
Differential effects of cognitive training modules in healthy aging 
and mild cognitive impairment: A comprehensive meta-analysis 
of randomized controlled trials

Chandramallika Basak, Shuo Qin, Margaret A. O’Connell
University of Texas at Dallas

Abstract

This meta-analysis was designed to compare the effectiveness of two cognitive training modules, 

single-component training, which targets one specific cognitive ability, vs. multi-component 

training, which trains multiple cognitive abilities, on both trained abilities (near transfer) and 

untrained abilities (far transfer) in older adults. The meta-analysis also assessed whether individual 

differences in mental status interacted with the extent of transfer. Eligible randomized controlled 

trials (215 training studies) examined the immediate effects of cognitive training in either healthy 

aging or mild cognitive impairment (MCI). Results yielded an overall net-gain effect size (g) for 

the cognitive training, of 0.28 (p<0.001). These effects were similar across mental status and 

training modules, and were significant for both near (g=0.37) and far (g=0.22) transfer. Although 

all training modules yielded significant near transfer, only a few yielded significant far transfer. 

Single-component training of executive functions was most effective on near and far transfer, with 

processing speed training improving everyday functioning. All modules of multi-component 

training (specific and non-specific) yielded significant near and far transfer, including everyday 

functioning. Training effects on cognition were moderated by educational attainment and number 

of cognitive outcomes, but only in healthy aging. These findings suggest that, in older adults, all 

modules of multi-component training are more effective in engendering near and far transfer, 

including everyday functioning, when compared to single-component training modules.
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Although the average life expectancy is increasing in the United States of America (Beller, 

2013), there has been little change in the average age of onset for age-related 

neuropathological illnesses (Sperling et al., 2011). Therefore, there is a great interest in 

developing behavioral interventions that can delay the onset of age-related neuropathological 

illnesses in our lifespan by preserving our cognitive skills into late adulthood (Hertzog, 

Kramer, Wilson & Lindenberger, 2008). One such promising behavioral intervention is 
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cognitive training, which, in healthy aging, has been argued to not only preserve but even 

enhance cognitive functions that typically decline in late adulthood (e.g., Anguera et al., 

2013; Basak, Boot, Voss, & Kramer, 2008; Borella et al., 2014; Cavallini et al., 2015; Park et 

al., 2014; for a review, see Stine-Morrow & Basak, 2011). We argue that effective cognitive 

training during late adulthood builds resistance to the age-related neuropathological illnesses 

through cognitive plasticity, defined by recovery of declining age-sensitive cognitive abilities 

(“fluid” cognitive ability). Some of these declining fluid abilities are processing speed, 

episodic memory, reasoning, and executive functions (Cerella, 1990; Park et al., 2002; 

Salthouse, 1996; Verhaeghen, 2011).

Researchers have argued that enhancing basic fluid abilities can improve everyday 

functioning in older adults, which in turn can provide additional years of independence and 

hopefully delay the onset of dementia (Hall et al., 2009; Wilson et al., 2010). At meta-

analysis level, cognitive training has been observed to induce such improvements on the 

trained basic cognitive abilities (e.g., Karbach & Verhaeghen, 2014). The debate in the field 

is whether such improvements from cognitive training are also induced on untrained 

cognitive skills in older adults, including everyday functioning (Simons et al., 2016). One 

promising cognitive training approach is processing speed training. Processing speed 

training studies have reported not only immediate and long-term improvements in 

processing speed, the trained cognitive domain (Ball et al., 2002; Rebok et al., 2013; 2014), 

but also long-term gains in a subjective self-reported measure of everyday functioning (e.g., 

Rebok et al., 2013). Based on such promising findings on both basic cognition and everyday 

functioning, and with a rise in the use of accessible technological devices (Gatto & Tak, 

2008; Selwyn, 2004; Wagner, Hassanein, & Head, 2010) that can impart these cognitive 

trainings from the comfort of participants’ home (Basak & Qin, 2018), cognitive training in 

older adults has recently gained widespread popularity.

However, it is not clear when in late adulthood is cognitive training most beneficial? Is 

cognitive training most beneficial during healthy aging, when we have the most robust 

cognitive health, or can it be equally beneficial when our mental health status is somewhat 

compromised, such as in patients with mild cognitive impairment (MCI)? It is also not clear 

whether the cognitive components (e.g., processing speed, memory, executive functions, 

etc.) should be trained individually or be trained in tandem to improve not only the trained 

cognitive abilities (near transfer), but also to other untrained cognitive abilities (far transfer)? 

Moreover, it is important to know how individual differences in participant’s characteristics 

(e.g., education, gender, and age) or training characteristics (e.g., duration, location, and 

frequency) can interact with the extent of cognitive plasticity. Such a research agenda can 

help us tailor individualized cognitive training in older adults to boost their basic cognitive 

abilities and everyday functioning.

Although we hypothesize that effective cognitive training will assist in recovery of declining 

age-sensitive basic cognitive abilities, there are certain cognitive abilities (“crystallized” 

cognitive ability) that remain relatively stable in middle-aged and healthy older adults 

(Bischof & Park, 2010). This crystallized ability, consisting of measures of semantic 

knowledge, phonemic knowledge and vocabulary, is related to educational attainment. Both 

crystallized ability and educational attainment are often used as a proxy of cognitive reserve. 
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Cognitive reserve is defined as the cumulative lifelong improvement of crystallized ability 

through environmental factors (such as, educational attainment) that mitigate the rate of 

decline in fluid cognitive abilities and ultimately the clinical expression of dementia 

(Cizginer et al., 2017). The current study was therefore also designed to investigate how 

individual differences in cognitive reserve, built by cumulative lifelong experiences and 

proxied by educational attainment, may interact with cognitive plasticity, a recovery of 

cognitive abilities that declines in both healthy older adults and MCI.

Cognitive Training and Mental Status

Many cognitive training studies have found that individuals with better cognitive health 

(indexed by cognitive ability or educational attainment) show greater transfer effects from 

cognitive training (e.g., memory training, Rebok et al., 2013; videogame training, Basak, 

Voss, Erickson, Boot, & Kramer, 2011; strategy videogame training in young, Lee et al., 

2012). For example, higher executive functions, and its related fronto-parietal grey matter 

volumes (Basak et al., 2011), predict improvements not only in near transfer, but also in far 

transfer (Basak & O’Connell, 2016; Whitlock, McLaughlin, & Allaire, 2012). Moreover, 

healthy older adults who have more rapid skill acquisition (determined by individual’s 

learning curve) on the trained cognitive task, also show greater far transfer (Basak et al., 

2008; Basak & O’Connell, 2016). Therefore, cognitive training may induce more cognitive 

plasticity and greater transfer for healthy aging, when compared to MCI, because cognitive 

plasticity is argued to be compromised by lower mental status (Calero & Navarro, 2004; 

Fernández-Ballesteros et al., 2012). Some studies however have reported in greater cognitive 

gains from cognitive training in individuals with lower cognitive ability (e.g., processing 

speed training, Ball et al., 2013; imagery training in healthy aging, da Silva et al., 2009; 

strategy videogame training using videogames in young, Boot et al., 2017). Since adults 

with MCI have lower cognitive ability compared to healthy older adults, and many cognitive 

training studies have reported significant effects in MCI (for a review, see Li et al., 2011), it 

is plausible that cognitive training may be more effective in MCI participants. Given these 

mixed findings regarding who benefits more from cognitive training, it is important that we 

determine how individual differences in cognitive ability (mental status: healthy aging vs. 

MCI) interacts with cognitive plasticity in older adults, and whether educational attainment 

and age influence these relationships.

It is also possible that the effectiveness of cognitive interventions is similar across healthy 

aging and MCI populations, because intervention studies in healthy aging may inadvertently 

include some MCI adults. Most intervention studies on healthy aging determine their 

participants’ mental status through a general, short cognitive assessment (e.g., Mini -Mental 

Status Examination), which can mask the early stages of the pathophysiological disease 

processes evidenced only through imaging techniques (Sperling et al., 2011). Intervention 

studies on healthy aging also do not typically include any clinical diagnosis of MCI. Such 

clinical diagnosis however may not be very helpful in screening MCI, because it has been 

shown that the pathological processes of MCI begin at least 3 to 4 years before its clinical 

diagnosis when individuals appear to be cognitively healthy (Howieson et al., 2008; Morris, 

2005).
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Single-component vs. Multi-component Training: Extant of Transfer

Cognitive interventions typically focus training on either one specific cognitive ability 

(single-component training) or multiple cognitive abilities (multi-component training). 

Although many cognitive training studies aim to improve performance on different measures 

of the trained ability (near transfer), others are aimed at improving performance on cognitive 

abilities that are different from the trained ability (far transfer). Certain basic cognitive 

abilities (e.g., attention, executive functions, episodic memory), which decline rapidly in late 

adulthood (Bopp & Verhaeghen, 2018; Nyberg, Lövdén, Riklund, Lindenberger, & 

Bäckman, 2012; Park & Bischof, 2011; Salthouse, 2010), subserve everyday functioning and 

complex skills (Allaire & Marsiske, 1999; Baniqued et al., 2013; Miyake et al., 2010; Ray et 

al., 2017). Therefore, it is imperative to understand which cognitive abilities, when 

optimized individually, will not only engender near transfer, but also far transfer (Stine-

Morrow & Basak, 2011). Hence, a goal of this current study was to determine which specific 

cognitive abilities, when trained singularly, can induce far transfer to untrained cognitive 

skills in older adults, given the lack of support for far transfer from single-component 

training in both young and old adults (e.g., Redick et al., 2013; Simons et al., 2016).

Cognitive interventions typically focus training on either one specific cognitive ability 

(single-component training) or multiple cognitive abilities (multi-component training). We 

hypothesized that training-related benefits to near transfer ability will be greater than far 

transfer abilities, particularly for single-component training. A meta-analysis on single-

component, executive functions training (Karbach & Verhaeghen, 2014) reported a slightly 

higher effect size for near transfer (0.5; k=9) than far transfer (0.4; k=4) for older adults, 

which is line with this hypothesis. These effects were combined across task-switching 

training and working memory training studies, because task-switching and working memory 

updating are considered to be inter-related aspects of executive functions (Miyake et al., 

2000). It is important to note that although the results of Karbach and Verhaeghen are in line 

with our hypothesis, the number of reported studies was quite small (k ranging from 4 to 9). 

Moreover, no statistical tests were reported that contrasted the effect sizes of near transfer 

with that of far transfer.

It is also not known which single cognitive ability is the best basic ability to train to 

engender both near and far transfer in older adults. Although past meta-analyses in older 

adults have investigated which type of single-component training (e.g., working memory, 

processing speed, episodic memory, reasoning) may be the best approach to improve overall 
cognition (Hill et al., 2016; Lampit et al., 2013; Mewborn et al., 2017), no systematic 

investigation has yet contrasted different types of single-component training to determine the 

best single basic ability to train to engender far transfer to other basic cognitive abilities and 

far transfer to everyday functioning. However, a recent review reported that processing speed 

training engenders far transfer to everyday functioning immediately after training (Cohen’s 
d=0.27; nine studies; Edwards et al., 2018). The authors claimed that these effects on 

everyday functioning were sustained over longer retention periods (from 1 to 10 years), but 

no effect size was reported. Everyday functioning in these nine studies was assessed by a 

subjective report on a wide variety of daily behavioral activities using Instrumental 

Activities of Daily Living scale (IADL) or by a timed IADL test. It is important to note that 
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everyday functioning construct includes a mix of both objective and subjective measures, 

ranging from those assessing a specific aspect of cognition (e.g., Rivermead Behavioral 

Memory Test, RBMT) to those broadly requesting report of daily behavioral activities (e.g., 

IADL). A more recent meta-analysis has found that executive functions training (working 

memory, inhibition, flexibility, or their combinations) is effective both immediately and at 

long-term on overall cognition, but everyday functioning was not assessed (Nguyen, Murphy 

& Andrews, 2019). To date no meta-analysis has examined the other types of single 

component training to evaluate not just the overall effect, but also the differential effects, of 

single-component training on everyday functioning. Such an examination is of great 

importance for cognitive optimization, because by improving our everyday functioning, we 

can extend our functional independence.

In addition to single-component training, researchers have also employed multi-component 

training, where multiple cognitive components are trained, either simultaneously or 

sequentially, to improve a broad range of cognitive functions. These multi-component 

training modules can be either class-room based, where each class is focused on training one 

type of cognition (Kinsella et al., 2009), or based on laboratory-tasks, where cognition is 

trained sequentially or simultaneously using computerized paradigms (Pereira-Morales, 

Cruz-Salinas, Aponte, & Pereira-Manrique, 2018), or simulation based, where people 

engage in learning complex real-world tasks (Park et al., 2014) or learning simulation games 

(Basak et al., 2008). However, it is possible that even for multi-component training, effective 

gains are limited to the trained cognitive skills (near transfer), irrespective of how broad 

those skills may be. It is also not known whether training multiple cognitive components 

improves untrained cognitive abilities (far transfer) more than training a single cognitive 

component. The current meta-analysis is designed to investigate not only the effects on 

overall cognition from both single- and multi-component training, but also to evaluate the 

near transfer and the far transfer effects of various types of single-component and multi-

component training modules. Moreover, we examined the effectiveness on everyday 

functioning from both single- and multi-component training – a domain that has been 

overlooked in previous systematic reviews.

The Current Study

Despite the large volume of research on cognitive training in healthy aging and MCI, its 

effectiveness remains uncertain, partly because of the difficulty in interpreting one 

randomized control trial at a time or interpreting qualitative reviews (Park & Reuter-Lorenz, 

2012; Rebok et al., 2014; Simons et al., 2016; Stine-Morrow & Basak, 2011). At least three 

meta-analyses (Lampit, Hallock, & Valenzuela, 2014; Li et al., 2011; Mewborn, Lindbergh, 

& Stephen Miller, 2017) have attempted to synthesize the results, but each had some 

limitations. These limitations include narrow inclusion criteria of mental status (Lampit et 

al., 2014; Li et al., 2011) and cognitive outcomes (Karr, Areshenkoff, Rast, & Garcia-

Barrera, 2014), an incomplete corpus of existing studies (Mewborn et al., 2017), lack of 

specificity of near and far transfer (Lampit et al., 2014), or no quantitative contrasts between 

the best estimates of cognitive gains in the healthy aging to that of the MCI (Mewborn et al., 

2017), or of the training group to that of the control group.
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We, therefore, sought to identify and quantitatively summarize all cognitive training studies 

involving either healthy aging or MCI, and to answer the following three questions. First, 

who would benefit most from cognitive training in augmenting a broad-range of cognitive 

abilities in comparison to a control group, healthy aging or MCI?

Second, what is the extent of benefits from cognitive training? Many researchers have 

hypothesized that cognitive training is limited to improvements in trained abilities (i.e., near 

transfer; Simons et al., 2016). Based on the strength of the theoretical foundations and the 

currency in the field, we chose two types of cognitive training modules (single-component 

vs. multi-component) for our main analyses and studied the effects of these training modules 

on both near transfer (trained cognitive skills) and far transfer (untrained cognitive skills) 

tasks. Furthermore, in a subsequent analysis we compared different types of single-

component training in order to identify “core” single abilities that engendered not only near 

transfer, but also far transfer.

Third, which cognitive training approach would be most effective in engendering broader 

cognitive transfer? We hypothesized that single-component training may engender near 

transfer, with some “core” trained abilities also improving untrained, far abilities. However, 

multi-component training is hypothesized to engender transfer to both near and far 

cognition, particularly to tasks of everyday functioning, which require integration of 

multiple cognitive abilities, such as attention, memory, executive functions, and reasoning.

This study also evaluated the effects of moderators (such as, age and training duration) on 

gains from cognitive training. Effectiveness of training could also vary with age, because 

cognitive plasticity has been shown to diminish with increasing age in older adults (Baltes & 

Kliegl, 1992; Hertzog et al., 1996; Kliegl et al., 1989, 1990). Duration of training is 

important to understand the dose-responsiveness of cognitive training (e.g., Basak et al., 

2008).

Method

Protocol and Registration

The review was planned, conducted and reported in line with PRISMA (Liberati et al., 2009) 

standards of quality for reporting meta-analysis. The review protocol (#42017078569) was 

pre-registered with PROSPERO International Prospective Register of Systematic Reviews. 

The only difference between the registered protocol and the current protocol is the separate 

analysis of everyday functioning as a construct. Everyday functioning, a measure of 

functional independence, is widely touted as a far transfer task for interventions by most 

clinicians, yet is vastly understudied. Therefore, we deemed that effects of cognitive training 

on everyday functioning is warranted to better understand the extant of transfer from 

cognitive training.

Eligibility Criteria—To provide a comprehensive overview of cognitive gains from 

cognitive training in late adulthood, we utilized the following inclusion criteria: 1. 

randomized controlled trials (RCTs), 2. human participants over the age of 60, 3. patients 

with mild cognitive impairment, 4. cognitive intervention or training focusing on one or 
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more cognitive domains, and 5. included at least one cognitive outcome. List of inclusion 

and exclusion criteria are detailed in supplementary materials.

Search Strategy

Systematic searches were conducted in the PsychInfo, Google Scholar, and Medline/

PubMed databases. The final literature search cut-off date was set at November 30, 2018. 

Search keywords, associated with each inclusion criterion, were developed by the first and 

second authors and are reported in Table 1. The second and third authors performed the 

search independently, and then screened the reference lists of selected articles and related 

review articles. The search was limited to publications written in English. Reference lists of 

past meta-analyses (Hill et al., 2017; Karbach & Verhaeghen, 2014; Karr et al., 2014; Li et 

al., 2011; Mewborn et al., 2017; Toril, Reales, & Ballesteros, 2014) were also examined to 

achieve maximal inclusion of relevant training studies.

Study Selection

Titles and abstracts were first reviewed on the inclusion and exclusion criteria (Table 1). 

Articles deemed eligible were then retrieved and read thoroughly by the second author to 

make a final determination. When eligibility determinations could not be made directly by 

the second author, the first author was consulted. The first author approved the final list of 

eligible studies.

Data Collection Process

Data necessary to calculate effect sizes were extracted by the second author. For most 

studies, the data entered were outcome means and standard deviations both before and after 

training for all groups, i.e., training and control. Some studies reported pre-post changes in 

outcome means and standard deviations; whereas others reported standardized effect size 

measures for the outcomes (Table 2). When studies did not report sufficient data to calculate 

effect sizes, corresponding authors on these publications were emailed.

Included studies were categorized into two cognitive training modules: single-component or 

multi-component training. Single-component training studies trained only one cognitive 

function (memory, executive functions, processing speed, reasoning, or language, See Table 

2).

Single-component executive functions training included training on one of the three 

components of executive functions, as defined in Miyake et al. (2000) and McCabe et al. 

(2010), viz. updating (the constant monitoring and rapid addition/deletion of working 

memory contents, e.g., N-back task), shifting (switching flexibly between tasks or mental 

sets, e.g., task-switching), inhibition (deliberate overriding of dominant or prepotent 

responses, e.g., go-no-go task) and working memory capacity. If the training module 

involved two or more components of executive functions, it was not considered as a single-

component training study.

Studies were considered under memory training, if they trained either mnemonic abilities 

(Verhaeghen, Marcoen, & Goossens, 1992) or episodic memory (e.g., associative learning, 
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Naveh-Benjamin, 2000). Studies were considered under processing speed training, if they 

trained on perceptual discrimination, speed of processing, or attentional abilities (Ball, 

Edwards, & Ross, 2007; Bier, de Boysson, & Belleville, 2014; Strauss, Sherman & Spreech, 

2006).

Studies were considered under reasoning training if they trained logical reasoning or 

progressive matrices (Ball et al., 2002; Willis & Schaie, 1986, 1994). Lastly, studies were 

considered language training if they trained on verbal fluency or crossword puzzles (Miller, 

1984; Strauss, Sherman & Spreech, 2006).

In contrast, multi-component studies trained two or more cognitive abilities, by either 

targeting certain specific cognitive abilities sequentially or by training individuals on 

multiple cognitive abilities non-specifically and simultaneously, such as video game training 

(Basak et al., 2008) and engagement training (Park et al., 2014; Stine-Morrow et al., 2008). 

Training that targeted multiple specific cognitive abilities were either conducted in the lab 

(lab-based training; e.g. Souders et al., 2017), where participants were typically trained 

individually, or were conducted in classroom settings (class-based training; Cantarella, 

Borella, Carretti, Kliegel, & de Beni, 2017), where the participants did the training in 

groups. Class-based training studies, compared to lab-based training studies, were more 

socially interactive. Given that social interaction can interact with cognitive gains, we 

considered lab-based and class-based training as two different modules of targeted multi-

component training.

Training studies using video games as training tools were categorized based on game type. 

For example, a video game training study (Dustman, Emmerson, Steinhaus, Shearer, & 

Dustman, 1992) that used only speed-based, short-playing ATARI games (e.g., Pacman) was 

categorized as a single-component training. All commercially available or in-lab “brain 

training” games, such as Lumosity (Ballesteros et al., 2017) and Nintendo Brain Fit (van 

Muijden, Band, & Hommel, 2012), were categorized as lab-based multi-component training 

studies. Training module categorization was performed independently by the second and 

third author (Cohen’s kappa=0.94), and the classification was determined by first author.

Seven cognitive constructs were created based on the reported cognitive outcomes and their 

classification according to the following references: 1. episodic memory (e.g., subsequent 

memory or associative learning; Brewer et al., 1998; Wagner et al., 1998; Naveh-Benjamin, 

2000; Strauss, Sherman & Spreech, 2006), 2. executive functions (e.g., shifting, working 

memory capacity, updating or inhibition; Miyake et al., 2000; McCabe et al., 2010), 3. 

processing speed (perceptual discrimination, attention or visual perception; Salthouse, 1990; 

Stauss, Sherman & Spreech, 2006) 4. short term memory (Baddeley, Eysenck & Anderson, 

2015), 5. everyday functioning, encompassing both subjective measures (e.g., Everyday 

Memory Questionnaire; Royle & Lincoln, 2008) and objective tests (e.g., Everyday 

Cognition Battery; Allaire et al., 2013), 6. Reasoning (e.g. progressive matrices; Raven, 

2003), and 7. language and semantic knowledge (Strauss, Sherman & Spreech, 2006; Park et 

al., 2002). A list of outcome tasks and their assigned cognitive constructs are provided in 

Supp. Table 1.
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Coding of these seven cognitive constructs was independently conducted by the first and 

second author (Cohen’s kappa=0.95) using the above-mentioned references as a guide. 

Moreover, two types of transfer (near and far) were determined independently by both first 

and second authors using the following approach. For single-component training, near 

transfer constituted the cognitive construct that was the same as the cognitive component 

trained (e.g., episodic memory was a near construct for memory training). Far transfer 

included any of the other six untrained cognitive constructs that were reported. For multi-

component training, near transfer constituted outcome measures from the trained cognitive 

components.

In class- and lab-based training, the trained cognitive components were specified and 

targeted during the training. For example, in a class-based training study (Cantarella, 

Borella, Carretti, et al., 2017), which used mnemonic techniques and memory for grocery 

lists as training tools, episodic memory was considered as near transfer. Far transfer included 

the remaining cognitive outcomes that were reported by the authors.

For engagement training approaches, we read each paper in detail to determine what the 

cognitive domains that were directly trained. For example, in engaging video game training, 

we reviewed the video games online as well as read the authors’ description, to determine 

which of the seven cognitive constructs were trained in the video game. All time-based 

video games were assumed to target speed of processing, given the nature of the game. 

Moreover, many video games also encompassed one or more components of executive 

functions, and reasoning. These abilities were coded as near-transfer. Other abilities, such as 

language or everyday functioning were considered to be far transfer. For engaging 

cognitively stimulating activities, near transfer typically included a combination of reasoning 

and episodic memory. Specific studies may also include executive functions or processing 

speed or everyday functioning. For example, Senior Odyssey, a creative problem-solving 

program, involved group-based discussions to reason and solve novel complex problems 

within a determined timeline, reasoning, episodic memory and processing speed were 

considered as near abilities.

Risk of Bias in Individual Studies

Risk of bias in individual studies was assessed using the Physiotherapy Evidence Database 

(PEDro) scale. The PEDro scale is an 11-item scale designed to assess the quality and 

reporting of RCTs (Maher, Sherrington, Herbert, Moseley, & Elkins, 2003), and has been 

used extensively in past reviews of cognitive training (Gates, Sachdev, Fiatarone Singh, & 

Valenzuela, 2011; Li et al., 2011; Mewborn et al., 2017; Toril et al., 2014). PEDro was 

chosen over an alternate tool for assessing risk of bias in individual studies, the Cochrane 

Collaboration’s tool (Higgins et al., 2011), because the latter is more subjective and may be 

more affected by the coder’s bias. The PEDro scores were entered as a publication 

characteristic measure in the moderator analyses. The second and third author coded the 

PEDro scale independently.
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Data Items

For each study, a series of variables was coded for subsequent moderator analyses: 1. 

participant characteristics (percent female; average age of participants; years of formal 

education received by participants), 2. training characteristics (total hours of training; hours 

of training per week), 3. control characteristics (no-contact passive vs. active control group), 

4. publication characteristics (PEDro scores, with higher numbers indicating higher quality; 

numbers of cognitive outcomes reported in the study), 5. individual adaptiveness (adaptive: 

yes vs. no), and 6. training location (in lab vs. at home training). For training that was 

administered individually to one person at a time, it was considered to be individually 

adaptive if the task difficulty was updated continuously based on an individual’s 

performance (e.g., reach a certain threshold of performance/score before the next level is 

unlocked; Belchior et al., 2013); otherwise it was considered not to be individually adaptive. 

For training that was administered in group settings, there was typically a fixed schedule for 

the group, and individualized adaptiveness was not implemented. Therefore, these studies 

were excluded from the individualized adaptiveness analysis. Such group-based training 

studies included class-based instructional training (Cantarella, Borella, Carretti, Kliegel, & 

de Beni, 2017) as well as engagement training, (e.g., Park et al., 2014, Stine-Morrow et al., 

2008). See Table 2 for all coded moderator variables. The second and third author coded 

these variables (Cohen’s kappa=0.9).

Summary Measures

All the analyses reported in the current meta-analysis were conducted using net-gain effect 
sizes (g), based on the recommended pretest-posttest-control formula by Morris (2008). The 

effect sizes were calculated such that positive numbers indicated greater (pre-training to 

post-training) gains for the training group, compared to the controls.

For every cognitive outcome in every study, Cohen’s d was calculated as follows.

d =
Mpost, T − Mpre, T − Mpost, c − Mpre, c

SDpre

The pooled pre-training standard deviation was calculated as shown below.

SDpre =
NT − 1 SD2pre, T + NC − 1 SD2pre, C

NT + NC − 2

NT and NC represent the sample sizes of the training and control groups, respectively. To 

correct for small sample size bias, the final effect sizes used in analyses were the Hedges’ g 
(Hedges & Olkin, 1985) calculated as follows:

g = d[1 − 3
4 NT + Nc − 2 − 1]
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Net gain effect sizes were then weighted by their inversed variance (wnet) to calculate Q and 

I2 statistics in the mixed-effects modeling (Cooper H, Hedges LV, 2009).

wnet = 1
SE2 = 1/

NT + NC
NTNC

+ g2
2 NT + NC

Synthesis of Results

To evaluate overall gains in cognition, an overall g and an overall wnet were calculated, 

averaging across all the cognitive outcomes, in each study, using the standard procedure 

(Borenstein, Hedges, Higgins, & Rothstein, 2009). For studies with multiple training 

conditions but only one control group, each training condition was considered a separate 

trial against the same control group. For studies with both passive and active control groups, 

each control condition was considered a separate trial against the same training group. To 

control for the inter-correlation produced in the studies that had multiple training or control 

groups, a multi-level model analysis with robust maximum likelihood estimation was 

conducted in R (www.R-project.org) using the “Metafor” package (Viechtbauer, 2010). 

Metafor uses a multivariate (mixed-effects) analysis to model correlations that occur within 

studies.

Heterogeneity of g was assessed using the Q statistic (Higgins, Thompson, Deeks, & 

Altman, 2003) and I2 statistic (Hedges & Olkin, 1985). A significant within-group Qw 

would indicate a significant amount of heterogeneity that could not be attributed to sampling 

error alone. I2 was calculated as the percentage of variance between effect sizes that are 

attributable to true variation rather than sampling error. I2 values of 75%, 50%, and 25% are 

considered to indicate high, moderate, and low heterogeneity, respectively.

Our analyses were conducted in three stages. The first stage determined main effects for the 

following three variables -- Mental Status, Training Module, and Transfer -- by conducting 

between-group heterogeneity (Qb) tests that contrasted the two groups for Mental Status 

(healthy aging, HA, vs. MCI), Training Modules (Single-component vs. Multi-component), 

and Transfer (Near vs. Far). Significant Qb indicates that an observed group difference is not 

merely due to sampling error. The second stage determined the effects of cognitive training 

on the seven cognitive constructs across HA and MCI. The third, exploratory stage further 

investigated whether the different types of Single-component (i.e., Processing speed, 

Executive functions, Reasoning, and Memory) and Multi-component (i.e., Laboratory tasks, 

Class-based, and Entertainment/engagement) training modules differentially influenced near 

and far transfer.

Risk of Bias Across Studies

To visualize potential publication bias, funnel plots were constructed based on g for the 

overall sample, as well as separate plots for HA and MCI participants. Weighted regression 

analyses (Egger, Davey Smith, Schneider, & Minder, 1997) were conducted to examine the 

asymmetry of the funnel plots. Significant asymmetry in funnel plots is diagnostic of 

possible publication bias. Finally, the Fail-safe N (Rosenberg, 2005) was calculated to find 
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out the number of null results needed to cancel the effect of the current meta-analysis. Fail-

safe N was calculated for the overall sample, as well as for HA and MCI participants.

Additional Analyses: Moderator Analyses

To determine the effects of moderators on the observed heterogeneity on the overall g, 

modified weighted least-square regression analyses were conducting using the Metafor 

package. A-priori specified moderators included two categorical moderators (control 

characteristics and individual adaptiveness) and three sets of continuous moderators. Two of 

these continuous moderators were from data items (participant characteristics, training 

characteristics) and the third was publication characteristics (PEDro score and the number of 

cognitive outcomes reported). The categorical moderators were analyzed via subgroup 

analysis, while the continuous moderators were subjected to meta-regression analyses.

Results

Study Selection

The initial search from PubMed, PsychInfo and Google Scholar resulted in a total of 29,661 

publications. After screening the titles and abstracts, as well as removing any duplicates, 234 

full texts were retrieved and read thoroughly. After a full-text review and contacting 

corresponding authors for missing data, a total of 167 publications remained eligible. From 

the 167 publications, results of 215 training studies were reported, based on 12,595 older 

participants (Figure 1). Publications excluded from the meta-analyses and the reasons for 

their exclusion are provided in Supp. Table 2.

Study Characteristics

Characteristics of included training studies (N=215) are reported in Table 2, which reports 

the training module used (single- or multi-component), the mental status of the study sample 

(HA or MCI), the type of control group used (active or passive), the mean age of the study 

sample, the percent of females in the study (%), years of education (edu), mean age of 

participants, overall duration of training (total hours), weekly training dosage (hours/week), 

location of training (at home or in lab), whether the training is individually adaptive or not, 

number of cognitive outcomes assessed, the PEDro score, the individual g with 95% 

confidence interval, and the sample size of training and control groups. Table 2 was 

organized in descending order of g to simulate a detailed forest plot.

One hundred and sixty-one studies targeted HA, with 94 using single-component and 67 

using multi-component training modules. Fifty-four studies targeted MCI, with 18 using 

single-component training and 36 multi-component training modules. Most of the studies on 

MCI (i.e., 47 out of 54 studies) recruited patients from clinics or hospitals, where Peterson 

criteria (Petersen et al., 2001) were used to diagnose MCI status in 30 studies; the other 17 

studies either used a different criterion (e.g., Winblad et al., 2004) or did not report the 

diagnostic criteria used. The remaining seven studies used a combination of 

neuropsychological tests as a diagnostic criteria (e.g., Mini Mental State Examination and 

Montreal Cognitive Assessment in Cohen-Mansfield et al., 2015a).
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There was a total of 112 single-component training studies included in this meta-analysis 

that considered episodic memory (34), executive functions (51), reasoning (10), processing 

speed (15), and semantic/language processing (2). Since there were only two studies targeted 

language functions, we did not analyze transfer effects of language training further. There 

was a total of 103 multi-component training studies included in this meta-analysis, where 60 

studies utilized lab-based sequential training, 23 studies utilized class-based sequential 

training, and 20 studies utilized entertainment/engagement training methods. See Table 2 for 

details of each included study.

Risk of Bias Within Studies

The average PEDro score was MPEDro=7.13 with a range from 4 to 10. PEDro score was 

used as one of the variables of publication characteristic in the moderator analyses (Table 5).

Synthesis of Results

Post-intervention Effects of Cognitive Training versus Control Group—As 

shown in Table 3 and explained in the Methods section, only the net-gain effect sizes of 

cognitive training, where positive numbers indicate greater pre-training to post-training 

gains for the cognitive training group, compared to the controls, are reported. The net-gain 

effect of cognitive training on overall cognition was positive and statistically significant 

(g=0.28, 95% CI=0.23–0.33, p<0.01). There was significant heterogeneity across the studies 

(Qw=1062.4, I2=79.86%).

When this overall net-gain effect was separately investigated for the two different 

populations of mental status, healthy aging (HA) and MCI, these effects were positive and 

significant for both HA and MCI (Figure 2). Heterogeneity tests within the HA and within 

the MCI were significant (see Table 3).

When the overall net-gain effect was separately investigated for the two types of training 

modules, both single- and multi-component training modules were effective in improving 

overall cognition (single-component: g=0.29, 95% CI=0.23–0.36, p<0.01; multi-component: 

g=0.26, 95% CI=0.16–0.27, p<0.01). As shown in Table 3, these two types of training 

modules remained significant in both HA (single-component: g=0.3, 95% CI=0.23–0.37, 

p<0.01; multi-component: g=0.24, 95% CI=0.15–0.34, p<0.01) and MCI (single-

component: g=0.27, 95% CI=0.17–0.36, p<0.05; multi-component: g=0.29, 95% CI=0.18–

0.4, p<0.01) groups. For single-component training in the MCI, heterogeneity level was low, 

indicated by a non-significant Qw (22.61) and a low I2 (24.81%), suggesting that the 

differences among the studies within this group might be the result of sampling variance due 

to its small sample size (k=18). Subgroup analyses revealed no significant differences in 

overall net-gain effect sizes (g) between HA and MCI (Qb=0.003, df=1), and between the 

two types of training modules, single vs. multi-component (Qb=0.71, df=1).

Transfer effect analyses to various cognitive outcomes with respect to the mental status of 

the participants are presented in Figure 2. Cognitive training resulted in significant 

improvements to all cognitive outcomes (viz., Short-term memory, Processing Speed, 

Executive Functions, Episodic Memory, Reasoning, Language, and Everyday Functioning) 
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in both HA and MCI. However, visual inspection of Figure 2 suggests that improvements in 

HA had greater precision than that in MCI, indicated by the spatial size of the effect size 

points. Although the net-gain effect of cognitive training on various cognitive outcomes is 

interesting, it does not inform us about whether these gains are limited to near abilities or are 

extended to far, untrained abilities. Therefore, in subsequent analyses, we investigated the 

effects of cognitive training on near and far transfer, and whether these effects varied by 

mental status and training modules.

Near vs. Far Transfer Effects of Cognitive Training Versus Control Group—
Overall, net-gain effects of cognitive training versus control group on near transfer, g=0.37, 

was significantly larger than that on far transfer, g=0.22, Qb(3)=10.59, p<0.01 (Table 3). 

When separated by training modules (single- vs. multi-component), near transfer net-gain 

effects were always larger than far transfer net-gain effects; single-component training 

Qb(1)=6.47, p<0.01; multi-component training Qb(1)=4.2, p<0.01. However, there was no 

difference in near transfer net-gain effects between single-component training and multi-

component training, Qb(1)=0.06, p=0.82. There was also no difference in far transfer net-

gain effects between single-component training versus multi-component training, 

Qb(1)=0.22, p=0.64.

To identify the specific single abilities that can engender not only near transfer, but also far 

transfer, assessments of near and far transfer for each specific training method in the single-

component module (i.e., speed training, reasoning training, episodic memory training, and 

executive functions training) were conducted; see Figure 3. Language training was not 

considered in this subgroup analyses because of the lack of number of sufficient studies 

(k=2) required to draw meaningful conclusions. All four types of single-component training 

that were investigated resulted in significant near transfer effects (g ranging from 0.22 to 

0.44).

Significant far transfer effects from single-component training, however, were observed only 

for executive functions and episodic memory. Executive functions, however, yielded the 

largest and most precise (depicted by the spatial size of the effect size points) effects for near 

and far transfer. Post-hoc tests were therefore conducted to evaluate whether executive 

functions training had a larger effect than other three training modules. For far transfer, 

executive functions training had a significantly larger effect than speed of processing 

training (Qb(1)=2.52, p=0.05), but not from reasoning training (Qb(1)=0.62, p=0.22) or 

episodic memory training (Qb(1)=0.4, p=0.26). For near transfer, executive functions 

training had a significantly larger effect only compared to episodic memory training 

(Qb(1)=3.43, p=0.03).

To summarize, both executive functions and episodic memory training produced significant 

near and far transfer effects. However, executive functions training not only had the largest 

and most robust effect sizes for both types of transfer, it was also the only single-component 

training module that had significantly larger effects than other training modules for both near 

and far transfer.
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We also conducted assessments of near and far transfer effects for the different training 

methods within the multi-component training (i.e., lab-based, class-based, and engagement); 

the results are presented in Figure 4. All three training methods of the multi-component 

training resulted in significant near transfer (g ranging from 0.19 to 0.46) as well as far 

transfer (g ranging from 0.17 to 0.29). However no module was both largest and most robust 

regarding near and far transfer.

Effects of Cognitive Training on Everyday Functioning—Overall net-gain effects 

of cognitive training versus control group on everyday functioning were significant (g=0.22, 

p=0.01, Table 4). When separated by mental status of participants, training in both HA and 

MCI resulted in significant effects on everyday functioning. Both single-component training 

and multi-component training resulted in significant transfer to everyday functioning. To 

follow up with results from previous meta-analysis (Edwards et al., 2018) that showed 

significant transfer to everyday functioning by processing speed training, we also examined 

the effects of different types of single-component and multi-component training on everyday 

functioning. Results from the follow up analyses showed that in single-component training 

studies, only processing speed training resulted in significant transfer to everyday 

functioning (g=0.25, p=0.05; Table 4). For multi-component training studies, both specific 

(lab- and class-based) and non-specific (engagement) trainings resulted in significant 

transfer to everyday functioning (Table 4). There was no significant difference in g between 

training types.

Risk of Bias Across Studies

Visual inspection of the funnel plot (Figure 5) for the overall g (k=215) revealed no evidence 

of asymmetry. A weighted regression test, with standard error as a predictor, also showed 

non-significant asymmetry (z=2.01, p=0.07), with random effect Fail-safe N of 45,944. 

Funnel plots for HA and MCI also did not show significant asymmetry (Figure 5). Weighted 

regression tests, with standard error as a predictor, showed non-significant asymmetry in 

both HA (z=1.9, p=0.06) and MCI (z=1.14, p=0.25). The random effect Fail-safe N for HA 

is 29,351 and for MCI is 1,664.

Effects of Moderators on Overall Cognitive Gain

The first set of moderator analyses examined the effects of categorical moderators on overall 

g. The three categorical moderators were 1) control characteristics (active vs. passive control 

groups), 2) individualized adaptiveness (adaptive vs. non-adaptive training studies) and 3) 

training location (at-home vs. in-lab training studies).

The second set of moderator analyses examined the effects of continuous moderators on 

overall g, which were 1) participant characteristics (percent female, average age of 

participants, years of education), 2) training characteristics (total hours, hours/week, training 

location: at home or in lab), and 3) publication quality (PEDro scores, numbers of cognitive 

outcomes reported)

Categorical Moderator: Control Characteristics—There was no significant 

difference in overall g, indexed by Qb (1) =2.12, p=0.12, between the studies that used active 

Basak et al. Page 15

Psychol Aging. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



control (g=0.31, 95% CI=0.25–0.38, p<0.01) versus those that used passive control (g=0.25, 

95% CI=0.19–0.31, p<0.01). Seventy-seven out of 118 studies (i.e., 65% of studies) on HA 

used active control, but only 17 out of 49 studies (i.e., 35% of studies) on MCI used active 

control1. Therefore, separate comparison of control characteristics for each mental status is 

warranted. In HA, studies that used active control (g=0.29, 95% CI=0.22–0.37, p<0.01) did 

not differ significantly (Qb (1) =0.33, p=0.57) from studies that used passive control 

(g=0.26, 95% CI=0.19–0.33, p<0.01). In MCI, however, there was a marginal difference (Qb 

(1) =3.38, p=0.06) between studies that used active control (g=0.37, 95% CI=0.24–0.5, 

p<0.01) versus those that used passive control (g=0.22, 95% CI=0.12–0.31, p<0.01).

To ensure that the comparison of active and passive control groups is controlled for study 

quality, we focused on studies that included both active and passive control groups, in 

addition to their training group(s). This resulted in 20 studies for HA (twelve single- and 

eight multi-component training), but none for MCI. We then compared the net-gain effects 

for training on overall cognition (g) based on active control groups (g=0.46, 95% CI=0.25–

0.68, p<0.01) to the g based on passive control groups (g=0.31, 95% CI=0.07–0.55, p<0.01) 

in these 20 HA studies. The two g’s were again statistically indistinguishable, Qb (1)=0.14, 

p=0.64. For the 12 single-component training studies, there was no difference between the 

two g’s (active: g=0.27, 95% CI=0.19–0.35, p<0.01; passive: g=0.28, 95% CI=0.19–0.37, 

p<0.01], Qb (1) =0.18, p = 0.89). For the eight multi-component training studies, there was 

also no difference between the two g’s (active: g=0.24, 95% CI=0.18–0.33, p<0.01; passive: 

g=0.22, 95% CI=0.14–0.30, p<0.01), Qb (1) =0.24, p = 0.56.

Categorical Moderator: Individualized Adaptiveness—After excluding engagement 

training programs (see Method), the adaptiveness analysis included 178 studies, with 101 

adaptive and 77 non-adaptive studies. There was no significant difference in overall g, Qb 

(1)=0.36, p=0.54, between the studies that were adaptive (g=0.26, 95% CI=0.2–0.31, 

p<0.01) versus those that were non-adaptive (g=0.28, 95% CI=0.22–0.35, p<0.01). These 

differences were not significant either for single-component (Qb (1)=0.5, p=0.48) or for 

multi-component (Qb (1)=0.01, p=0.92) training module. They were also not significant for 

HA (Qb (1)=0.38, p=0.43) or MCI (Qb (1)=0.27, p=0.39).

Categorical Moderator: Location—The location analysis included 210 studies, with 54 

at-home and 156 in-lab training studies. There was no significant difference in overall g, Qb 

(1)=0.26, p=0.6, between the training studies that were conducted in-lab (g=0.27, 95% 

CI=0.22–0.32, p<0.01) versus those conducted at-home (g=0.29, 95% CI=0.21–0.38, 

p<0.01). These differences were not significant either for single-component (Qb (1)=0.29, 

p=0.58) or for multi-component (Qb (1)=0.3, p=0.43) training module. They were also not 

significant for HA (Qb (1)=0.91, p=0.34) or MCI (Qb (1)=1.29, p=0.25).

Continuous Moderators: Participant Characteristics, Training Characteristics 
and Publication Quality—Means, standard deviations, and medians of all continuous 

1.A chi-square test of independence was performed to examine the relation between control characteristics and mental status. The 
relation between these variables was significant, X2 (2, N = 215) = 4.4, p =0.03. There are more studies using passive control group 
for MCI than for HA.
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moderators are reported in Table 5. It also reports results from independent samples t-tests 

on these moderators that compared a) single- and multi-component training modules, and b) 

HA and MCI. In general, multi-component training studies had significantly longer training 

duration (33.4 hours on average) compared to single-component training studies (12.2 hours 

on average; t(194)=4.1, p<0.01). Closer examination of the mean and median of training 

duration, using box-plots, for multi-component training studies indicated possible outliers 

(see Supp. Figure 1). After removing the 10 outlier studies, multi-component training still 

showed longer training duration (19.5 hours on average) compared to single-component 

training, t(184)=4, p<0.01 (see Table 5). Comparison between HA and MCI participants 

showed that MCI participants had a more balanced gender distribution, t(176)=2.8, p=0.01, 

larger average age, t(207)=−4.3, p=0.01, and less years of formal education, t(149)=2.53, 

p=0.01.

The next sets of analyses examined the effects of the continuous moderators (participant 

characteristics, training characteristics and publication quality) on overall g, using three 

separate meta-regression models, one for each moderator (Table 6). Results from these meta-

regressions showed that participant characteristics (QM =7.39, p=0.05) and publication 

quality (QM =8.96, p<0.01) significantly influenced overall g. Training characteristics, 

which included training duration, training hours per week, however, was not a significant 

moderator (QM=3.16, p=0.08) in predicting overall g.

We then examined which individual variables for the two significant moderators -- 

participant characteristics and publication quality -- contributed significantly to the model. 

Years of education and the number of cognitive outcomes were driving the significant effects 

for participant characteristics and publication quality, respectively. Specifically, years of 

education negatively predicted overall g (β=−0.019, p<0.01; Figure 6), suggesting that 

participants with less formal education benefitted more from cognitive training. Close 

examination of the number of cognitive outcomes, the significant variable for publication 

quality, showed that one study reported 40 cognitive outcomes (K. Zimmermann, von 

Bastian, Röcke, Martin, & Eschen, 2016), a significant outlier compared to the other studies. 

Removal of this outlier study did not change the direction or significance of the effect of 

number of outcomes on g (β=−0.017, p<0.01, Table 6). This result suggests that studies with 

larger number of outcomes tended to have a relatively smaller effect (Figure 7).

Residual heterogeneity from both participant characteristics (Qw=782.43, df=149) and 

publication quality (Qw=1048.63, df=213) models were significant, indicating the presence 

of other (unaccounted for) variables that were influencing the overall g. These unaccounted 

variables could include training module or mental status. Therefore, post-hoc analyses were 

conducted on training modules (single-component, multi-component) separated by mental 

status for the two significant variables: years of education (Figure 6) and number of 

cognitive outcomes (Figure 7). Years of education was a significant moderator for both 

single-component (β=−0.03, p=0.02) and multi-component (β=−0.026, p<0.01) modules in 

HA, but not in MCI. We further separated years of education in HA studies into two bins (< 

12 years versus > 12 years) and found that g was 0.42 for years of education < 12 years 

compared to g of 0.22 for years of education > 12 years (QB=12.74; p<.01).
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Number of cognitive outcomes was also a significant moderator for both single-component 

(β=−0.021, p<0.01) and multi-component (β=−0.024, p<0.01) training modules in HA, but 

not in MCI.

Discussion

To our knowledge, this is the first meta-analysis that compared the cognitive training effects 

between healthy aging and MCI on various cognitive outcomes, investigated the possible 

interaction between cognitive training module and mental status on cognition (by directly 

contrasting the four groups: single-component HA, single-component MCI, multi-

component HA, multi-component MCI); and investigated the possible interaction between 

cognitive training module and extent of transfer (by directly contrasting four groups: single-

component near, single-component far, multi-component near, multi-component far). 

Furthermore, this meta-analysis included not only experimenter-developed cognitive training 

modules, but also engagement-based cognitive training modules. A recent meta-analysis did 

compare the effects of experimenter-developed cognitive training on overall cognition in 

healthy aging and MCI (Mewborn et al., 2017). However, this study only condidered the 

main effects of training domain and transfer on overall cognition, combined across the two 

mental statuses. Moreover, it did not evaluate the effects of engagement-based cognitive 

training, an increasingly popular approach in older adults (Park et al., 2014; Stine-Morrow, 

Parisi, Morrow, & Park, 2008), or the effects of cognitive training on everyday functioning.

By synthesizing across 161 cognitively healthy aging studies and 54 MCI studies, we first 

compared the immediate effects of cognitive intervention on cognitive function to that of 

control group. A significant net-gain effect size on overall cognition was found for cognitive 

intervention versus control group. This net-gain effect size of 0.28, obtained from a larger 

corpus of 215 studies, is comparable to the moderate net-gain effects observed in a past 

meta-analysis on cognitive training that included both healthy aging and those with MCI 

(g=0.29 from 97 studies, Mewborn et al., 2017).

In this meta-analysis, we primarily wanted to address three main questions regarding gains 

from cognitive intervention: 1) Who would benefit the most from cognitive training not only 

on overall cognition, but also on a variety of cognitive outcomes – healthy aging or MCI? 2) 

What is the extent of this benefit from cognitive training – near or far transfer? 3) Which 
type of cognitive training module (single- or multi-component) would be the most effective 

in engendering not only near, but, importantly, far transfer? We also wanted to investigate 

effects of cognitive training on everyday functioning –which training would be most 

beneficial and who would benefit most.

Comparing the Effects on Healthy Aging and MCI

Regarding who would benefit most from cognitive training (cognitively healthy or MCI), no 

significant difference in the net-gain effect size for overall cognition was observed between 

the two groups. Our net-gain effect sizes are more conservative estimates than the effect size 

statistics reported in the previous meta-analyses on healthy aging and MCI, where the 

reported effect sizes were either gain scores of the training group (calculated from the 

difference between post- and pre-training cognitive scores) or post-test difference scores 
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between training and control groups that did not account for baseline differences between 

the groups (gain score d = 0.86 for executive functions training in healthy aging, Karbach & 

Verhaeghen, 2014; gain score d = 0.41 for cognitive training in MCI, Li et al., 2011; post 

training difference g= 0.28 for computer-based cognitive training in healthy aging, Lampit et 

al., 2014). Net gain effect size, in contrast, compares the cognitive gains in the training 

group with the cognitive gains in the control group, and therefore can only be calculated in 

intervention studies that have a control group and yields a more conservative estimate 

(Morris, 2008). The net-gain effect sizes from the current study on healthy aging and MCI 

are comparable with that from a meta-analysis that focused on experimenter-developed 

cognitive paradigms as interventions (Mewborn et al., 2017).

In the current study, the overall cognitive benefits, averaged across many cognitive 

constructs, were found to be similar across healthy aging and MCI. These cognitive 

constructs ranged from basic, cognitive abilities (processing speed, short-term memory, 

executive functions and episodic memory) to complex cognition (reasoning, language, and 

everyday functioning). It is however plausible that the pattern of training effects across the 

different cognitive constructs were distributed differently between healthy aging and MCI. 

We therefore investigated how mental status interacted with the training-related benefits on 

seven cognitive constructs under investigation. Both healthy aging and MCI groups showed 

transfer to all seven cognitive constructs. These results suggest that cognitive training is not 

only effective in improving overall cognition in older adultys with MCI, but the extent and 

breadth of improvement is similar to that observed in healthy older adults. Importantly, our 

results supported the hypothesis from Sperling et al. (2011) that behavioral interventions 

may be effective in improving cognition at the preclinical stages of Alzheimer’s disease 

(AD).

It is important to note the physical exercise training has been touted to be superior to 

cognitive training to improve cognition and well-being (Simons et al., 2016), with early 

meta-analyses reporting significant effects on overall cognition from physical fitness training 

in both healthy aging (Colcombe & Kramer, 2003), and MCI and related dementia (Heyn, 

Abreu & Ottenbacher, 2004). However, these analyses only reported pre-post gains from the 

fitness training and included studies with no control groups. By not comparing gains from 

the fitness training to that of controls, their reported of effect sizes are exaggerated. There 

are, however, two recent meta-analyses on healthy aging that have compared physical fitness 

training directly to either cognitive training (Karr, Areshenkoff, Rast & Garcia-Barrera, 

2014) or training that combines physical exercise and cognition (Zhu et al., 2016). Both 

meta-analyses found physical fitness training to be significantly less effective than cognitive 

training or combination training, by calculating net-gain effects. Importantly, Karr et al. 

specifically investigated training effects on executive functions, an ability has been shown to 

benefit most from fitness training in healthy aging (Colcombe & Kramer, 2003). These net-

gain effects were very small (0.12) and are less than half the effect of cognitive training on 

executive functions from the current meta-analysis.
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Comparing the Effects on Near and Far Transfer

We had hypothesized that cognitive interventions would have a larger effect on near transfer 

than far transfer. The important question was whether the far transfer effects, though small, 

were significant. Our results show that cognitive training had a moderately large net-gain 

effect on near transfer and a smaller, but significant, net-gain effect on far transfer. Both 

single and multi-component training modules had similar net-gain effects on both near and 

far transfer. In addition to these far transfer effects, we specifically investigated transfer to 

everyday functioning. Everyday functioning, an index of functional independence, is 

considered to be the far transfer task in most targeted cognitive interventions. We found that 

cognitive interventions indeed had a significant effect on everyday functioning, suggesting 

that cognitive training also has the potential to enhance functional independence in older 

adults.

Comparing the Effects of Different Training Modules

Regarding which training module was more effective in improving overall cognition, both 

single- and multi-component training modules benefited healthy aging and MCI, with net-

gain effect sizes ranging from small to medium. However, there was significant 

heterogeneity in both modules. Much of this heterogeneity could be due to the heterogeneity 

of cognitive components trained in the single-component training studies or that multi-

component training either specifically target cognitive skills or are non-specific in nature. It 

is possible that only certain “core” cognitive abilities, when trained in relative isolation from 

other abilities, may engender far transfer for single-component training. In contrast, we 

hypothesized that all multi-component training modules may engender significant far 

transfer, irrespective of the type of training approach used, because of plausible inclusion of 

many of these core abilities. We, therefore, investigated the cognitive benefits from different 

types of single- and multi-component training modules on both near and far transfer, in 

comparison to the control group.

All single-component and multi-component training modules improved trained, near 

abilities, with net-gain effect sizes ranging from small to moderate (0.19 to 0.46). For near 

transfer from single-component training modules, the largest (and the most precise) net-gain 

effect size was from executive functions training (moderate effect of 0.44), whereas the 

smallest effect was from episodic memory training, which was half of the effect from 

executive functions training. For near transfer from multi-component training modules, the 

largest (class-based training) and the most precise (laboratory-based training) estimates of 

net-gain effect sizes were from modules that targeted specific cognitive skills. Therefore, 

these results suggest that training targeting specific cognitive skills engender significant and 

moderate near transfer.

Regarding far transfer, only two single-component training modules were found to be 

effective on the far transfer composite score-- episodic memory, which had a small net-gain 

effect, and executive functions training, which had a moderate net-gain effect. Overall, 

executive functions training was the most effective single-component training module in 

engendering transfer to both trained cognitive abilities and untrained cognitive abilities. It 

not only had the largest effect size, but also had the most precise estimate for both near and 

Basak et al. Page 20

Psychol Aging. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



far transfer. Furthermore, it yielded a significantly higher far transfer than processing speed 

training and significantly higher near transfer than episodic memory training. These results 

are in line with other meta-analyses which have not only found executive functions training 

to be effective in both younger and older adults (Karbach & Verhaeghen, 2014; Nguyen et 

al., 2019), but that this training is more effective on overall cognition than other cognitive 

training modules (Lampit et al., 2014; Mewborn et al., 2017).

Importantly, we specifically assessed far transfer from different types of single-component 

training modules to everyday functioning and found only processing speed training to be 

significant. This result is in line with Edwards et al. (2018), where processing speed training 

was found to be significant on everyday functioning across eight studies that covered a more 

heterogenous population (including, younger adults, Parkinson’s patients). It is important to 

note that everyday functioning was the only cognitive construct in this meta-analysis that 

included subjective reports in addition to objective measures. Given the paucity of data, we 

cannot currently determine if the gains in everyday functioning from processing speed 

training are due changes in the objective measures or changes in the subjective reports.

In contrast to single-component training modules, all multi-component training modules 

(specific: class-based, laboratory-based; non-specific: engagement-based) showed 

significant net-gain effects on far transfer. All of these different types of multi-component 

training were significant on everyday functioning. Importantly, non-specific engagement 

training has significant, medium net-gain effects on everyday functioning. This effect was 

largest amongst all training types, including processing speed training. We therefore 

conclude that all types of multi-component training modules were effective in improving 

both near and far abilities, including everyday functioning, unlike the limited effects of 

different single-component training modules on far transfer. This finding is novel and 

together with the findings from single-component training, suggests that future studies on 

multi-component training that combine “core” cognitive abilities (e.g., executive functions, 

processing speed) in an engaging manner (such as, gamifying approach, group settings) may 

be most promising for inducing robust far transfer, especially to everyday functioning.

Effects of Moderators on Overall Cognition

Although we investigated a series of variables as potential moderators, such as participant 

characteristics (percent female, average age of participants, years of education), training 

characteristics (total hours, hours/week, training location: at home or in lab), control 

characteristics (passive vs. active, adaptive vs. non-adaptive), and publication characteristics 

(PEDro scores, numbers of cognitive outcomes reported), only years of education and the 

number of cognitive outcomes reported by each study reduced the effect sizes. Given the 

significant heterogeneity of these effects, we further tested the effects of these two variables 

for the two types of training modules separated by mental status. That is, we investigated the 

effects of these variables in four separate groups: single-component studies in healthy aging, 

single-component studies in MCI, multi-component studies in healthy aging, and multi-

component studies in MCI. We found significant effects of both of these variables for both 

single- and multi-component training modules in healthy aging, but not in MCI.
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Although results regarding effects of educational attainment on gains from cognitive training 

have been mixed across different training studies (Rebok et al., 2013; Ball et al., 2013), past 

meta-analyses on cognitive training have not explored the influence of educational 

attainment on cognitive gains. Our results suggest that educational attainment, a common 

proxy for cognitive reserve, that has been argued by researchers to allow for cumulative 

accumulation of crystallized intellectual resources (Cizginer et al., 2017), can interact with 

recovery of fluid cognitive abilities (such as, processing speed, executive functions, 

reasoning and episodic memory) in healthy older adults. In particular, healthy older adults 

with lower educational attainment show greater cognitive plasticity resulting from cognitive 

training, irrespective of the type of training module. The g for studies where participants had 

an average of high school education or less was 0.42; this value is significantly higher than 

the g (=0.22) for those with more than high school education. This result is very significant 

for the scientific community, because building cognitive reserve has been argued to mitigate 

the rate of cognitive decline in fluid abilities, and ultimately the clinical expression of 

dementia or AD-related pathologies (Roe, Xiong, Miller, & Morris, 2007;Stern, Albert, 

Tang, & Tsai, 1999; Tucker & Stern, 2011). However, higher education may not have been a 

viable option during youth for many older adults for numerous reasons (e.g., gender 

disparity, socio-economic status, proximity to educational institutions, etc.). Our results 

suggest that healthy older adults with lesser cognitive reserve (proxied by educational 

attainment), and therefore are at greater risk of conversion to MCI or dementia, may be able 

to recover their fluid cognitive abilities through cognitive training.

Another moderator that had a significant effect on healthy aging was the number of 

cognitive outcomes, such that the greater the number of cognitive outcomes, the lesser was 

the effect of cognitive training. This effect did not vary across the two training modules: 

multi-component training studies (Mcognitive_outcomes=8.46) vs. single-component training 

studies (Mcognitive_outcomes =7.57). We recommend that future studies are designed with 

planned cognitive outcomes for both single- and multi-component training studies, 

particularly addressing the extant of transfer, from nearer abilities to farther abilities. 

Particularly, abilities such as everyday functioning should be explored in future studies as 

improvements in everyday functioning has the potential to extend the independence in older 

adults. However, many past training studies have focused on subjective reports of everyday 

functioning that focus on a wide variety of daily activities (e.g., IADL), of which not all 

activities show significant declines in healthy aging. We propose that future studies on 

healthy aging as well as MCI should also focus on objective measures of specific everyday 

cognitive functions that show age-related declines or are early markers of MCI.

For single-component studies and laboratory-based directed multi-component training 

studies, it is easier to hypothesize what the near and far abilities are prior to starting the 

study, based on the cognitive component(s) targeted during the training. For non-specific 

multi-component training studies, such as the engagement-based studies, it is much harder to 

hypothesize a priori what the near and far abilities should be. One approach of establishing 

which cognitive components are being trained in a multi-component training is to elicit tacit 

knowledge of participants regarding the training task using either machine learning 

techniques (e.g., intrinsic personalization neural networks models in Ross et al., 2017) or 

determine the cognitive predictors of the training protocol by using exploratory factor 
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analysis (e.g., Young adults: Baniqued et al., 2013) or determine both neural and cognitive 

predictors of learning the training protocol (Young and Old adults: Multi-Factor Analysis in 

Ray et al., 2017; Old adults: Basak et al., 2011). These studies should precede the RCT, and 

would identify the potential cognitive constructs that may be affected by that particular 

training module. This will therefore help reduce the number of potential cognitive outcomes 

in a future randomized controlled trial.

In the moderator analyses, interestingly, we found no differences in control characteristics. 

That is, g based on passive control was not greater than g based on active control. Many 

researchers have recommended that cognitive training should do away with passive control, 

in favor of active control, because active control matches most closely the training group on 

motivation, social contact and expected cognitive gains from the intervention (Simons et al., 

2016). Although at least one meta-analysis on cognitive training supports this 

recommendation by finding that use of active controls resulted in significantly smaller net-

gain effects on cognition than use of passive controls (e.g., N-Back training in young and 

middle-aged adults, Au et al., 2014), other meta-analyses have found no significant 

difference between studies using active control vs. or passive control (e.g., executive 

functions training across younger and older adults, Karbach & Verhaeghen, 2014; 

computerized cognitive training in healthy aging, Lampit et al., 2014; video game training in 

healthy aging, Toril et al., 2014).

Surprisingly, a meta-analysis found that studies using passive control groups have 

significantly smaller effects than those using active control groups (cognitive training 

collapsed across healthy aging and MCI, Mewborn et al., 2017), but this meta-analysis failed 

to support that finding. One reason could be the larger sample size of the current study. 

However, we also noted a discrepancy in study quality between healthy aging and MCI 

groups. Only 35% of MCI studies used active control; in contrast, nearly twice the number 

of healthy aging studies (65%, to be exact) used active control. When the control 

characteristics were examined separately in healthy aging and MCI, we only found 

difference in MCI favoring active control. It is therefore possible that the effects found in 

Mewborn et al. are driven by the studies of individuals with MCI.

It is possible that there are significant differences in study quality that use active control 

versus passive control (Boot, Simons, Stothart, & Stutts, 2013; Simons et al., 2016). To 

account for such potential differences in study quality, we specifically conducted analyses on 

those studies where both types of control groups were used. This resulted in 20 healthy 

aging studies; a number large enough to conduct a meta-analysis to explore the effect of 

control characteristics on overall cognition. No discernable difference was observed between 

the g obtained from two control groups. Moreover when we conducted separate sub-group 

analyses on single-component training modules and on multi-component training modules 

we still failed to find g for passive control to be larger than g for active control – a result that 

would have provided evidence supporting the inferiority of passive control group in 

cognitive training studies in healthy aging.

We could not conduct such analysis in MCI, where we could control for study quality, due to 

lack of any such study. We therefore recommend that future cognitive training studies of 
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individuals with MCI (and in healthy aging) should include both passive and active control 

groups, particularly active controls that have the same expectancy of cognitive 

improvements as the training group. Such studies will help determine the specificity of 

cognitive training, beyond the effects of motivation, social contact and expected cognitive 

gains from the intervention (Simons et al., 2016).

Limitations and Recommendations

One limitation of the current meta-analysis is the lack of long-term follow-up data in most of 

the included studies. While training participants show cognitive gains at immediate post-

training sessions, the lengths of retention of these gains are important in evaluating the long-

term effectiveness of any training program. Out of the 215 studies, only 48 reported some 

follow-up data, ranging from 1 month to 10 years post-training. Additionally, some included 

booster training, therefore separating the long-term gains from continued training effects are 

difficult to discern. Future meta-analyses could examine the long-term effects of cognitive 

training in older adults to determine if cognitive training is effective in delaying the onset of 

AD.

Another limitation that the meta-analysis could not address, given the paucity of data, is the 

effect of cognitive training on objective vs. subjective measures of everyday functioning. 

Everyday functioning, an index of functional independence, is argued by many as an 

important outcome variable in clinical trials, but many researchers use objective measures 

(e.g., RBMT) while others use subjective reports (e.g., IADL) to assess this construct. It is 

important to determine whether the gains in everyday functioning are not just due to the 

perceived changes in the participants’ ability or function. Moreover, RCTs typically use only 

one task or measure to assess the everyday functioning construct. In contrast, the other six 

constructs under investigation comprised of objective measures and, in many studies, were 

measured by more than one task.

Based on current findings, we recommend that future cognitive training on older adults that 

aim to improve a broad range of both near and far abilities, including everyday functioning, 

should train multiple cognitive abilities. Maybe, these multi-component trainings could 

combine the effective cognitive abilities of executive functions, episodic memory and 

processing speed in an engaging and stimulating manner (example, gamified approaches in 

group settings).

We also recommend future studies to investigate different training strategies, particularly in 

the modules that resulted in robust far transfer, which may induce even greater far transfer. 

There are some promising strategies for multi-component and executive function training in 

younger adults (e.g., variable priority training, Boot et al., 2017; dual vs. single n-back 

training, Jaeggi et al., 2010), but these studies are relatively sparse in older adults.

We recommend cognitive training to healthy older adults with lower cognitive reserve, and 

encourage future training studies to investigate how cognitive reserve or mental status 

interacts with cognitive plasticity. We need more large-scale studies to investigate individual 

differences in cognitive health, such as education and cognitive abilities, to understand who 
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would benefit more from a particular training module. Such investigations can help us tailor 

cognitive training to specific individuals.

Given how cognitive training compares favorably to much-touted physical fitness training, 

particularly to executive functions in healthy aging, where current net-gain effects were 

twice to that reported from a physical fitness training meta-analysis (Karr et al., 2014), we 

recommend cognitive training to older adults if the interested outcome is cognitive plasticity.

Conclusions

The current comprehensive meta-analysis shows that cognitive training, compared to the 

control group, is modestly effective in improving cognition not only in healthy older adults, 

but also in adults with MCI. Our results suggest that cognitive plasticity extends into late 

adulthood, even when our mental status is compromised by cognitive impairments. The 

effect size estimates from the current meta-analysis on the seven different cognitive 

outcomes were more robust for healthy aging than for MCI. Such a difference in robustness 

suggests a need for more cognitive training studies on individuals with MCI.

The current meta-analysis also examined the extent of transfer from single- and multi-

component training modules. We observed that all types of training modules were effective 

on near transfer, and that these effects were larger than those on far transfer. However, only a 

few modules of cognitive training induced significant far transfer. These effective training 

modules either specifically targeted only one cognitive ability, viz. executive functions or 

episodic memory, or targeted multiple cognitive abilities during training.

For single-component training, executive functions training was the most effective approach 

in engendering both near transfer to the trained cognitive abilities and far transfer to 

untrained cognitive abilities. It was the only single-component training module that had 

significantly larger effects than other training modules for both near transfer (compared to 

episodic memory training) and far transfer (compared to processing speed training). For far 

transfer to everyday functioning, only processing speed training had significant effects, but it 

is not known to what extent this significance is driven by subjective measures.

In contrast to the single-component training modules, all types of multi-component training 

modules yielded significant far transfer, including transfer to everyday functioning. 

Moreover, the effects of multi-component training on everyday functioning was the largest.

The effect size was significantly related to only two moderators, years of education and 

number of cognitive outcomes. However, these relationships were limited to healthy aging 

studies. Cognitive training was most effective in studies with lower educational attainment, 

on avererage, of their participants and for studies that employed less cognitive outcomes. 

Having more cognitive outcomes may result in the inclusion of outcome measures that have 

little overlap with the trained skills, thus minimizing the overall effect size. We can, in 

future, design studies with planned cognitive outcomes, after first establishing the 

relationship between various cognitive outcomes and the cognitive training protocol, and 

conducting a cognitive component analysis (such as, factor analysis or machine-learning 
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approaches). Such an approach could be particularly useful for engagement-based multi-

component training studies, where it is not certain what cognitive abilities are being targeted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flowchart summary of literature search. For details of included publication, see Table 1.
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Figure 2. 
Effects of cognitive training (g) on the seven cognitive constructs in HA and MCI separately. 

Cognitive training had significant g’s on all cognitive constructs in HA and MCI. Error bars 

are 95% confidence intervals. K indicates number of studies. Point sizes indicate precision 

of g, such that larger points have smaller variance and greater precision.
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Figure 3. 
Transfer effects of single-component cognitive training. Effects from the four different types 

of single-component cognitive training (targeting either Processing Speed, Reasoning, 

Executive Functions, or Episodic Memory) on Overall Near and Overall Far transfer are 

shown. Transfer effects from single-component cognitive training on Overall Near, Overall 

Far and Everyday Functioning are also depicted. Error bars are 95% confidence intervals. K 

indicates number of studies. Point sizes indicate precision of g, such that larger points have 

smaller variance and greater precision.
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Figure 4. 
Transfer effects of multi-component cognitive training. Effects from the three different types 

of multi-component cognitive training (Engagement-based, Classroom-based, Laboratory-

based) on Overall Near and Overall Far transfer are shown. Transfer effects from multi-

component cognitive training on Overall Near, Overall Far and Everyday Functioning are 

also depicted. Error bars are 95% confidence intervals. K indicates number of studies. Point 

sizes indicate precision of g, such that larger points have smaller variance and greater 

precision.
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Figure 5. 
Funnel plots with all included studies (Top), HA (Bottom Left) and MCI (Bottom Right).
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Figure 6. 
Scatter plot of g’s as a function of years of formal education for Overall g (Top Center), and 

separated by Mental Status and Training Modules (Bottom).
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Figure 7. 
Scatter plot of g’s as a function of the number of cognitive outcomes for Overall g (Top 

Center), and separated by Mental Status and Training Modules (Bottom).
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Table 1

List of Inclusion Criteria, Search Terms Associated with Each Criterion, and Corresponding Exclusion Criteria

Inclusion Criteria Search Terms Exclusion Criteria

Randomized controlled 
trials

Clinical trial or randomized trial or controlled trial 
or longitudinal or treatment or rehabilitation

No control group. Lack of age-matched and mental status 
matched control group. Participants were not randomly 
assigned to each group.

Human participants with 
mean age over 60

Age or aged or ageing or aging or age difference or 
older adults or elderly or seniors

Non-human animal studies. Training studies focusing on 
participants from other stages of life-span, such as 
younger adults and children.

Patients with mild 
cognitive impairment

Mild cognitive impairment or MCI or memory 
complains or memory loss

Inclusion of participants with other neuropsychological 
disorders, such as possible Alzheimer’s disease or 
schizophrenia.

Cognitive intervention or 
training focusing on one 
or more cognitive 
domains

Cognitive intervention or cognitive training or 
rehabilitation or cognitive stimulation or mnemonic 
training or memory training or executive functions 
training or computerized training or video game 
training or speed of processing training or working 
memory training or engagement

Intervention effects could not be attributed just to 
cognitive training, such as training that combined 
physical or pharmacological interventions with cognitive 
training.
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Table 3

Results for Overall Effect Size, and Effect Size Separated by Mental status, Training Modules and Transfer

g 95% CI k p Qw (df) I2

Overall

Overall Net Gain (g) 0.28 0.23–0.33 215 <0.01 1062.4 (214) 79.86%

Net Gain Effects Separated by Mental Status and Training Modules

Mental Status

 HA 0.28 0.22–0.34 161 <0.01 903 (160) 82.28%

 MCI 0.27 0.18–0.37 54 <0.01 159.4 (53) 66.75%

Training Modules

 Single-component 0.29 0.23–0.36 112 <0.01 465.86 (111) 76.17%

 Multi-component 0.26 0.18–0.33 103 <0.01 507.9 (102) 79.92%

Transfer

 Near 0.37 0.3–0.44 173 <0.01 1929.1 (172) 91.08%

 Far 0.22 0.16–0.27 141 <0.01 795.77 (140) 82.41%

Transfer by Training Modules

 Near: Single-component 0.36 0.27–0.45 90 <0.01 1045.7 (89) 91.49%

 Far: Single-component 0.2 0.12–0.29 70 <0.01 377.81 (69) 81.74%

 Near: Multi-component 0.38 0.26–0.51 83 <0.01 867.6 (82) 90.55%

 Far: Multi-component 0.23 0.15–0.30 71 <0.01 407.94 (70) 82.84%

Mental Status by Training Modules

 HA: Single-component 0.30.23–0.37 94 <0.01 519.86 (93) 84.03%

 HA: Multi-component 0.24 0.15–0.34 67 <0.01 373.3 (66) 82.32%

 MCI: Single-component 0.27 0.17–0.36 18 <0.05 22.61 (17) ** 24.81%

 MCI: Multi-component 0.29 0.18–0.4 36 <0.01 134.33 (35) 73.94%

Transfer by Mental Status

 Near: HA 0.38 0.14–0.47 139 <0.01 420.96 (138) 85.44%

 Far: HA 0.22 0.15–0.34 115 <0.01 402.88 (114) 82.34%

 Near: MCI 0.27 0.07–0.46 38 <0.05 166.23 (37) 76.92%

 Far: MCI 0.18 0.04–0.45 26 <0.01 134.33 (25) 73.94%

Note:

*
indicates significant between-group heterogeneity test at p<.05.

**
indicates non-significant within-group heterogeneity test at p<.05. HA=Healthy Aging. MCI=Mild Cognitive Impairment.
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Table 4

Results for Transfer to Everyday Functioning

g 95% CI k p

Overall Effect (g) 0.22 0.12–0.32 61 <0.01

Mental Status

 HA 0.19 0.08–0.32 40 <0.01

 MCI 0.26 0.08–0.44 21 <0.01

Training Modules

 Single-component 0.21 0.02–0.39 25 <0.05

 Multi-component 0.25 0.09–0.40 36 <0.01

Single-component Training Types

 EF 0.18 −0.07–0.42 8 n.s.

 Memory 0.24 −0.04–0.53 7 n.s.

 Speed 0.25 0.03–0.46 10 <0.05

Multi-component Training Types

 Specific 0.18 0.02–0.34 24 <0.05

 Non-Specific 0.36 0.06–0.67 12 <0.05
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Table 5

Comparing the Continuous Moderator Variables, Using t-statistic, Across A) Single- vs. Multi-Component 

Training Studies, and B) HA vs. MCI

Single-Component Multi-Component

Variable Mean (SD) Median k Mean (SD) Median k t (df) p

% Female 63.89 (1.99) 64 81 62.61 (12.18) 59 97 −0.7 (176) 0.48

Hours Per Week 2.55 (1.75) 2.25 91 3.46 (3.15) 2 100 1.5 (189) 0.14

Total Hours 12.17 (10.84) 10 96 33.43 (49.68) 15 100 4.1 (194) 0.001

Total Hours (without outliers) 12.17 (10.84) 10 96 19.50 (13.59) 15 90 4.09 (184) 0.001

Age 70.63 (4.01) 70.2 105 71.56 (5.35) 71.1 104 1.4 (207) 0.16

PEDrO 7.10 (1.15) 7 98 7.19 (1.36) 7 100 0.49 (196) 0.63

Education 13.73 (2.55) 14.3 82 12.94 (3.06) 13.5 69 −1.7 (149) 0.1

Number of Outcomes 7.41 (4.44) 7 108 8.59 (5.34) 8 107 1.56 (213) 0.12

HA MCI

Variable Mean (SD) Median k Mean (SD) Median k t (df) p

% Female 64.64 (11.61) 63 133 58.91 (12.55) 57 45 2.8 (176) 0.01

Hours Per Week 2.90 (2.66) 2.25 142 3.17 (2.77) 2 49 0.27 (189) 0.79

Total Hours 23.53 (41.84) 12 146 21.51 (21.51) 14 50 0.33 (194) 0.74

Total Hours (without outliers) 15.26 (12.8) 11.25 139 17.05 (12.4) 13.5 47 −0.8 (184) 0.41

Age 70.31 (4.49) 70 157 73.45 (4.72) 73.75 52 −4.3 (207) 0.01

PEDrO 7.09 (1.25) 7 147 7.31 (1.27) 7 51 −1.1 (196) 0.27

Education 13.71 (2.7) 14.5 112 12.41 (2.93) 13 39 2.53 (149) 0.01

Number of Outcomes 8.02 (5.25) 7 161 7.94 (3.86) 7 54 0.25 (213) 0.8
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Table 6

Results from the Meta-regressions of the Continuous Moderators on Overall Effect (g)

Moderator Model Q Beta 95% CI p

Participant Characteristics

7.39 0.05

Gender (% Female) −0.002 −0.006 to 0.0018 0.32

Age 0.005 −0.005 to 0.01 0.33

Education −0.02 −0.037 to −0.009 <0.01

Training Characteristics

4.87 0.09

Total hours −0.0013 −0.003 to 0.0001 0.08

Hours per week −0.01 −0.03 to 0.008 0.24

Publication Quality

8.96 <0.01

PEDro −0.009 −0.05 to 0.03 0.63

Number of Cognitive Outcomes −0.017 −0.02 to −0.005 <0.01
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