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Abstract
Working memory refers to storing and manipulating information to achieve a specific goal or completing a task at a high cog-

nitive level. This component is part of the executive functions and is essential for daily life. A quantitative systematic review aims 
to identify the intervention methods currently developed to rehabilitate and improve working memory. The articles were obtained 
from SCOPUS, ScienceDirect, PubMed, and Scielo databases. Initially, 550 articles were found, and after applying the inclusion and 
exclusion criteria, 65 articles were selected and included in the data extraction process and used for the descriptive statistical analysis. 
The main results found that computerized treatments prevailed in 41 studies, transcranial electrical stimulation in 16, and sport and 
cognitive stimulation in two, respectively. These findings will be analyzed to develop new proposals that can contribute to clinical 
practice and offer mental health professionals a selection of intervention methods helpful in carrying out intervention plans aimed at 
working memory deficits.
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Resumen
La memoria de trabajo se refiere al almacenamiento y la manipulación de la información para alcanzar un objetivo específico 

o completar una tarea a un alto nivel cognitivo. Este componente forma parte de las funciones ejecutivas y es esencial para la vida 
diaria. Una revisión sistemática cuantitativa pretende identificar los métodos de intervención desarrollados actualmente para rehabi-
litar y mejorar la memoria de trabajo. Los artículos se obtuvieron de las bases de datos SCOPUS, ScienceDirect, PubMed y Scielo. 
Inicialmente se encontraron 550 artículos y, tras aplicar los criterios de inclusión y exclusión, se seleccionaron 65 artículos que se 
incluyeron en el proceso de extracción de datos y se utilizaron para el análisis estadístico descriptivo. Los principales resultados 
hallaron que los tratamientos informatizados prevalecieron en 41 estudios, la estimulación eléctrica transcraneal en 16, y el deporte 
y la estimulación cognitiva en dos, respectivamente. Estos hallazgos se analizarán para desarrollar nuevas propuestas que puedan 
contribuir a la práctica clínica y ofrecer a los profesionales de la salud mental una selección de métodos de intervención útiles para 
llevar a cabo planes de intervención dirigidos a los déficits de la memoria de trabajo.
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Introduction
Executive functions are a set of higher cognitive abili-

ties responsible for regulating mental abilities and directing, 
coordinating, and adapting behavior to achieve goals and 
perform complex tasks.1 The central executive functions 
are inhibitory control, working memory (our focus in this 
study), cognitive flexibility, reasoning, planning, and pro-
blem-solving.2,3 In everyday life, executive functions are 
determinants for adequate performance in various situa-
tions, such as work, school, environmental adaptation, 

social relationships, learning, and physical and psycholo-
gical development.2

Working memory is an operating system of limited 
capacity that stores information temporarily and connects 
with long-term memory to retrieve, process, and manipu-
late previously stored data to perform high-level cogni-
tive tasks.4 Baddeley and Hitch5 significantly contributed 
to the study of working memory, proposing a three-com-
ponent model: the central executive, the visuospatial 
agenda, and the phonological loop. Later, Baddeley4 added 
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a fourth component called the episodic buffer, which epi-
sodically stores and integrates the visual and verbal codes 
of the other two systems and long-term memory. Working 
memory is crucial for language, comprehension, reasoning, 
learning, and decision-making.2,6

Based on neuroimaging studies, it is known that the 
neuroanatomical and neurobiological substrate of wor-
king memory is in structures of the prefrontal cortex (cen-
tral manager of working memory), in connection with cor-
tical and subcortical areas.7,8 Specifically, the dorsolateral 
and medial prefrontal cortex are involved in visuospa-
tial information, while the ventrolateral prefrontal cortex 
handles non-spatial information. The left temporoparietal 
region is crucial for phonological retention, and the right 
inferior parietal cortex, right premotor cortex, right inferior 
frontal cortex, and occipital cortex are involved in proces-
sing verbal, visual, and spatial information.8-10 On the other 
hand, it is known that the functioning of working memory 
is regulated by frontostriatal pathways, dopaminergic 
pathways, and the GABA system, which are involved in 
neural mechanisms that allow the maintenance and upda-
ting of information during the performance of complex 
cognitive tasks.11

Working memory is an indispensable cognitive pro-
cess crucial for functioning autonomously, achieving 
immediate and short-term goals, and effectively perfor-
ming daily activities.9,12 Being an active information store 
that continuously updates and manipulates information, it 
is closely related to everyday tasks such as reading, writing, 
driving a car, learning a new language, learning new habits, 
performing mathematical operations, language comprehen-
sion, creativity, reasoning, and decision-making.9,13 It is one 
of the executive functions most involved in human lear-
ning, as several investigations have evidenced the direct 
correlation between working memory and academic per-
formance.14-20 In addition, it is involved in inhibiting auto-
matic response and attentional switching, which increases 
processing efficiency in problem-solving.14

Currently, research shows a link between impairments 
in working memory and various mental disorders and patho-
logies. These impairments are particularly prevalent in neu-
rodevelopmental disorders such as ADHD,21,22 intellectual 
disability,23 and autism spectrum disorders.22,24 Working 
memory deficits are also observed in neurodegenerative 
disorders like Parkinson's and Alzheimer's disease21,25 and 
severe psychiatric disorders including schizophrenia,26,27 
generalized anxiety, major depression,28 panic disorder,29 
and bipolar disorder.30,31 Working memory performance has 
also been investigated in individuals who have experienced 
a stroke,32 a brain injury,33 COVID-19 infection,34 as well as 
in aging, medication side effects,21 cannabis use,35 stress,36 
Duchenne muscle dysmorphia,37 multiple sclerosis,38 obe-
sity,39 and sleep deprivation.40

Working memory training is an area that continues to 
be studied. It is known that neuroplasticity allows this exe-
cutive function to be modified, improved, and enhanced. 
This has opened doors for applying stimulation in popu-
lations with different mental pathologies and individuals 
with normal cognitive development.7 Working memory tra-
ining is performed using various methods, such as compu-
terized programs (e.g., Cogmed),41,42 mnemonic strategies,42 
mindfulness training,43 transcranial electrical stimulation,44 
and working memory tasks (dual n-back tasks, forward and 
backward simple span tasks, running memory tasks, selec-
tive updating tasks).45

Establishing an intervention plan for working memory 
impairment in clinical practice can be challenging due to 
the lack of a standardized approach to working memory 
training and rehabilitation methods. Therefore, this explo-
ratory systematic review will investigate current tools and 
techniques involved in working memory intervention.

Method
The scope of the present study is based on a quanti-

tative systematic review of the published scientific lite-
rature on clinical intervention and treatment of working 
memory. The PRISMA method was used for its develop-
ment (see Figure 1), following the guidelines established 
by Arksey and O'Malley46 and Levac et al.47 The stages of 
the study development are detailed below.

The study's first phase involved determining 
the research question and conducting the initial data 
search.  We combined the keywords "working memory," 

"treatment," "intervention," "therapy," "training," and 
"neuropsychology" in SCOPUS, Science Direct, PubMed, 
and Scielo databases, limiting the results to publications 
from the past five years (2019-2024). The most successful 
search combination across the databases was ("working 
memory") AND (training) OR (stimulation) AND (inter-
vention). A reviewer provided feedback on the ideas pre-
sented in this research and oversaw the research process, 
which included reviewing titles, abstracts, types of inter-
ventions or training, and assessment instruments.

In the second stage, data collection yielded 160 
documents in SCOPUS, 147 in Science Direct, 89 in 
PubMed, and 154 in Scielo for 550 articles. Duplicates 
(N=34) were identified and excluded. Before conti-
nuing with article selection, inclusion criteria were esta-
blished to ensure studies met the following requirements: 
a) investigating interventions or treatments to improve 
working memory, b) including relevant keywords in the 
title or abstract, c) involving a human sample, and d) 
being written in English. Exclusion criteria included: 
a) systematic review research, b) restriction to the full 
article only, c) correlational studies that did not apply 
working memory intervention, d) cross-sectional studies 
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that did not involve working memory training, and e) 
languages other than English (Spanish, Japanese, Portu-
guese, and Russian).

We extracted information from the articles in the 
third stage using Microsoft Excel. Titles and abstracts 
were read, and articles that did not meet the inclusion 
criteria were excluded. These exclusions included: arti-
cles lacking keywords (N=50), languages other than 
English (N=81), publications before 2019 (N=62), 
systematic reviews/meta-analyses/literature reviews 
(N=15), animal studies (N=9), inaccessible/paid arti-
cles (N=78), and correlational studies or studies without 
working memory training/intervention (N=152). After 
applying these criteria, the fourth stage left us with a 
selection of 65 articles that met the inclusion criteria 
and were considered for the systematic review.  The 
fifth phase will present the statistical results. Finally, 
in the methodological description of this research, it is 
important to indicate that this project was registered on 
the Open Science Framework platform with the code 
DOI 10.17605/OSF.IO/CYPKR.

Results
To obtain results, we reviewed data from 65 arti-

cles eligible for analysis.47-111 This data extraction 
included article information, such as authors, publica-
tion year, sample size, training methods, intervention 
type, evaluation instruments, and results (see Annex 1). 
Pivot tables were then used to organize this data and 
present each variable.

To further analyze the data, we tabulated and seg-
mented it. The results were then presented in dynamic 
graphs that effectively communicated relationships, mea-
sures, and percentages. Finally, we calculated measures of 
central tendency (mean, mode, and standard deviation) to 
summarize the information, understand the data's disper-
sion, and refine our analysis and conclusions.

Research sample sizes 
In the sample size range, the intervals 30-44 and 

45-59 show the highest scores with 16 studies. In con-
trast, the intervals 135-149 and 195-209 show a score of 1 
study. There were 65 studies in total, of which the average 
is 59.23, with a standard deviation of 38.69. See Figure 2.

Years of publications
We analyzed the distribution of publication years 

for articles published since 2019. The year 2020 showed 
a predominance of articles, while there was a decrease in 
publications in 2023 and 2024 (see Figure 3).

Figure 1. PRISMA flow diagram at four levels.

Figure 2. Distribution of sample sizes in reviewed studies.

Figure 3. Articles published in recent years.

http://OSF.IO/CYPKR
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Research countries
Figure 4 shows the geographical distribution of the 

studies. China leads with 12 studies (18.5%), followed 
by Germany (8 studies; 12.3%), the United States (7 stu-
dies; 10.8%), and Canada (6 studies; 9.2%).

Types of participants included in the research
The studies employed working memory training on 

various groups, including healthy individuals (28 stu-
dies; 43.1%). Research also involved individuals with 
substance abuse or other addictions (5 studies; 7.7%) 
and those with degenerative disorders, severe mental ill-
ness, ADHD, brain injury, stroke, or multiple sclerosis (4 
studies; 6.2%). In contrast, studies with samples inclu-

Figure 4.
Geographical distribution of research.

Figure 5.
Type of sample.

Figure 6.
Participants’ evolutionary stage.

ding premature birth, intrusive thoughts, or problematic 
internet use were the least common (1 study each; 1.5%). 
See Figure 5 for details.

Age of research participants
The average age of participants across the studies 

was 28.69 years old (SD = 23.38). Looking at the life 
stages, 38.5% of the studies involved adults, followed 
by 15.4% with children and young adults, and 10.8% 
with only young people. Additionally, a small portion 
of studies included combined age groups: 1.5% each for 
children and adolescents, older adults and young adults, 
and young adults and adults. Figure 6 presents a detailed 
breakdown of these life stages.
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Treatments Applied
The studies explored various interventions to improve 

working memory in healthy individuals and those with 
diagnosed conditions. Computer-based training was the 
most common method (41 studies), utilizing programs like 
Cogmed, Dual n-back tasks, and Lumosity. Electrical sti-
mulation techniques, such as Transcranial Direct Current 
Stimulation (tDCS), were also employed in 16 studies. 
Physical training and cognitive stimulation were the least 
common interventions used in only two studies. Figure 7 
provides a visual breakdown of these interventions.

Assessment Instruments Applied
Several tests were administered in the articles, 

of which the N-back was the most used, specifically 
in 22 studies, followed by the digit span test and the 
WAIS-IV in seven studies. These tests were applied in 
the research to identify the working memory level and 
evaluate the results obtained from the applied training. 
Explore Figure 8 to observe the distribution of these 
tests in the studies.

Figure 7.
Treatments and training applied.

Figure 8.
Tests applied in research.
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Intervention Time
Four ranges were used to identify the duration of 

the working memory training intervention in weeks. The 
range 0-5 weeks shows the highest score, with 58% of 
the studies showing it, followed by the range 5-10, with 
35% of the studies showing it, the range 10-15 weeks, 
with 5%, and finally, the range 255-260 weeks, with 2% 
showing it. See Figure 9 to visualize the distribution of 
treatment and training duration across the studies.

Research Results
The final analysis revealed that 48 published articles 

showed significant working memory improvement, while 
the remaining 17 did not. Figure 10 depicts these results.

Discussion
This research conducted a quantitative systematic 

review of working memory intervention and training 
methods. We identified 550 articles from databases like 
SCOPUS, Science Direct, PubMed, and Scielo. After 
applying inclusion and exclusion criteria, 65 studies were 
selected for further analysis using descriptive statistics.

Working memory is a critical cognitive function that 
is especially vulnerable in individuals with neurodevelo-
pmental disorders, learning and language impairments, 
neurodegenerative diseases, and severe mental illness.22 

This research contributes to the field by examining 
current working memory treatment processes designed 
to rehabilitate this executive function and improve cli-
nical practice and intervention strategies.

The research found that most studies originated in 
Asia and primarily focused on healthy adult populations. 
Computer-based programs were the most common inter-
vention for working memory improvement, while the 
N-back test was the preferred method for assessment.

This systematic review highlights the extensive 
research on working memory interventions. A thorough 
examination of the existing evidence is essential for 
psychiatrists, psychologists, neurologists, and other health-
care professionals seeking treatment options for patients 
with working memory deficits.  Furthermore, given its cru-
cial role in daily life activities, working memory training 
should ideally begin in early childhood (5-8 years old) to 
promote neurodevelopment in typical children and to target 
interventions in infants with developmental challenges, 
such as those born very prematurely.89

Working memory interventions and assessments 
heavily rely on technology and computer programs. This 
makes the process more accessible and engaging for 
patients. However, the long-term effectiveness of these 
interventions remains unclear.89 This highlights the need 
to develop computer-based programs further and poten-

Figure 9.
Intervention Time in Weeks.

Figure 10.
Research Results.



66  Revista Ecuatoriana de Neurología / Vol. 34, No 3, 2025

tially combine them with other interventions. Ideally, 
these advancements would be based on empirical evi-
dence to ensure sustained effectiveness over time.

This research has two main limitations. First, access 
to some published articles was limited because they 
required payment to access the full content (pay-walled). 
Second, the analysis was restricted to English-language 
and quantitative studies. Future studies will include arti-
cles published in Spanish and other languages to cap-
ture a broader range of research on working memory. 
Additionally, this study focused solely on measurable 
research. It will be important to consider including qua-
litative research to gain a more comprehensive unders-
tanding of working memory interventions in future work.

This systematic review identified existing working 
memory training and intervention methods, paving the 
way for future research directions. One crucial area of 
inquiry is investigating the long-term sustainability of 
these treatment methods on working memory capacity. 
Additionally, exploring the application of new techno-
logical intervention tools holds promise, particularly for 
children and adolescents with cognitive deficits. Finally, 
future studies should prioritize testing the efficacy of 
working memory treatments using rating scales tailored 
to the specific sample population.
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Annex 1. Information extraction table

Nº
1
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4

5

6

7

8

9
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11

12

13

14
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21

22

23

24

25

26
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28

29

30

31

32

33

34

35
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37

38

39

40

41

42

43

44
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46

47
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49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Title
Hospital-Based Modified Cogmed
Working Memory Training for
Youth With ADHD

Transcranial random noise stimulation 
is more effective than transcranial direct 
current stimulation for enhancing 
working memory in healthy individuals: 
Behavioral and electrophysiological 
evidence
Working memory training improves 
children’s syntactic ability but not vice 
versa: A randomized control trial
Effects of transcranial direct current 
stimulation and transcranial random
noise stimulation on working memory 
and task-related EEG in major 
depressive disorder

Making the rich richer: Frontoparietal 
tDCS enhances transfer effects of a
single-session distractor inhibition 
training on working memory in high
capacity individuals but reduces them in 
low-capacity individuals.

Transcranial direct current stimulation 
versus intermittent theta-burst 
stimulation for the improvement of 
working memory performance

Enhanced frontoparietal connectivity in 
multiple sclerosis patients and healthy 
controls in response to an intensive 
computerized training focused on 
working memory
Possible evidence of near transfer 
effects after adaptive working memory
training in persons with multiple 
sclerosis
Emotional working memory training 
reduces rumination and alters the EEG 
microstate in anxious individuals

Training and transfer effects of working 
memory training in male abstinent
long-term heroin users

Training and transfer effects of working 
memory updating training in male
abstinent long-term methamphetamine 
users

Working memory training restores 
aberrant brain activity in adult 
attention-deficit hyperactivity disorder
Effects of 1 mA and 2 mA transcranial 
direct current stimulation on working 
memory performance in healthy 
participants
The effects of offline and online 
prefrontal vs parietal transcranial direct
current stimulation (tDCS) on verbal 
and spatial working memory

Effect of combined yoga and 
transcranial direct current stimulation 
intervention on working memory and 
mindfulness

The effects of emotional working 
memory training on internet use, 
impulsivity, risky decision-making, and 
cognitive emotion regulation strategies 
in young adults with problematic use of 
the internet: A preliminary randomized 
controlled trial study into possible
mechanisms
Does Vibrotactile Stimulation of the 
Auricular Vagus Nerve Enhance 
Working Memory? A Behavioral and 
Physiological Investigation

Training on Abacus-Based Mental 
Calculation Enhances Visuospatial 
Working Memory in Children
Effectiveness of an Emotional Working 
Memory Training in Borderline 
Personality Disorder: A 
Proof-of-Principle Study

Working Memory Training in Alcohol 
Use Disorder: A Randomized 
Controlled Trial

Does cognitive training improve 
attention/working memory in persons
with MS? A pilot study using the 
Cogmed Working Memory Training 
program

Utilizing Cognitive Training to Improve 
Working Memory, Attention, and 
Impulsivity in School-Aged Children 
with ADHD and SLD
A Short and Engaging Adaptive 
Working-Memory Intervention for 
Children with Developmental Language 
Disorder: Effects on Language and 
Working Memory
Effects of Repetitive Transcranial 
Magnetic Stimulation at the Cerebellum 
on Working Memory
Improving working memory and pain 
inhibition in older persons using 
transcranial direct current stimulation
Working memory training improves 
emotion regulation in drug abstainers:
Evidence from frontal alpha asymmetry

Cognitive training, but not
EEG-neurofeedback, improves working
memory in healthy volunteers

Effects of Transcranial Direct Current 
Stimulation Paired with Cognitive 
Training on Functional Connectivity of 
the Working Memory Network in Older 
Adults
Enhancing Working Memory Based on 
Mismatch Negativity Neurofeedback in 
Subjective Cognitive Decline Patients: 
A Preliminary Study

Computerized Working Memory 
Training in Remission from Major 
Depressive Disorder: Effects on 
Emotional Working Memory, 
Processing Speed, Executive 
Functions, and Associations with 
Symptoms
Adaptive Working Memory Training 
Can Improve Executive Functioning 
and Visuo-Spatial Skills in Children with 
Pre-term Spastic Diplegia

The Effects of Transcranial Direct 
Current Stimulation (tDCS) on Working 
Memory Training in Healthy Young 
Adults
Nikolin

Assessing the Effect of Simultaneous 
Combining of Transcranial Direct 
Current Stimulation and 
Transcutaneous Auricular Vagus Nerve 
Stimulation on the Improvement of 
Working Memory Performance in 
Healthy Individuals
iorda

Working memory updating training 
reduces state repetitive negative
thinking: Proof-of-concept for a novel 
cognitive control training

Chan

Effects of Home-Based Working 
Memory Training on Visuo-Spatial 
Working Memory in Parkinson’s
Disease: A Randomized Controlled 
Trial
Far-Transfer Effects of Strategy-Based 
Working Memory Training

The Effects of Emotional Working 
Memory Training on Trait Anxiety

Working memory training improves 
episodic memory in older people: 
transfer based on controlled retrieval 
processes

Cognitive Training for Visuospatial 
Processing in Children Aged 5½ to 6 
Years Born Very Preterm with Working 
Memory Dysfunction

Immediate and Sustained Effects of 
Neurofeedback and Working Memory 
Training on Cognitive Functions in 
Children and Adolescents with ADHD: 
A Multi-Arm Pragmatic Randomized 
Controlled Trial
Working memory training and brain 
structure and function in extremely 
preterm or extremely low birth weight 
children

Cortical and subcortical responsiveness 
to intensive adaptive working memory 
training: An MRI surface-based analysis
Working memory training in children 
with borderline intellectual functioning 
and neuropsychiatric disorders: a 
triple-blind randomised controlled trial

Effects of Multisession Prefrontal 
Transcranial Direct Current Stimulation 
on Long-term Memory and Working 
Memory in Older Adults
Efficacy of multi-domain cognitive 
function training on cognitive function, 
working memory, attention, and 
coordination in older adults with mild
cognitive impairment and mild 
dementia: A one-year prospective 
randomized controlled trial
No evidence for an effect of a working 
memory training program on white
matter microstructure

Working memory training in adults with 
trichotillomania: A 5-week, single-blind, 
randomized controlled study
Enhancement of Visuospatial Working 
Memory by Transcranial Direct Current 
Stimulation on Prefrontal and Parietal 
Cortices
Brain activity pattern changes after 
adaptive working memory training in 
multiple sclerosis
A randomized EPIREMED protocol 
study on the long-term visuo-spatial 
effects of very preterm children with a 
working memory deficit
The effect of transcranial direct current 
stimulation combined with working 
memory training on working memory 
deficits in schizophrenic patients: study 
protocol for a randomized controlled 
trial

Using hypnotic suggestion in the 
rehabilitation of working memory 
capacity after acquired brain injury: 
study protocol for a randomized 
controlled trial

BRAINSTORMING: A study protocol for 
a randomized double-blind clinical trial 
to assess the impact of concurrent brain 
stimulation (tDCS) and working memory 
training on cognitive performance in 
Acquired Brain Injury (ABI)
The effect of working memory training 
on test anxiety symptoms and 
attentional control in adolescents

Instability Resistance Training improves 
Working Memory, Processing Speed 
and Response Inhibition in Healthy 
Older Adults: A Double-Blinded 
Randomized Controlled Trial

Functional high intensity exercise is 
more effective in acutely increasing 
working memory than aerobic walking:
an exploratory randomized, controlled 
trial
Impact of tDCS on working memory 
training is enhanced by strategy 
instructions in individuals with low 
working memory capacity

Working memory updating training 
modulates a cascade of event-related 
potentials depending on task load

WebBased Cognitive Training to 
Improve Working Memory in Persons 
with  CoOccurring  HIV Infection and 
Cocaine Use Disorder: Outcomes from 
a Randomized Controlled Trial

Modality effects in verbal working 
memory updating: Transcranial direct 
current stimulation over human inferior 
frontal gyrus and posterior parietal 
cortex
Effects of working memory intervention 
on students with reading 
comprehension difficulties

Dissociable effects of attention vs 
working memory training on cognitive 
performance and everyday functioning 
following front-parietal strokes

Country
Canada

Australia

Cuba

Australia

Germany

Brazil

Spain

Spain

China

China

China

Finland

Germany

Serbia

Canada

Iran

USA

China

Germany

Sweden

Canada

USA

England

China

Canada

China

Germany

USA

China

USA

Italy

China

Switzerland

China

Australia

England

USA

Germany

Canada

Philippines

Spain

France

Sweden

Australia

Germany

The 
Netherlands

USA

Taiwan

Canada

South Africa

Iran

Italy

France

China

Norway

England

China

Germany

Germany

England

Finland

USA

China

Brazil

England

Authors
(Year)
Sandberg et al.
(2022)47

Murphy et al. 
(2020)48

Roque-Gutierrez 
et al. (2023)49

Murphy et al.
(2023)50

Schmicker et al.
(2021)51

Razza et al.
(2023)52

Aguirre et al.
(2021)53

Esbrí et al.
(2022)54

Pan et al.  
(2020)55

Zhao et al.
(2020)56

Zhao et al.
(2021)57

Salmi et al.
(2020)58

Papazova et al. 
(2020)59

Zivanovic et al.
(2021)60

Danilewitz et al.
(2021)61

Emadi Chashmi 
et al. (2023)62

Tan et al.  
(2024)63

Wang et al.
(2019)64

Krause-Utz et al.
(2019)65

Khemiri et al.
(2019)66

Blair et al.
(2021)67

Wiest et al.
(2022)68

Henry et al.
(2022)69

Yao et al. 
(2023)70

Deldar et al.
(2019)71

Deng et al.
(2020)72

Barbazzeni et al.
(2023)73

Nissim et al. 
(2019)74

Pei et al. 
(2020)75

Ronold et al.
(2022)76

Di Lieto et al.
(2021)77

Ke et al. 
(2019)78

Dziemian et al.
(2021)79

Zhao et al.
(2022)80

Nikolin et al.
(2019)81

Roberts et al.
(2021)82

Iordan et al.
(2020)83

Giehl et al.
(2020)84

Chan et al.
(2019)85

Veloso et al.
(2021)86

Zamarreño et al.
(2024)87

Gire et al.
(2023)88

Hasslinger et al.
(2022)89

Kelly et al.
(2019)90

Wu et al. 
(2021)91

Roording-Ragetlie 
et al. (2022)92

Au et al.
(2022)93

Sung et al. 
(2023)94

Lawlor-Savage 
et al. (2021)95

Lochner et al.
(2021)96

Moghadas et al.
(2023)97

Bonzano et al.
(2020)98

Gire et al.
(2021)99

Zhu et al.
(2022)100

Eide et al. 
(2024)101

Assecondi et al.
(2020)102

Xu et al. 
(2024)103

Eckardt et al.
(2020)104

Jan Wilke
(2020)105

Assecondi et al.
(2021)106

Salmi et al.
(2019)107

Towe et al. 
(2020)108

Zhu et al. 
(2020)109

Bernardi Novaes 
et al. (2019)110

Peers et al.
(2020)111

Type of sample
(Nº)
Participants with 
ADHD
( 40 ) 

Healthy
(49)

Healthy
(104)

Participants with 
major depression
(49)

Healthy
(86)

Healthy
(24)

Participants with 
multiple sclerosis 
and healthy
(58)

Participants with 
multiple sclerosis
(35)

Anxious 
Participants
(70)

Heroin using 
participants
(50)

Methamphetamin
e-using 
participants
(32)

Participants with 
ADHD
(62)
Healthy
(46)

Healthy
(63)

Healthy
(22)

Participants with 
problematic 
Internet use
(36)

Healthy
(20)

Healthy
(144)

Participants with 
borderline 
personality 
disorder
(68)
Participants with 
alcohol use 
disorder
(50)
Participants with 
multiple sclerosis
(30)

Participants with 
ADHD
(43)

Participants with 
language 
difficulties
(51)

Healthy
(36)

Healthy
(15)

Participants 
abstaining from 
drugs
(40)
Healthy
(60)

Healthy
(28)

Participants with 
subjective 
cognitive 
impairment
(17)
Participants with 
major depression
(20)

Participants with 
premature 
spastic diplegia
(19)

Healthy
(30)

Healthy
(52)

Healthy
(132)

Healthy
(78)

Participants with 
repetitive 
negative thoughts
(124)

Healthy
(42)

Participants with 
Parkinson's 
disease
(37)

Healthy
(65)

Anxious 
Participants
(49)
Healthy
(55)

Participants who 
were born 
prematurely
(169)

Participants with 
ADHD
(202)

Premature or 
very low birth 
weight 
participants
(91)
Healthy
(59)

Participants with 
borderline 
intellectual 
functioning
(72)
Healthy
(55)

Participants with 
Mild Cognitive 
Impairment and 
Mild Dementia
(72)

Healthy
(25)

Participants with 
trichotillomania
(36)
Healthy
(54)

Participants with 
multiple sclerosis
(18)
Participants with 
poor working 
memory
(166)
Participants with 
schizophrenia
(120)

Participants who 
suffered a brain 
injury
(90)

Participants with 
acquired brain 
damage
(40)

Anxious 
Participants
(40)

Healthy
(68)

Healthy
(35)

Participants with 
poor working 
memory
(84)

Healthy
(48)

Participants with 
HIV and cocaine 
use disorder
(58)

Healthy
(51)

Participants with 
reading 
comprehension 
difficulties
(43)

Participants who 
suffered a 
cerebrovascular 
accident
(23)

Stage
(M age)
Young people 
(8-16 years old)
M = 11.59

Adults (18-65 
years old)
M = 30.43

Children (6- 7 
years old)
M= 7.2
Adults (18-65 
years old)
M= 28.58

Young people 
(18-30 years 
old)
M= 23.36

Adults (18-45 
years old)
M= 28.7

Adults (20-50 
years old)
M= 35.80

Adults (20-45 
years old)
M= 43.5

Young people 
(18-22 years 
old)
M= 21.12

Adults (30-47 
years old)
M= 45.1

Adults (30- 45 
years old)
M= 39.4

Adults (18-30 
years old)
M= 28.6
Adults (18-35 
years old)
M= 31.59

Adults (20-35 
years old)
M= 26.76

Young people 
(18-35 years 
old)
M= 29.05

Young adults 
(18-40 years 
old)
M= 20.27

Young adults 
(18-45 years 
old)
M= 30

Children (6-12 
years old)
M= 11.93
Adults (18-55 
years old)
M= 45

Adults (18-60 
years old)
M= 49.6

Adults (18-64 
years old)
M= 51.07

Adolescents 
(6-17 years old)
M= 11.7

Children (6-10 
years old)
M= 8

Young adults 
(18-30 years old)
M= 25
Adults (55-71 
years old)
M= 64
Young people 
(20-40 years old)
M= 36.30

Young people 
(18-30 years old)
M= 24.26

Older adults 
(65-89 years old)
M= 74

Older adults 
(60-80 years 
old)
M= 64.35

Adults (20-60 
years old)
M= 36.207

Children (6-13 
years old)
M= 7.3

Young adults 
(20-25 years old)
M= 22

Young people 
(19-36 years 
old) Adults 
(65-77 years 
old)
M= 46.04

Young people 
(18-26 years 
old)
M= 20.89

Young adults 
(18-40 years 
old)
M= 22.2

Adolescents 
(10-24 years 
old)
M= 19.37

Older adults 
(63-75 years 
old) Young 
adults (18-28 
years old)
M= 44.58
Adults (45-85 
years old)
M=64.36

Children (6-9 
years old)
M= 7.5

Young adults 
(18-40 years old)
M= 26.94
Older adults 
(60-85 years 
old)
M= 71.85

Children (5-6 
years old)
M= 5.11

Children and 
Adolescents 
(9-17 years old)
M= 12.6

Children (5-9 
years old)
M= 7.8

Adults (50-65 
years old)
M= 55.79
Children (10-13 
years old)
M= 11.7

Older adults 
(65-85 years 
old)
M= 71.32
Older adults 
(65-85 years 
old)
M= 82.3

Adults (18-40 
years old)
M= 30.6

Adults (18-55 
years old)
M= 38.56
Young adults 
(18-30 years 
old)
M= 24.3
Adults (30-50 
years old)
M= 45.3
Children (5-6 
years old)
M= 5.5

Adults (18-60 
years old)
M= 40

Adults (18-67 
years old)
M= 50

Adults (18-69 
years old)
M= 50

Adolescents 
(11-17 years 
old)
M= 14.05

Older adults 
(65-79 years 
old)
M= 71.3

Young adults 
(18-30 years 
old)
M= 26.7

Young adults 
(18-39 years 
old)
M= 20.6

Young adults 
(18-30 years 
old)
M=22

Adults (18-64 
years old)
M= 48.97

Adolescents 
(17-22 years 
old)
M= 18.9

Children (8-10 
years old)
M= 9

Adults (28-74 
years old)
M= 59

Training used
Cogmed RM and 
modified Cogmed

Transcranial 
direct current and 
transcranial 
random noise 
stimulation
(tDCS/ tRNS)
n-back

Transcranial 
direct current 
stimulation 
(tDCS) and 
transcranial 
random noise 
with DC-offset 
(tRNS + DC-offset)
Transcranial 
direct current 
stimulation (tDCS), 
a one-session 
distractor 
inhibition training 
(DIIN).
Transcranial 
direct current 
stimulation 
(tDCS) and 
repetitive theta 
burst transcranial 
magnetic 
stimulation (TBS).
n-back

1 n-back, 2 
n-back, 3 n-back

dual n-back, 
operation span 
task, running 
memory task, 
numerical Stroop 
task, numerical 
shifting task
Visuo-spatial 
n-back

Visual n-back

dual n-back, 
single n-back

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Transcranial 
Direct Current 
Stimulation 
(tDCS)

Transcranial 
Direct Current 
Stimulation 
(tDCS) and 
mindfulness
eWMT (dual 
n-back task)

The vibrotactile 
taVNS system

Abacus-based 
mental calculation 
(AMC)
eWMT (dual 
n-back task)

Cogmed RM

Cogmed Working 
Memory Training 
(CWMT)

Captain's Log 
program

Listening Recall 
Training Task, 
The Odd One Out 
Span task

Transcranial 
magnetic 
stimulation (TMS)
Transcranial 
direct current 
stimulation (tDCS)
Running memory 
tasks (RMTs)

Online feedback, 
Delayed 
match-to-sample 
task (DMST)
Transcranial 
Direct Current 
Stimulation 
(tDCS), POSI 
Science BrainHQ
Neurofeedback, 
n- back tasks

Cogmed RM

Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Storage and 
processing: 
numerical 
complex span, 
Relational 
integration: tower 
of fame, 
Supervision: 
figural task 
switching
Transcranial 
Direct Current 
Stimulation 
(tDCS) and the 
vibrotactile taVNS 
system

High-Definition 
Transcranial 
Direct Current
Stimulation 
(HD-tDCS)
Tarea de Ecker: 
negative stimuli, 
Cognitive (near) 
transfer: Modified 
Sternberg task
The fMRI
task, verbal WM 
task

NeuroNation

Semantic-categor
ization training 
tasks, Semantic 
control tasks, 
Phonological- 
rehearsal

Emotional Dual 
n-Back

Counting span, 
digit span, 
operation span, 
and lexical span, 
matrix span, 
alignment span, 
and rotation span
Cogmed

MinneslekFlex

Cogmed

Millisecond 
Software: n-back 
task
Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Game-based 
intelligence test 
by LTPA solution 
Co., LTD

Lumosity: 
Memory Match, 
Memory Match 
Overload, and 
Memory Lane

Cogmed

Transcranial 
Direct Current 
Stimulation 
(tDCS)
COGNI-TRAcK

Cogmed JM

Transcranial 
direct current 
stimulation 
(tDCS) and 
memorize a 
series of 
continuous items.

Hypnotic 
inductions

Transcranial 
direct current 
stimulation 
(tDCS) and 
n-back tasks

Dual n-back task

Instability 
resistance training 
or resistance 
training on 
unstable surfaces 
(concurrent 
balance and 
resistance 
training)
High-intensity 
functional training 
(HIFT)

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Dual n-back task

Lumosity

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Games and ludic 
activities-based 
strategies for the 
development of 
five abilities: 
Categorization; 
Sequencing of 
simple and 
complex orders; 
Creation of visual 
images; 
Memorization of 
words and 
numerals; and 
Memorization of 
non-words

Cogmed

Type of 
treatment
Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Transcranial 
and 
computerized 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Transcranial 
Stimulation 
and Yoga

Computerized

Electrical 
stimulation

Cognitive 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized 
and 
transcranial

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Electrical and 
cognitive 
stimulation

Cognitive 
stimulation

Electrical 
stimulation

Computerized

Physical 
training

Physical 
training

Electrical 
stimulation

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Test 
implemented
WASI-II, WIAT-III, 
AWMA, TOVA, 
BRIEF-2, 
CBCL/TRF, BYI-II

WAIS-IV

n-back test

WAIS-IV, 
PASAT 
arithmetic task, 
Sternberg task 
WM

Change-
detection task

2 n-back tasks

WAIS-III, BRIEF

Paced Auditory 
Serial Addition 
Test (PASAT), 
WAIS-III
n-back test

Running memory 
tasks (RMTs)

Running memory 
tasks (RMTs)

BRIEF, running 
memory-spatial/ 
verbal, digit span
3-back tasks

Verbal and 
spatial 3-back 
tasks

n-back letter task

BART, BIS-11, 
CERQ-short

n-back tasks

Visuospatial 
n-back

n-back test

Digit Span Task, 
SWM Task,

PASAT, SDMT, 
WMS-II SS, 
Stroop (DKEFS 
Color-Word 
Interference 
Test), WAIS-III, 
Digit span, BRIEF
WISC-V, 
WRAML-2, 
IVA-2

WASI-II, 
WMTB-C: Digit 
Recall, Word List 
Recall, Block 
Recall
Go-no go, 
n-back

n-back tasks

Emotion 
questionnaire 
(ERQ)

Mnemonic 
Similarity Test 
(MST)

N-back test

Auditory Verbal 
Learning Test 
(RAVLT)

Emotional WM 
Paradigm 
(e-WM), Color 
Word 
Interference Test 
(EF)

NEPSY-II

Verbal and 
shape n-back 
tasks

Software Tatool

Spatial 3-back 
WM task and 
Digit 3-back WM 
task

The three-back 
task

The Backward 
Digit Span (BDS) 
of the WAIS-IV

3 T General 
Electric MR750
scanner

The “What was 
where”-task

Forward and 
backward 
digit-span tasks, 
Visual short-term 
memory (VSTM) 
task, Problem- 
solving task
The Automated 
Operation Span 
Task (OSPAN)
Spatial span 
backward test, 
digit span 
backward test 
and reading 
span test

WPPSI-IV, 
Communiquer, 
Lire et Ecrire 
Pour 
Apprendre32 
battery
WISC-IV, 
WAIS-IV

n- back task

The Digit Span 
Test

Automated 
Working Memory 
Assessment 
(AWMA)

n-back tasks, 
LTM training task

Forward digit 
span 
(DS-forward), 
backward digit 
span 
(DS-backward)

WAIS-IV: 
Vocabulary, 
Similarities, 
Block Design, 
Matrix 
Reasoning, Digit
Span, Arithmetic, 
Symbol Search, 
and Coding
WAIS-III: Digit 
Span subtest

Computerized 
Corsi block 
tapping task 
(CBT)
n-back tasks

WPPSI-IV

Repeatable 
Battery for the 
Assessment of 
Neuropsychologi
cal Status 
(RBANS), 
MATRICS 
Consensus 
Cognitive Battery 
(MCCB), 
Wechsler Adult 
Intelligence Test 
Brief Version 
(WAIS-R)
WM index
from WAIS-IV, 
Behavior Rating 
Inventory of 
Executive 
Function–Adult
version 
(BRIEF-A)
WAIS-IV, 
WMS-IV

The Go/No go 
task, n-back task

Digit Memory 
Test, Digit 
Symbol 
Substitution Test

The Digit Span 
test, Trail Making 
test (TMT), The 
Stroop test

n-back tasks: 
Adaptive spatial 
n-back task, 
fixedload- visual 
n-back task
WAIS, BDI-II

Wechsler Test of 
Adult Reading 
(WTAR), 
WAIS-IV: Digit 
Span, HVLT-R, 
BVMT-R
Auditory and 
visual letter 
3-back tasks

Subtest 5 of 
Auditory 
Sequential 
Memory of the 
Illinois Test of 
Psycholinguistic 
Abilities - ITPA, 
Meaningless 
Words 
Repetition Test - 
RPSS, Auditory 
and Reading 
Comprehension 
Contrastive 
Test- reading 
comprehension 
sub-item 
(TCCAL - Let)
AWMA Dot 
Matrix Test, 
AWMA Spatial 
Span Test

Intervention 
time
3sessions/
week
10 weeks

1 session

16 sessions, 
7 weeks

1 session, 
5-20-25 
minutes

1 session

4 
sessions/20 
minutes, one 
per week

60 min/day; 
4 days

10 
sessions/60 
min; 10 days

21 days

20 sessions/ 
20-21 days

20 sessions/ 
20-21 days

3 sessions/ 
25 min; 5 
weeks
2 sessions/ 
72h apart

3 sessions

20min-40min
/2 días

20 sessions/ 
30-45 min

3 sessions

2h/5 school 
years

20 min-30 
min/28 days

5 sessions/ 
week
5 weeks

25 sessions/ 
30-45 min

20 sessions/ 
60 min, 4-8 
weeks

6 weeks

2 sessions/ 
one day

3h

20 days/ 
20-30 min

5 days

40 min/per 
day, 2 weeks

5 sessions/
2 weeks

30-40 
min/session, 
25 sessions, 
5 weeks

25 sessions/ 
20 min,
5 weeks

25 min/ 7 
sessions

20 sessions, 
25-30 min/ 
session

3 sessions/ 
90 min

20 min

20 sessions/ 
28 days

10 days

30 min/per 
session,
5 days, 5 
weeks

1 session, 
1.5h

20 days

10 sessions/ 
50 min,
5 weeks

25 sessions, 
8 weeks

5 sessions/ 
week 
5 weeks

45 min/
5 days,
5-7 weeks

8 weeks

35-45 min/
5 days,
5 weeks

5 sessions/ 
1h

24 
sessions/30 
min, 8 weeks

6 weeks

25 sessions, 
5 weeks

5 days

30 min/
5 days,
8 weeks
2 sessions, 
5-8 weeks

20 min/day 
(tDCS),
40 min/day 
(WMT);
2 weeks

1h/day, 4 
days/week, 5 
weeks

20 min/day, 
2 weeks

10 days

10 weeks

15 min/30 
exercise 
cycles

2 days

3 sessions/ 
week, 
20-25min/ 
session
5 weeks
48 sessions, 
10 weeks

20min-50 
min/ session

15 sessions/ 
1h each,
8 weeks

20 sessions, 
4-5 weeks

Results
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
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Nº
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Title
Hospital-Based Modified Cogmed
Working Memory Training for
Youth With ADHD

Transcranial random noise stimulation 
is more effective than transcranial direct 
current stimulation for enhancing 
working memory in healthy individuals: 
Behavioral and electrophysiological 
evidence
Working memory training improves 
children’s syntactic ability but not vice 
versa: A randomized control trial
Effects of transcranial direct current 
stimulation and transcranial random
noise stimulation on working memory 
and task-related EEG in major 
depressive disorder

Making the rich richer: Frontoparietal 
tDCS enhances transfer effects of a
single-session distractor inhibition 
training on working memory in high
capacity individuals but reduces them in 
low-capacity individuals.

Transcranial direct current stimulation 
versus intermittent theta-burst 
stimulation for the improvement of 
working memory performance

Enhanced frontoparietal connectivity in 
multiple sclerosis patients and healthy 
controls in response to an intensive 
computerized training focused on 
working memory
Possible evidence of near transfer 
effects after adaptive working memory
training in persons with multiple 
sclerosis
Emotional working memory training 
reduces rumination and alters the EEG 
microstate in anxious individuals

Training and transfer effects of working 
memory training in male abstinent
long-term heroin users

Training and transfer effects of working 
memory updating training in male
abstinent long-term methamphetamine 
users

Working memory training restores 
aberrant brain activity in adult 
attention-deficit hyperactivity disorder
Effects of 1 mA and 2 mA transcranial 
direct current stimulation on working 
memory performance in healthy 
participants
The effects of offline and online 
prefrontal vs parietal transcranial direct
current stimulation (tDCS) on verbal 
and spatial working memory

Effect of combined yoga and 
transcranial direct current stimulation 
intervention on working memory and 
mindfulness

The effects of emotional working 
memory training on internet use, 
impulsivity, risky decision-making, and 
cognitive emotion regulation strategies 
in young adults with problematic use of 
the internet: A preliminary randomized 
controlled trial study into possible
mechanisms
Does Vibrotactile Stimulation of the 
Auricular Vagus Nerve Enhance 
Working Memory? A Behavioral and 
Physiological Investigation

Training on Abacus-Based Mental 
Calculation Enhances Visuospatial 
Working Memory in Children
Effectiveness of an Emotional Working 
Memory Training in Borderline 
Personality Disorder: A 
Proof-of-Principle Study

Working Memory Training in Alcohol 
Use Disorder: A Randomized 
Controlled Trial

Does cognitive training improve 
attention/working memory in persons
with MS? A pilot study using the 
Cogmed Working Memory Training 
program

Utilizing Cognitive Training to Improve 
Working Memory, Attention, and 
Impulsivity in School-Aged Children 
with ADHD and SLD
A Short and Engaging Adaptive 
Working-Memory Intervention for 
Children with Developmental Language 
Disorder: Effects on Language and 
Working Memory
Effects of Repetitive Transcranial 
Magnetic Stimulation at the Cerebellum 
on Working Memory
Improving working memory and pain 
inhibition in older persons using 
transcranial direct current stimulation
Working memory training improves 
emotion regulation in drug abstainers:
Evidence from frontal alpha asymmetry

Cognitive training, but not
EEG-neurofeedback, improves working
memory in healthy volunteers

Effects of Transcranial Direct Current 
Stimulation Paired with Cognitive 
Training on Functional Connectivity of 
the Working Memory Network in Older 
Adults
Enhancing Working Memory Based on 
Mismatch Negativity Neurofeedback in 
Subjective Cognitive Decline Patients: 
A Preliminary Study

Computerized Working Memory 
Training in Remission from Major 
Depressive Disorder: Effects on 
Emotional Working Memory, 
Processing Speed, Executive 
Functions, and Associations with 
Symptoms
Adaptive Working Memory Training 
Can Improve Executive Functioning 
and Visuo-Spatial Skills in Children with 
Pre-term Spastic Diplegia

The Effects of Transcranial Direct 
Current Stimulation (tDCS) on Working 
Memory Training in Healthy Young 
Adults
Nikolin

Assessing the Effect of Simultaneous 
Combining of Transcranial Direct 
Current Stimulation and 
Transcutaneous Auricular Vagus Nerve 
Stimulation on the Improvement of 
Working Memory Performance in 
Healthy Individuals
iorda

Working memory updating training 
reduces state repetitive negative
thinking: Proof-of-concept for a novel 
cognitive control training

Chan

Effects of Home-Based Working 
Memory Training on Visuo-Spatial 
Working Memory in Parkinson’s
Disease: A Randomized Controlled 
Trial
Far-Transfer Effects of Strategy-Based 
Working Memory Training

The Effects of Emotional Working 
Memory Training on Trait Anxiety

Working memory training improves 
episodic memory in older people: 
transfer based on controlled retrieval 
processes

Cognitive Training for Visuospatial 
Processing in Children Aged 5½ to 6 
Years Born Very Preterm with Working 
Memory Dysfunction

Immediate and Sustained Effects of 
Neurofeedback and Working Memory 
Training on Cognitive Functions in 
Children and Adolescents with ADHD: 
A Multi-Arm Pragmatic Randomized 
Controlled Trial
Working memory training and brain 
structure and function in extremely 
preterm or extremely low birth weight 
children

Cortical and subcortical responsiveness 
to intensive adaptive working memory 
training: An MRI surface-based analysis
Working memory training in children 
with borderline intellectual functioning 
and neuropsychiatric disorders: a 
triple-blind randomised controlled trial

Effects of Multisession Prefrontal 
Transcranial Direct Current Stimulation 
on Long-term Memory and Working 
Memory in Older Adults
Efficacy of multi-domain cognitive 
function training on cognitive function, 
working memory, attention, and 
coordination in older adults with mild
cognitive impairment and mild 
dementia: A one-year prospective 
randomized controlled trial
No evidence for an effect of a working 
memory training program on white
matter microstructure

Working memory training in adults with 
trichotillomania: A 5-week, single-blind, 
randomized controlled study
Enhancement of Visuospatial Working 
Memory by Transcranial Direct Current 
Stimulation on Prefrontal and Parietal 
Cortices
Brain activity pattern changes after 
adaptive working memory training in 
multiple sclerosis
A randomized EPIREMED protocol 
study on the long-term visuo-spatial 
effects of very preterm children with a 
working memory deficit
The effect of transcranial direct current 
stimulation combined with working 
memory training on working memory 
deficits in schizophrenic patients: study 
protocol for a randomized controlled 
trial

Using hypnotic suggestion in the 
rehabilitation of working memory 
capacity after acquired brain injury: 
study protocol for a randomized 
controlled trial

BRAINSTORMING: A study protocol for 
a randomized double-blind clinical trial 
to assess the impact of concurrent brain 
stimulation (tDCS) and working memory 
training on cognitive performance in 
Acquired Brain Injury (ABI)
The effect of working memory training 
on test anxiety symptoms and 
attentional control in adolescents

Instability Resistance Training improves 
Working Memory, Processing Speed 
and Response Inhibition in Healthy 
Older Adults: A Double-Blinded 
Randomized Controlled Trial

Functional high intensity exercise is 
more effective in acutely increasing 
working memory than aerobic walking:
an exploratory randomized, controlled 
trial
Impact of tDCS on working memory 
training is enhanced by strategy 
instructions in individuals with low 
working memory capacity

Working memory updating training 
modulates a cascade of event-related 
potentials depending on task load

WebBased Cognitive Training to 
Improve Working Memory in Persons 
with  CoOccurring  HIV Infection and 
Cocaine Use Disorder: Outcomes from 
a Randomized Controlled Trial

Modality effects in verbal working 
memory updating: Transcranial direct 
current stimulation over human inferior 
frontal gyrus and posterior parietal 
cortex
Effects of working memory intervention 
on students with reading 
comprehension difficulties

Dissociable effects of attention vs 
working memory training on cognitive 
performance and everyday functioning 
following front-parietal strokes

Country
Canada

Australia

Cuba

Australia

Germany

Brazil

Spain

Spain

China

China

China

Finland

Germany

Serbia

Canada

Iran

USA

China

Germany

Sweden

Canada

USA

England

China

Canada

China

Germany

USA

China

USA

Italy

China

Switzerland

China

Australia

England

USA

Germany

Canada

Philippines

Spain

France

Sweden

Australia

Germany

The 
Netherlands

USA

Taiwan

Canada

South Africa

Iran

Italy

France

China

Norway

England

China

Germany

Germany

England

Finland

USA

China

Brazil

England

Authors
(Year)
Sandberg et al.
(2022)47

Murphy et al. 
(2020)48

Roque-Gutierrez 
et al. (2023)49

Murphy et al.
(2023)50

Schmicker et al.
(2021)51

Razza et al.
(2023)52

Aguirre et al.
(2021)53

Esbrí et al.
(2022)54

Pan et al.  
(2020)55

Zhao et al.
(2020)56

Zhao et al.
(2021)57

Salmi et al.
(2020)58

Papazova et al. 
(2020)59

Zivanovic et al.
(2021)60

Danilewitz et al.
(2021)61

Emadi Chashmi 
et al. (2023)62

Tan et al.  
(2024)63

Wang et al.
(2019)64

Krause-Utz et al.
(2019)65

Khemiri et al.
(2019)66

Blair et al.
(2021)67

Wiest et al.
(2022)68

Henry et al.
(2022)69

Yao et al. 
(2023)70

Deldar et al.
(2019)71

Deng et al.
(2020)72

Barbazzeni et al.
(2023)73

Nissim et al. 
(2019)74

Pei et al. 
(2020)75

Ronold et al.
(2022)76

Di Lieto et al.
(2021)77

Ke et al. 
(2019)78

Dziemian et al.
(2021)79

Zhao et al.
(2022)80

Nikolin et al.
(2019)81

Roberts et al.
(2021)82

Iordan et al.
(2020)83

Giehl et al.
(2020)84

Chan et al.
(2019)85

Veloso et al.
(2021)86

Zamarreño et al.
(2024)87

Gire et al.
(2023)88

Hasslinger et al.
(2022)89

Kelly et al.
(2019)90

Wu et al. 
(2021)91

Roording-Ragetlie 
et al. (2022)92

Au et al.
(2022)93

Sung et al. 
(2023)94

Lawlor-Savage 
et al. (2021)95

Lochner et al.
(2021)96

Moghadas et al.
(2023)97

Bonzano et al.
(2020)98

Gire et al.
(2021)99

Zhu et al.
(2022)100

Eide et al. 
(2024)101

Assecondi et al.
(2020)102

Xu et al. 
(2024)103

Eckardt et al.
(2020)104

Jan Wilke
(2020)105

Assecondi et al.
(2021)106

Salmi et al.
(2019)107

Towe et al. 
(2020)108

Zhu et al. 
(2020)109

Bernardi Novaes 
et al. (2019)110

Peers et al.
(2020)111

Type of sample
(Nº)
Participants with 
ADHD
( 40 ) 

Healthy
(49)

Healthy
(104)

Participants with 
major depression
(49)

Healthy
(86)

Healthy
(24)

Participants with 
multiple sclerosis 
and healthy
(58)

Participants with 
multiple sclerosis
(35)

Anxious 
Participants
(70)

Heroin using 
participants
(50)

Methamphetamin
e-using 
participants
(32)

Participants with 
ADHD
(62)
Healthy
(46)

Healthy
(63)

Healthy
(22)

Participants with 
problematic 
Internet use
(36)

Healthy
(20)

Healthy
(144)

Participants with 
borderline 
personality 
disorder
(68)
Participants with 
alcohol use 
disorder
(50)
Participants with 
multiple sclerosis
(30)

Participants with 
ADHD
(43)

Participants with 
language 
difficulties
(51)

Healthy
(36)

Healthy
(15)

Participants 
abstaining from 
drugs
(40)
Healthy
(60)

Healthy
(28)

Participants with 
subjective 
cognitive 
impairment
(17)
Participants with 
major depression
(20)

Participants with 
premature 
spastic diplegia
(19)

Healthy
(30)

Healthy
(52)

Healthy
(132)

Healthy
(78)

Participants with 
repetitive 
negative thoughts
(124)

Healthy
(42)

Participants with 
Parkinson's 
disease
(37)

Healthy
(65)

Anxious 
Participants
(49)
Healthy
(55)

Participants who 
were born 
prematurely
(169)

Participants with 
ADHD
(202)

Premature or 
very low birth 
weight 
participants
(91)
Healthy
(59)

Participants with 
borderline 
intellectual 
functioning
(72)
Healthy
(55)

Participants with 
Mild Cognitive 
Impairment and 
Mild Dementia
(72)

Healthy
(25)

Participants with 
trichotillomania
(36)
Healthy
(54)

Participants with 
multiple sclerosis
(18)
Participants with 
poor working 
memory
(166)
Participants with 
schizophrenia
(120)

Participants who 
suffered a brain 
injury
(90)

Participants with 
acquired brain 
damage
(40)

Anxious 
Participants
(40)

Healthy
(68)

Healthy
(35)

Participants with 
poor working 
memory
(84)

Healthy
(48)

Participants with 
HIV and cocaine 
use disorder
(58)

Healthy
(51)

Participants with 
reading 
comprehension 
difficulties
(43)

Participants who 
suffered a 
cerebrovascular 
accident
(23)

Stage
(M age)
Young people 
(8-16 years old)
M = 11.59

Adults (18-65 
years old)
M = 30.43

Children (6- 7 
years old)
M= 7.2
Adults (18-65 
years old)
M= 28.58

Young people 
(18-30 years 
old)
M= 23.36

Adults (18-45 
years old)
M= 28.7

Adults (20-50 
years old)
M= 35.80

Adults (20-45 
years old)
M= 43.5

Young people 
(18-22 years 
old)
M= 21.12

Adults (30-47 
years old)
M= 45.1

Adults (30- 45 
years old)
M= 39.4

Adults (18-30 
years old)
M= 28.6
Adults (18-35 
years old)
M= 31.59

Adults (20-35 
years old)
M= 26.76

Young people 
(18-35 years 
old)
M= 29.05

Young adults 
(18-40 years 
old)
M= 20.27

Young adults 
(18-45 years 
old)
M= 30

Children (6-12 
years old)
M= 11.93
Adults (18-55 
years old)
M= 45

Adults (18-60 
years old)
M= 49.6

Adults (18-64 
years old)
M= 51.07

Adolescents 
(6-17 years old)
M= 11.7

Children (6-10 
years old)
M= 8

Young adults 
(18-30 years old)
M= 25
Adults (55-71 
years old)
M= 64
Young people 
(20-40 years old)
M= 36.30

Young people 
(18-30 years old)
M= 24.26

Older adults 
(65-89 years old)
M= 74

Older adults 
(60-80 years 
old)
M= 64.35

Adults (20-60 
years old)
M= 36.207

Children (6-13 
years old)
M= 7.3

Young adults 
(20-25 years old)
M= 22

Young people 
(19-36 years 
old) Adults 
(65-77 years 
old)
M= 46.04

Young people 
(18-26 years 
old)
M= 20.89

Young adults 
(18-40 years 
old)
M= 22.2

Adolescents 
(10-24 years 
old)
M= 19.37

Older adults 
(63-75 years 
old) Young 
adults (18-28 
years old)
M= 44.58
Adults (45-85 
years old)
M=64.36

Children (6-9 
years old)
M= 7.5

Young adults 
(18-40 years old)
M= 26.94
Older adults 
(60-85 years 
old)
M= 71.85

Children (5-6 
years old)
M= 5.11

Children and 
Adolescents 
(9-17 years old)
M= 12.6

Children (5-9 
years old)
M= 7.8

Adults (50-65 
years old)
M= 55.79
Children (10-13 
years old)
M= 11.7

Older adults 
(65-85 years 
old)
M= 71.32
Older adults 
(65-85 years 
old)
M= 82.3

Adults (18-40 
years old)
M= 30.6

Adults (18-55 
years old)
M= 38.56
Young adults 
(18-30 years 
old)
M= 24.3
Adults (30-50 
years old)
M= 45.3
Children (5-6 
years old)
M= 5.5

Adults (18-60 
years old)
M= 40

Adults (18-67 
years old)
M= 50

Adults (18-69 
years old)
M= 50

Adolescents 
(11-17 years 
old)
M= 14.05

Older adults 
(65-79 years 
old)
M= 71.3

Young adults 
(18-30 years 
old)
M= 26.7

Young adults 
(18-39 years 
old)
M= 20.6

Young adults 
(18-30 years 
old)
M=22

Adults (18-64 
years old)
M= 48.97

Adolescents 
(17-22 years 
old)
M= 18.9

Children (8-10 
years old)
M= 9

Adults (28-74 
years old)
M= 59

Training used
Cogmed RM and 
modified Cogmed

Transcranial 
direct current and 
transcranial 
random noise 
stimulation
(tDCS/ tRNS)
n-back

Transcranial 
direct current 
stimulation 
(tDCS) and 
transcranial 
random noise 
with DC-offset 
(tRNS + DC-offset)
Transcranial 
direct current 
stimulation (tDCS), 
a one-session 
distractor 
inhibition training 
(DIIN).
Transcranial 
direct current 
stimulation 
(tDCS) and 
repetitive theta 
burst transcranial 
magnetic 
stimulation (TBS).
n-back

1 n-back, 2 
n-back, 3 n-back

dual n-back, 
operation span 
task, running 
memory task, 
numerical Stroop 
task, numerical 
shifting task
Visuo-spatial 
n-back

Visual n-back

dual n-back, 
single n-back

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Transcranial 
Direct Current 
Stimulation 
(tDCS)

Transcranial 
Direct Current 
Stimulation 
(tDCS) and 
mindfulness
eWMT (dual 
n-back task)

The vibrotactile 
taVNS system

Abacus-based 
mental calculation 
(AMC)
eWMT (dual 
n-back task)

Cogmed RM

Cogmed Working 
Memory Training 
(CWMT)

Captain's Log 
program

Listening Recall 
Training Task, 
The Odd One Out 
Span task

Transcranial 
magnetic 
stimulation (TMS)
Transcranial 
direct current 
stimulation (tDCS)
Running memory 
tasks (RMTs)

Online feedback, 
Delayed 
match-to-sample 
task (DMST)
Transcranial 
Direct Current 
Stimulation 
(tDCS), POSI 
Science BrainHQ
Neurofeedback, 
n- back tasks

Cogmed RM

Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Storage and 
processing: 
numerical 
complex span, 
Relational 
integration: tower 
of fame, 
Supervision: 
figural task 
switching
Transcranial 
Direct Current 
Stimulation 
(tDCS) and the 
vibrotactile taVNS 
system

High-Definition 
Transcranial 
Direct Current
Stimulation 
(HD-tDCS)
Tarea de Ecker: 
negative stimuli, 
Cognitive (near) 
transfer: Modified 
Sternberg task
The fMRI
task, verbal WM 
task

NeuroNation

Semantic-categor
ization training 
tasks, Semantic 
control tasks, 
Phonological- 
rehearsal

Emotional Dual 
n-Back

Counting span, 
digit span, 
operation span, 
and lexical span, 
matrix span, 
alignment span, 
and rotation span
Cogmed

MinneslekFlex

Cogmed

Millisecond 
Software: n-back 
task
Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Game-based 
intelligence test 
by LTPA solution 
Co., LTD

Lumosity: 
Memory Match, 
Memory Match 
Overload, and 
Memory Lane

Cogmed

Transcranial 
Direct Current 
Stimulation 
(tDCS)
COGNI-TRAcK

Cogmed JM

Transcranial 
direct current 
stimulation 
(tDCS) and 
memorize a 
series of 
continuous items.

Hypnotic 
inductions

Transcranial 
direct current 
stimulation 
(tDCS) and 
n-back tasks

Dual n-back task

Instability 
resistance training 
or resistance 
training on 
unstable surfaces 
(concurrent 
balance and 
resistance 
training)
High-intensity 
functional training 
(HIFT)

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Dual n-back task

Lumosity

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Games and ludic 
activities-based 
strategies for the 
development of 
five abilities: 
Categorization; 
Sequencing of 
simple and 
complex orders; 
Creation of visual 
images; 
Memorization of 
words and 
numerals; and 
Memorization of 
non-words

Cogmed

Type of 
treatment
Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Transcranial 
and 
computerized 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Transcranial 
Stimulation 
and Yoga

Computerized

Electrical 
stimulation

Cognitive 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized 
and 
transcranial

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Electrical and 
cognitive 
stimulation

Cognitive 
stimulation

Electrical 
stimulation

Computerized

Physical 
training

Physical 
training

Electrical 
stimulation

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Test 
implemented
WASI-II, WIAT-III, 
AWMA, TOVA, 
BRIEF-2, 
CBCL/TRF, BYI-II

WAIS-IV

n-back test

WAIS-IV, 
PASAT 
arithmetic task, 
Sternberg task 
WM

Change-
detection task

2 n-back tasks

WAIS-III, BRIEF

Paced Auditory 
Serial Addition 
Test (PASAT), 
WAIS-III
n-back test

Running memory 
tasks (RMTs)

Running memory 
tasks (RMTs)

BRIEF, running 
memory-spatial/ 
verbal, digit span
3-back tasks

Verbal and 
spatial 3-back 
tasks

n-back letter task

BART, BIS-11, 
CERQ-short

n-back tasks

Visuospatial 
n-back

n-back test

Digit Span Task, 
SWM Task,

PASAT, SDMT, 
WMS-II SS, 
Stroop (DKEFS 
Color-Word 
Interference 
Test), WAIS-III, 
Digit span, BRIEF
WISC-V, 
WRAML-2, 
IVA-2

WASI-II, 
WMTB-C: Digit 
Recall, Word List 
Recall, Block 
Recall
Go-no go, 
n-back

n-back tasks

Emotion 
questionnaire 
(ERQ)

Mnemonic 
Similarity Test 
(MST)

N-back test

Auditory Verbal 
Learning Test 
(RAVLT)

Emotional WM 
Paradigm 
(e-WM), Color 
Word 
Interference Test 
(EF)

NEPSY-II

Verbal and 
shape n-back 
tasks

Software Tatool

Spatial 3-back 
WM task and 
Digit 3-back WM 
task

The three-back 
task

The Backward 
Digit Span (BDS) 
of the WAIS-IV

3 T General 
Electric MR750
scanner

The “What was 
where”-task

Forward and 
backward 
digit-span tasks, 
Visual short-term 
memory (VSTM) 
task, Problem- 
solving task
The Automated 
Operation Span 
Task (OSPAN)
Spatial span 
backward test, 
digit span 
backward test 
and reading 
span test

WPPSI-IV, 
Communiquer, 
Lire et Ecrire 
Pour 
Apprendre32 
battery
WISC-IV, 
WAIS-IV

n- back task

The Digit Span 
Test

Automated 
Working Memory 
Assessment 
(AWMA)

n-back tasks, 
LTM training task

Forward digit 
span 
(DS-forward), 
backward digit 
span 
(DS-backward)

WAIS-IV: 
Vocabulary, 
Similarities, 
Block Design, 
Matrix 
Reasoning, Digit
Span, Arithmetic, 
Symbol Search, 
and Coding
WAIS-III: Digit 
Span subtest

Computerized 
Corsi block 
tapping task 
(CBT)
n-back tasks

WPPSI-IV

Repeatable 
Battery for the 
Assessment of 
Neuropsychologi
cal Status 
(RBANS), 
MATRICS 
Consensus 
Cognitive Battery 
(MCCB), 
Wechsler Adult 
Intelligence Test 
Brief Version 
(WAIS-R)
WM index
from WAIS-IV, 
Behavior Rating 
Inventory of 
Executive 
Function–Adult
version 
(BRIEF-A)
WAIS-IV, 
WMS-IV

The Go/No go 
task, n-back task

Digit Memory 
Test, Digit 
Symbol 
Substitution Test

The Digit Span 
test, Trail Making 
test (TMT), The 
Stroop test

n-back tasks: 
Adaptive spatial 
n-back task, 
fixedload- visual 
n-back task
WAIS, BDI-II

Wechsler Test of 
Adult Reading 
(WTAR), 
WAIS-IV: Digit 
Span, HVLT-R, 
BVMT-R
Auditory and 
visual letter 
3-back tasks

Subtest 5 of 
Auditory 
Sequential 
Memory of the 
Illinois Test of 
Psycholinguistic 
Abilities - ITPA, 
Meaningless 
Words 
Repetition Test - 
RPSS, Auditory 
and Reading 
Comprehension 
Contrastive 
Test- reading 
comprehension 
sub-item 
(TCCAL - Let)
AWMA Dot 
Matrix Test, 
AWMA Spatial 
Span Test

Intervention 
time
3sessions/
week
10 weeks

1 session

16 sessions, 
7 weeks

1 session, 
5-20-25 
minutes

1 session

4 
sessions/20 
minutes, one 
per week

60 min/day; 
4 days

10 
sessions/60 
min; 10 days

21 days

20 sessions/ 
20-21 days

20 sessions/ 
20-21 days

3 sessions/ 
25 min; 5 
weeks
2 sessions/ 
72h apart

3 sessions

20min-40min
/2 días

20 sessions/ 
30-45 min

3 sessions

2h/5 school 
years

20 min-30 
min/28 days

5 sessions/ 
week
5 weeks

25 sessions/ 
30-45 min

20 sessions/ 
60 min, 4-8 
weeks

6 weeks

2 sessions/ 
one day

3h

20 days/ 
20-30 min

5 days

40 min/per 
day, 2 weeks

5 sessions/
2 weeks

30-40 
min/session, 
25 sessions, 
5 weeks

25 sessions/ 
20 min,
5 weeks

25 min/ 7 
sessions

20 sessions, 
25-30 min/ 
session

3 sessions/ 
90 min

20 min

20 sessions/ 
28 days

10 days

30 min/per 
session,
5 days, 5 
weeks

1 session, 
1.5h

20 days

10 sessions/ 
50 min,
5 weeks

25 sessions, 
8 weeks

5 sessions/ 
week 
5 weeks

45 min/
5 days,
5-7 weeks

8 weeks

35-45 min/
5 days,
5 weeks

5 sessions/ 
1h

24 
sessions/30 
min, 8 weeks

6 weeks

25 sessions, 
5 weeks

5 days

30 min/
5 days,
8 weeks
2 sessions, 
5-8 weeks

20 min/day 
(tDCS),
40 min/day 
(WMT);
2 weeks

1h/day, 4 
days/week, 5 
weeks

20 min/day, 
2 weeks

10 days

10 weeks

15 min/30 
exercise 
cycles

2 days

3 sessions/ 
week, 
20-25min/ 
session
5 weeks
48 sessions, 
10 weeks

20min-50 
min/ session

15 sessions/ 
1h each,
8 weeks

20 sessions, 
4-5 weeks

Results
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
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Nº
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Title
Hospital-Based Modified Cogmed
Working Memory Training for
Youth With ADHD

Transcranial random noise stimulation 
is more effective than transcranial direct 
current stimulation for enhancing 
working memory in healthy individuals: 
Behavioral and electrophysiological 
evidence
Working memory training improves 
children’s syntactic ability but not vice 
versa: A randomized control trial
Effects of transcranial direct current 
stimulation and transcranial random
noise stimulation on working memory 
and task-related EEG in major 
depressive disorder

Making the rich richer: Frontoparietal 
tDCS enhances transfer effects of a
single-session distractor inhibition 
training on working memory in high
capacity individuals but reduces them in 
low-capacity individuals.

Transcranial direct current stimulation 
versus intermittent theta-burst 
stimulation for the improvement of 
working memory performance

Enhanced frontoparietal connectivity in 
multiple sclerosis patients and healthy 
controls in response to an intensive 
computerized training focused on 
working memory
Possible evidence of near transfer 
effects after adaptive working memory
training in persons with multiple 
sclerosis
Emotional working memory training 
reduces rumination and alters the EEG 
microstate in anxious individuals

Training and transfer effects of working 
memory training in male abstinent
long-term heroin users

Training and transfer effects of working 
memory updating training in male
abstinent long-term methamphetamine 
users

Working memory training restores 
aberrant brain activity in adult 
attention-deficit hyperactivity disorder
Effects of 1 mA and 2 mA transcranial 
direct current stimulation on working 
memory performance in healthy 
participants
The effects of offline and online 
prefrontal vs parietal transcranial direct
current stimulation (tDCS) on verbal 
and spatial working memory

Effect of combined yoga and 
transcranial direct current stimulation 
intervention on working memory and 
mindfulness

The effects of emotional working 
memory training on internet use, 
impulsivity, risky decision-making, and 
cognitive emotion regulation strategies 
in young adults with problematic use of 
the internet: A preliminary randomized 
controlled trial study into possible
mechanisms
Does Vibrotactile Stimulation of the 
Auricular Vagus Nerve Enhance 
Working Memory? A Behavioral and 
Physiological Investigation

Training on Abacus-Based Mental 
Calculation Enhances Visuospatial 
Working Memory in Children
Effectiveness of an Emotional Working 
Memory Training in Borderline 
Personality Disorder: A 
Proof-of-Principle Study

Working Memory Training in Alcohol 
Use Disorder: A Randomized 
Controlled Trial

Does cognitive training improve 
attention/working memory in persons
with MS? A pilot study using the 
Cogmed Working Memory Training 
program

Utilizing Cognitive Training to Improve 
Working Memory, Attention, and 
Impulsivity in School-Aged Children 
with ADHD and SLD
A Short and Engaging Adaptive 
Working-Memory Intervention for 
Children with Developmental Language 
Disorder: Effects on Language and 
Working Memory
Effects of Repetitive Transcranial 
Magnetic Stimulation at the Cerebellum 
on Working Memory
Improving working memory and pain 
inhibition in older persons using 
transcranial direct current stimulation
Working memory training improves 
emotion regulation in drug abstainers:
Evidence from frontal alpha asymmetry

Cognitive training, but not
EEG-neurofeedback, improves working
memory in healthy volunteers

Effects of Transcranial Direct Current 
Stimulation Paired with Cognitive 
Training on Functional Connectivity of 
the Working Memory Network in Older 
Adults
Enhancing Working Memory Based on 
Mismatch Negativity Neurofeedback in 
Subjective Cognitive Decline Patients: 
A Preliminary Study

Computerized Working Memory 
Training in Remission from Major 
Depressive Disorder: Effects on 
Emotional Working Memory, 
Processing Speed, Executive 
Functions, and Associations with 
Symptoms
Adaptive Working Memory Training 
Can Improve Executive Functioning 
and Visuo-Spatial Skills in Children with 
Pre-term Spastic Diplegia

The Effects of Transcranial Direct 
Current Stimulation (tDCS) on Working 
Memory Training in Healthy Young 
Adults
Nikolin

Assessing the Effect of Simultaneous 
Combining of Transcranial Direct 
Current Stimulation and 
Transcutaneous Auricular Vagus Nerve 
Stimulation on the Improvement of 
Working Memory Performance in 
Healthy Individuals
iorda

Working memory updating training 
reduces state repetitive negative
thinking: Proof-of-concept for a novel 
cognitive control training

Chan

Effects of Home-Based Working 
Memory Training on Visuo-Spatial 
Working Memory in Parkinson’s
Disease: A Randomized Controlled 
Trial
Far-Transfer Effects of Strategy-Based 
Working Memory Training

The Effects of Emotional Working 
Memory Training on Trait Anxiety

Working memory training improves 
episodic memory in older people: 
transfer based on controlled retrieval 
processes

Cognitive Training for Visuospatial 
Processing in Children Aged 5½ to 6 
Years Born Very Preterm with Working 
Memory Dysfunction

Immediate and Sustained Effects of 
Neurofeedback and Working Memory 
Training on Cognitive Functions in 
Children and Adolescents with ADHD: 
A Multi-Arm Pragmatic Randomized 
Controlled Trial
Working memory training and brain 
structure and function in extremely 
preterm or extremely low birth weight 
children

Cortical and subcortical responsiveness 
to intensive adaptive working memory 
training: An MRI surface-based analysis
Working memory training in children 
with borderline intellectual functioning 
and neuropsychiatric disorders: a 
triple-blind randomised controlled trial

Effects of Multisession Prefrontal 
Transcranial Direct Current Stimulation 
on Long-term Memory and Working 
Memory in Older Adults
Efficacy of multi-domain cognitive 
function training on cognitive function, 
working memory, attention, and 
coordination in older adults with mild
cognitive impairment and mild 
dementia: A one-year prospective 
randomized controlled trial
No evidence for an effect of a working 
memory training program on white
matter microstructure

Working memory training in adults with 
trichotillomania: A 5-week, single-blind, 
randomized controlled study
Enhancement of Visuospatial Working 
Memory by Transcranial Direct Current 
Stimulation on Prefrontal and Parietal 
Cortices
Brain activity pattern changes after 
adaptive working memory training in 
multiple sclerosis
A randomized EPIREMED protocol 
study on the long-term visuo-spatial 
effects of very preterm children with a 
working memory deficit
The effect of transcranial direct current 
stimulation combined with working 
memory training on working memory 
deficits in schizophrenic patients: study 
protocol for a randomized controlled 
trial

Using hypnotic suggestion in the 
rehabilitation of working memory 
capacity after acquired brain injury: 
study protocol for a randomized 
controlled trial

BRAINSTORMING: A study protocol for 
a randomized double-blind clinical trial 
to assess the impact of concurrent brain 
stimulation (tDCS) and working memory 
training on cognitive performance in 
Acquired Brain Injury (ABI)
The effect of working memory training 
on test anxiety symptoms and 
attentional control in adolescents

Instability Resistance Training improves 
Working Memory, Processing Speed 
and Response Inhibition in Healthy 
Older Adults: A Double-Blinded 
Randomized Controlled Trial

Functional high intensity exercise is 
more effective in acutely increasing 
working memory than aerobic walking:
an exploratory randomized, controlled 
trial
Impact of tDCS on working memory 
training is enhanced by strategy 
instructions in individuals with low 
working memory capacity

Working memory updating training 
modulates a cascade of event-related 
potentials depending on task load

WebBased Cognitive Training to 
Improve Working Memory in Persons 
with  CoOccurring  HIV Infection and 
Cocaine Use Disorder: Outcomes from 
a Randomized Controlled Trial

Modality effects in verbal working 
memory updating: Transcranial direct 
current stimulation over human inferior 
frontal gyrus and posterior parietal 
cortex
Effects of working memory intervention 
on students with reading 
comprehension difficulties

Dissociable effects of attention vs 
working memory training on cognitive 
performance and everyday functioning 
following front-parietal strokes

Country
Canada
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Australia

Germany
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China

China

China

Finland

Germany
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Canada
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USA

China
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Sweden
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China

Canada

China

Germany

USA
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USA

Italy

China
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China

Australia

England

USA

Germany
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Sweden
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Germany
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USA

Taiwan
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Iran
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USA

China
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(2020)59

Zivanovic et al.
(2021)60

Danilewitz et al.
(2021)61

Emadi Chashmi 
et al. (2023)62

Tan et al.  
(2024)63

Wang et al.
(2019)64

Krause-Utz et al.
(2019)65

Khemiri et al.
(2019)66

Blair et al.
(2021)67

Wiest et al.
(2022)68

Henry et al.
(2022)69

Yao et al. 
(2023)70

Deldar et al.
(2019)71

Deng et al.
(2020)72

Barbazzeni et al.
(2023)73

Nissim et al. 
(2019)74

Pei et al. 
(2020)75

Ronold et al.
(2022)76

Di Lieto et al.
(2021)77

Ke et al. 
(2019)78

Dziemian et al.
(2021)79

Zhao et al.
(2022)80

Nikolin et al.
(2019)81

Roberts et al.
(2021)82

Iordan et al.
(2020)83

Giehl et al.
(2020)84

Chan et al.
(2019)85

Veloso et al.
(2021)86

Zamarreño et al.
(2024)87

Gire et al.
(2023)88

Hasslinger et al.
(2022)89

Kelly et al.
(2019)90

Wu et al. 
(2021)91

Roording-Ragetlie 
et al. (2022)92

Au et al.
(2022)93

Sung et al. 
(2023)94

Lawlor-Savage 
et al. (2021)95

Lochner et al.
(2021)96

Moghadas et al.
(2023)97

Bonzano et al.
(2020)98

Gire et al.
(2021)99

Zhu et al.
(2022)100

Eide et al. 
(2024)101

Assecondi et al.
(2020)102

Xu et al. 
(2024)103

Eckardt et al.
(2020)104

Jan Wilke
(2020)105

Assecondi et al.
(2021)106

Salmi et al.
(2019)107

Towe et al. 
(2020)108

Zhu et al. 
(2020)109

Bernardi Novaes 
et al. (2019)110

Peers et al.
(2020)111

Type of sample
(Nº)
Participants with 
ADHD
( 40 ) 

Healthy
(49)

Healthy
(104)

Participants with 
major depression
(49)

Healthy
(86)

Healthy
(24)

Participants with 
multiple sclerosis 
and healthy
(58)

Participants with 
multiple sclerosis
(35)

Anxious 
Participants
(70)

Heroin using 
participants
(50)

Methamphetamin
e-using 
participants
(32)

Participants with 
ADHD
(62)
Healthy
(46)

Healthy
(63)

Healthy
(22)

Participants with 
problematic 
Internet use
(36)

Healthy
(20)

Healthy
(144)

Participants with 
borderline 
personality 
disorder
(68)
Participants with 
alcohol use 
disorder
(50)
Participants with 
multiple sclerosis
(30)

Participants with 
ADHD
(43)

Participants with 
language 
difficulties
(51)

Healthy
(36)

Healthy
(15)

Participants 
abstaining from 
drugs
(40)
Healthy
(60)

Healthy
(28)

Participants with 
subjective 
cognitive 
impairment
(17)
Participants with 
major depression
(20)

Participants with 
premature 
spastic diplegia
(19)

Healthy
(30)

Healthy
(52)

Healthy
(132)

Healthy
(78)

Participants with 
repetitive 
negative thoughts
(124)

Healthy
(42)

Participants with 
Parkinson's 
disease
(37)

Healthy
(65)

Anxious 
Participants
(49)
Healthy
(55)

Participants who 
were born 
prematurely
(169)

Participants with 
ADHD
(202)

Premature or 
very low birth 
weight 
participants
(91)
Healthy
(59)

Participants with 
borderline 
intellectual 
functioning
(72)
Healthy
(55)

Participants with 
Mild Cognitive 
Impairment and 
Mild Dementia
(72)

Healthy
(25)

Participants with 
trichotillomania
(36)
Healthy
(54)

Participants with 
multiple sclerosis
(18)
Participants with 
poor working 
memory
(166)
Participants with 
schizophrenia
(120)

Participants who 
suffered a brain 
injury
(90)

Participants with 
acquired brain 
damage
(40)

Anxious 
Participants
(40)

Healthy
(68)

Healthy
(35)

Participants with 
poor working 
memory
(84)

Healthy
(48)

Participants with 
HIV and cocaine 
use disorder
(58)

Healthy
(51)

Participants with 
reading 
comprehension 
difficulties
(43)

Participants who 
suffered a 
cerebrovascular 
accident
(23)

Stage
(M age)
Young people 
(8-16 years old)
M = 11.59

Adults (18-65 
years old)
M = 30.43

Children (6- 7 
years old)
M= 7.2
Adults (18-65 
years old)
M= 28.58

Young people 
(18-30 years 
old)
M= 23.36

Adults (18-45 
years old)
M= 28.7

Adults (20-50 
years old)
M= 35.80

Adults (20-45 
years old)
M= 43.5

Young people 
(18-22 years 
old)
M= 21.12

Adults (30-47 
years old)
M= 45.1

Adults (30- 45 
years old)
M= 39.4

Adults (18-30 
years old)
M= 28.6
Adults (18-35 
years old)
M= 31.59

Adults (20-35 
years old)
M= 26.76

Young people 
(18-35 years 
old)
M= 29.05

Young adults 
(18-40 years 
old)
M= 20.27

Young adults 
(18-45 years 
old)
M= 30

Children (6-12 
years old)
M= 11.93
Adults (18-55 
years old)
M= 45

Adults (18-60 
years old)
M= 49.6

Adults (18-64 
years old)
M= 51.07

Adolescents 
(6-17 years old)
M= 11.7

Children (6-10 
years old)
M= 8

Young adults 
(18-30 years old)
M= 25
Adults (55-71 
years old)
M= 64
Young people 
(20-40 years old)
M= 36.30

Young people 
(18-30 years old)
M= 24.26

Older adults 
(65-89 years old)
M= 74

Older adults 
(60-80 years 
old)
M= 64.35

Adults (20-60 
years old)
M= 36.207

Children (6-13 
years old)
M= 7.3

Young adults 
(20-25 years old)
M= 22

Young people 
(19-36 years 
old) Adults 
(65-77 years 
old)
M= 46.04

Young people 
(18-26 years 
old)
M= 20.89

Young adults 
(18-40 years 
old)
M= 22.2

Adolescents 
(10-24 years 
old)
M= 19.37

Older adults 
(63-75 years 
old) Young 
adults (18-28 
years old)
M= 44.58
Adults (45-85 
years old)
M=64.36

Children (6-9 
years old)
M= 7.5

Young adults 
(18-40 years old)
M= 26.94
Older adults 
(60-85 years 
old)
M= 71.85

Children (5-6 
years old)
M= 5.11

Children and 
Adolescents 
(9-17 years old)
M= 12.6

Children (5-9 
years old)
M= 7.8

Adults (50-65 
years old)
M= 55.79
Children (10-13 
years old)
M= 11.7

Older adults 
(65-85 years 
old)
M= 71.32
Older adults 
(65-85 years 
old)
M= 82.3

Adults (18-40 
years old)
M= 30.6

Adults (18-55 
years old)
M= 38.56
Young adults 
(18-30 years 
old)
M= 24.3
Adults (30-50 
years old)
M= 45.3
Children (5-6 
years old)
M= 5.5

Adults (18-60 
years old)
M= 40

Adults (18-67 
years old)
M= 50

Adults (18-69 
years old)
M= 50

Adolescents 
(11-17 years 
old)
M= 14.05

Older adults 
(65-79 years 
old)
M= 71.3

Young adults 
(18-30 years 
old)
M= 26.7

Young adults 
(18-39 years 
old)
M= 20.6

Young adults 
(18-30 years 
old)
M=22

Adults (18-64 
years old)
M= 48.97

Adolescents 
(17-22 years 
old)
M= 18.9

Children (8-10 
years old)
M= 9

Adults (28-74 
years old)
M= 59

Training used
Cogmed RM and 
modified Cogmed

Transcranial 
direct current and 
transcranial 
random noise 
stimulation
(tDCS/ tRNS)
n-back

Transcranial 
direct current 
stimulation 
(tDCS) and 
transcranial 
random noise 
with DC-offset 
(tRNS + DC-offset)
Transcranial 
direct current 
stimulation (tDCS), 
a one-session 
distractor 
inhibition training 
(DIIN).
Transcranial 
direct current 
stimulation 
(tDCS) and 
repetitive theta 
burst transcranial 
magnetic 
stimulation (TBS).
n-back

1 n-back, 2 
n-back, 3 n-back

dual n-back, 
operation span 
task, running 
memory task, 
numerical Stroop 
task, numerical 
shifting task
Visuo-spatial 
n-back

Visual n-back

dual n-back, 
single n-back

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Transcranial 
Direct Current 
Stimulation 
(tDCS)

Transcranial 
Direct Current 
Stimulation 
(tDCS) and 
mindfulness
eWMT (dual 
n-back task)

The vibrotactile 
taVNS system

Abacus-based 
mental calculation 
(AMC)
eWMT (dual 
n-back task)

Cogmed RM

Cogmed Working 
Memory Training 
(CWMT)

Captain's Log 
program

Listening Recall 
Training Task, 
The Odd One Out 
Span task

Transcranial 
magnetic 
stimulation (TMS)
Transcranial 
direct current 
stimulation (tDCS)
Running memory 
tasks (RMTs)

Online feedback, 
Delayed 
match-to-sample 
task (DMST)
Transcranial 
Direct Current 
Stimulation 
(tDCS), POSI 
Science BrainHQ
Neurofeedback, 
n- back tasks

Cogmed RM

Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Storage and 
processing: 
numerical 
complex span, 
Relational 
integration: tower 
of fame, 
Supervision: 
figural task 
switching
Transcranial 
Direct Current 
Stimulation 
(tDCS) and the 
vibrotactile taVNS 
system

High-Definition 
Transcranial 
Direct Current
Stimulation 
(HD-tDCS)
Tarea de Ecker: 
negative stimuli, 
Cognitive (near) 
transfer: Modified 
Sternberg task
The fMRI
task, verbal WM 
task

NeuroNation

Semantic-categor
ization training 
tasks, Semantic 
control tasks, 
Phonological- 
rehearsal

Emotional Dual 
n-Back

Counting span, 
digit span, 
operation span, 
and lexical span, 
matrix span, 
alignment span, 
and rotation span
Cogmed

MinneslekFlex

Cogmed

Millisecond 
Software: n-back 
task
Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Game-based 
intelligence test 
by LTPA solution 
Co., LTD

Lumosity: 
Memory Match, 
Memory Match 
Overload, and 
Memory Lane

Cogmed

Transcranial 
Direct Current 
Stimulation 
(tDCS)
COGNI-TRAcK

Cogmed JM

Transcranial 
direct current 
stimulation 
(tDCS) and 
memorize a 
series of 
continuous items.

Hypnotic 
inductions

Transcranial 
direct current 
stimulation 
(tDCS) and 
n-back tasks

Dual n-back task

Instability 
resistance training 
or resistance 
training on 
unstable surfaces 
(concurrent 
balance and 
resistance 
training)
High-intensity 
functional training 
(HIFT)

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Dual n-back task

Lumosity

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Games and ludic 
activities-based 
strategies for the 
development of 
five abilities: 
Categorization; 
Sequencing of 
simple and 
complex orders; 
Creation of visual 
images; 
Memorization of 
words and 
numerals; and 
Memorization of 
non-words

Cogmed

Type of 
treatment
Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Transcranial 
and 
computerized 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Transcranial 
Stimulation 
and Yoga

Computerized

Electrical 
stimulation

Cognitive 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized 
and 
transcranial

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Electrical and 
cognitive 
stimulation

Cognitive 
stimulation

Electrical 
stimulation

Computerized

Physical 
training

Physical 
training

Electrical 
stimulation

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Test 
implemented
WASI-II, WIAT-III, 
AWMA, TOVA, 
BRIEF-2, 
CBCL/TRF, BYI-II

WAIS-IV

n-back test

WAIS-IV, 
PASAT 
arithmetic task, 
Sternberg task 
WM

Change-
detection task

2 n-back tasks

WAIS-III, BRIEF

Paced Auditory 
Serial Addition 
Test (PASAT), 
WAIS-III
n-back test

Running memory 
tasks (RMTs)

Running memory 
tasks (RMTs)

BRIEF, running 
memory-spatial/ 
verbal, digit span
3-back tasks

Verbal and 
spatial 3-back 
tasks

n-back letter task

BART, BIS-11, 
CERQ-short

n-back tasks

Visuospatial 
n-back

n-back test

Digit Span Task, 
SWM Task,

PASAT, SDMT, 
WMS-II SS, 
Stroop (DKEFS 
Color-Word 
Interference 
Test), WAIS-III, 
Digit span, BRIEF
WISC-V, 
WRAML-2, 
IVA-2

WASI-II, 
WMTB-C: Digit 
Recall, Word List 
Recall, Block 
Recall
Go-no go, 
n-back

n-back tasks

Emotion 
questionnaire 
(ERQ)

Mnemonic 
Similarity Test 
(MST)

N-back test

Auditory Verbal 
Learning Test 
(RAVLT)

Emotional WM 
Paradigm 
(e-WM), Color 
Word 
Interference Test 
(EF)

NEPSY-II

Verbal and 
shape n-back 
tasks

Software Tatool

Spatial 3-back 
WM task and 
Digit 3-back WM 
task

The three-back 
task

The Backward 
Digit Span (BDS) 
of the WAIS-IV

3 T General 
Electric MR750
scanner

The “What was 
where”-task

Forward and 
backward 
digit-span tasks, 
Visual short-term 
memory (VSTM) 
task, Problem- 
solving task
The Automated 
Operation Span 
Task (OSPAN)
Spatial span 
backward test, 
digit span 
backward test 
and reading 
span test

WPPSI-IV, 
Communiquer, 
Lire et Ecrire 
Pour 
Apprendre32 
battery
WISC-IV, 
WAIS-IV

n- back task

The Digit Span 
Test

Automated 
Working Memory 
Assessment 
(AWMA)

n-back tasks, 
LTM training task

Forward digit 
span 
(DS-forward), 
backward digit 
span 
(DS-backward)

WAIS-IV: 
Vocabulary, 
Similarities, 
Block Design, 
Matrix 
Reasoning, Digit
Span, Arithmetic, 
Symbol Search, 
and Coding
WAIS-III: Digit 
Span subtest

Computerized 
Corsi block 
tapping task 
(CBT)
n-back tasks

WPPSI-IV

Repeatable 
Battery for the 
Assessment of 
Neuropsychologi
cal Status 
(RBANS), 
MATRICS 
Consensus 
Cognitive Battery 
(MCCB), 
Wechsler Adult 
Intelligence Test 
Brief Version 
(WAIS-R)
WM index
from WAIS-IV, 
Behavior Rating 
Inventory of 
Executive 
Function–Adult
version 
(BRIEF-A)
WAIS-IV, 
WMS-IV

The Go/No go 
task, n-back task

Digit Memory 
Test, Digit 
Symbol 
Substitution Test

The Digit Span 
test, Trail Making 
test (TMT), The 
Stroop test

n-back tasks: 
Adaptive spatial 
n-back task, 
fixedload- visual 
n-back task
WAIS, BDI-II

Wechsler Test of 
Adult Reading 
(WTAR), 
WAIS-IV: Digit 
Span, HVLT-R, 
BVMT-R
Auditory and 
visual letter 
3-back tasks

Subtest 5 of 
Auditory 
Sequential 
Memory of the 
Illinois Test of 
Psycholinguistic 
Abilities - ITPA, 
Meaningless 
Words 
Repetition Test - 
RPSS, Auditory 
and Reading 
Comprehension 
Contrastive 
Test- reading 
comprehension 
sub-item 
(TCCAL - Let)
AWMA Dot 
Matrix Test, 
AWMA Spatial 
Span Test

Intervention 
time
3sessions/
week
10 weeks

1 session

16 sessions, 
7 weeks

1 session, 
5-20-25 
minutes

1 session

4 
sessions/20 
minutes, one 
per week

60 min/day; 
4 days

10 
sessions/60 
min; 10 days

21 days

20 sessions/ 
20-21 days

20 sessions/ 
20-21 days

3 sessions/ 
25 min; 5 
weeks
2 sessions/ 
72h apart

3 sessions

20min-40min
/2 días

20 sessions/ 
30-45 min

3 sessions

2h/5 school 
years

20 min-30 
min/28 days

5 sessions/ 
week
5 weeks

25 sessions/ 
30-45 min

20 sessions/ 
60 min, 4-8 
weeks

6 weeks

2 sessions/ 
one day

3h

20 days/ 
20-30 min

5 days

40 min/per 
day, 2 weeks

5 sessions/
2 weeks

30-40 
min/session, 
25 sessions, 
5 weeks

25 sessions/ 
20 min,
5 weeks

25 min/ 7 
sessions

20 sessions, 
25-30 min/ 
session

3 sessions/ 
90 min

20 min

20 sessions/ 
28 days

10 days

30 min/per 
session,
5 days, 5 
weeks

1 session, 
1.5h

20 days

10 sessions/ 
50 min,
5 weeks

25 sessions, 
8 weeks

5 sessions/ 
week 
5 weeks

45 min/
5 days,
5-7 weeks

8 weeks

35-45 min/
5 days,
5 weeks

5 sessions/ 
1h

24 
sessions/30 
min, 8 weeks

6 weeks

25 sessions, 
5 weeks

5 days

30 min/
5 days,
8 weeks
2 sessions, 
5-8 weeks

20 min/day 
(tDCS),
40 min/day 
(WMT);
2 weeks

1h/day, 4 
days/week, 5 
weeks

20 min/day, 
2 weeks

10 days

10 weeks

15 min/30 
exercise 
cycles

2 days

3 sessions/ 
week, 
20-25min/ 
session
5 weeks
48 sessions, 
10 weeks

20min-50 
min/ session

15 sessions/ 
1h each,
8 weeks

20 sessions, 
4-5 weeks

Results
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
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Nº
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Title
Hospital-Based Modified Cogmed
Working Memory Training for
Youth With ADHD

Transcranial random noise stimulation 
is more effective than transcranial direct 
current stimulation for enhancing 
working memory in healthy individuals: 
Behavioral and electrophysiological 
evidence
Working memory training improves 
children’s syntactic ability but not vice 
versa: A randomized control trial
Effects of transcranial direct current 
stimulation and transcranial random
noise stimulation on working memory 
and task-related EEG in major 
depressive disorder

Making the rich richer: Frontoparietal 
tDCS enhances transfer effects of a
single-session distractor inhibition 
training on working memory in high
capacity individuals but reduces them in 
low-capacity individuals.

Transcranial direct current stimulation 
versus intermittent theta-burst 
stimulation for the improvement of 
working memory performance

Enhanced frontoparietal connectivity in 
multiple sclerosis patients and healthy 
controls in response to an intensive 
computerized training focused on 
working memory
Possible evidence of near transfer 
effects after adaptive working memory
training in persons with multiple 
sclerosis
Emotional working memory training 
reduces rumination and alters the EEG 
microstate in anxious individuals

Training and transfer effects of working 
memory training in male abstinent
long-term heroin users

Training and transfer effects of working 
memory updating training in male
abstinent long-term methamphetamine 
users

Working memory training restores 
aberrant brain activity in adult 
attention-deficit hyperactivity disorder
Effects of 1 mA and 2 mA transcranial 
direct current stimulation on working 
memory performance in healthy 
participants
The effects of offline and online 
prefrontal vs parietal transcranial direct
current stimulation (tDCS) on verbal 
and spatial working memory

Effect of combined yoga and 
transcranial direct current stimulation 
intervention on working memory and 
mindfulness

The effects of emotional working 
memory training on internet use, 
impulsivity, risky decision-making, and 
cognitive emotion regulation strategies 
in young adults with problematic use of 
the internet: A preliminary randomized 
controlled trial study into possible
mechanisms
Does Vibrotactile Stimulation of the 
Auricular Vagus Nerve Enhance 
Working Memory? A Behavioral and 
Physiological Investigation

Training on Abacus-Based Mental 
Calculation Enhances Visuospatial 
Working Memory in Children
Effectiveness of an Emotional Working 
Memory Training in Borderline 
Personality Disorder: A 
Proof-of-Principle Study

Working Memory Training in Alcohol 
Use Disorder: A Randomized 
Controlled Trial

Does cognitive training improve 
attention/working memory in persons
with MS? A pilot study using the 
Cogmed Working Memory Training 
program

Utilizing Cognitive Training to Improve 
Working Memory, Attention, and 
Impulsivity in School-Aged Children 
with ADHD and SLD
A Short and Engaging Adaptive 
Working-Memory Intervention for 
Children with Developmental Language 
Disorder: Effects on Language and 
Working Memory
Effects of Repetitive Transcranial 
Magnetic Stimulation at the Cerebellum 
on Working Memory
Improving working memory and pain 
inhibition in older persons using 
transcranial direct current stimulation
Working memory training improves 
emotion regulation in drug abstainers:
Evidence from frontal alpha asymmetry

Cognitive training, but not
EEG-neurofeedback, improves working
memory in healthy volunteers

Effects of Transcranial Direct Current 
Stimulation Paired with Cognitive 
Training on Functional Connectivity of 
the Working Memory Network in Older 
Adults
Enhancing Working Memory Based on 
Mismatch Negativity Neurofeedback in 
Subjective Cognitive Decline Patients: 
A Preliminary Study

Computerized Working Memory 
Training in Remission from Major 
Depressive Disorder: Effects on 
Emotional Working Memory, 
Processing Speed, Executive 
Functions, and Associations with 
Symptoms
Adaptive Working Memory Training 
Can Improve Executive Functioning 
and Visuo-Spatial Skills in Children with 
Pre-term Spastic Diplegia

The Effects of Transcranial Direct 
Current Stimulation (tDCS) on Working 
Memory Training in Healthy Young 
Adults
Nikolin

Assessing the Effect of Simultaneous 
Combining of Transcranial Direct 
Current Stimulation and 
Transcutaneous Auricular Vagus Nerve 
Stimulation on the Improvement of 
Working Memory Performance in 
Healthy Individuals
iorda

Working memory updating training 
reduces state repetitive negative
thinking: Proof-of-concept for a novel 
cognitive control training

Chan

Effects of Home-Based Working 
Memory Training on Visuo-Spatial 
Working Memory in Parkinson’s
Disease: A Randomized Controlled 
Trial
Far-Transfer Effects of Strategy-Based 
Working Memory Training

The Effects of Emotional Working 
Memory Training on Trait Anxiety

Working memory training improves 
episodic memory in older people: 
transfer based on controlled retrieval 
processes

Cognitive Training for Visuospatial 
Processing in Children Aged 5½ to 6 
Years Born Very Preterm with Working 
Memory Dysfunction

Immediate and Sustained Effects of 
Neurofeedback and Working Memory 
Training on Cognitive Functions in 
Children and Adolescents with ADHD: 
A Multi-Arm Pragmatic Randomized 
Controlled Trial
Working memory training and brain 
structure and function in extremely 
preterm or extremely low birth weight 
children

Cortical and subcortical responsiveness 
to intensive adaptive working memory 
training: An MRI surface-based analysis
Working memory training in children 
with borderline intellectual functioning 
and neuropsychiatric disorders: a 
triple-blind randomised controlled trial

Effects of Multisession Prefrontal 
Transcranial Direct Current Stimulation 
on Long-term Memory and Working 
Memory in Older Adults
Efficacy of multi-domain cognitive 
function training on cognitive function, 
working memory, attention, and 
coordination in older adults with mild
cognitive impairment and mild 
dementia: A one-year prospective 
randomized controlled trial
No evidence for an effect of a working 
memory training program on white
matter microstructure

Working memory training in adults with 
trichotillomania: A 5-week, single-blind, 
randomized controlled study
Enhancement of Visuospatial Working 
Memory by Transcranial Direct Current 
Stimulation on Prefrontal and Parietal 
Cortices
Brain activity pattern changes after 
adaptive working memory training in 
multiple sclerosis
A randomized EPIREMED protocol 
study on the long-term visuo-spatial 
effects of very preterm children with a 
working memory deficit
The effect of transcranial direct current 
stimulation combined with working 
memory training on working memory 
deficits in schizophrenic patients: study 
protocol for a randomized controlled 
trial

Using hypnotic suggestion in the 
rehabilitation of working memory 
capacity after acquired brain injury: 
study protocol for a randomized 
controlled trial

BRAINSTORMING: A study protocol for 
a randomized double-blind clinical trial 
to assess the impact of concurrent brain 
stimulation (tDCS) and working memory 
training on cognitive performance in 
Acquired Brain Injury (ABI)
The effect of working memory training 
on test anxiety symptoms and 
attentional control in adolescents

Instability Resistance Training improves 
Working Memory, Processing Speed 
and Response Inhibition in Healthy 
Older Adults: A Double-Blinded 
Randomized Controlled Trial

Functional high intensity exercise is 
more effective in acutely increasing 
working memory than aerobic walking:
an exploratory randomized, controlled 
trial
Impact of tDCS on working memory 
training is enhanced by strategy 
instructions in individuals with low 
working memory capacity

Working memory updating training 
modulates a cascade of event-related 
potentials depending on task load

WebBased Cognitive Training to 
Improve Working Memory in Persons 
with  CoOccurring  HIV Infection and 
Cocaine Use Disorder: Outcomes from 
a Randomized Controlled Trial

Modality effects in verbal working 
memory updating: Transcranial direct 
current stimulation over human inferior 
frontal gyrus and posterior parietal 
cortex
Effects of working memory intervention 
on students with reading 
comprehension difficulties

Dissociable effects of attention vs 
working memory training on cognitive 
performance and everyday functioning 
following front-parietal strokes
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Type of sample
(Nº)
Participants with 
ADHD
( 40 ) 

Healthy
(49)

Healthy
(104)

Participants with 
major depression
(49)

Healthy
(86)

Healthy
(24)

Participants with 
multiple sclerosis 
and healthy
(58)

Participants with 
multiple sclerosis
(35)

Anxious 
Participants
(70)

Heroin using 
participants
(50)

Methamphetamin
e-using 
participants
(32)

Participants with 
ADHD
(62)
Healthy
(46)

Healthy
(63)

Healthy
(22)

Participants with 
problematic 
Internet use
(36)

Healthy
(20)

Healthy
(144)

Participants with 
borderline 
personality 
disorder
(68)
Participants with 
alcohol use 
disorder
(50)
Participants with 
multiple sclerosis
(30)

Participants with 
ADHD
(43)

Participants with 
language 
difficulties
(51)

Healthy
(36)

Healthy
(15)

Participants 
abstaining from 
drugs
(40)
Healthy
(60)

Healthy
(28)

Participants with 
subjective 
cognitive 
impairment
(17)
Participants with 
major depression
(20)

Participants with 
premature 
spastic diplegia
(19)

Healthy
(30)

Healthy
(52)

Healthy
(132)

Healthy
(78)

Participants with 
repetitive 
negative thoughts
(124)

Healthy
(42)

Participants with 
Parkinson's 
disease
(37)

Healthy
(65)

Anxious 
Participants
(49)
Healthy
(55)

Participants who 
were born 
prematurely
(169)

Participants with 
ADHD
(202)

Premature or 
very low birth 
weight 
participants
(91)
Healthy
(59)

Participants with 
borderline 
intellectual 
functioning
(72)
Healthy
(55)

Participants with 
Mild Cognitive 
Impairment and 
Mild Dementia
(72)

Healthy
(25)

Participants with 
trichotillomania
(36)
Healthy
(54)

Participants with 
multiple sclerosis
(18)
Participants with 
poor working 
memory
(166)
Participants with 
schizophrenia
(120)

Participants who 
suffered a brain 
injury
(90)

Participants with 
acquired brain 
damage
(40)

Anxious 
Participants
(40)

Healthy
(68)

Healthy
(35)

Participants with 
poor working 
memory
(84)

Healthy
(48)

Participants with 
HIV and cocaine 
use disorder
(58)

Healthy
(51)

Participants with 
reading 
comprehension 
difficulties
(43)

Participants who 
suffered a 
cerebrovascular 
accident
(23)

Stage
(M age)
Young people 
(8-16 years old)
M = 11.59

Adults (18-65 
years old)
M = 30.43

Children (6- 7 
years old)
M= 7.2
Adults (18-65 
years old)
M= 28.58

Young people 
(18-30 years 
old)
M= 23.36

Adults (18-45 
years old)
M= 28.7

Adults (20-50 
years old)
M= 35.80

Adults (20-45 
years old)
M= 43.5

Young people 
(18-22 years 
old)
M= 21.12

Adults (30-47 
years old)
M= 45.1

Adults (30- 45 
years old)
M= 39.4

Adults (18-30 
years old)
M= 28.6
Adults (18-35 
years old)
M= 31.59

Adults (20-35 
years old)
M= 26.76

Young people 
(18-35 years 
old)
M= 29.05

Young adults 
(18-40 years 
old)
M= 20.27

Young adults 
(18-45 years 
old)
M= 30

Children (6-12 
years old)
M= 11.93
Adults (18-55 
years old)
M= 45

Adults (18-60 
years old)
M= 49.6

Adults (18-64 
years old)
M= 51.07

Adolescents 
(6-17 years old)
M= 11.7

Children (6-10 
years old)
M= 8

Young adults 
(18-30 years old)
M= 25
Adults (55-71 
years old)
M= 64
Young people 
(20-40 years old)
M= 36.30

Young people 
(18-30 years old)
M= 24.26

Older adults 
(65-89 years old)
M= 74

Older adults 
(60-80 years 
old)
M= 64.35

Adults (20-60 
years old)
M= 36.207

Children (6-13 
years old)
M= 7.3

Young adults 
(20-25 years old)
M= 22

Young people 
(19-36 years 
old) Adults 
(65-77 years 
old)
M= 46.04

Young people 
(18-26 years 
old)
M= 20.89

Young adults 
(18-40 years 
old)
M= 22.2

Adolescents 
(10-24 years 
old)
M= 19.37

Older adults 
(63-75 years 
old) Young 
adults (18-28 
years old)
M= 44.58
Adults (45-85 
years old)
M=64.36

Children (6-9 
years old)
M= 7.5

Young adults 
(18-40 years old)
M= 26.94
Older adults 
(60-85 years 
old)
M= 71.85

Children (5-6 
years old)
M= 5.11

Children and 
Adolescents 
(9-17 years old)
M= 12.6

Children (5-9 
years old)
M= 7.8

Adults (50-65 
years old)
M= 55.79
Children (10-13 
years old)
M= 11.7

Older adults 
(65-85 years 
old)
M= 71.32
Older adults 
(65-85 years 
old)
M= 82.3

Adults (18-40 
years old)
M= 30.6

Adults (18-55 
years old)
M= 38.56
Young adults 
(18-30 years 
old)
M= 24.3
Adults (30-50 
years old)
M= 45.3
Children (5-6 
years old)
M= 5.5

Adults (18-60 
years old)
M= 40

Adults (18-67 
years old)
M= 50

Adults (18-69 
years old)
M= 50

Adolescents 
(11-17 years 
old)
M= 14.05

Older adults 
(65-79 years 
old)
M= 71.3

Young adults 
(18-30 years 
old)
M= 26.7

Young adults 
(18-39 years 
old)
M= 20.6

Young adults 
(18-30 years 
old)
M=22

Adults (18-64 
years old)
M= 48.97

Adolescents 
(17-22 years 
old)
M= 18.9

Children (8-10 
years old)
M= 9

Adults (28-74 
years old)
M= 59

Training used
Cogmed RM and 
modified Cogmed

Transcranial 
direct current and 
transcranial 
random noise 
stimulation
(tDCS/ tRNS)
n-back

Transcranial 
direct current 
stimulation 
(tDCS) and 
transcranial 
random noise 
with DC-offset 
(tRNS + DC-offset)
Transcranial 
direct current 
stimulation (tDCS), 
a one-session 
distractor 
inhibition training 
(DIIN).
Transcranial 
direct current 
stimulation 
(tDCS) and 
repetitive theta 
burst transcranial 
magnetic 
stimulation (TBS).
n-back

1 n-back, 2 
n-back, 3 n-back

dual n-back, 
operation span 
task, running 
memory task, 
numerical Stroop 
task, numerical 
shifting task
Visuo-spatial 
n-back

Visual n-back

dual n-back, 
single n-back

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Transcranial 
Direct Current 
Stimulation 
(tDCS)

Transcranial 
Direct Current 
Stimulation 
(tDCS) and 
mindfulness
eWMT (dual 
n-back task)

The vibrotactile 
taVNS system

Abacus-based 
mental calculation 
(AMC)
eWMT (dual 
n-back task)

Cogmed RM

Cogmed Working 
Memory Training 
(CWMT)

Captain's Log 
program

Listening Recall 
Training Task, 
The Odd One Out 
Span task

Transcranial 
magnetic 
stimulation (TMS)
Transcranial 
direct current 
stimulation (tDCS)
Running memory 
tasks (RMTs)

Online feedback, 
Delayed 
match-to-sample 
task (DMST)
Transcranial 
Direct Current 
Stimulation 
(tDCS), POSI 
Science BrainHQ
Neurofeedback, 
n- back tasks

Cogmed RM

Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Storage and 
processing: 
numerical 
complex span, 
Relational 
integration: tower 
of fame, 
Supervision: 
figural task 
switching
Transcranial 
Direct Current 
Stimulation 
(tDCS) and the 
vibrotactile taVNS 
system

High-Definition 
Transcranial 
Direct Current
Stimulation 
(HD-tDCS)
Tarea de Ecker: 
negative stimuli, 
Cognitive (near) 
transfer: Modified 
Sternberg task
The fMRI
task, verbal WM 
task

NeuroNation

Semantic-categor
ization training 
tasks, Semantic 
control tasks, 
Phonological- 
rehearsal

Emotional Dual 
n-Back

Counting span, 
digit span, 
operation span, 
and lexical span, 
matrix span, 
alignment span, 
and rotation span
Cogmed

MinneslekFlex

Cogmed

Millisecond 
Software: n-back 
task
Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Game-based 
intelligence test 
by LTPA solution 
Co., LTD

Lumosity: 
Memory Match, 
Memory Match 
Overload, and 
Memory Lane

Cogmed

Transcranial 
Direct Current 
Stimulation 
(tDCS)
COGNI-TRAcK

Cogmed JM

Transcranial 
direct current 
stimulation 
(tDCS) and 
memorize a 
series of 
continuous items.

Hypnotic 
inductions

Transcranial 
direct current 
stimulation 
(tDCS) and 
n-back tasks

Dual n-back task

Instability 
resistance training 
or resistance 
training on 
unstable surfaces 
(concurrent 
balance and 
resistance 
training)
High-intensity 
functional training 
(HIFT)

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Dual n-back task

Lumosity

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Games and ludic 
activities-based 
strategies for the 
development of 
five abilities: 
Categorization; 
Sequencing of 
simple and 
complex orders; 
Creation of visual 
images; 
Memorization of 
words and 
numerals; and 
Memorization of 
non-words

Cogmed

Type of 
treatment
Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Transcranial 
and 
computerized 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Transcranial 
Stimulation 
and Yoga

Computerized

Electrical 
stimulation

Cognitive 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized 
and 
transcranial

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Electrical and 
cognitive 
stimulation

Cognitive 
stimulation

Electrical 
stimulation

Computerized

Physical 
training

Physical 
training

Electrical 
stimulation

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Test 
implemented
WASI-II, WIAT-III, 
AWMA, TOVA, 
BRIEF-2, 
CBCL/TRF, BYI-II

WAIS-IV

n-back test

WAIS-IV, 
PASAT 
arithmetic task, 
Sternberg task 
WM

Change-
detection task

2 n-back tasks

WAIS-III, BRIEF

Paced Auditory 
Serial Addition 
Test (PASAT), 
WAIS-III
n-back test

Running memory 
tasks (RMTs)

Running memory 
tasks (RMTs)

BRIEF, running 
memory-spatial/ 
verbal, digit span
3-back tasks

Verbal and 
spatial 3-back 
tasks

n-back letter task

BART, BIS-11, 
CERQ-short

n-back tasks

Visuospatial 
n-back

n-back test

Digit Span Task, 
SWM Task,

PASAT, SDMT, 
WMS-II SS, 
Stroop (DKEFS 
Color-Word 
Interference 
Test), WAIS-III, 
Digit span, BRIEF
WISC-V, 
WRAML-2, 
IVA-2

WASI-II, 
WMTB-C: Digit 
Recall, Word List 
Recall, Block 
Recall
Go-no go, 
n-back

n-back tasks

Emotion 
questionnaire 
(ERQ)

Mnemonic 
Similarity Test 
(MST)

N-back test

Auditory Verbal 
Learning Test 
(RAVLT)

Emotional WM 
Paradigm 
(e-WM), Color 
Word 
Interference Test 
(EF)

NEPSY-II

Verbal and 
shape n-back 
tasks

Software Tatool

Spatial 3-back 
WM task and 
Digit 3-back WM 
task

The three-back 
task

The Backward 
Digit Span (BDS) 
of the WAIS-IV

3 T General 
Electric MR750
scanner

The “What was 
where”-task

Forward and 
backward 
digit-span tasks, 
Visual short-term 
memory (VSTM) 
task, Problem- 
solving task
The Automated 
Operation Span 
Task (OSPAN)
Spatial span 
backward test, 
digit span 
backward test 
and reading 
span test

WPPSI-IV, 
Communiquer, 
Lire et Ecrire 
Pour 
Apprendre32 
battery
WISC-IV, 
WAIS-IV

n- back task

The Digit Span 
Test

Automated 
Working Memory 
Assessment 
(AWMA)

n-back tasks, 
LTM training task

Forward digit 
span 
(DS-forward), 
backward digit 
span 
(DS-backward)

WAIS-IV: 
Vocabulary, 
Similarities, 
Block Design, 
Matrix 
Reasoning, Digit
Span, Arithmetic, 
Symbol Search, 
and Coding
WAIS-III: Digit 
Span subtest

Computerized 
Corsi block 
tapping task 
(CBT)
n-back tasks

WPPSI-IV

Repeatable 
Battery for the 
Assessment of 
Neuropsychologi
cal Status 
(RBANS), 
MATRICS 
Consensus 
Cognitive Battery 
(MCCB), 
Wechsler Adult 
Intelligence Test 
Brief Version 
(WAIS-R)
WM index
from WAIS-IV, 
Behavior Rating 
Inventory of 
Executive 
Function–Adult
version 
(BRIEF-A)
WAIS-IV, 
WMS-IV

The Go/No go 
task, n-back task

Digit Memory 
Test, Digit 
Symbol 
Substitution Test

The Digit Span 
test, Trail Making 
test (TMT), The 
Stroop test

n-back tasks: 
Adaptive spatial 
n-back task, 
fixedload- visual 
n-back task
WAIS, BDI-II

Wechsler Test of 
Adult Reading 
(WTAR), 
WAIS-IV: Digit 
Span, HVLT-R, 
BVMT-R
Auditory and 
visual letter 
3-back tasks

Subtest 5 of 
Auditory 
Sequential 
Memory of the 
Illinois Test of 
Psycholinguistic 
Abilities - ITPA, 
Meaningless 
Words 
Repetition Test - 
RPSS, Auditory 
and Reading 
Comprehension 
Contrastive 
Test- reading 
comprehension 
sub-item 
(TCCAL - Let)
AWMA Dot 
Matrix Test, 
AWMA Spatial 
Span Test

Intervention 
time
3sessions/
week
10 weeks

1 session

16 sessions, 
7 weeks

1 session, 
5-20-25 
minutes

1 session

4 
sessions/20 
minutes, one 
per week

60 min/day; 
4 days

10 
sessions/60 
min; 10 days

21 days

20 sessions/ 
20-21 days

20 sessions/ 
20-21 days

3 sessions/ 
25 min; 5 
weeks
2 sessions/ 
72h apart

3 sessions

20min-40min
/2 días

20 sessions/ 
30-45 min

3 sessions

2h/5 school 
years

20 min-30 
min/28 days

5 sessions/ 
week
5 weeks

25 sessions/ 
30-45 min

20 sessions/ 
60 min, 4-8 
weeks

6 weeks

2 sessions/ 
one day

3h

20 days/ 
20-30 min

5 days

40 min/per 
day, 2 weeks

5 sessions/
2 weeks

30-40 
min/session, 
25 sessions, 
5 weeks

25 sessions/ 
20 min,
5 weeks

25 min/ 7 
sessions

20 sessions, 
25-30 min/ 
session

3 sessions/ 
90 min

20 min

20 sessions/ 
28 days

10 days

30 min/per 
session,
5 days, 5 
weeks

1 session, 
1.5h

20 days

10 sessions/ 
50 min,
5 weeks

25 sessions, 
8 weeks

5 sessions/ 
week 
5 weeks

45 min/
5 days,
5-7 weeks

8 weeks

35-45 min/
5 days,
5 weeks

5 sessions/ 
1h

24 
sessions/30 
min, 8 weeks

6 weeks

25 sessions, 
5 weeks

5 days

30 min/
5 days,
8 weeks
2 sessions, 
5-8 weeks

20 min/day 
(tDCS),
40 min/day 
(WMT);
2 weeks

1h/day, 4 
days/week, 5 
weeks

20 min/day, 
2 weeks

10 days

10 weeks

15 min/30 
exercise 
cycles

2 days

3 sessions/ 
week, 
20-25min/ 
session
5 weeks
48 sessions, 
10 weeks

20min-50 
min/ session

15 sessions/ 
1h each,
8 weeks

20 sessions, 
4-5 weeks

Results
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.
There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

There was no 
significant
improvement in 
the experimental
group.
The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.

The experimental 
group improved 
significantly.
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Nº
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Title
Hospital-Based Modified Cogmed
Working Memory Training for
Youth With ADHD

Transcranial random noise stimulation 
is more effective than transcranial direct 
current stimulation for enhancing 
working memory in healthy individuals: 
Behavioral and electrophysiological 
evidence
Working memory training improves 
children’s syntactic ability but not vice 
versa: A randomized control trial
Effects of transcranial direct current 
stimulation and transcranial random
noise stimulation on working memory 
and task-related EEG in major 
depressive disorder

Making the rich richer: Frontoparietal 
tDCS enhances transfer effects of a
single-session distractor inhibition 
training on working memory in high
capacity individuals but reduces them in 
low-capacity individuals.

Transcranial direct current stimulation 
versus intermittent theta-burst 
stimulation for the improvement of 
working memory performance

Enhanced frontoparietal connectivity in 
multiple sclerosis patients and healthy 
controls in response to an intensive 
computerized training focused on 
working memory
Possible evidence of near transfer 
effects after adaptive working memory
training in persons with multiple 
sclerosis
Emotional working memory training 
reduces rumination and alters the EEG 
microstate in anxious individuals

Training and transfer effects of working 
memory training in male abstinent
long-term heroin users

Training and transfer effects of working 
memory updating training in male
abstinent long-term methamphetamine 
users

Working memory training restores 
aberrant brain activity in adult 
attention-deficit hyperactivity disorder
Effects of 1 mA and 2 mA transcranial 
direct current stimulation on working 
memory performance in healthy 
participants
The effects of offline and online 
prefrontal vs parietal transcranial direct
current stimulation (tDCS) on verbal 
and spatial working memory

Effect of combined yoga and 
transcranial direct current stimulation 
intervention on working memory and 
mindfulness

The effects of emotional working 
memory training on internet use, 
impulsivity, risky decision-making, and 
cognitive emotion regulation strategies 
in young adults with problematic use of 
the internet: A preliminary randomized 
controlled trial study into possible
mechanisms
Does Vibrotactile Stimulation of the 
Auricular Vagus Nerve Enhance 
Working Memory? A Behavioral and 
Physiological Investigation

Training on Abacus-Based Mental 
Calculation Enhances Visuospatial 
Working Memory in Children
Effectiveness of an Emotional Working 
Memory Training in Borderline 
Personality Disorder: A 
Proof-of-Principle Study

Working Memory Training in Alcohol 
Use Disorder: A Randomized 
Controlled Trial

Does cognitive training improve 
attention/working memory in persons
with MS? A pilot study using the 
Cogmed Working Memory Training 
program

Utilizing Cognitive Training to Improve 
Working Memory, Attention, and 
Impulsivity in School-Aged Children 
with ADHD and SLD
A Short and Engaging Adaptive 
Working-Memory Intervention for 
Children with Developmental Language 
Disorder: Effects on Language and 
Working Memory
Effects of Repetitive Transcranial 
Magnetic Stimulation at the Cerebellum 
on Working Memory
Improving working memory and pain 
inhibition in older persons using 
transcranial direct current stimulation
Working memory training improves 
emotion regulation in drug abstainers:
Evidence from frontal alpha asymmetry

Cognitive training, but not
EEG-neurofeedback, improves working
memory in healthy volunteers

Effects of Transcranial Direct Current 
Stimulation Paired with Cognitive 
Training on Functional Connectivity of 
the Working Memory Network in Older 
Adults
Enhancing Working Memory Based on 
Mismatch Negativity Neurofeedback in 
Subjective Cognitive Decline Patients: 
A Preliminary Study

Computerized Working Memory 
Training in Remission from Major 
Depressive Disorder: Effects on 
Emotional Working Memory, 
Processing Speed, Executive 
Functions, and Associations with 
Symptoms
Adaptive Working Memory Training 
Can Improve Executive Functioning 
and Visuo-Spatial Skills in Children with 
Pre-term Spastic Diplegia

The Effects of Transcranial Direct 
Current Stimulation (tDCS) on Working 
Memory Training in Healthy Young 
Adults
Nikolin

Assessing the Effect of Simultaneous 
Combining of Transcranial Direct 
Current Stimulation and 
Transcutaneous Auricular Vagus Nerve 
Stimulation on the Improvement of 
Working Memory Performance in 
Healthy Individuals
iorda

Working memory updating training 
reduces state repetitive negative
thinking: Proof-of-concept for a novel 
cognitive control training

Chan

Effects of Home-Based Working 
Memory Training on Visuo-Spatial 
Working Memory in Parkinson’s
Disease: A Randomized Controlled 
Trial
Far-Transfer Effects of Strategy-Based 
Working Memory Training

The Effects of Emotional Working 
Memory Training on Trait Anxiety

Working memory training improves 
episodic memory in older people: 
transfer based on controlled retrieval 
processes

Cognitive Training for Visuospatial 
Processing in Children Aged 5½ to 6 
Years Born Very Preterm with Working 
Memory Dysfunction

Immediate and Sustained Effects of 
Neurofeedback and Working Memory 
Training on Cognitive Functions in 
Children and Adolescents with ADHD: 
A Multi-Arm Pragmatic Randomized 
Controlled Trial
Working memory training and brain 
structure and function in extremely 
preterm or extremely low birth weight 
children

Cortical and subcortical responsiveness 
to intensive adaptive working memory 
training: An MRI surface-based analysis
Working memory training in children 
with borderline intellectual functioning 
and neuropsychiatric disorders: a 
triple-blind randomised controlled trial

Effects of Multisession Prefrontal 
Transcranial Direct Current Stimulation 
on Long-term Memory and Working 
Memory in Older Adults
Efficacy of multi-domain cognitive 
function training on cognitive function, 
working memory, attention, and 
coordination in older adults with mild
cognitive impairment and mild 
dementia: A one-year prospective 
randomized controlled trial
No evidence for an effect of a working 
memory training program on white
matter microstructure

Working memory training in adults with 
trichotillomania: A 5-week, single-blind, 
randomized controlled study
Enhancement of Visuospatial Working 
Memory by Transcranial Direct Current 
Stimulation on Prefrontal and Parietal 
Cortices
Brain activity pattern changes after 
adaptive working memory training in 
multiple sclerosis
A randomized EPIREMED protocol 
study on the long-term visuo-spatial 
effects of very preterm children with a 
working memory deficit
The effect of transcranial direct current 
stimulation combined with working 
memory training on working memory 
deficits in schizophrenic patients: study 
protocol for a randomized controlled 
trial

Using hypnotic suggestion in the 
rehabilitation of working memory 
capacity after acquired brain injury: 
study protocol for a randomized 
controlled trial

BRAINSTORMING: A study protocol for 
a randomized double-blind clinical trial 
to assess the impact of concurrent brain 
stimulation (tDCS) and working memory 
training on cognitive performance in 
Acquired Brain Injury (ABI)
The effect of working memory training 
on test anxiety symptoms and 
attentional control in adolescents

Instability Resistance Training improves 
Working Memory, Processing Speed 
and Response Inhibition in Healthy 
Older Adults: A Double-Blinded 
Randomized Controlled Trial

Functional high intensity exercise is 
more effective in acutely increasing 
working memory than aerobic walking:
an exploratory randomized, controlled 
trial
Impact of tDCS on working memory 
training is enhanced by strategy 
instructions in individuals with low 
working memory capacity

Working memory updating training 
modulates a cascade of event-related 
potentials depending on task load

WebBased Cognitive Training to 
Improve Working Memory in Persons 
with  CoOccurring  HIV Infection and 
Cocaine Use Disorder: Outcomes from 
a Randomized Controlled Trial

Modality effects in verbal working 
memory updating: Transcranial direct 
current stimulation over human inferior 
frontal gyrus and posterior parietal 
cortex
Effects of working memory intervention 
on students with reading 
comprehension difficulties

Dissociable effects of attention vs 
working memory training on cognitive 
performance and everyday functioning 
following front-parietal strokes

Country
Canada

Australia

Cuba

Australia

Germany

Brazil

Spain

Spain

China

China

China

Finland

Germany

Serbia

Canada

Iran

USA

China

Germany

Sweden

Canada

USA

England

China

Canada

China

Germany

USA

China

USA

Italy

China

Switzerland

China

Australia

England

USA

Germany

Canada

Philippines

Spain

France

Sweden

Australia

Germany

The 
Netherlands

USA

Taiwan

Canada

South Africa

Iran

Italy

France

China

Norway

England

China

Germany

Germany

England

Finland

USA

China

Brazil

England

Authors
(Year)
Sandberg et al.
(2022)47

Murphy et al. 
(2020)48

Roque-Gutierrez 
et al. (2023)49

Murphy et al.
(2023)50

Schmicker et al.
(2021)51

Razza et al.
(2023)52

Aguirre et al.
(2021)53

Esbrí et al.
(2022)54

Pan et al.  
(2020)55

Zhao et al.
(2020)56

Zhao et al.
(2021)57

Salmi et al.
(2020)58

Papazova et al. 
(2020)59

Zivanovic et al.
(2021)60

Danilewitz et al.
(2021)61

Emadi Chashmi 
et al. (2023)62

Tan et al.  
(2024)63

Wang et al.
(2019)64

Krause-Utz et al.
(2019)65

Khemiri et al.
(2019)66

Blair et al.
(2021)67

Wiest et al.
(2022)68

Henry et al.
(2022)69

Yao et al. 
(2023)70

Deldar et al.
(2019)71

Deng et al.
(2020)72

Barbazzeni et al.
(2023)73

Nissim et al. 
(2019)74

Pei et al. 
(2020)75

Ronold et al.
(2022)76

Di Lieto et al.
(2021)77

Ke et al. 
(2019)78

Dziemian et al.
(2021)79

Zhao et al.
(2022)80

Nikolin et al.
(2019)81

Roberts et al.
(2021)82

Iordan et al.
(2020)83

Giehl et al.
(2020)84

Chan et al.
(2019)85

Veloso et al.
(2021)86

Zamarreño et al.
(2024)87

Gire et al.
(2023)88

Hasslinger et al.
(2022)89

Kelly et al.
(2019)90

Wu et al. 
(2021)91

Roording-Ragetlie 
et al. (2022)92

Au et al.
(2022)93

Sung et al. 
(2023)94

Lawlor-Savage 
et al. (2021)95

Lochner et al.
(2021)96

Moghadas et al.
(2023)97

Bonzano et al.
(2020)98

Gire et al.
(2021)99

Zhu et al.
(2022)100

Eide et al. 
(2024)101

Assecondi et al.
(2020)102

Xu et al. 
(2024)103

Eckardt et al.
(2020)104

Jan Wilke
(2020)105

Assecondi et al.
(2021)106

Salmi et al.
(2019)107

Towe et al. 
(2020)108

Zhu et al. 
(2020)109

Bernardi Novaes 
et al. (2019)110

Peers et al.
(2020)111

Type of sample
(Nº)
Participants with 
ADHD
( 40 ) 

Healthy
(49)

Healthy
(104)

Participants with 
major depression
(49)

Healthy
(86)

Healthy
(24)

Participants with 
multiple sclerosis 
and healthy
(58)

Participants with 
multiple sclerosis
(35)

Anxious 
Participants
(70)

Heroin using 
participants
(50)

Methamphetamin
e-using 
participants
(32)

Participants with 
ADHD
(62)
Healthy
(46)

Healthy
(63)

Healthy
(22)

Participants with 
problematic 
Internet use
(36)

Healthy
(20)

Healthy
(144)

Participants with 
borderline 
personality 
disorder
(68)
Participants with 
alcohol use 
disorder
(50)
Participants with 
multiple sclerosis
(30)

Participants with 
ADHD
(43)

Participants with 
language 
difficulties
(51)

Healthy
(36)

Healthy
(15)

Participants 
abstaining from 
drugs
(40)
Healthy
(60)

Healthy
(28)

Participants with 
subjective 
cognitive 
impairment
(17)
Participants with 
major depression
(20)

Participants with 
premature 
spastic diplegia
(19)

Healthy
(30)

Healthy
(52)

Healthy
(132)

Healthy
(78)

Participants with 
repetitive 
negative thoughts
(124)

Healthy
(42)

Participants with 
Parkinson's 
disease
(37)

Healthy
(65)

Anxious 
Participants
(49)
Healthy
(55)

Participants who 
were born 
prematurely
(169)

Participants with 
ADHD
(202)

Premature or 
very low birth 
weight 
participants
(91)
Healthy
(59)

Participants with 
borderline 
intellectual 
functioning
(72)
Healthy
(55)

Participants with 
Mild Cognitive 
Impairment and 
Mild Dementia
(72)

Healthy
(25)

Participants with 
trichotillomania
(36)
Healthy
(54)

Participants with 
multiple sclerosis
(18)
Participants with 
poor working 
memory
(166)
Participants with 
schizophrenia
(120)

Participants who 
suffered a brain 
injury
(90)

Participants with 
acquired brain 
damage
(40)

Anxious 
Participants
(40)

Healthy
(68)

Healthy
(35)

Participants with 
poor working 
memory
(84)

Healthy
(48)

Participants with 
HIV and cocaine 
use disorder
(58)

Healthy
(51)

Participants with 
reading 
comprehension 
difficulties
(43)

Participants who 
suffered a 
cerebrovascular 
accident
(23)

Stage
(M age)
Young people 
(8-16 years old)
M = 11.59

Adults (18-65 
years old)
M = 30.43

Children (6- 7 
years old)
M= 7.2
Adults (18-65 
years old)
M= 28.58

Young people 
(18-30 years 
old)
M= 23.36

Adults (18-45 
years old)
M= 28.7

Adults (20-50 
years old)
M= 35.80

Adults (20-45 
years old)
M= 43.5

Young people 
(18-22 years 
old)
M= 21.12

Adults (30-47 
years old)
M= 45.1

Adults (30- 45 
years old)
M= 39.4

Adults (18-30 
years old)
M= 28.6
Adults (18-35 
years old)
M= 31.59

Adults (20-35 
years old)
M= 26.76

Young people 
(18-35 years 
old)
M= 29.05

Young adults 
(18-40 years 
old)
M= 20.27

Young adults 
(18-45 years 
old)
M= 30

Children (6-12 
years old)
M= 11.93
Adults (18-55 
years old)
M= 45

Adults (18-60 
years old)
M= 49.6

Adults (18-64 
years old)
M= 51.07

Adolescents 
(6-17 years old)
M= 11.7

Children (6-10 
years old)
M= 8

Young adults 
(18-30 years old)
M= 25
Adults (55-71 
years old)
M= 64
Young people 
(20-40 years old)
M= 36.30

Young people 
(18-30 years old)
M= 24.26

Older adults 
(65-89 years old)
M= 74

Older adults 
(60-80 years 
old)
M= 64.35

Adults (20-60 
years old)
M= 36.207

Children (6-13 
years old)
M= 7.3

Young adults 
(20-25 years old)
M= 22

Young people 
(19-36 years 
old) Adults 
(65-77 years 
old)
M= 46.04

Young people 
(18-26 years 
old)
M= 20.89

Young adults 
(18-40 years 
old)
M= 22.2

Adolescents 
(10-24 years 
old)
M= 19.37

Older adults 
(63-75 years 
old) Young 
adults (18-28 
years old)
M= 44.58
Adults (45-85 
years old)
M=64.36

Children (6-9 
years old)
M= 7.5

Young adults 
(18-40 years old)
M= 26.94
Older adults 
(60-85 years 
old)
M= 71.85

Children (5-6 
years old)
M= 5.11

Children and 
Adolescents 
(9-17 years old)
M= 12.6

Children (5-9 
years old)
M= 7.8

Adults (50-65 
years old)
M= 55.79
Children (10-13 
years old)
M= 11.7

Older adults 
(65-85 years 
old)
M= 71.32
Older adults 
(65-85 years 
old)
M= 82.3

Adults (18-40 
years old)
M= 30.6

Adults (18-55 
years old)
M= 38.56
Young adults 
(18-30 years 
old)
M= 24.3
Adults (30-50 
years old)
M= 45.3
Children (5-6 
years old)
M= 5.5

Adults (18-60 
years old)
M= 40

Adults (18-67 
years old)
M= 50

Adults (18-69 
years old)
M= 50

Adolescents 
(11-17 years 
old)
M= 14.05

Older adults 
(65-79 years 
old)
M= 71.3

Young adults 
(18-30 years 
old)
M= 26.7

Young adults 
(18-39 years 
old)
M= 20.6

Young adults 
(18-30 years 
old)
M=22

Adults (18-64 
years old)
M= 48.97

Adolescents 
(17-22 years 
old)
M= 18.9

Children (8-10 
years old)
M= 9

Adults (28-74 
years old)
M= 59

Training used
Cogmed RM and 
modified Cogmed

Transcranial 
direct current and 
transcranial 
random noise 
stimulation
(tDCS/ tRNS)
n-back

Transcranial 
direct current 
stimulation 
(tDCS) and 
transcranial 
random noise 
with DC-offset 
(tRNS + DC-offset)
Transcranial 
direct current 
stimulation (tDCS), 
a one-session 
distractor 
inhibition training 
(DIIN).
Transcranial 
direct current 
stimulation 
(tDCS) and 
repetitive theta 
burst transcranial 
magnetic 
stimulation (TBS).
n-back

1 n-back, 2 
n-back, 3 n-back

dual n-back, 
operation span 
task, running 
memory task, 
numerical Stroop 
task, numerical 
shifting task
Visuo-spatial 
n-back

Visual n-back

dual n-back, 
single n-back

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Transcranial 
Direct Current 
Stimulation 
(tDCS)

Transcranial 
Direct Current 
Stimulation 
(tDCS) and 
mindfulness
eWMT (dual 
n-back task)

The vibrotactile 
taVNS system

Abacus-based 
mental calculation 
(AMC)
eWMT (dual 
n-back task)

Cogmed RM

Cogmed Working 
Memory Training 
(CWMT)

Captain's Log 
program

Listening Recall 
Training Task, 
The Odd One Out 
Span task

Transcranial 
magnetic 
stimulation (TMS)
Transcranial 
direct current 
stimulation (tDCS)
Running memory 
tasks (RMTs)

Online feedback, 
Delayed 
match-to-sample 
task (DMST)
Transcranial 
Direct Current 
Stimulation 
(tDCS), POSI 
Science BrainHQ
Neurofeedback, 
n- back tasks

Cogmed RM

Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Storage and 
processing: 
numerical 
complex span, 
Relational 
integration: tower 
of fame, 
Supervision: 
figural task 
switching
Transcranial 
Direct Current 
Stimulation 
(tDCS) and the 
vibrotactile taVNS 
system

High-Definition 
Transcranial 
Direct Current
Stimulation 
(HD-tDCS)
Tarea de Ecker: 
negative stimuli, 
Cognitive (near) 
transfer: Modified 
Sternberg task
The fMRI
task, verbal WM 
task

NeuroNation

Semantic-categor
ization training 
tasks, Semantic 
control tasks, 
Phonological- 
rehearsal

Emotional Dual 
n-Back

Counting span, 
digit span, 
operation span, 
and lexical span, 
matrix span, 
alignment span, 
and rotation span
Cogmed

MinneslekFlex

Cogmed

Millisecond 
Software: n-back 
task
Cogmed RM

Transcranial 
Direct Current 
Stimulation 
(tDCS)
Game-based 
intelligence test 
by LTPA solution 
Co., LTD

Lumosity: 
Memory Match, 
Memory Match 
Overload, and 
Memory Lane

Cogmed

Transcranial 
Direct Current 
Stimulation 
(tDCS)
COGNI-TRAcK

Cogmed JM

Transcranial 
direct current 
stimulation 
(tDCS) and 
memorize a 
series of 
continuous items.

Hypnotic 
inductions

Transcranial 
direct current 
stimulation 
(tDCS) and 
n-back tasks

Dual n-back task

Instability 
resistance training 
or resistance 
training on 
unstable surfaces 
(concurrent 
balance and 
resistance 
training)
High-intensity 
functional training 
(HIFT)

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Dual n-back task

Lumosity

Transcranial 
Direct Current 
Stimulation 
(tDCS)

Games and ludic 
activities-based 
strategies for the 
development of 
five abilities: 
Categorization; 
Sequencing of 
simple and 
complex orders; 
Creation of visual 
images; 
Memorization of 
words and 
numerals; and 
Memorization of 
non-words

Cogmed

Type of 
treatment
Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Transcranial 
and 
computerized 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Transcranial 
Stimulation 
and Yoga

Computerized

Electrical 
stimulation

Cognitive 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized 
and 
transcranial

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Electrical 
stimulation

Electrical 
stimulation

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Electrical and 
cognitive 
stimulation

Cognitive 
stimulation

Electrical 
stimulation

Computerized

Physical 
training

Physical 
training

Electrical 
stimulation

Computerized

Computerized

Electrical 
stimulation

Computerized

Computerized

Test 
implemented
WASI-II, WIAT-III, 
AWMA, TOVA, 
BRIEF-2, 
CBCL/TRF, BYI-II

WAIS-IV

n-back test

WAIS-IV, 
PASAT 
arithmetic task, 
Sternberg task 
WM

Change-
detection task

2 n-back tasks

WAIS-III, BRIEF

Paced Auditory 
Serial Addition 
Test (PASAT), 
WAIS-III
n-back test

Running memory 
tasks (RMTs)

Running memory 
tasks (RMTs)

BRIEF, running 
memory-spatial/ 
verbal, digit span
3-back tasks

Verbal and 
spatial 3-back 
tasks

n-back letter task

BART, BIS-11, 
CERQ-short

n-back tasks

Visuospatial 
n-back

n-back test

Digit Span Task, 
SWM Task,

PASAT, SDMT, 
WMS-II SS, 
Stroop (DKEFS 
Color-Word 
Interference 
Test), WAIS-III, 
Digit span, BRIEF
WISC-V, 
WRAML-2, 
IVA-2

WASI-II, 
WMTB-C: Digit 
Recall, Word List 
Recall, Block 
Recall
Go-no go, 
n-back

n-back tasks

Emotion 
questionnaire 
(ERQ)

Mnemonic 
Similarity Test 
(MST)

N-back test

Auditory Verbal 
Learning Test 
(RAVLT)

Emotional WM 
Paradigm 
(e-WM), Color 
Word 
Interference Test 
(EF)

NEPSY-II

Verbal and 
shape n-back 
tasks

Software Tatool

Spatial 3-back 
WM task and 
Digit 3-back WM 
task

The three-back 
task

The Backward 
Digit Span (BDS) 
of the WAIS-IV

3 T General 
Electric MR750
scanner

The “What was 
where”-task

Forward and 
backward 
digit-span tasks, 
Visual short-term 
memory (VSTM) 
task, Problem- 
solving task
The Automated 
Operation Span 
Task (OSPAN)
Spatial span 
backward test, 
digit span 
backward test 
and reading 
span test

WPPSI-IV, 
Communiquer, 
Lire et Ecrire 
Pour 
Apprendre32 
battery
WISC-IV, 
WAIS-IV

n- back task

The Digit Span 
Test

Automated 
Working Memory 
Assessment 
(AWMA)

n-back tasks, 
LTM training task

Forward digit 
span 
(DS-forward), 
backward digit 
span 
(DS-backward)

WAIS-IV: 
Vocabulary, 
Similarities, 
Block Design, 
Matrix 
Reasoning, Digit
Span, Arithmetic, 
Symbol Search, 
and Coding
WAIS-III: Digit 
Span subtest

Computerized 
Corsi block 
tapping task 
(CBT)
n-back tasks

WPPSI-IV

Repeatable 
Battery for the 
Assessment of 
Neuropsychologi
cal Status 
(RBANS), 
MATRICS 
Consensus 
Cognitive Battery 
(MCCB), 
Wechsler Adult 
Intelligence Test 
Brief Version 
(WAIS-R)
WM index
from WAIS-IV, 
Behavior Rating 
Inventory of 
Executive 
Function–Adult
version 
(BRIEF-A)
WAIS-IV, 
WMS-IV

The Go/No go 
task, n-back task

Digit Memory 
Test, Digit 
Symbol 
Substitution Test

The Digit Span 
test, Trail Making 
test (TMT), The 
Stroop test

n-back tasks: 
Adaptive spatial 
n-back task, 
fixedload- visual 
n-back task
WAIS, BDI-II

Wechsler Test of 
Adult Reading 
(WTAR), 
WAIS-IV: Digit 
Span, HVLT-R, 
BVMT-R
Auditory and 
visual letter 
3-back tasks

Subtest 5 of 
Auditory 
Sequential 
Memory of the 
Illinois Test of 
Psycholinguistic 
Abilities - ITPA, 
Meaningless 
Words 
Repetition Test - 
RPSS, Auditory 
and Reading 
Comprehension 
Contrastive 
Test- reading 
comprehension 
sub-item 
(TCCAL - Let)
AWMA Dot 
Matrix Test, 
AWMA Spatial 
Span Test

Intervention 
time
3sessions/
week
10 weeks

1 session

16 sessions, 
7 weeks

1 session, 
5-20-25 
minutes

1 session

4 
sessions/20 
minutes, one 
per week

60 min/day; 
4 days

10 
sessions/60 
min; 10 days

21 days

20 sessions/ 
20-21 days

20 sessions/ 
20-21 days

3 sessions/ 
25 min; 5 
weeks
2 sessions/ 
72h apart

3 sessions

20min-40min
/2 días

20 sessions/ 
30-45 min

3 sessions

2h/5 school 
years

20 min-30 
min/28 days

5 sessions/ 
week
5 weeks

25 sessions/ 
30-45 min

20 sessions/ 
60 min, 4-8 
weeks

6 weeks

2 sessions/ 
one day

3h

20 days/ 
20-30 min

5 days

40 min/per 
day, 2 weeks

5 sessions/
2 weeks

30-40 
min/session, 
25 sessions, 
5 weeks

25 sessions/ 
20 min,
5 weeks

25 min/ 7 
sessions

20 sessions, 
25-30 min/ 
session

3 sessions/ 
90 min

20 min

20 sessions/ 
28 days

10 days

30 min/per 
session,
5 days, 5 
weeks

1 session, 
1.5h

20 days

10 sessions/ 
50 min,
5 weeks

25 sessions, 
8 weeks

5 sessions/ 
week 
5 weeks

45 min/
5 days,
5-7 weeks

8 weeks

35-45 min/
5 days,
5 weeks

5 sessions/ 
1h

24 
sessions/30 
min, 8 weeks

6 weeks

25 sessions, 
5 weeks

5 days

30 min/
5 days,
8 weeks
2 sessions, 
5-8 weeks

20 min/day 
(tDCS),
40 min/day 
(WMT);
2 weeks

1h/day, 4 
days/week, 5 
weeks

20 min/day, 
2 weeks

10 days

10 weeks

15 min/30 
exercise 
cycles

2 days

3 sessions/ 
week, 
20-25min/ 
session
5 weeks
48 sessions, 
10 weeks

20min-50 
min/ session

15 sessions/ 
1h each,
8 weeks

20 sessions, 
4-5 weeks
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