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Abstract

Background.—Treatments for cognitive dysfunction in neuropsychiatric conditions are urgently 

needed. Cognitive training and transcranial direct current stimulation (tDCS) hold promise, and 

there is growing interest in combined or multi-modal treatments though studies to date have small 

samples and inconsistent results.

Methods.—A systematic review and meta-analysis was completed. Retained studies included 

cognitive training combined with active or sham tDCS in a neuropsychiatric population and 

reported a post-treatment cognitive outcome. Meta-analyses included effect sizes comparing 

cognitive training + active tDCS and cognitive training + sham tDCS in five cognitive domains. 

Risk of bias in included studies and across studies were explored.

Results.—Fifteen studies were included; ten in neurodegenerative disorders and five in 

psychiatric disorders (n=629). There were several tDCS montages though two-thirds of studies 

placed the anode over left dorsolateral prefrontal cortex. A wide variety of cognitive training 

types and outcome measures were reported. There was a small, statistically significant effect 

of combined treatment on measures of attention/working memory, as well as small and non-

statistically significant effects favoring combined treatment on global cognition and language. 
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There was no evidence of bias in individual studies, but some evidence of non-reporting or 

small-study bias across studies.

Conclusions.—These results may provide preliminary support for the efficacy of combined 

cognitive training and tDCS on measures of attention/working memory. More data are needed, 

particularly via studies that explicitly align the cognitive ability of interest, stimulation target, 

training type, and outcome measures.
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Introduction

Cognitive impairment is a major characteristic of many neuropsychiatric disorders, 

interfering with diverse aspects of daily functioning and contributing to chronic disability 

(e.g., 1-3). While pharmacological agents have shown minimal benefit in improving 

cognition to date (e.g., 4,5), non-pharmacological or behavioral interventions have been 

developed and tested in neuropsychiatric disorders (e.g., mild cognitive impairment 

and dementia, Parkinson’s disease, schizophrenia, major depression, among others). 

Theoretically, such interventions capitalize on neuroplastic change though the distinct 

approach varies. Some focus on “drill and practice” or rehearsal-based cognitive exercises 

(e.g., 6,7), some emphasize internal compensatory approaches or mnemonic strategies that 

may strengthen neural networks (e.g., 8), some feature external compensatory aids and 

environmental modifications as ‘work-arounds’ for everyday cognitive difficulties (e.g., 9), 

and many incorporate multiple approaches (for comprehensive reviews see 10-17). The 

empirical evidence base for these treatments is promising but modest, with effect sizes in the 

small to medium range on cognitive outcome variables and uncertainty regarding durability 

and generalization (7,9,16,18,19).

Given these modest effects, recent work has augmented cognitive training with an add-on 

treatment using transcranial direct current stimulation (tDCS), a cost effective, safe, and 

easy to administer technology (20,21). An exhaustive review of tDCS is outside the scope 

of this paper (see for example, 22-26); briefly, laboratory studies show that the transcranial 

application of weak electrical currents induces intracerebral current flow sufficient to alter 

neuronal activity and behavior (24; but see also 27). Particularly relevant for cognitive 

training, tDCS has been shown to modulate cortical excitability in electrophysiological 

studies, and there is some indication that tDCS can improve a variety of cognitive functions 

in both healthy participants and those with neuropsychiatric conditions (28-31). One recent 

expert review of the therapeutic efficacy of tDCS in neurological and psychiatric disorders 

concluded that tDCS may be effective for depression, Parkinson’s disease, epilepsy, 

and schizophrenia, among others (32; but see also 33) The evidence in mild cognitive 

impairment and dementia of the Alzheimer’s type is more mixed (28,34-38). Although tDCS 

may be a viable treatment for cognitive dysfunction, much work remains given small sample 

sizes and heterogeneity in populations, stimulation parameters, and outcomes of interest.
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Given the need for robust treatments for cognitive dysfunction in neuropsychiatric 

conditions, there is growing interest in whether combined or multi-modal treatments can 

enhance benefit through additive or synergistic effects. Toward this end, a recent literature 

describing the combination of tDCS with cognitive training has emerged, though samples 

are small and power is limited. We therefore completed a systematic review and meta-

analysis to provide a preliminary snapshot of the field. Specifically, the key comparison of 

interest was cognitive training plus active tDCS versus cognitive training plus sham tDCS 

among those with well-described cognitive impairments (e.g., schizophrenia, depression, 

mild cognitive impairment, dementia). To reduce heterogeneity in our sample, we elected to 

exclude neuropsychiatric syndromes with focal lesions, such as stroke and traumatic brain 

injury.

Methods and Materials

This review and meta-analysis was conducted in accordance with the Preferred Reporting 

for Systematic Reviews and Meta-Analyses (PRISMA) statement (39,40). Detailed 

eligibility criteria are outlined in the supplement.

Search Strategy and Study Selection

Search and selection procedures are fully described in the supplementary materials. 

Briefly, Ovid Medline, PsycINFO, Scopus, CINAHL, and Cochrane Central databases 

were systematically searched, and retained studies (1) were primary research, (2) included 

human participants, (3) focused on a ‘neuropsychiatric’ population with primary psychiatric 

disorders or neurodegenerative conditions (based on clinical phenotype with or without 

biomarker/pathology confirmation), (4) administered a combined intervention that included 

both tDCS and cognitive training, and (5) were published in English.

Data Extraction and Items

Data were extracted by the lead author, in consultation with co-authors to arrive at consensus 

nominations for principal data items. These included cognitive outcomes measured at post-

treatment for both intervention and sham-control groups. If the data needed to compute an 

effect size were not reported in the published text, the corresponding authors were contacted 

and invited to provide their data directly to the lead author; three were requested and all 

were received.

Statistical Analysis

The Cochrane Risk of Bias tool for randomized (n=13) and crossover (n=2) studies 

evaluated risk of bias in individual studies (42). See supplementary materials for details. 

Effect sizes were calculated using Review Manager 5.4 (43) from means and standard 

deviations for each outcome variable; for all analyses, comparison groups included those 

who received cognitive training with active brain stimulation and those who received 

cognitive training with sham stimulation. Standard guidelines were used to interpret the 

magnitude of effect, where an effect size of 0.20 represents a small effect, 0.50 represents a 

medium effect, and 0.80 represents a large effect (44). The standardized difference in means 

was used as the effect size; for the current analyses, a positive effect size (greater than 0) 
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favored the active stimulation condition. The 95% confidence intervals are also presented. 

The meta-analysis was also conducted using Review Manager 5.4, with a random effects 

model applied given anticipated heterogeneity among the study effect sizes. Heterogeneity 

was evaluated using the chi-square heterogeneity statistic I2 and by manual inspection 

of forest plots. Following Cochrane procedures, the following interpretive guidelines for 

heterogeneity as indexed by I2 were applied: 0%-40% might not be important, 30%-60% 

may represent moderate heterogeneity, 50%-90% may represent substantial heterogeneity, 

and 75%-100% represented considerable heterogeneity (45). For evidence of between-study 

heterogeneity (I2 ≥ 30), fixed-effect and random-effects estimates were compared for 

similarity (indicating that small-study effects likely had little effect on the intervention 

effect estimate) or dissimilarity (perhaps suggesting that the results of smaller studies were 

disseminated selectively) (46).

Risk of Bias across Studies

The extent of missing results was explored via visual inspection of funnel plots, where the 

effect estimates were plotted on the horizontal axis against the standard error of the effect 

estimate on the vertical axis. Although this method is vulnerable to subjectivity, particularly 

with few studies, there was an insufficient number of studies in each meta-analysis to use 

statistical tests for funnel plot asymmetry (e.g., Egger test).

Results

Search Results

The search strategies retrieved a total of 4,157 results and after removing duplicates 

2,739 records remained for screening. At the title and abstract level 2,514 records were 

excluded and 225 were advanced for full text review. The PRISMA flow diagram (Figure 1) 

documents the exclusion rationale for the 210 articles excluded during full text review. The 

study selection process yielded 15 studies that met the inclusion criteria.

Study Characteristics

Details of the 15 included studies are summarized in Table 1. Briefly, ten of the 

studies involved primary neurodegenerative disorders (47-56), and five included primary 

psychiatric disorders (57-61). Twelve studies used a design including cognitive training with 

randomization to active or sham tDCS (of which two were crossover studies with at least 

two months between tDCS conditions), and three included additional treatment comparison 

groups (e.g., tDCS alone or tDCS with ‘control’ training). tDCS was most often delivered 

to left dorsolateral prefrontal cortex (F3 according to the international 10-20 EEG system) 

at 2mA (range 1mA - 2mA) for 20 minutes (range 20 minutes – 30 minutes ). Sham tDCS 

typically included brief ramp up and ramp down time to mimic active stimulation, and 

ranged from 30 seconds to 2 minutes total. The number of tDCS sessions varied widely 

from 2 to 28, mostly over 2-4 weeks and up to 14 weeks. Most studies used computerized 

cognitive training administered concurrently with tDCS and specified outcome variables 

distinct from but in the same domain as training tasks, though there was a wide array of 

training programs and neuropsychological outcome measures.
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Risk of Bias within Studies

Overall, the 15 individual studies consistently yielded low risk of bias. Most reports 

described adequate randomization/allocation procedures, participant and rater blinding, and 

appropriate outcome measurement.

Risk of Bias due to Missing Results

Though limited by the small number of included studies, visual inspection of the funnel 

plots suggested asymmetry across outcomes (Supplemental Figure 1). In particular, for 

global cognition, attention/working memory, and language, data points were missing from 

the lower left quadrants where studies with larger standard error (i.e., smaller samples) 

and negative results would appear. For episodic memory and executive functioning, the 

funnel plots showed missing data points in the lower right quadrants, suggesting instead 

a lack of studies with small samples and positive results. This asymmetry indicates some 

evidence of non-reporting bias, but may also reflect broader “small-study effects” where 

intervention effects in smaller studies differ from those estimated in larger studies due to 

lower methodological quality, true heterogeneity, statistical artifact, and/or chance (46).

Meta-analytic Results

Given the range of outcome variables reported in the reviewed studies, we elected to group 

outcomes by cognitive domain and conduct separate meta-analyses for any domain with at 

least three sources of data. Domains considered included ‘global’ cognition (e.g., a broad 

cognitive screening instrument or summary score derived from a standardized battery), 

processing speed, attention/working memory, episodic memory, executive functioning, 

language, and visuospatial functioning. Processing speed and visuospatial variables were 

reported in only two studies each and were excluded from further analyses. Domains and 

variables for each study are included in Table 2. Because there were insufficient numbers of 

studies to separately analyze primary psychiatric and primary neurodegenerative disorders, 

they were combined. The domain of attention/working memory included five studies in 

each, so these were analyzed together and then separately, in an exploratory subgroup 

analysis.

‘Global’ cognition (5 studies; n=202).

Study characteristics.: Four of the five studies with a measure of global cognition were 

in neurodegenerative disorders and one was in schizophrenia. The majority had the anode 

placed at F3 and the cathode at right supraorbital, and included general computerized 

cognitive training.

Analyses.: The effect for active versus sham tDCS combined with cognitive training 

on global/screening measures of cognition just missed the 0.05 threshold for statistical 

significance (SMD=0.26; 95%CI −0.02, 0.54; z=1.85; p=0.06; Figure 2A).
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Attention/working memory (10 studies; n=407).

Study characteristics.: Five studies were in neurodegenerative disorders and five were in 

psychiatric disorders. Seven of the 10 had the anode placed at F3 and cathode contralaterally 

(F4, F8, Fp2, right supraorbital). Seven studies included targeted working memory training.

Analyses.: There was a statistically significant effect favoring the combined intervention on 

measures of attention/working memory for all studies combined (SMD=0.26; 95%CI 0.06, 

0.47; z=2.57; p=0.01; Figure 2B). Exploratory subgroup analysis revealed a statistically 

significant effect favoring active versus sham tDCS for primary psychiatric disorders 

alone (n=151; SMD=0.53; 95%CI 0.20, 0.85; z=3.14; p=0.002), but not neurodegenerative 

disorders (n=248; SMD=0.10; 95%CI −0.14, 0.35; z=0.83; p=0.41).

Episodic memory (8 studies; n=361).

Study characteristics.: Seven studies were in neurodegenerative disorders and one was in 

a psychiatric disorder. Half had the anode placed at F3, with one extracephalic cathode 

placement (right deltoid), two right supraorbital, and the other F8. Three included targeted 

memory training (e.g., face-name association memory, object-location memory).

Analyses.: There was no statistically significant effect of the combined intervention on 

measures of episodic memory (SMD=−0.19; 95%CI −0.64, 0.26; z=0.84; p=0.40; Figure 

2C).

Executive functioning (6 studies; n=258).

Study characteristics.: Five studies were in neurodegenerative disorders and one was in a 

psychiatric disorder. Three included the anode at F3, with one cathode on right deltoid, one 

right supraorbital, and one Fp2. Three training types were targeted (memory and working 

memory) and three were more general.

Analyses.: There was no statistically significant effect of cognitive training combined with 

active versus sham tDCS on measures of executive functioning (SMD=−0.57, 95%CI −1.21, 

0.07; z=1.74; p=0.08; Figure 2D).

Language (6 studies; n=232).

Study characteristics.: All six studies were in neurodegenerative disorders. Four studies 

had anode placed at F3, with cathode on right deltoid, right arm, or right supraorbital. Two 

included targeted language (naming) training.

Analyses.: There was no statistically significant effect of the combined intervention on 

measures of language (SMD=0.16; 95%CI −0.11, 0.42; z=1.17; p=0.24; Figure 2E).

Omnibus analysis (all measures, all studies).—To examine the overall effect of 

active versus sham stimulation, the effect sizes for each outcome variable in a study 

were averaged to ‘collapse’ across cognitive domains and entered into an omnibus meta-

analysis. The resulting effect size was small and not statistically significant (SMD=0.17; 
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95%CI −0.11, 0.45; z=1.21; p=0.23; Supplemental Figure 2), with evidence of substantial 

heterogeneity (I2=52%).

Heterogeneity was not statistically significant and quite low for global cognition (I2=0%), 

attention/working memory (I2=3%), and language (I2=1%), but was statistically significant 

and in the substantial to considerable range for episodic memory (I2=73%) and executive 

functioning (I2=78%). However, the fixed-effect results were similar to the random-effects 

results for both episodic memory (fixed effect SMD=−0.02; 95%CI −0.24, 0.19; z=0.22; 

p=0.82) and executive functioning (fixed effect SMD=−0.19, 95%CI −0.45, 0.06; z=1.50; 

p=0.13), suggesting that small-study effects probably had little effect on the intervention 

effect estimate.

Discussion

Summary of Evidence

Overall, these findings provide preliminary support for the effect of cognitive training and 

active tDCS on measures of attention and working memory at post-treatment, where there 

was a small but statistically significant effect favoring the combined intervention. For tasks 

of global cognition and language, as well as the overall effect collapsing across cognitive 

domains, the small effect sizes were in the direction favoring active stimulation though 

they did not reach statistical significance. There were also non-significant effects favoring 

cognitive training and sham stimulation on measures of episodic memory and executive 

functioning, with evidence of substantial heterogeneity between studies. These effect sizes 

(ES) are on the lower end yet generally within the ranges of those found in prior studies 

of cognitive training (ES 0.20-0.47, with most in the 0.4 range) (7,9,16,18,19) and tDCS 

in clinical populations (ES 0.20-1.20, with most in the 0.3 to 0.4 range) (29,32,34,36-38). 

Interestingly, they are also modestly lower yet broadly in line with a number of common 

treatments in general medicine and psychiatry (e.g., statins and aspirin for prevention of 

major vascular events, medications for schizophrenia, major depression, and Alzheimer’s 

disease) (62), though it is certainly premature to speculate about the clinical significance of 

these findings.

Considering that two-thirds of included studies administered stimulation with the anode 

placed over left dorsolateral prefrontal cortex (DLPFC) (e.g., F3, Brodmann area 8/9) 

-- an area often implicated in working memory – these results provide some evidence 

of functional specificity of these anatomical regions. Though speculative, there could be 

greater expectation of a benefit of tDCS targeting left DLPFC on tasks of attention/working 

memory, rather than other cognitive abilities like language or episodic memory that are not 

strongly mediated by these regions.

Considerations and limitations of included data

Disease types and baseline cognition/symptom severity.—Though this review 

and meta-analysis was deliberately intended to survey studies in individuals with 

neuropsychiatric disorders with cognitive impairments, there is of course heterogeneity 

among these disease types. With the exception of attention/working memory, there 
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were not enough included studies to separately analyze cognitive outcomes for primary 

neurodegenerative disorders and primary psychiatric disorders. It could be the case that 

people with neurodegenerative disorders do not benefit from combination therapy for 

attention/working memory, but we would not make this conclusion from our data with the 

small number of studies available for analysis and the extent of the variation in electrode 

placement, training type, and outcome measurement. It remains an empirical question, 

therefore, for whom cognitive training combined with tDCS is most effective and why.

Another source of sample heterogeneity is in baseline cognitive ability. Although all of these 

neuropsychiatric conditions are strongly associated with impaired cognition, and in many 

cases the diagnostic criteria for study entry involved cognitive impairment by definition, 

the degree of deficit prior to treatment was not pre-defined or well characterized in the 

individual studies. Accordingly, there could have been participants with very little room 

for cognitive improvement before even receiving treatment, which could have suppressed a 

treatment effect. Similarly, severity of other baseline symptoms like depression or psychosis 

could have directly or indirectly (via interaction with cognitive functioning, for example) 

affected treatment outcomes.

Types of training.—In addition, the wide range of cognitive training types introduces a 

major source of heterogeneity in the data and may obscure the findings. An outstanding 

question is whether tDCS may be more likely to benefit rehearsal-based interventions that 

recruit a narrower range of brain functions, versus targeted internal compensatory strategy 

training, versus broader external strategy training, which each require successively larger 

domains of cognitive functioning.

Stimulation parameters.—The range of stimulation strength was restricted and did not 

exceed 2mA in any studies. While these parameters are commonly accepted in research 

samples, they are largely based on presumed safety considerations rather than scientific 

rationale or established evidence (e.g., 63). However, there is neither safety (21) nor 

tolerability data to suggest that higher scalp-based amplitudes are problematic. For example, 

high-definition tDCS was well-tolerated and safe in older adults at 3mA (64). Similarly, 

all of the included studies used conventional pad-based tDCS with large electrodes (e.g., 

35cm2) where the current delivery is diffuse (65,66) and may penetrate poorly to intended 

brain regions due to a variety of underlying anatomy/tissue factors (low conductivity of skull 

bone and surrounding tissue, cortical morphology, hair thickness, sweat) (67,68). Two of the 

included studies mentioned some kind of neuro-navigation assistance to identify the target 

anatomical area: one described an “infrared-guided neuro-navigation system” (48) and the 

other used the participant’s MRI and a TMS neural-navigation device via the Brainsight 

software package (56). Otherwise researchers relied on traditional standardized methods 

of head measurement to determine electrode placement. It is therefore difficult to confirm 

whether the intended target was the actual target and whether there was alignment between 

the cerebral target, cognitive domain, and cognitive training paradigm. Moreover, although 

the pattern of delivered current between the large pads is the active ingredient, there were 

a number of different montages and cathode placements, which strongly influence the 

electrical fields applied. Similarly the inhibitory/excitatory effects of most configurations 
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are not well understood, as they do not readily correspond to the notion that “anodal” 

stimulation is always excitatory and “cathodal” stimulation is always inhibitory (69). Indeed, 

cathodal tDCS has been shown to have nonlinear modulatory effects depending on scalp-

based intensity and duration (70), which accordingly could facilitate, impede, or have no 

effect on the desired outcome. Finally, whether there is any relationship between tDCS 

timing (before, during, or after training) or ‘dose’ (e.g., frequency, intensity, duration, 

total number of sessions) and cognitive outcomes is not well understood, and represent 

important factors to consider in future work. These limitations in stimulation type and 

intensity may lead to false-negative errors, where there may be a ‘true’ effect of active 

stimulation but greater intensity and/or more focal delivery is necessary to reveal it. In more 

recent work, focality has been improved with high definition electrodes (71,72), which may 

reveal greater between-group differences on cognitive outcomes in future studies, though 

there are complex relationships between area of stimulation, focality, and intensity in both 

conventional and high-definition approaches that remain under investigation.

Outcome measures.—There was a wide variety of outcome measures in the included 

studies. This is an ongoing challenge for the field, as there is little consensus or 

standardization in cognitive measurement, which leads to difficulty comparing effects across 

studies. This may be especially true for arguably ‘broader’ domains of cognition like 

executive functioning, memory, or language, where there may be a number of interrelated 

yet theoretically distinct sub-functions of interest (e.g., abstract reasoning, novel problem-

solving, set-shifting, and response inhibition are all commonly considered under the term 

executive functioning). Indeed, the current meta-analyses indicated significant heterogeneity 

for executive functioning and episodic memory, which may have undermined the ability to 

show effects.

Study design.—Although all included studies reported comparisons between participants 

who received active or sham tDCS in addition to cognitive training, only two publications 

included an active tDCS group without cognitive training in the study design. Unfortunately, 

this precludes analysis of synergistic effects, or whether a combined intervention is 

more efficacious than either one alone. This is particularly important as the field moves 

toward multi-modal interventions and increasingly personalized medicine, where treatment 

decision-making is guided by the incremental benefit of two or more treatments rather than 

simply a ‘mash-up’ of interventions that may or may not work well together.

Additionally, most studies had no clear description or unification of the pathway from the 

cognitive construct of interest to the stimulation target/montage, to the cognitive training 

type, to the primary outcome measure. In many cases, a broad neuropsychological battery 

was included with no specific hypotheses about what was expected to change versus what 

wasn’t. This misalignment between intervention and outcome limits the interpretability of 

findings, as these results may provide discriminant validity for a combined intervention (i.e., 

an effect on attention/working memory when most studies ‘targeted’ left DLPFC), but they 

do not demonstrate a lack of efficacy because the domain was often out of alignment with 

the intervention method and target.
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Transfer and real-world functioning.—As an initial step, it is clearly important to show 

the effect of tDCS on a training task itself to demonstrate proof-of-concept. Ultimately, 

however, for these to become viable treatments there needs to be evidence of benefit on 

increasingly distal outcomes, including perhaps more ecologically valid cognitive tasks 

but most importantly to real-world functioning. Many studies included cognitive outcome 

measures other than trained tasks, enabling some understanding of transfer, but only 

four included quality of life questionnaires and only two included measures of everyday 

functioning.

Considerations and limitations of this meta-analysis

This meta-analysis has several limitations. For example, although there was consensus 

among the study team regarding outcome cognitive domains and assignment of variables 

to those domains, this remains a source of some judgment and subjectivity. As mentioned, 

there are cognitive domains that are understood to encapsulate a number of subcomponent 

skills (borrowing the earlier example of executive functioning, for instance), though these 

are not universally agreed upon and the presumed divisions between cognitive domains are 

arbitrary. We acknowledge that the way we grouped outcomes and variables is predicated 

on these ambiguous distinctions, and while suitable it is an imperfect approach. We also 

examined post-treatment performance only, which does not allow for the possibility of 

consolidation of treatment gains over time; future analyses should consider follow-up data 

to better evaluate durability of treatment gains, loss of treatment gains, or late emergence 

of treatment benefit. There were also few studies overall of combined cognitive training 

and tDCS interventions in neuropsychiatric samples, highlighting the preliminary nature of 

these findings and the anticipated growth in publications in the coming years. Finally, given 

these limited data and some evidence of heterogeneity, it is premature to make conclusions 

about the efficacy of these combined interventions in domains other than attention/working 

memory.

Unanswered questions and topics for future research

Following from the considerations above, there are a number of remaining questions 

and future directions for this work. Future research may benefit from more systematic 

evaluation of the dose-response relationship between stimulation strength and outcome, use 

of more focal stimulation techniques (e.g., high-definition or HD-tDCS), and 2x2 factorial 

designs where possible so that some participants receive one treatment or the other, some 

receive both, and some receive neither. In addition, ‘futility designs’ or alternative statistical 

methods where the null rather than the alternative hypothesis assumes a benefit of treatment 

compared to control may be an appealing option; rather than demonstrating efficacy, the 

futility design identifies treatments that do not warrant further investigation in superiority 

trials (73). There is also ongoing debate about the optimal timing or sequencing of 

‘combined’ interventions, and whether they should be done fully concurrently, overlapping 

at the beginning, at the end, or not at all. Future research will benefit from systematically 

investigating these timing considerations to enhance benefit.
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Conclusions

This meta-analysis provides a preliminary snapshot of a rapidly growing field; the present 

findings broadly support the use of active tDCS during cognitive training to improve 

attention/working memory among individuals with neuropsychiatric disorders. Although 

based on these results there is insufficient evidence to conclude whether or not a combined 

intervention improves cognitive abilities in other domains or clinical populations, there 

are abundant opportunities to align methodologies and outcomes to advance scientific 

understanding and deploy effective treatments in clinical settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
PRISMA 2020 Flow Diagram
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Figure 2. 
Meta-Analytic Results

Figure 2A. Global Cognition

Figure 2B. Attention & Working Memory

Figure 2C. Episodic Memory

Figure 2D. Executive Functioning

Figure 2E. Language
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