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Supplementary Materials and Methods 

Categorization of effects in clinical studies. For some studies in clinical populations, 

effects could be categorized into one of the nine cognitive domains (for example, 

examination of working memory in schizophrenia). For other studies in clinical 

populations, the effect of interest is not explicitly categorizable into a single cognitive 

domain (for instance, examination of comprehensive neuropsychiatric assessments 

such as Montreal Cognitive Assessment scores in Parkinson’s disease patients) or may 

reflect a characteristic symptom dimension unique to a clinical disorder (for example, 

auditory hallucination symptoms in schizophrenia). To maximize inclusivity in our 

assessment of the effectiveness of tACS, we included these effects under the umbrella 

of ‘Neuropsychiatric Assessments’ and ‘Clinical Symptoms’, respectively.  

 

Grouping of effects for meta-analytic effect size estimation. The overall meta-analytic 

Outcome-Based and Hypothesis-Based effect sizes of tACS were determined across all 

effect sizes extracted during search. These included effects belonging to all nine 

cognitive domains in healthy populations, effects belonging to any cognitive domain in 

clinical populations, as well as clinical symptom and neuropsychiatric assessment 

measures in clinical populations. Results from these analyses are reported in the main 



 

text. Exclusion of effects in clinical populations did not change the pattern of results in 

these omnibus analyses. 

 

Grouping of effects when examining cognitive domains separately. When examining the 

effect size within the nine cognitive domains separately, we included effects in both 

healthy and clinical populations to maximize inclusivity. Exclusion of clinical studies did 

not significantly alter the pattern of results for these analyses, except reducing the 

significant effect of tACS on Attention Performance measures before outlier removal to 

a trend level (Table S10).  

 

Grouping of effects for meta-regression analyses. Meta-regression analyses at the 

omnibus level included all extracted effects, including clinical effects. Exclusion of 

clinical effects did not significantly alter the pattern of results, except reducing the effect 

of Intensity on RT measures to a trend level (Table S10). Regression analyses could be 

performed for the working memory, long-term memory, attention, executive control and 

intelligence domains as these domains had sufficient numbers of effects (>= 10 per 

covariate, as recommended by (31)). For these domains, exclusion of effects in clinical 

populations produced the following changes: 1) they reduced the significant influence of 

modulation frequency on All working memory measures after outlier removal to a trend 

level (Table S10), and 2) the effect of modulation intensity on All, Performance and RT 

executive control measures after outlier removal became significant (Table S10).  

 



 

Grouping of effects for subgroup analyses on phase. For examination of bidirectional 

effects of in-phase and anti-phase multisite tACS, all effects observed for experiments 

explicitly hypothesizing improvement of function with in-phase tACS and impairments in 

function with anti-phase tACS were included. No studies employing such protocols in 

clinical populations were identified. 

 

Grouping of effects for subgroup analyses in older adults and clinical populations. 

Effects across healthy, older adults were separately analyzed to determine the 

effectiveness of tACS in older populations. In studies with clinical populations, effects on 

cognitive functions (belonging to any of the nine cognitive domains) and on clinical 

symptoms were separately analyzed. The effects on cognitive functions were examined 

together (“All”) as well as separately for performance-based effects (“Performance”) and 

RT-based effects (“RT”). Effects on neuropsychiatric symptoms were not analyzed 

quantitatively since they belonged to a single study but were included in the omnibus 

analyses (see above).  
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