavelin
et al., 2020).

Unfortunately, in our study, the effects of CT for the
elderly with subjective cognitive/memory complaints are
of low/critically low confidence, and are not consistent for
specific domains of cognitive and subjective/functional
outcomes. In order to derive conclusions on the effects of CT
in this population, higher-confidence evidence is needed.

The basis for the scientific debate regarding CT is whether
the effects are transferable to non-trained functions (i.e. far
transfer). Thus, in order to contribute to this debate, our aim
was to inspect and compare the effects of different cognitive
training types. Nonetheless, there was a lack of variability
of CT types in our study, as only two reviews analyzed
single-domain CT (Basak et al., 2020; Metternich et al.,
2010) and only one review inspected strategy-based CT only
(Metternich et al., 2010), while other reviews analyzed CT
as a general intervention, or inspected multi-domain process-
based training only.

One concept concerning transfer effects which is
typically discussed in the context of working-memory
training is whether training gains are the result of improved
efficiency or capacity. It is possible that the training gains
indicate enhanced working memory efficiency (as a result of
knowledge and skill acquisition, such as the use of specific
strategies, chunk learning, etc.), but they can also be a result
of expanded working-memory capacity (von Bastian &
Oberauer, 2014). As the knowledge and skills are usually
specific to the content learned, the enhanced working-
memory efficiency can only lead to near transfer, but far-
transfer effects can also be expected if working memory
capacity is improved (Morrisom & Chein, 2011; von Bastian
& Oberauer, 2014). A comparison of the effects of process-
based and strategy-based training could potentially provide
additional insights into this topic. Process-based CT focuses
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on expanding capacity, while strategy-based CT is primarily
oriented toward improving efficiency; therefore, process-
based CT should result in more generalizable effects, while
strategy-based CT should have more domain-specific effects
(Morrisom & Chein, 2011). However, due to the lack of
sufficient data, we cannot derive any conclusions.

Similarly, if training implies learning domain-specific
skills, the more specialized the skill, the less overlap between
skills, and therefore the more difficult the transfer will be
(Ericsson & Charness, 1994; Morrisom & Chein, 2011).
Accordingly, in single-domain training, greater near-transfer
effects should be expected compared to far-transfer effects,
while multi-domain CT should result in more generalizable
effects than single-domain CT, implying that it might be a
more efficacious approach to improving more aspects of
functioning. Results from some meta-analytical reviews
support this notion (Lampit et al., 2020; Gavelin et al., 2020),
but our review, contrary to that, suggests that single-domain
training and multi-domain training have similar effects and
that, regardless of the CT regime, effects are transferable to
overall cognitive functions. These results are compliant with
Taatgen’s PRIMs theory (Taatgen, 2013), which serves as an
explanation for the general effects of cognitive training. The
theory proposes that when people learn specific cognitive
tasks, the by-product of the learning process consists of
general cognitive skills. That is because skills are broken into
multiple small, primitive information-processing elements
(PRIMs) that move and compare single pieces of information,
some of which are task-specific, while some are task-general
(Taatgen, 2013). Two tasks can be quite different, but still
share the same general skills, i.e. the patterns of routing
information through the cognitive system (Taatgen, 2013).
The question whether there are comparable far-transfer effects
of different CT regimes on non-trained functions (apart from
overall cognitive function) in older adults remains open and
is challenging, especially regarding measures of everyday
functioning.

In recent years, there has been a crisis in science relating
to the problem of the reliability and credibility of scientific
evidence, including psychology and social sciences (Head
et al., 2015; Lilienfeld & Waldman, 2017). One of the major
reasons for this is that “p-hacking” and “publication bias”
are a common occurrence in science, and, unfortunately,
statistically significant results are prioritized over the
accuracy of the studies (Head et al., 2015; Nosek et al., 2012).
Additionally, a major problem in CT primary studies is that a
large portion of them have poor statistical power due to small
sample sizes, which often compromise the reliability of results
(Gobet and Sala, 2020; Green et al., 2019). For example, in
120 studies that reported transfer effects, the average group
size consisted of around 22 participants (Melby-Lervag et al.,
2016). Therefore, applying a meta-analysis or an overview
of meta-analyses can be useful in providing more robust
evidence that generates more reliable conclusions.

Generally, one way of addressing these problems is to
focus on the quality of the methodology, rather than on the
results of the study (Raj et al., 2017), so as to provide more
consistent conclusions. When synthesizing results from
different studies (as with the evidence about the effectiveness

of CT), in order to deliver a more valid and reliable conclusion,
it is strongly suggested that authors follow the guidelines on
conducting a systematic literature review with meta-analysis
(Higgins et al., 2019).

Similarly to what was previously noted on the poor
variability of the types of CT, CT is often incorrectly
treated as one uniform intervention; however, aside from
the different possible types of cognitive training, there is
also great heterogeneity in study designs, methods and
training protocols for CT (Green et al., 2019; von Bastian &
Oberauer 2014). There have been some efforts to improve
methodological standards in behavioral interventions for
cognitive enhancement (Green et al., 2019), but, unfortunately,
there is still no clear direction, nor a “gold standard” of how
CT research should be applied. The question, therefore, is
whether it is justified to analyze CT in meta-analytical studies
as a single type of intervention. Another reason to separately
analyze the specific types of CT in reviews is to better
understand the potentially different underlying mechanisms
of their functioning.

Although there are many systematic literature reviews
with meta-analysis that investigate the effects of CT on
cognitive functions, there is a relatively small number of
reviews focusing on the effects on everyday functioning apart
from effects on cognitive functions. In order for CT to be
considered an effective tool for slowing down or preventing
cognitive decline and pathology, it should demonstrate its
practical value outside laboratory conditions and measures,
and should positively affect the everyday functioning of a
person. We therefore believe that it is of great importance
that a study on the effectiveness of CT be conducted which
includes non-cognitive far-transfer measures, preferably with
greater ecological validity, in order to confirm the practical
value of CT interventions.

There is need for caution, because our conclusions are
not based on statistically synthesized results, and we did not
control for overlapping between primary studies, which could
potentially overestimate the consistency between the various
reviews and falsely lead to greater perceived precision of the
analysis (Lunny et al., 2021).
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