
Citation: Reina-Reina, C.; Antón, E.;

Duñabeitia, J.A. A Systematic

Literature Review of the Impact of

Cognitive Stimulation Programs on

Reading Skills in Children Aged

between 6 and 12 Years Old. Educ. Sci.

2024, 14, 229. https://doi.org/

10.3390/educsci14030229

Academic Editor: Fred Paas

Received: 12 December 2023

Revised: 20 February 2024

Accepted: 21 February 2024

Published: 22 February 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

education 
sciences

Systematic Review

A Systematic Literature Review of the Impact of Cognitive
Stimulation Programs on Reading Skills in Children Aged
between 6 and 12 Years Old
Claudia Reina-Reina 1, Eneko Antón 1,2 and Jon Andoni Duñabeitia 1,3,*

1 Centro de Investigación Nebrija en Cognición (CINC), Universidad Nebrija, 28043 Madrid, Spain;
creinar1@alumnos.nebrija.es (C.R.-R.); eanton@mondragon.edu (E.A.)

2 Faculty of Humanities and Education Sciences, Mondragon University, 20500 Arrasate, Spain
3 Department of Languages and Culture, UiT the Arctic University of Norway, 9019 Tromsø, Norway
* Correspondence: jodun3896@uit.no

Abstract: The scientific evidence regarding the possibility of transferring benefits derived from
cognitive training focused on working memory and inhibitory control to reading skills in children
aged 6 to 12 is inconclusive. This study carries out a systematic review of recent published studies
on this topic with the aim of analysing the specific role of various cognitive stimulation programs
in the growth of executive functions and reading performance in children from ages 6 to 12. Here,
we present the main results reported in the most recent literature, where the impact of intervention
programs on working memory and inhibitory control in children with typical development are
analysed. Even though the effectiveness of executive function training programs in terms of close
transfer is conspicuous, there is still a lack of convergence in recently published articles, especially
regarding the effects of far transfer in reading comprehension after cognitive stimulation programs
are applied.
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1. Introduction

In recent years, there has been growing interest in modulating different cognitive
skills, such as executive functions, based on training programs in populations with diverse
qualities and characteristics. However, a lack of consensus regarding the effectiveness of
the applied programs can be observed, as outcomes vary based on the type of population,
stimulated abilities, and intervention duration, among other factors. For this reason, this
review performs an exhaustive analysis of the impact of different executive function training
programs in populations without any type of neurodevelopmental difficulty or disorder.

1.1. Definition of Executive Functions

Executive functions are defined as a sequence of higher cognitive processes, such as
working memory, inhibitory control, or cognitive flexibility [1,2]. Their neural correlates
primarily take place in the prefrontal cortex [1,3,4] and, to a lesser extent, in the basal
ganglia and cerebellum [1,5–7].

Working memory has been conceptualized as a cognitive process that involves the
storage of a limited amount of information, while the same or other additional information
is managed and/or manipulated [8–11]. According to Baddeley [9,10], this executive
function is composed of three levels: a central component responsible for processing
manipulated information, and two other components, one verbal and one visuospatial,
derived from the central component [1,12,13].

Inhibitory control is defined as the ability to control and suppress inappropriate,
distracting, or irrelevant responses to certain stimuli, as well as thoughts and emotions.
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Thus, inhibitory control contributes to the development of other complex processes, such
as reasoning, attentional capacity, planning, or problem-solving [12,14].

Cognitive flexibility refers to the ability to adapt easily to changing mental demands,
goals, thoughts, and perspectives, and to change between activities that are being imple-
mented. This executive function allows the confronting of new challenges when they arise
unexpectedly, which in turn permits learning from mistakes [15–20].

These executive functions are crucial for performing simultaneous tasks aimed at
achieving a specific goal, autonomously and independently [21]. Therefore, they can act as
strong predictors of academic skills [9,22–26] and reading abilities [15,27–33]. However, it is
worth noting that some authors claim that the relationship between cognitive flexibility and
reading abilities might be less consistent than the associations between working memory,
inhibitory control, and reading performance [16–18,34].

Consequently, the idea that executive functions, such as working memory and in-
hibitory control, can be trained by different cognitive stimulation programs has gained
interest in recent years [22,35–40], especially because the impact of cognitive training of
working memory and inhibitory control extends beyond executive functions, benefiting
complex tasks and activities in the educational context, where executive functions play
a crucial role [41–45]. Similarly, deficits in working memory [31,45–51] and inhibitory
control [50,52] are associated with low academic performance. Therefore, difficulties in
working memory and inhibitory control, as well as the underlying learning difficulties,
could potentially be compensated for through cognitive training [53].

1.2. Definition of Reading Skills

Reading involves several sets of skills that must be mastered to achieve a successful
level in said ability.

Grapheme-to-phoneme conversion, also known as decoding, is the root of reading
and the defining ability of a reader’s phonological skills. To master it, prereaders must
assimilate, understand, and manipulate the correspondence between a given letter and the
phoneme it represents [54,55], thus allowing for visual recognition of words [56]. Conse-
quently, phonological awareness and letter identification in the early stages are considered
one of the first predictors of reading skills development [24,54,55,57]. Specifically, the
speed and accuracy of letter naming and phonological awareness shown by 5-year-olds
can function as strong predictors of word reading at 6–7 years of age [57]. Authors such as
De la Calle [58] find that, while word naming speed has a greater influence on the reading
speed of 6-year-old children, phonological awareness is more involved in the accuracy
demonstrated by these participants.

Reading fluency is defined as the ability to recognise words appropriately, with expres-
sion, intonation, and pacing appropriate to the text being read [59]. This skill unequivocally
contributes to reading comprehension in children and adolescents [60,61]. However, read-
ing fluency is not considered a strong predictor of reading comprehension [60,62,63]. This
is due to the influence of numerous additional factors involved in reading comprehension,
such as the content and characteristics of the text, or the syntactic, semantic, and pragmatic
context in which the words or sentences are located [64].

Reading comprehension involves different coordinated and coherent complex cog-
nitive processes that integrate the information received [56,65–69]. On the one hand,
the reader must recognise the letters that compose each word of the text and the syn-
tactic structure to which it belongs, and then extract the meaning from their mental
lexicon [54,56,60,65–67,69,70]. On the other hand, readers have a requirement to con-
struct a mental representation of the information they are reading, incorporate this in-
formation into their prior knowledge, and thus make inferences about the content of the
text [54,56,65–69,71].

To achieve this, two main routes or pathways of word recognition and reading can be
distinguished [55,56,72]. The initial route for prereaders and beginner readers is known as
the sub-lexical pathway, and it is linked to the grapheme–phoneme conversion rules [55].
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Once the sub-lexical pathway is developed and automatized, the lexical pathway is re-
sponsible for connecting the global spelling of known words with the reader’s internal
representation and meaning of that word, accelerating the processes of reading words
and sentences [55,56,72]. However, even if the reader has reached a high level of automa-
tized word recognition via the lexical pathway during reading, the sub-lexical pathway
is still essential for the development of any reading activity, complementing the lexical
pathway [55]. Therefore, when the reader is confronted with an unfamiliar or unusual
word, or a pseudo-word, they require the use of the sub-lexical pathway to decompose the
letters that compose the word [55,56,72].

From the developmental perspective, the first stages of reading acquisition are con-
ditioned by the cognitive and psychological maturation of children [54,73]. However, it
is important to note that, in languages based on the Latin alphabet, the knowledge and
identification of letters are usually developed between the ages of 3 and 6 [54,57]. This
period demands high levels of focused spatial attention, making the progressive decoding
of letters a cognitively challenging task [72]. Likewise, phonological awareness and decod-
ing are usually consolidated at around 8 and 9 years of age, a period in which children
can apply the mechanisms of grapheme–phoneme conversion automatically, so that they
no longer need complex cognitive strategies or highly demanding attention requirements
to recognise the letters that make up the word [60,61,66,67]. From this period onwards,
children move into a new period of development focused on the acquisition of richer
vocabulary, while speed, accuracy, reading fluency, and ultimately comprehension are also
trained. Therefore, some authors describe this period as the transition from learning to read
to learning to comprehend [60], since reading words accurately and automatically allows
for greater cognitive involvement in the processes of constructing meaning [61].

1.3. Role of Executive Functions in Reading

Working memory abilities, both central [29,74,75], verbal [76,77], and visuospatial [48,78,79],
are significantly related to the multiple processes of literacy and text comprehension that
children acquire and develop. For instance, reading speed may be relevant for visual word
processing, to pronounce syllables and phonemes while temporarily storing new words
from the text, and to be able to combine this information with the context and thus achieve
text comprehension [24,32,80,81].

Similarly, the components of inhibitory control and attention are responsible for
focusing on the letters appearing in the text, inhibiting irrelevant information from the text
and from the reader’s immediate environment, so that proficient reading accuracy and
final text comprehension can be achieved [14,81–86].

Consequently, and considering the central role that reading plays in academic devel-
opment, it is not surprising that inhibitory skills and working memory exhibit a positive
relationship with academic performance [12,22,26,32,47,51,77,87,88]. Additionally, a re-
lationship has been observed between poor performance on tasks requiring executive
functions management and academic and learning difficulties [89,90], and vice versa [91].

1.4. Training of Executive Functions and Effects on Reading Skills

Given the above reported relationships between working memory, inhibitory control,
and different types of reading skills, such as phonological processes [92,93], lexical pro-
cesses [94,95], morpho-syntactic processes [93], reading fluency [60], or comprehension
of written texts [17,60], numerous studies have recently explored whether the potential
benefits of executive function training can also be transferred to other untrained skills of
interest, such as academic skills and reading [22,35,36].

Authors such as Melby-Lervag et al. [35,36], Sala and Gobet [37], Shipstead et al. [96],
and Simons et al. [39], following Mayer [97], categorize the effects derived from cognitive
stimulation programs into two types of transfer. On the one hand, they define near transfer
as the effects found in untrained cognitive processes that are underlying and closely related
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to trained skills. On the other hand, far transfer refers to post-training effects found in tasks
tapping into skills that were not directly trained.

As an example of the latter, some studies find benefits in reading skills in typically devel-
oping children after receiving training in working memory or inhibitory control [15,31,98–101].
However, there is a discrepancy in the findings, as authors such as Astle et al. [102], Dun-
ning et al. [42], Hardy et al. [103], and Roberts et al. [104] claim that executive function
stimulation interventions do not show far transfer effects on reading comprehension or on
other skills necessary to achieve this comprehension effectively, such as word decoding [37]
or reading accuracy [48,81] and reading fluency [33,81,103].

1.5. The Present Study

Multiple reviews and meta-analyses have been released in the past few years, reporting
the associations between executive functions and reading abilities, as well as the impact
of various training programs on these skills. Specifically, these reviews have focused on
the relationships between executive functions and reading skills in typically developing
children [16,32,49,87,90,105], as well as the associations between executive functions and
reading abilities in children with learning difficulties [17,89] and/or neuropsychological
disorders [17,106]. Similarly, various review studies address the impact of working memory
training on the reading performance of children and adolescents [18,22,35–38,107], the
effects of reading skills training on executive functions [108], and the outcomes of mixed
interventions targeting both working memory and reading skills on these abilities [109].

However, to the best of our knowledge, no recent study has examined the impact
of working memory and inhibitory control training on reading skills in children without
any type of difficulty and/or neurodevelopmental disorder. Thus, the main objective of
this review is to examine and analyse the scientific literature published in the last 6 years
regarding the impact of cognitive stimulation programs on the development of working
memory and/or inhibitory control, and the potential transfers that may be observed to
reading skills in children aged 6 to 12 years, globally and comprehensively.

2. Materials and Methods
2.1. Sample

This review study was conducted following the criteria described by Moher et al. [110]
in Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA, cited
by Aksayli [22]; Conesa et al. [111]; Melby-Lervag et al. [35,36]; Sala and Gobet [37,38]. Of
the 3567 studies published between 2017 and 2022 in Web of Science [112], Scopus [113], and
ERIC [114], a total of 16 were selected, all of them indexed in Web of Science [112], because
of redundancy with other databases (see Figure 1 for a detailed description following a
PRISMA flowchart).

2.2. Procedure and Analysis

Different key concepts were collected for the search in different thesauri, resulting in
the search strategy with the following terms: (read* OR comprehension) AND (“execut*
function*” OR “execut* control” OR “cogniti* skill*” OR “cogniti* function*” OR “cogniti*
abilit*” OR “cogniti* control” OR “inhibit* control” OR inhibit* OR “self-regulat*” OR
“working memory” OR “operat* memory”) AND (child* OR “school age*” OR “early ages”
OR adolescent* OR teen*) AND (“training” OR “intervention”).

With this search strategy, between November and December 2022, a total of 3567 English-
language papers published in the last 6 years were found: 1333 studies indexed in the Web
of Science database [112], 894 in Scopus [113], and 1340 in ERIC [114]. These studies were
incorporated into a shared folder from the Google Drive platform, so that all authors were
able to review and manage the incorporated research papers.

Subsequently, the inclusion principles were elaborated by all authors following the
PICO model described by Booth [115] for population, intervention, comparison, and
outcomes. Participants in this study had to be children aged 6 to 12 years attending
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elementary (primary) school with typical development. This age range was chosen because,
although executive functions develop throughout life [28,116], during this period there is an
observable cognitive growth and frontal lobe activity in children [117,118], which gradually
decreases later [82,119,120]. Similarly, it is also the approximate age at which children have
developed the cognitive skills necessary to make sense of grapho-phonetic decoding and
manage it automatically, so it is recommended to start the reading acquisition process in
this period, always considering the maturational and neuropsychological development
of children [108,121]. In addition, as inclusion criteria, we only considered peer-reviewed
and empirical studies that addressed an active intervention in working memory and/or
inhibitory control, and collected specific measures focused on the evaluation related to
children’s reading skills.
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Following removal of duplicates (n = 138), in the next step of the review, titles, abstracts,
keywords, and the full text of the found studies were thoroughly and independently read
by two authors (CR-R and EA), excluding those that did not meet the selected inclusion
and exclusion criteria (n = 3413). Discrepancies regarding the inclusion or exclusion of the
selected studies were discussed with a third author (JAD), who confirmed the final selection
of the selected studies. Additionally, the bibliographic references included in the selected
works were reviewed for the possibility of including new studies, although all those that
met the inclusion criteria were previously selected. Therefore, the final compilation of
articles for this review consisted of 16 experimental or quasi-experimental quantitative
studies indexed in Web of Science [112].
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Finally, the selected studies were categorized and coded in data sheets using Microsoft
Excel [122] and IBM SPSS version 22 [123]. The data were organized according to the
following categories: methodological variables, linked to the sample sizes of the selected
studies and the instruments used for data collection; temporal and demographic variables,
addressing the publication year of each article and the country in which each study was
conducted; and categorical variables, related to the main findings found, which were coded
based on the type of intervention and training tasks performed by the participants, as well
as the type of transfer found after the interventions.

3. Results

Following the method described in the previous section, a total of 16 articles were
selected, six of which implemented training in verbal and visuospatial working mem-
ory [44,53,124–127], one focused on verbal working memory interventions [33], two specif-
ically targeted visuospatial working memory development [34,128], and two stimulated
central working memory or did not specify the specific working memory skill they tar-
geted [70,129]. It is noteworthy that two studies conducted combined training of working
memory, inhibitory control, and cognitive flexibility [130] or working memory and in-
hibitory control [19], and only one of the selected studies addressed inhibitory control
training individually [34]. Similarly, two of the selected studies carried out combined
training of executive functions and reading processes simultaneously [62,71], while only
one combined training in working memory with mathematical skills [101]. Finally, 13 of the
selected studies opted for a quasi-experimental design, while only three studies followed
an experimental design, which can ensure greater internal validity [131].

3.1. Measurement Instruments
3.1.1. Measurement of Executive Functions

Measurement of working memory: Different assessment instruments for working
memory were identified in the selected studies, such as the Wechsler Intelligence Scale for
Children (WISC) [132–135] or the Automated Working Memory Assessment (AWMA) developed
by Alloway [136].

The WISC scale, designed for children aged 6 to 16 [137,138], was used in four of the
12 selected studies that assessed working memory [53,101,126,129]. It has been adapted
to different formats and translated into different languages [139–143]. This scale includes
10 primary subtests and seven secondary subtests in its latest edition, with a reliability
index ranging from 0.86 to 0.95 and a validity coefficient ranging from 0.65 to 0.89 [137,144].
The most commonly used WISC tasks in recent years for working memory assessment
are Digit Span [53,101,126,129], a test that requires the repetition of number sequences
in the same order (short-term memory) or in reverse order (working memory), with a
test–retest reliability coefficient of 0.83 in its fourth edition [129]; Visuospatial Span [53],
where a sequence of blocks is presented, and children are asked to repeat the sequence in
the same order (short-term memory) or in reverse order (working memory), with a test–
retest reliability of 0.87 [103,145]; and Letter-Number Sequencing [53,129], where a sequence
of numbers and letters is presented, and participants must first recall the numbers in
ascending order and then the letters in alphabetical order, with a test–retest reliability of
0.83 [129].

Measurement of inhibitory control: Regarding the instruments used in the five stud-
ies assessing inhibitory control, the Stroop colour-word interference test [146] or similar
tests [34,53,62] was one of the most commonly employed. In this test, colour names are
presented under congruent conditions (the written word matches the colour of the ink,
such as the word “red” in red ink) and incongruent conditions (words appear written in
a different colour, for example, the word “blue” written in red), requiring the participant
either to read the written word or to name the colour in which the word is written, ignoring
what is written. The difference in reaction time in both conditions is considered an index
of inhibitory skills [52,147–150]. The Go/NoGo, which is widely used [34,101], involves
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participants pressing a button when presented with a specific target stimulus among a set
of 10 stimuli, while refraining from pressing the button when presented with a non-target
stimulus [101]. A variant of this test is the Stop Signal task, which requires pressing a key
to the right or left in response to a green circle appearing on the right or left side of the
screen and refraining from pressing any key when the circle appears in red [53].

3.1.2. Measurement of Reading Skills

Significant heterogeneity was identified in the assessment batteries and scales em-
ployed by the authors of the selected studies. One of the two articles that investigated
reading accuracy assessment [62,101] used the Test of Word Reading Efficiency (TOWRE) [62],
developed by Torgesen et al. [151], and intended for participants aged 6 to 18 years with
a Cronbach’s alpha above 0.70. This test provides reliability ranging from 0.89 to 0.97 de-
pending on the age of the participants evaluated [125,152]. The remaining study used the
Revised Battery for the Assessment of Reading Processes (Batería de Evaluación de los Procesos
Lectores, Revisada, PROLEC-R, in Spanish) [101], designed by Cuetos et al. [56], applicable
to children aged 6 to 12 years for the measurement of children’s reading processes, yielding
a Cronbach’s alpha of 0.79.

In addition, of the 16 articles composing this review, 6 of them measured reading
speed [19,34] and reading fluency [19,33,62,125,128]. Although no battery for speed and/or
fluency reading stands out in this selection, Ralph et al. [125] employed the reading fluency
subtask of the TOWRE test, mentioned above. The said test was also used in one of the
studies [62] to assess phonological awareness, a skill evaluated in 3 of the 16 studies in this
review [33,62,101]. Specifically, the PROLEC-R battery [101], the TOWRE test [62], or tasks
designed specifically by the authors for the study [33] were used.

Finally, reading comprehension was the most notable variable in this sample, as it was
assessed in 13 of the 16 selected articles [19,34,44,53,62,70,71,124–127,129,130]. Although
in this case no specific battery stands out in terms of frequency of use within the selected
articles, it is noteworthy for its high internal consistency the use of several tests. On the
one hand, the Wechsler Individual Achievement Test (WIAT-II), employed by Jones et al. [44]
in this review and designed by Wechsler [153], allows the assessment of academic per-
formance in individuals aged 4 to 85 years with a test–retest reliability ranging between
0.85 and 0.98, depending on the age of the participants evaluated. On the other hand, the
Test of Reading Comprehension for Students in 1st to 6th grade (Ein Leseverständnistest für
Erst-bis Sechstklässler ELFE 1–6) [154], used by Johann and Karbach [34], reports a total
Cronbach’s alpha between 0.91 and 0.97 based on the sub-scales of word comprehension,
sentence comprehension, and text comprehension, in addition to reading speed. Finally,
the Progressive Linguistic Complexity Test (CLP) by Alliende et al. [64] was implemented in
the study by Reina-Reina et al. [130] for measuring reading comprehension, reporting a
Cronbach’s alpha of 0.97.

3.2. Transfer of Working Memory Intervention

Eleven publications focused on the cognitive stimulation of working memory, as
described in Table 1, and two were conducted in Argentina, while the rest were from
other countries, including: Germany (n = 1); Australia (n = 1); Brazil (n = 1); China (n = 1);
Denmark (n = 1); United States (n = 1); Italy (n = 1); United Kingdom (n = 1); and Sweden
(n = 1). Concerning sample sizes, only three of these articles exceeded 100 participants, four
had between 50 and 99 participants, and the rest had samples ranging from 7 to 47 children
and adolescents. Moreover, eight of these studies implemented training in classrooms or
educational centres, two carried out stimulation programs in the children’s homes, and
one conducted intervention in psychological laboratories or clinics. Table 1 presents in
detail the characteristics of the sample of participants in each of the studies, as well as the
research design, assessment instruments used, intervention location, duration, frequency,
and conditions of training, as well as the results obtained by the authors, fidelity indicators,
and effect size of the interventions.
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Table 1. Studies illustrating the impact on near and far transfer of working memory training.

Authors, Year Participants Design Assessment
Instruments

Training EF Intervention
Location

Training Conditions Representative Findings
Evidence Little Evidence

Artuso et al. [70]
62 Italian children,
AR = 9–10 years;
M = 9.5 years.

CE
PRE–I–POST

Adaptation of
RMT [155]; Tasks
designed by the authors
to measure working
memory; BIRT [156].

Training focused on
(UWM) was designed
by the authors.

School 20 sessions of 50 min
each, for 4 weeks.

Benefits of WMT on UWM + RC
(F (2,69) = 4.14, p = 0.02, ηp

2 = 0.11,
d = 0.80) and RC (F (2,69) = 6.31, p = 0.003,
ηp

2 = 0.16, d = 0.60) in POST, compared
with PG.

There were no benefits of
WMT on UWM in POST,
compared with PG.

Hitchcock and
Westwell [129]

148 Australian children,
AR = 10.58–13.50 years;
M = 12.25 years.

CE
PRE–I–
POST–FU

WISC-IV [132];
PAT-R [157]. CogMed [158]. School

45-min sessions,
5 times per week, for
5 weeks.

-

There were no benefits of
WMT on VWM or RC in
POST, or at 3 months FU,
compared with PG
and CG.

Johann and
Karbach [34]

152 German children,
AR = 8–11 years;
M = 9.56 years.

E
PRE–I–
POST– FU

N-back task [159];
Spatial Span task [160];
Complex Span
task [100]; ELFE
1–6 [154].

NeuroNation [161]. Home
21 sessions of 30 min,
3–5 times per week,
for 4 weeks.

Benefits of game-based WMT on VWM (F
(1, 62) = 6.58, p < 0.05, ηp

2 = 0.10, d = 0.87)
and VSWM (F(1, 64) = 6.91, p < 0.05,
ηp

2 = 0.10, d = 1.06) in POST, and on
VSWM (F(1, 60) = 6.31, p < 0.05, ηp2 = 0.10,
d = 0.95) at 3 months FU, compared
with CG.

There were no benefits of
game-based WMT on RS
or RC in POST, or on
VWM, RS or RC at
3 months FU, compared
with CG.

Benefits of standard WMT on VWM
(F (1, 62) = 4.79, p < 0.05, ηp

2 = 0.07,
d = 0.92) in POST, and on VWM
(F (1, 59) = 5.12, p < 0.05, ηp

2 = 0.08,
d = 1.21) and VSWM (F (1, 60) = 6.31,
p < 0.05, ηp

2 = 0.10, d = 1.04) at 3 months
FU, compared CG.

There were no benefits of
standard WMT on VSWM,
RS or RC in POST, and on
RS or RC at 3 months FU,
compared with CG.

Jones et al. [44]
95 English children,
AR = 9–14 years;
M = 12.51 years.

CE
PRE–I–
POST– FU

AWMA [136];
WIAT [153]. CogMed [158]. School

20–25 sessions of
45 min each, 5 times a
week, for 6–7 weeks.

Benefits of WMT on WM (p < 0.001) in
POST, and WM (p = 0.04) at 3 months FU,
compared with PG.

There were no benefits of
WMT on RC in POST, or
at 3 months FU, compared
with PG.

Lopez and
Aran [53]

20 Argentine children,
AR = 6 years;
M = 6.20 years.

CE
PRE–I–POST

WISC-IV [133]; n-back
task [162]; TMT [163];
Stroop task [164].

CogMed [158]. School
20–25 sessions,
5 times a week, for
3 months.

Benefits of WMT on VWM (p = 0.001),
VSWM (p = 0.001), and UWM (p = 0.00) in
POST, compared with CG.

There were no benefits of
WMT on IC or RC in
POST, compared with CG.

Novaes
et al. [124]

43 Brazilian children with
typical development or
reading comprehension
difficulties,
AR = 8–10 years;
M = n/s.

E
PRE–I–POST

TCCAL–Let [165]; TDE
[166].

Training focused on
WM was designed by
the authors.

School
15 sessions of 1 h
each, twice a week,
for 2 months.

There were no benefits of
WMT on RC in POST in
typically
developing children.

Ralph et al. [125]
101 American children,
AR = 10–13 years;
M= n/s.

E
PRE–I–
POST– FU

MAP [167,168];
TOWRE [151]. CogMed [158]. Home

25 sessions of
30–45 min each,
5 times a week, for
5 weeks.

-

There were no benefits of
WMT on RF or RC in
POST, or at 6 months FU,
compared with PG.

Siu et al. [33]
37 Chinese children,
AR = 7–8 years;
M = 7.5 years.

E
PRE–I–POST

Tasks were designed by
the authors to measure
RF; Tasks used in
previous studies to
measure
VWM [169,170].

Training focused on
WMT was designed by
the authors.

Home/University
laboratory.

Sessions of 30 min,
4 times per week at
home + one session
of 60 min each, once a
week in the
laboratory, for
8 weeks.

Benefits of WMT on Chinese VWM
(t (9) = −2.3, p < 0.05) English VWM
(t (12) = −2.91, p < 0.05), and Chinese RF
(t (9) = −7.58, p < 0.001; t (9) = −4.05,
p < 0.001) in POST, compared with CG.

There were no benefits of
WMT on Chinese and
English PS, or English RF
in POST compared
with CG.
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Table 1. Cont.

Authors, Year Participants Design Assessment
Instruments

Training EF Intervention
Location

Training Conditions Representative Findings
Evidence Little Evidence

Sondergaard and
de Lopez [126]

38 Danish children,
AR = 8.3–10.7 years;
M = 9.4 years.

E
PRE–I–
POST– FU

WISC-IV [171]; Danish
adaptation of CLPT
[172,173]; Odd-One-Out
task [174,175]; Sentence
Reading Test
(Sætningslæseprøve
2) [175].

Training focused on
WMT was designed by
the authors.

School
12 sessions of 10 min
each, 3 times a week,
for 4 weeks.

Benefits of WMT on VSWM (g = 0.52) in
POST, compared with PG.

There were no benefits of
WMT on VWM or RC in
POST, or on VWM,
VSWM or RC at 12 months
FU, compared with PG.

Studer-Luethi
et al. [128]

86 Swedish children,
AR = 8–12 years;
M = 10.1 years.

CE
PRE–I–
POST– FU

Backward Colour Recall
task [176]; RLPD [177].

Training focused on
VSWMT was designed
by the authors.

School
17–18 sessions of
15 min each, 3 times a
week, for 6 weeks.

Benefits of VSWMT on VSWM (∆ = 0.82,
p = 0.038) in POST, compared with PG.

There were no benefits of
VSWMT on RF in POST,
compared with PG.

Vernucci
et al. [127]

89 Argentine children,
AR = 9–10 years;
M = 9.52 years.

CE
PRE–I–
POST– FU

CSRT [178]; adaptation
of AWMA [179];
Reading to
Comprehend [180].

Training focused on
WMT was designed by
the authors.

School
10–13 sessions of
20 min each, twice a
week, for 7 weeks.

Benefits of WMT on VWM (p < 0.001,
d = 0.714) in POST, and on VWM (p < 0.001,
d = 1.17) at 6 months FU, compared
with PG.

There were no benefits of
WMT on VSWM or RC in
POST, or at 6 months FU,
compared with PG.

Note: AR = Age Range; ARCCT = Auditory and Reading Comprehension Contrastive Test; AWMA = Automatized Working Memory Assessment; BIRT = Battery of Italian reading tests;
CE = Quasi-experimental; CG = Control Group; CLPT = The Competing Language Processing Task; CSRT = Cognitive Self-regulation Tasks; E = Experimental; EF = Executive Functions;
ELFE 1–6 = Reading Comprehension Test for First through Sixth Grades (Ein Leseverständnistest für Erst—bis Sechstklässler); FU = Follow-up; IC = Inhibitory Control; I = Intervention;
M = Mean age; MAP = Measure of Academic Progress; n/s = Not specified; PAT-R = The Progressive Achievement Test in Reading); PG = Placebo Group; POST = Post-test;
PRE = Pre-test; PS = Phonological Skills; RA = Reading Accuracy; RC = Reading Comprehension; RF = Reading Fluency; RLPD = Reading Learning Progress Diagnostics: A
Curriculum-based Procedure (Lernfortschrittsdiagnostik Lesen: ein curriculumbasiertes Verfahren); RMT = Running Memory Task; RS = Reading Speed; RSCT = Reading Speed and
Comprehension Task; SPT = School Performance Test; SST = Stop Signal Task; TMT = Trail Making Test; TOWRE = Test of Word Reading Efficiency; UWM = Updating Working
Memory; VSWMT = Visuospatial Working Memory Training; VSWM = Visuospatial Working Memory; VWM = Verbal Working Memory; VWMT = Verbal Working Memory Training;
WIAT-II = Wechsler Individual Achievement Test, 2sd Edition; WISC = Wechsler Intelligence Scale for Children; WM = Working Memory; WMT = Working Memory Training;
WPT = Words and Pseudowords Task.
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These interventions varied in their findings: authors such as Artuso et al. [70], Jo-
hann and Karbach [31], Jones et al. [44], Lopez and Aran [53], Studer-Luethi et al. [128],
and Vernucci et al. [127] found near-transfer benefits of computer-based working mem-
ory training on tasks assessing verbal and visuospatial working memory both imme-
diately after training, with moderate (d = 0.52–0.714) [126,127] and large effect sizes
(d = 0.80–1.21) [31,70], and 3 months [34,44] or 6 months after training [127]. In fact, some
authors who explored the effect size of the results they obtained after training detailed how
the benefits of training turn from moderate (d = 0.714) to large (d = 0.819) in the follow-up
measure [127]. The opposite is the case in the study by Studer-Luethi et al. [128], as the
results gradually decreased with the different training measures applied. On the other
hand, Sondergaard and de Lopez [126] implemented a non-computerized, face-to-face inter-
vention aimed at developing verbal and visuospatial working memory capacities, finding
effects only in visuospatial working memory measures right after training, with a moderate
effect size (g = 0.52), which did not persist 12 months after the intervention (d = 0.15).
Siu et al. [33] implemented a more specific intervention, focusing only on verbal working
memory, obtaining benefits in these abilities. However, studies such as those conducted
by Hitchcock and Westwell [129] or Novaes et al. [124] did not find any effect on working
memory compared to the control group or the placebo program, despite implementing
interventions of similar duration to the previous studies.

When analysing the 11 selected studies implementing interventions focused on work-
ing memory stimulation, only one explored far-transfer effects on inhibitory control [53].
However, these authors did not find post-training transfer effects on this variable.

Similarly, of the four articles reviewing reading speed and fluency, only Siu et al. [33]
reported gains after the intervention. In contrast, no significant differences were found
after training in reading fluency or speed in three articles [34,124,125,128].

However, some authors did not calculate the concrete effect size of the training imple-
mented, so the measures obtained were based exclusively on the psychometric evaluations
applied [33,44,53,124,129].

Finally, it is worth noting that a considerable number of studies investigated the trans-
fer to reading comprehension post-training, as this variable was considered in nine of the
selected articles. Indeed, the transfer of working memory training to reading comprehen-
sion has been found in some articles [70], with a moderate effect size (d = 0.60), but numerous
studies fail to find significant post-training effect on this variable [34,44,53,124–127,129].

3.3. Transfer of Inhibitory Control Intervention

Of the studies that conducted a cognitive stimulation program aimed at inhibitory
control development, only one of them did so exclusively [34], as detailed in Table 2. This
study was conducted in Germany, with 152 children who participated from home. Table 2
presents in detail the characteristics of the sample of participants in each of the studies, as
well as the research design, assessment instruments used, intervention location, duration,
frequency, and conditions of training, as well as the results obtained by the authors, fidelity
indicators and effect size of the interventions.

In this research, the impact of a game-based inhibitory control training program was
compared with that of a standard intervention in typically developing children. Both
interventions show a significant impact on both trained and untrained measures of in-
hibitory control, with a large effect size (d = 1.09–2.47). However, only the children who
participated in the game-based training showed differences compared to the control group
in reading speed after training (d = 0.58), as well as in reading speed (d = 1.09) and sentence
comprehension (d = 0.63) 3 months after training. Notably, the reading speed performance
of children who participated in the game-based inhibitory control training significantly
increased 3 months after the intervention, with large effect size benefits [34].
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Table 2. Studies illustrating the impact on near and far transfer of inhibitory control.

Authors,
Year

Participants Design Assessment
Instruments

Training EF Intervention
Location

Training
Conditions

Representative Findings
Evidence Little Evidence

Johann and
Karbach [34]

152 German
children,
AR = 8–11 years;
M = 9.56 years.

E
PRE–I–
POST–FU

Go/noGo
task [181];
Flanker
task [182];
Stroop-like
task [52]; ELFE
1–6 [154].

NeuroNation
[161]. Home

21 sessions of
30 min each,
3–5 times per
week, for
4 weeks.

Benefits of game-based ICT on IC
(F(1, 58) = 7.01; p < 0.05, ηp

2 = 0.12,
d = 2.04; F(1, 56) = 13.75; p < 0.001,
ηp

2 = 0.20, d = 2.19; (F(1, 143) = 35.10;
p < 0.001, ηp

2 = 0.20, d = 1.83) and RF
(F(1, 137) = 5.35; p < 0.05, ηp

2 = 0.04,
d = 0.58) in POST, and on IC
(F(1, 56) = 7.66; p < 0.01, ηp

2 = 0.12,
d = 2.47; F(1, 55) = 8.37; p < 0.01,
ηp

2 = 0.13, d = 1.91; (F(1, 135) = 12.39;
p < 0.01, ηp

2 = 0.08, d = 1.77), RF
(F(1, 128) = 4.21; p < 0.05, ηp

2 = 0.03,
d = 1.09), and on RC (F(1, 138) = 4.56;
p < 0.05, ηp

2 = 0.03, d = 0.63) at
3 months FU, compared with CG.

There were no
benefits of
game-based ICT on
RC in POST,
compared with CG.

Benefits of standard ICT in IC
(F(1, 58) = 13.64; p < 0.001, ηp

2 = 0.20,
d = 1.77; (F(1, 143) = 13.20; p < 0.001,
ηp

2 = 0.09, d = 1.68) in POST, and on IC
(F(1,56) = 5.21; p < 0.05, ηp

2 = 0.09,
d = 1.78; F(1, 135) = 5.21; p < 0.05,
ηp

2 = 0.04, d = 1.80) at 3 months FU,
compared with CG.

There were no
benefits of standard
ICT on RF or RC, in
POST and at
3 months FU,
compared with CG.

Note: AR = Age Range; E = Experimental; EF = Executive functions; ELFE 1–6 = Reading comprehension test for first through sixth grades (Prueba de comprensión lectora para
estudiantes de 1◦ a 6◦ grado—Ein Leseverständnistest für Erst—bis Sechstklässler); FU = Follow-up; I = Intervention; IC = Inhibitory Control; ICT = Inhibitory Control Training; M = Mean
age; PG = Placebo Group; POST = post-test; PRE = pre-test; RC = Reading Comprehension; RF = Reading Fluency.
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3.4. Transfer of Combined Working Memory and Inhibitory Control Intervention

Of the retrieved articles, only two focused on the combined training of working
memory and inhibitory control, as indicated in Table 3. These studies were conducted
in Brazil (n = 1) and Spain (n = 1), both with a sample size exceeding 100 participants,
who performed the intervention in their classrooms and educational centres. Table 3
presents in detail the characteristics of the sample of participants in each of the studies, the
research design, assessment instruments used, intervention location, duration, frequency,
and conditions of training, as well as the results obtained by the authors, fidelity indicators,
and effect size of the interventions.

As a result of the implementation of these mixed training programs, positive results in
near-transfer effects can be observed, reporting medium and large benefits after training
in verbal working memory (d = 0.53) and inhibitory control (d = 0.99) in children from
disadvantaged socioeconomic contexts. However, the impact of this type of training does
not transfer to visuospatial working memory abilities [19].

Far transfer can also be observed in these variables, as after-training improvements
can be observed in reading speed and fluency in children from low socioeconomic contexts,
with moderate effect sizes (d = 0.61), but not in children from high socioeconomic con-
texts [19]. Benefits in reading comprehension are also found [130], with moderate effect sizes
(ηp

2 = 0.071), after a controlled intervention with a validated commercial computerized
cognitive training platform (CogniFit Inc., San Francisco, CA, USA). However, Weissheimer
et al. [19] did not find a significant impact of the training program on reading comprehen-
sion in children after training, regardless of the socioeconomic context of the participants.

In addition, Reina-Reina et al. [130] explored the inter-individual differences that
participants showed after completing the computerized cognitive training. The only co-
variate that modulated the effect of intervention on executive functions was the age
of the participants, indicating that the effects of training were more significant in the
younger population.

3.5. Transfer of Combined Intervention in Executive Functions and Academic Skills

Finally, among the 16 empirical studies included in this review, three focused on
combined training, stimulating executive functions, and either reading or mathematical
skills, as described in Table 4. These studies were conducted in American (n = 1), Italian
(n = 1), and Spanish (n = 1) populations. Additionally, two of these studies were imple-
mented in the educational centres of the participants, and the remaining one conducted the
training program in their homes. Table 4 presents in detail the characteristics of the sample
of participants in each of the studies, as well as the research design, assessment instruments
used, intervention location, duration, frequency, and conditions of training, as well as the
results obtained by the authors, fidelity indicators, and effect size of the interventions.

Carretti et al. [71] and Horowitz-Kraus et al. [62] explored the near-transfer effects
post-training of a program aimed at developing working memory and reading comprehen-
sion, as well as a similar program combined with phonological-based training. After the
implementation of these interventions, near-transfer effects are observed in both variables
after the intervention [62,71], as well as 2 months after this implementation [71].

Similarly, children who participated in a training program for working memory
and mathematical skills in the study by Sanchez-Perez et al. [101] showed an increase in
inhibitory control scores obtained after training.



Educ. Sci. 2024, 14, 229 13 of 26

Table 3. Studies illustrating the impact on near and far transfer of combined training of working memory and inhibitory control.

Authors, Year Participants Design Assessment
Instruments

Training EF Intervention
Location

Training Conditions Representative Findings
Evidence Little Evidence

Reina-Reina
et al. [130]

196 Spanish children,
AR = 9–12 years;
M = 9.9 years.

CE
I–POST

CLP [64,183]; Spanish
academic
curriculum [184].

CogniFit Inc. [185]. School
Sessions of 15–20 min
each, 3–4 times per
week, for 8 weeks.

Benefits of EFE on CL
(F (1, 190) = 14.61, p < 0.001,
ηp

2 = 0.071) in POST.
-

Weissheimer
et al. [19]

121 Brazilian children,
AR = 8–10 years;
M = n/s.

CE
PRE–I–
POST–FU

Adaptation of the
n-back task (adaptation
of Spatial Span task;
Dogs and Monkeys task;
Test d2 [186];
RSCT [187]; WPT [188].

Training focused on EFT
was designed by
the authors.

School
10 sessions of 20–25 min
each, for 5–7 weeks.

Benefits of EFT on VWM
(F (1, 55) = 6.865, p = 0.011, d = 0.53),
IC (F (2, 210) = 5.374, p = 0.024,
d = 0.99), RS (F (1, 120) = 6.022,
p = 0.029, d = 0.61), in POST, and at
3 months FU, in children from low
socioeconomic backgrounds
compared with PG.

There were no benefits of EFT on
VSWM, RF, or RC in POST, or at
3 months FU, in children from low
socioeconomic backgrounds
compared with PG.
There were no benefits of EFT on
VWM, VSWM, IC, RS, RF, or RC in
POST, or at 3 months FU, in
children from high socioeconomic
backgrounds compared with PG.

Note: AR = Age Range; CE = Quasi-experimental; CLP = Progressive Linguistic Complexity Test (Test de Complejidad Lingüística Progresiva); EF = Executive Functions; EFT = Executive
Functions Training; I = Intervention; M = Mean age; POST = post-test; PRE = pre-test; RC = Reading Comprehension; RF = Reading Fluency.

Table 4. Studies illustrating the impact on near and far transfer of combined training of executive functions and academic skills training.

Authors, Year Participants Design Assessment
Instruments

Training FE Intervention
Location

Training Conditions Representative Findings
Evidence Little Evidence

Carretti et al.
[71]

48 Italian children,
AR = 8–9 years;
M = 8.54 years.

CE
PRE–I–
POST–FU

Adaptation of
UFRC [189]; DARC
[190]; MTRA [191].

Italian adaptation of
Garcia-Madruga
et al. [192].

School
10 sessions of 40 min
each, twice a week, for
5 weeks.

Benefits of WMT + RC on UWM
(p = 0.001, d = 1.14) and RC (d = 0.76) in
POST, and on WM (p = 0.002, d = 1.49)
and RC (d = 1.75) at 2 months FU,
compared to CG and PG.

-

Horowitz-
Kraus et al.
[62]

54 American children
with reading difficulties,
ADHD and reading
difficulties, and typical
development, AR = n/s;
M = 9.76 years.

E
PRE–I–POST

TOWRE-2 [151];
RAP [193];
GORT-III [194]; D-KEFS
Stroop Task [147].

RAP [193]. Home
20 sessions of 15–20 min
each, 5 times per week,
for 4 weeks.

Benefits of EFT + RC on PP
(t (18) = −0.721, p = 0.480), RA
(t (18) = −6.727, p < 0.001;
t (18) = −5.776, p < 0.001), and RF
(t (18) = −4.574, p < 0.001) in POST.

There were no benefits of
EFT + RC on IC or RC in POST.

Sanchez-Perez
et al. [101]

104 Spanish children,
AR = 7–12 years;
M = 9.17 years.

CE
PRE–I–POST

WISC-IV [133]; Dot
Task [195]; Go/noGo
task [196];
PROLEC-R [56].

Training focused on
EFT + MT was designed
by the authors.

School
30-min sessions each,
twice a week, for
13 weeks.

Benefits of WMT + MT on IC
(F (1,81) = 12.80, p = 0.001, ηp

2 = 0.14,
d = 0.61), and RAS (F (1,86) = 9.76,
p = 0.002, ηp

2 = 0.10, d = 0.61) in POST,
compared to GC.

There were no benefits of WMT
+ MT on VWM in POST,
compared to GC.

Note: ADHD = Attention Deficit Hyperactivity Disorder; AR = Age Range; CE = Quasi-experimental; CG = Control Group; DARC = Diagnostic Assessment of Reading Comprehension;
D-KEFS = Delis-Kaplan Executive Function System; E = experimental; EF = Executive Functions; EFT = Executive Functions Training; FU = Follow-Up; GORT-III = Gray Oral Reading
Test; I = Intervention; IC = Inhibitory Control; M = Mean age; MT = Mathematical Skills Training; MTRA = MT Test for reading assessment in the school; n/s = Not specified;
PD = Phonological decoding; POST = post-test; PP = Phonological Processing; PRE = pre-test; PROLEC-R = Reading Process Assessment Battery—Revised (Batería de Evaluación de los
Procesos Lectores—R); RA = Reading Accuracy; RAS = Reading skills; RAP = Reading Acceleration Program; RC = Reading Comprehension; RF = Reading Fluency; RS = Reading Speed;
TOWRE = Test of Word Reading Efficiency; UFRC = Updating Following a Relevant Criterion; UWM = Updating Working Memory; VWM = Verbal Working Memory; WISC = Wechsler
Intelligence Scale for Children; WM = Working Memory; WMT = Working Memory Training.
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Regarding transfer to untrained skills, interventions focused on working memory and
reading comprehension showed a positive impact on reading accuracy and fluency after
training [62]. Additionally, Carretti et al. [71] confirmed the results obtained using Cohen’s
d [121]. Thus, the experimental group showed a medium effect (d = 0.76) on reading
comprehension performance after training, which became large (d = 1.75) two months
after the intervention. However, the active control group only showed a small effect
size for these measures. On the other hand, although Horowitz-Kraus et al. [62] did not
calculate effect sizes in their intervention results, they supported the measurements of
cognitive assessments with neuroimaging evaluations. Thus, they reported that, although
the three training groups—children with reading difficulties, participants with ADHD
and reading difficulties, and the typically developing population—showed an increased
activation of certain brain areas after training, the observed changes in the connectivity
between neural circuits were different for each group. On the one hand, training had a
direct positive effect on functional connectivity related to memory—para-hippocampal
gyrus—and attention—right and left insula. On the other hand, children with reading
difficulties only showed a post-training change in the neural circuits of the right and left
insula, where attentional skills partially take place, although they did not show increased
functional connectivity after training in brain areas related to executive functions, such
as the right and left superior frontal lobe. Finally, participants with ADHD and reading
difficulties demonstrated a post-training change in executive function related areas—right
and left superior frontal gyrus—and in attention related neural circuits—right and left
insula—that were more functionally connected [62].

Finally, it is noteworthy that children who collaborated in the study by Sanchez-
Perez et al. [101], who participated in an intervention based on executive functions and
mathematical skills, showed benefits in reading speed and accuracy after training. Although
these authors did not calculate the effect size of the intervention on untrained skills, they
applied several multiple linear regression analyses to test for specific effects of the training
activities. In this way, they reported a significant contribution of the working memory
component of the intervention, as opposed to the mathematical tasks in the training, to
benefits in reading skills and inhibitory control in typically developing children who
participated in the intervention [101].

4. Discussion

The main objective of this study was to examine and analyse the recent findings
regarding the impact of working memory and/or inhibitory control stimulation in typically
developing children aged 6 to 12 years, as well as the transfer of this type of training to
untrained skills, such as reading abilities.

4.1. Working Memory Interventions

Recent studies evidence a positive impact of working memory training on trained
cognitive skills [19,33,34,44,53,70,126–129]. These results are consistent with previous
findings, in which near-transfer effects were observed after training in children between 6
and 12 years of age [31,48,99,100,102,104] and preschool-aged participants [42,197].

The transfer from working memory training to inhibitory control was not as evident.
Recent studies have not reported such transfer in typically developing children [19,34,53],
aligning with previous results in children with ADHD [100,197].

In fact, authors such as Butterfuss and Kendeou [17], Chang [61], Kieffer et al. [198],
Klingberg et al. [199,200], Miyake et al. [2,20], and Roughan and Hadwin [201] justify that
inhibitory control and working memory are reciprocally related. In other words, in working
memory tasks, inhibitory control is necessary to filter out irrelevant information. Similarly,
to maintain attention in a task, the working memory is necessary to retain the required
information for task completion.

More specifically, the selected studies revealed gains from working memory training
in phonological skills [33], reading accuracy or speed [19,33,124], and reading compre-
hension [70,124,125] in typically developing children. These findings are consistent with
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previous studies that have reported similar results [31,98,99], asserting the close relationship
between working memory and reading [29,32,48,76,77].

Nevertheless, it is possible that there was a sleeper effect on reading skills [46,99,202],
with benefits reported only in the long term, but not immediately after training. It is worth
mentioning, however, that in the study by Ralph et al. [125] participants in the control group
dropped out of the experiment after post-test evaluations. Given that reading exhibits a
trajectory of gradual improvement, it is possible that the control groups in these studies
would have also demonstrated these improvements in the follow-up phase [125].

Despite these findings, other recent intervention studies have reported that improve-
ments are only observed in trained working memory tasks, but not in tasks that would not
have been part of the intervention, such as reading skills [34,104,125] or reading comprehen-
sion [19,34,44,53,126,127,129]. These studies are in line with previous research conducted by
Astle et al. [102], Dunning et al. [42], and Roberts et al. [101] (see also meta-analyses [35–38]).

The lack of convergence in the transfer of working memory training on read-
ing performance is justified in some studies by the influence of the compensation
effect [19,34,53,70,71,124,127,129], in which greater development of cognitive skills and
reading performance is observed in children who presented poor performance before
participating in the intervention [18,100,203–207]. This factor could also explain the ab-
sence of results in some meta-analyses that analysed participants as a group, making it
difficult to observe the compensation effect, as seen in studies conducted by Melby-Lervag
et al. [35,36], or Sala and Gobet [37,38].

Furthermore, the effectiveness of cognitive stimulation interventions on reading skills
may be related to the use of linguistic materials [33]. Non-linguistic tools, such as digits,
shapes, or images, used in some interventions here [19,44], do not promote an increase in
post-training reading performance. Therefore, further research is needed to thoroughly
examine the role of linguistic components in cognitive stimulation programs, as the pres-
ence of linguistic materials does not always predict a positive impact on verbal working
memory or reading performance in children [35,126].

Another possible factor contributing to this lack of convergence may be attributed
to the use of different reading comprehension assessment batteries. Measurement tools
that incorporate images to guide responses may impose low cognitive demands, which
might not allow researchers to observe the possible benefits of training [126]. In this
regard, it has been argued that reading comprehension measurement tasks that require
complex inferences about the text might also require cognitive capacities related to working
memory [16,189,208].

Similarly, the relevance of participants’ training times should be highlighted. Authors
such as Jones et al. [44] and Sondergaard and de Lopez [126] report that participants’ limited
adherence to the intervention hampers the far transfer to skills related to inhibitory control
and children’s reading performance, in line with Hardy et al. [103], Klingberg et al. [199],
Loosli et al. [31], or Thorell et al. [197]. These results also coincide with the established
minimum threshold of at least 10 training sessions over a period of 5 to 8 weeks [103].

4.2. Inhibitory Control Interventions

Among the studies analysing the impact of inhibitory control stimulation programs in
typically developing children, Johann and Karbach [34] compared the effects of gamified
executive function training versus standard training. These authors concluded that both
types of training impact the performance in trained and untrained inhibitory control tasks
similarly, consistent with previous evidence [197,209].

However, no transfer of inhibitory control intervention to tasks related to working
memory was found [34], in line with previous interventions [197]. Possibly, this lack of
benefits may be due to the fact that gamified interventions necessarily include different
tasks in each session, which may prevent transfer from one domain of executive function
to another [210].
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Regarding the far transfer of this type of stimulation program to reading skills, Johann
and Karbach [34] found benefits of computerized inhibitory control training on reading
speed in the short and long term. These results support findings showing the relationship
between inhibitory control and phonological skills and decoding [16,211,212], reading
fluency or accuracy [50,213], or reading comprehension [50,61,198].

In the case of Johann and Karbach’s study [34], it is possible that there was also
a sleeper effect on reading comprehension demonstrated by children after gamified
training, since gains were only observed 3 months after the intervention, and not imme-
diately [46,99,202].

Similarly, Johann and Karbach [34] observed a possible compensatory
effect [18,19,71,100,129,203–207], as the analysed population with lower performance in
pre-test measures demonstrated greater gains post-intervention.

Although the benefits of computerized inhibitory control stimulation can be observed
in reading skills, these results have not been found in recent studies implementing stan-
dard cognitive interventions [34]. These findings are consistent with similar research in
which executive functions were trained in isolation, limiting the transfer to other complex
cognitive tasks such as reading [214]. In this sense, some authors argue that the use of
gamified cognitive stimulation programs may increase the necessary cognitive demand
and, therefore, facilitate distant transfer to academic skills [34].

Along the same lines, authors such as Diamond [215] and Roughan and Hadwin [201]
report that there are some factors supporting the improvement of executive functions in
cognitive interventions, such as perceived joy, feelings of social belonging, support, and
self-efficacy experienced during training. These factors are related to increased adaptability,
discipline, and concentration, which significantly increase in gamified stimulation com-
pared to standard interventions. This could explain why only the game-based training
group demonstrated better long-term reading speed performance compared to the standard
training group or the control group.

4.3. Combined Interventions in Working Memory and Inhibitory Control

Regarding far transfer effects, children showed benefits in speed, fluency [19], and
reading comprehension [130] after the intervention. These results align with prior studies
that underscore the fundamental role of inhibitory control [50,213], attention [216], and
working memory [31,207] in children’s reading processes. In contrast to the results reported
by Reina-Reina et al. [130] and Weissheimer et al. [19], no benefits were found for inhibitory
control and reading comprehension after the applied intervention.

However, it is important to consider that participants from a more disadvantaged
socioeconomic background demonstrate a greater impact of cognitive stimulation programs
on executive functions and reading skills [19,130]. Interestingly, these results are in line
with previous research conducted with children and adolescents, which explored the effects
observed in participants of different socioeconomic status [217,218]. Together, these findings
suggest that cognitive stimulation protocols may be effective in partially counteracting
these social differences [101,219].

4.4. Combined Interventions in Executive Functions and Academic Skills

Several studies have also examined the impact of combined programs focused on the
development of working memory and reading comprehension. Near transfers are present
in trained skills in typically developing children [71], supporting previous contributions
under similar conditions [192].

Similarly, these mixed working memory and reading comprehension interventions
also seem to produce far transfer in short and long-term measures, in reading speed and
accuracy, as well as in inhibitory control, in typically developing children, children with
reading difficulties, or participants with ADHD and reading difficulties [62].

Carretti et al. [71] and Horowitz-Kraus et al. [62] also report the relevant role that
the compensation effect can play in the analysed children, where participants who
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initially showed poor performance obtained greater benefits in the short and long
term [18,19,100,129,203–207].

Interventions stimulating working memory and mathematical skills have also been
implemented in recent years [101], showing near benefits in central working memory
and far transfers to reading skills and inhibitory control in typically developing chil-
dren. Interestingly, Sanchez-Perez et al. [101] found that post-training reading benefits
were significantly related to performance in working memory rather than mathematical
tasks, in line with prior results such as those reported by Cain et al. [29], Engle et al. [76],
Holmes et al. [48], Peng et al. [32], Shiran and Breznitz [79], and Swanson and Howell [77].

However, in Carretti et al. [71], Horowitz-Kraus et al. [62], and Sanchez-Perez et al. [101],
the combined training activities were not independent, so it was difficult to determine
which of the trained skills had a greater impact. In line with these authors, a recent
study implemented an intervention focused on working memory and phonological skills
independently [81].

4.5. Limitations and Future Research

Some limitations encountered during the systematic review process are worth men-
tioning. First, our work relied exclusively on studies that analysed the performance of
typically developing children, as seen in some recent reviews [17,22,35,37,38]. Therefore, it
would be interesting for future review studies to consider the impact of cognitive stimu-
lation protocols in diverse clinical populations, such as in the work of Church et al. [89],
Farah et al. [106], Horowitz-Kraus [109], Melby-Lervag et al. [36], Peng et al. [49], Swanson
and Orosco [105], and Titz and Karbach [18], to determine how much training influence
children with different neuropsychological characteristics.

Second, the conclusions presented here are limited by the intrinsic characteristics of
systematic reviews. To delve further into the explored topics, a meta-analysis could be
very informative in the future, as the statistical component would allow for a quantitative
perspective to synthesise and generalise the evidence reported here—in the form, for
example, of a summary effect size.

Finally, and related to the previous point, only 7 out of the 16 selected stud-
ies (i.e., less than half) reported the size of the concrete effect on the dependent
variables [19,34,70,71,126,127,130]. For this reason and given that the results were mea-
sured only through psychometric assessments, it was difficult to robustly determine
the impact of cognitive stimulation on reading skills in half of the
sample [33,44,53,62,101,124,125,128,129]. Therefore, including a larger sample of stud-
ies in future reviews could be a potential way to obtain a more reliable assessment of the
impact of executive function training programmes on different reading skills. However,
despite the absence of such statistical analyses, some of the selected studies compared
their results with active control groups [19,44,71,125–129], or supported their findings with
neuroimaging data [62]. This type of research design allows the detection of possible
confounding variables that could influence the results obtained, which greatly increases
the consistency and degree of internal validity of the reported findings.

In addition„ and taking into account the limitations of the articles selected for this
review, future neuroimaging studies exploring the possible far transfer of executive function
stimulation programs would be very informative, and helpful in determining the specific
role these trainings play in increasing cognitive capacities [62,102,220–223].

As the main limitation of the studies selected for this review, it is worth mentioning that
the sample sizes in Artuso et al. [70], Jones et al. [44], Pasqualotto et al. [81], Siu et al. [33]
were relatively small compared to some previous studies [104]. However, moderate changes
from the Cogmed program can be detected with 12 participants per group [145].

Moreover, some studies selected report limitations, such as having only a passive con-
trol group [33,70,101] or a placebo or active control group with non-adaptive training [126].
Interventions in which participants are assigned to three independent groups allow testing
of the data obtained under different experimental conditions. In line with this, some contri-
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butions, such as those made by Carretti et al. [71] or Hitchcock and Westwell [129], enable,
on the one hand, verification of whether certain factors can act as extraneous variables, such
as attention directed towards the experimenter or expectations reached in training [224].
On the other hand, they allow checking for any placebo effect in the applied assessment
measures. For example, scores from questionnaires directed to teachers and families may
be influenced by their perception of children’s development [103].

It is worth mentioning that, due to the possible sleeper effect that may manifest in the
development of reading skills after cognitive stimulation interventions [46,99,202], some
studies incorporated in this review emphasize the importance of conducting longitudinal
studies with short- and long-term assessments to confirm if these effects may appear
months after training [19,70,101].

Finally, sometimes difficulties may arise in distinguishing between the specific effects
of cognitive stimulation interventions combined with some other type of academic training.
Therefore, studies implementing combined training might want to consider applying
the interventions independently, at least for some period during the research, as seen in
Pasqualotto and Venuti [81].

For all these reasons, we strongly believe that future research delving into cognitive
stimulation programs in school populations would benefit from considering the limitations
reported in the literature published to date. This way, the intrusion of extraneous variables
that may occur in empirical research could potentially be largely avoided, obtaining the
highest possible consistency and internal and external validity.

5. Conclusions

The objective of this research was to review and analyse the recently published findings
regarding the impact of working memory and/or inhibitory control stimulation in children
aged 6 to 12, as well as the transfer of this type of training to untrained skills such as
reading abilities.

Although, at present, there is still some lack of convergence in the impact of executive
function training on reading skills, half of the selected articles report that there has been a
compensatory effect in the results obtained. Thus, it seems that there is an evident positive
impact of such interventions on the reading skills of children showing some difficulty
related to executive functions and/or reading abilities.

Interestingly, in some circumstances, a sleeper effect occurs, and these benefits are
not visible until a few months after the training. Therefore, longitudinal analyses explor-
ing possible long-term gains from these trainings would be interesting, although this is
uncommon.

It is worth noting that, in the studies reporting far benefits of executive function
training in reading skills of children without any difficulty, either linguistic components
are included in materials, or a compensatory effect has occurred. Similarly, the use of
combined training programs of executive functions and academic skills is advised, so that
the trained tasks are more numerous, and the potential effects of far transfer are favoured.
Integrated interventions in the school routine combined with a phonological, mathematical,
or reading focus alongside executive function training seem to be significant for typically
developing children.

Finally, it would be convenient to address some of the common limitations found
in recent studies. This would minimize the intrusion of extraneous variables that may
influence the reported results, and thus obtain the highest possible consistency and internal
and external validity.

Author Contributions: Conceptualization, C.R.-R., E.A. and J.A.D.; methodology, C.R.-R.; investiga-
tion, C.R.-R.; data curation, C.R.-R.; writing—original draft preparation, C.R.-R.; writing—review
and editing, C.R.-R. and E.A.; supervision, J.A.D. All authors have read and agreed to the published
version of the manuscript.



Educ. Sci. 2024, 14, 229 19 of 26

Funding: This research was partially funded by PID2021-126884NB-I00 by the MCIN/AEI/10.13039/
501100011033.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All the articles analysed in this systematic review are indexed in
the main scientific databases Web of Sciences and Scopus and are available in their corresponding
scientific journals.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Diamond, A. Why assessing and improving executive functions early in life is critical. In Executive Function in Preschool Age

Children: Integrating Measurement, Neurodevelopment, and Translational Research; Griffin, J.A., McCardle, P., Freund, L.S., Eds.;
American Psychological Association: Worcester, MA, USA, 2016; pp. 11–43. [CrossRef]

2. Miyake, A.; Friedman, N.; Emerson, M.; Witzki, A.; Howerter, A.; Wager, T.D. The unity and diversity of executive functions and
their contributions to complex “frontal lobe” tasks: A latest variable analysis. Cogn. Psychol. 2000, 41, 49–100. [CrossRef]

3. Hanakawa, T. Rostral premotor cortex as a gateway between motor and cognitive networks. Neurosci. Res. 2011, 70, 144–154.
[CrossRef]

4. Swaab, D. Somos Nuestro Cerebro; Plataforma Editorial: Barcelona, Spain, 2014.
5. McNab, F.; Klingberg, T. Prefrontal cortex and basal ganglia control access to working memory. Nat. Neurosci. 2008, 11, 103–107.

[CrossRef] [PubMed]
6. Postle, B.R. Working memory as an emergent property of the mind and brain. Neuroscience 2006, 139, 23–38. [CrossRef]
7. Tranel, D.; Grabowski, T.J.; Lyon, J.; Damasio, H. Naming the same entities from visual or from auditory stimulation engages

similar regions of left inferotemporal cortices. J. Cogn. Neurosci. 2005, 17, 1293–1305. [CrossRef] [PubMed]
8. Alloway, T.P. How does working memory work in the classroom? Educ. Res. Rev. 2006, 1, 134–139.
9. Baddeley, A. Working Memory. Science 1992, 255, 556–559. [CrossRef]
10. Baddeley, A. The episodic buffer: A new component of working memory? Trends Cogn. Sci. 2000, 4, 417–423. [CrossRef]
11. Swanson, H.L.; Berninger, V. The Role of Working Memory in Skilled and Less Skilled Readers’ Comprehension. Intelligence 1995,

21, 83–108. [CrossRef]
12. Diamond, A. Executive Functions. Annu. Rev. Psychol. 2013, 64, 135–168. [CrossRef]
13. Garcia-Madruga, J.A.; Vila, J.O.; Gomez-Veiga, I.; Duque, G.; Elosua, M.R. Executive processes, reading comprehension and

academic achievement in 3rd grade primary students. Learn. Individ. Differ. 2014, 35, 41–48. [CrossRef]
14. Kamza, A. Developmental patterns of relationships between inhibitory control and reading skill in early-school children. L1 Educ.

Stud. Lang. Lit. 2017, 17, 1–23. [CrossRef]
15. Johann, V.; Koenen, T.; Karbach, J. The unique contribution of working memory, inhibition, cognitive flexibility, and intelligence

to reading comprehension and reading speed. Child Neuropsychol. 2018, 26, 324–344. [CrossRef]
16. Best, J.R.; Miller, P.H.; Naglieri, J.A. Relations between executive function and academic achievement from ages 5 to 17 in a large,

representative national sample. Learn. Individ. Differ. 2011, 21, 327–336. [CrossRef]
17. Butterfuss, R.; Kendeou, P. The Role of Executive Functions in Reading Comprehension. Educ. Psychol. Rev. 2018, 30, 801–826.

[CrossRef]
18. Titz, C.; Karbach, J. Working memory and executive functions: Effects of training on academic achievement. Psychol. Res. 2014, 78,

852–868. [CrossRef]
19. Weissheimer, J.; Fujii, R.C.; Marques de Souza, J.G. The effects of cognitive training on executive functions and reading in typically

developing children with varied socioeconomic status in Brazil. Ilha Desterro A J. Engl. Lang. Lit. Engl. Cult. Stud. 2019, 72, 85–100.
[CrossRef]

20. Miyake, A.; Friedman, N.P. The Nature and Organization of Individual Differences in Executive Functions: Four General
Conclusions. Curr. Dir. Psychol. Sci. 2012, 21, 8–14. [CrossRef]

21. Ramos-Galarza, C.; Villegas, C.; Ortiz, D.; Garcia, A.; Bolanos, M.; Acosta, P.; Lepe, N.; Del Valle, M.; Ramos, V. Evaluación de las
Habilidades de la Corteza Prefrontal: La Escala Efecto II-VC y II-VR. Rev. Ecuat. Neurol. 2018, 27, 36–42.

22. Aksayli, N.D.; Sala, G.; Gobet, F. The cognitive and academic benefits of Cogmed: A meta-analysis. Educ. Res. Rev. 2019, 27,
229–243. [CrossRef]

23. Alloway, T.P. Working memory, but not IQ, predicts subsequent learning in children with learning difficulties. Eur. J. Psychol.
Assess. 2009, 25, 92–98. [CrossRef]

24. Baddeley, A. Working memory and language: An overview. J. Commun. Disord. 2003, 36, 189–208. [CrossRef]
25. Fuhs, M.W.; Farran, D.C.; Nesbitt, K.T. Prekindergarten children’s executive functioning skills and achievement gains: The utility

of direct assessments and teacher ratings. J. Educ. Psychol. 2015, 107, 207–221. [CrossRef]
26. Fuhs, M.W.; Nesbitt, K.T.; Farran, D.C.; Dong, N. Longitudinal Associations Between Executive Functioning and Academic Skills

Across Content Areas. Dev. Psychol. 2014, 50, 1698–1709. [CrossRef]

https://doi.org/10.13140/RG.2.1.2644.6483
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1016/j.neures.2011.02.010
https://doi.org/10.1038/nn2024
https://www.ncbi.nlm.nih.gov/pubmed/18066057
https://doi.org/10.1016/j.neuroscience.2005.06.005
https://doi.org/10.1162/0898929055002508
https://www.ncbi.nlm.nih.gov/pubmed/16197684
https://doi.org/10.1126/science.1736359
https://doi.org/10.1016/S1364-6613(00)01538-2
https://doi.org/10.1016/0160-2896(95)90040-3
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1016/j.lindif.2014.07.013
https://doi.org/10.17239/L1ESLL-2017.17.04.04
https://doi.org/10.1080/09297049.2019.1649381
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1007/s10648-017-9422-6
https://doi.org/10.1007/s00426-013-0537-1
https://doi.org/10.5007/2175-8026.2019v72n3p85
https://doi.org/10.1177/0963721411429458
https://doi.org/10.1016/j.edurev.2019.04.003
https://doi.org/10.1027/1015-5759.25.2.92
https://doi.org/10.1016/S0021-9924(03)00019-4
https://doi.org/10.1037/a0037366
https://doi.org/10.1037/a0036633


Educ. Sci. 2024, 14, 229 20 of 26

27. Alloway, T.P.; Alloway, R.G. Investigating the predictive roles of working memory and IQ in academic attainment. J. Exp. Child
Psychol. 2010, 106, 20–29. [CrossRef]

28. Altemeier, L.E.; Abbott, R.D.; Berninger, V.W. Executive functions for reading and writing in typical literacy development and
dyslexia. J. Clin. Exp. Neuropsychol. 2008, 30, 588–606. [CrossRef]

29. Cain, K.; Oakhill, J.; Bryant, P. Children’s reading comprehension ability: Concurrent prediction by working memory, verbal
ability, and component skills. J. Educ. Psychol. 2004, 96, 31–42. [CrossRef]

30. Gathercole, S.E.; Pickering, S.J. Assessment of working memory in six- and seven-year-old children. J. Educ. Psychol. 2000, 92,
377–390. [CrossRef]

31. Loosli, S.V.; Buschkuehl, M.; Perrig, W.J.; Jaeggi, S.M. Working memory training improves reading processes in typically
developing children. Child Neuropsychol. 2012, 18, 62–78. [CrossRef]

32. Peng, P.; Fuchs, D.; Fuchs, L.S.; Elleman, A.M.; Kearns, D.M.; Gilbert, J.K.; Compton, D.L.; Cho, E.; Patton, S., III. A Longitudinal
Analysis of the Trajectories and Predictors of Word Reading and Reading Comprehension Development Among At-Risk Readers.
J. Learn. Disabil. 2018, 52, 195–208. [CrossRef]

33. Siu, T.C.; McBride, C.; Tse, C.; Tong, X.; Maurer, U. Evaluating the Effects of Metalinguistic and Working Memory Training on
Reading Fluency in Chinese and English: A Randomized Controlled Trial. Front. Psychol. 2018, 9, 2510. [CrossRef]

34. Johann, V.E.; Karbach, J. Effects of game-based and standard executive control training on cognitive and academic abilities in
elementary school children. Dev. Sci. 2020, 23, e12866. [CrossRef] [PubMed]

35. Melby-Lervag, M.; Hulme, C. Is Working Memory Training Effective? A Meta-Analytic Review. Dev. Psychol. 2013, 49, 270–291.
[CrossRef]

36. Melby-Lervag, M.; Redick, T.S.; Hulme, C. Working Memory Training Does Not Improve Performance on Measures of Intelligence
or Other Measures of “Far Transfer”: Evidence From a Meta-Analytic Review. Perspect. Psychol. Sci. 2016, 11, 512–534. [CrossRef]
[PubMed]

37. Sala, G.; Gobet, F. Working Memory Training in Typically Developing Children: A Meta-Analysis of the Available Evidence. Dev.
Psychol. 2017, 53, 671–685. [CrossRef]

38. Sala, G.; Gobet, F. Working memory training in typically developing children: A multilevel meta-analysis. Psychon. Bull. Rev.
2020, 27, 423–434. [CrossRef] [PubMed]

39. Simons, D.J.; Boot, W.R.; Charness, N.; Gathercole, S.E.; Chabris, C.F.; Hambrick, D.Z.; Stine-Morrow, E.A.L. Do “Brain-Training”
Programs Work? Psychol. Sci. Public Interest 2016, 17, 103–186. [CrossRef]

40. Strobach, T.; Karbach, J. Cognitive Training: An Overview of Features and Applications; Springer: Berlin/Heidelberg, Germany, 2016.
41. Blakey, E.; Carroll, D.J. A short executive function training program improves preschoolers’ working memory. Front. Psychol.

2015, 6, 1827. [CrossRef]
42. Dunning, D.L.; Holmes, J.; Gathercole, S.E. Does working memory training lead to generalized improvements in children with

low working memory? A randomized controlled trial. Dev. Sci. 2013, 16, 915–925. [CrossRef]
43. Holmes, J.; Gathercole, S.E. Taking working memory training from the laboratory into schools. Educ. Psychol. 2014, 34, 440–450.

[CrossRef]
44. Jones, J.S.; Milton, F.; Mostazir, M.; Adlam, A.R. The academic outcomes of working memory and metacognitive strategy training

in children: A double-blind randomized controlled trial. Dev. Sci. 2020, 23, e12870. [CrossRef]
45. Swanson, H.L.; Alloway, T.P. Working memory, learning, and academic achievement. In APA Educational Psychology Handbook;

Harris, K.R., Graham, S., Urdan, T., McCormick, C.B., Sinatra, G.M., Sweller, J., Eds.; American Psychological Association:
Worcester, MA, USA, 2012; Volume 1, pp. 327–366. [CrossRef]

46. Avtzon, S.A. Effect of Neuroscience-based Cognitive skill Training on Growth of Cognitive Deficits Associated with Learning
Disabilities in children Grades 2–4. Learn. Disabil. A Multidiscip. J. 2012, 18, 111–121.

47. Fried, R.; Chan, J.; Feinberg, L.; Pope, A.; Woodworth, K.Y.; Faraone, S.V.; Biederman, J. Clinical correlates of working memory
deficits in youth with and without ADHD: A controlled study. J. Clin. Exp. Neuropsychol. 2016, 38, 487–496. [CrossRef]

48. Holmes, J.; Gathercole, S.E.; Dunning, D.L. Adaptive training leads to sustained enhancement of poor working memory in
children. Dev. Sci. 2009, 12, F9–F15. [CrossRef]

49. Peng, P.; Barnes, M.; Wang, C.; Wang, W.; Li, S.; Swanson, H.L.; Dardick, W.; Tao, S. A Meta-Analysis on the Relation Between
Reading and Working Memory. Psychol. Bull. 2018, 144, 48–76. [CrossRef]

50. Savage, R.; Cornish, K.; Manly, T.; Hollis, C. Cognitive processes in children’s reading and attention: The role of working memory,
divided attention, and response inhibition. Br. J. Psychol. 2006, 97, 368–385. [CrossRef] [PubMed]

51. Sjowall, D.; Bohlin, G.; Rydell, A.; Thorell, L.B. Neuropsychological deficits in preschool as predictors of ADHD symptoms and
academic achievement in late adolescence. Child Neuropsychol. 2017, 23, 111–128. [CrossRef] [PubMed]

52. Borella, E.; Carretti, B.; Pelgrina, S. The specific role of inhibition in reading comprehension in good and poor comprehenders.
J. Learn. Disabil. 2010, 43, 541–552. [CrossRef] [PubMed]

53. Lopez, M.; Aran, V. Transfer effects of working memory training on language and mathematics performance in school-aged
children. Cuad. Neuropsicol.-Panam. J. Neuropsychol. 2021, 15, 97–107. [CrossRef]

54. Gutierrez-Fresneda, R. El aprendizaje de la lectura, ¿cuál es el mejor momento para iniciar su enseñanza? In Lectura y Dificultades
Lectoras en el Siglo XXI; Díez-Mediavilla, A., Gutierrez-Fresneda, R., Coords, Eds.; Octaedro: Quito, Ecuador, 2020; pp. 77–88.

https://doi.org/10.1016/j.jecp.2009.11.003
https://doi.org/10.1080/13803390701562818
https://doi.org/10.1037/0022-0663.96.1.31
https://doi.org/10.1037/0022-0663.92.2.377
https://doi.org/10.1080/09297049.2011.575772
https://doi.org/10.1177/0022219418809080
https://doi.org/10.3389/fpsyg.2018.02510
https://doi.org/10.1111/desc.12866
https://www.ncbi.nlm.nih.gov/pubmed/31132209
https://doi.org/10.1037/a0028228
https://doi.org/10.1177/1745691616635612
https://www.ncbi.nlm.nih.gov/pubmed/27474138
https://doi.org/10.1037/dev0000265
https://doi.org/10.3758/s13423-019-01681-y
https://www.ncbi.nlm.nih.gov/pubmed/31939109
https://doi.org/10.1177/1529100616661983
https://doi.org/10.3389/fpsyg.2015.01827
https://doi.org/10.1111/desc.12068
https://doi.org/10.1080/01443410.2013.797338
https://doi.org/10.1111/desc.12870
https://doi.org/10.1037/13273-012
https://doi.org/10.1080/13803395.2015.1127896
https://doi.org/10.1111/j.1467-7687.2009.00848.x
https://doi.org/10.1037/bul0000124
https://doi.org/10.1348/000712605X81370
https://www.ncbi.nlm.nih.gov/pubmed/16848949
https://doi.org/10.1080/09297049.2015.1063595
https://www.ncbi.nlm.nih.gov/pubmed/26212755
https://doi.org/10.1177/0022219410371676
https://www.ncbi.nlm.nih.gov/pubmed/20606207
https://doi.org/10.7714/CNPS/15.3.208


Educ. Sci. 2024, 14, 229 21 of 26

55. Martinez-Cubelos, J. Relationship between the Executive Functions, Phonological Awareness and Early Reading Performance in
1st Elementary Students. Educ. Y Futuro Digit. 2014, 10, 65–80. Available online: https://dialnet.unirioja.es/servlet/articulo?
codigo=4998798 (accessed on 10 November 2023).

56. Cuetos, F.; Rodriguez, B.; Ruano, E.; Arribas, D. PROLEC-R. Batería de Evaluación de Los Procesos Lectores, Revisada; TEA Ediciones
S.A.: Madrid, Spain, 2014.

57. De la Calle, A.M.; Guzman-Simon, F.; Garcia-Jimenez, E. Letter Knowledge and Learning Sequence of Graphemes in Spanish:
Precursors of Early Reading. Rev. Psicodidáctica 2018, 23, 128–136. [CrossRef]

58. De la Calle, A.M. The prediction of early reading performance: A comparative perspective in Spanish and Chilean children. Rev.
Complut. Educ. 2019, 30, 935–950. [CrossRef]

59. Kuhn, M.; Schwanenflugel, P.; Meisinger, E.; Levy, B.; Rasinski, T. Aligning theory and assessment of reading fluency: Automaticity,
prosody, and definitions of fluency. Read. Res. Q. 2010, 45, 230–251. [CrossRef]

60. Gonzalez-Hernandez, K.; Otero, L.; Castro, A.M. Comprensión lectora, memoria de trabajo, fluidez y vocabulario en escolares
cubanos. Actual. Investig. Educ. 2016, 16, 162–180. [CrossRef]

61. Chang, I. Influences of executive function, language comprehension, and fluency on reading comprehension. J. Early Child. Res.
2019, 18, 44–57. [CrossRef]

62. Horowitz-Kraus, T.; Hershey, A.; Kay, B.; DiFrancesco, M. Differential effect of reading training on functional connectivity in
children with reading difficulties with and without ADHD comorbidity. J. Neurolinguist. 2019, 49, 93–108. [CrossRef] [PubMed]

63. Amiama-Espaillat, C.; Mayor-Ruiz, C. Analysing the relationship between Reading fluency and Reading competence in Secondary
Education. Ocnos. Rev. Estud. Sobre Lect. 2018, 17, 21–31. [CrossRef]

64. Alliende, F.; Condemarin, M.; Milicic, N. Prueba CLP. Formas Paralelas. Manual Para la Aplicación de la Prueba de Comprensión Lectora
de Complejidad Lingüística Progresiva: 8 Niveles de Lectura; CEPE: Auderghem, Belgium, 2004.

65. Abusamra, V.; Cartoceti, R.; Raiter, A.; Ferreres, A. Una perspectiva cognitiva en el estudio de la comprensión de textos. Psico
2008, 39, 352–361.

66. Canet-Juric, L.; Burin, D.; Andres, M.L.; Urquijo, S. Perfil cognitivo de niños con rendimientos bajos en comprensión lectora. An.
Psicol. 2013, 29, 996–1005. [CrossRef]

67. Canet-Juric, L.; Urquijo, S.; Richards, M.M.; Burin, D. Predictores Cognitivos de Niveles de Comprensión Lectora Mediante
Análisis Discriminante. Int. J. Psychol. Res. 2009, 2, 99–111. Available online: https://www.redalyc.org/articulo.oa?id=29902351
3003 (accessed on 10 November 2023). [CrossRef]

68. Cartoceti, R.; Abusamra, V. El rol del mecanismo de actualización en la comprensión de textos. Rev. Neuropsicol. Latinoam. 2013, 5,
1–10. [CrossRef]

69. Gomez-Veiga, I.; Vila, J.O.; Garcia-Madruga, J.A.; Contreras, A.; Elosua, M.J. Reading comprehension and working memory’s
executive processes. Psicol. Educ. 2013, 19, 103–111. [CrossRef]

70. Artuso, C.; Carretti, B.; Palladino, P. Short-term training on working memory updating and metacognition in primary school: The
effect on reading comprehension. Sch. Psychol. Int. 2019, 40, 641–657. [CrossRef]

71. Carretti, B.; Borella, E.; Elosua, M.R.; Gomez-Veiga, I.; Garcia-Madruga, J.A. Improvements in Reading Comprehension Per-
formance After a Training Program Focusing on Executive Processes of Working Memory. J. Cogn. Enhanc. 2017, 1, 268–279.
[CrossRef]

72. Grainger, J.; Lete, B.; Bertand, D.; Dufau, S.; Ziegler, J.C. Evidence for multiple routes in learning to read. Cognition 2012, 123,
280–292. [CrossRef] [PubMed]

73. Fernandez-Herrera, N.; Bausela-Herreras, E. Relationship between Executive Functions and Processes of Decoding
Grapheme-phoneme in Elementary School Children. Rev. Mex. Neurocienc. 2016, 17, 51–63. Available online: https:
//previous.revmexneurociencia.com/articulo/relacion-entre-las-funciones-ejecutivas-los-procesos-de-decodificacion-
grafema-fonema-en-educacion-primaria/ (accessed on 10 November 2023).

74. Ramus, F.; Rosen, S.; Dakin, S.C.; Day, B.L.; Castellote, J.M.; White, S.; Frith, U. Theories of developmental dyslexia: Insights from
a multiple case study of dyslexic adults. Brain 2003, 126, 841–865. [CrossRef]

75. Shankweiller, D.; Lundquist, E.; Katz, L.; Stuebing, K.K.; Fretcher, J.M.; Brady, S.; Fowler, A.; Dreyer, L.G.; Marchione, K.E.;
Shaywitz, S.E.; et al. Comprehension and Decoding: Patterns of Association in Children with Reading Difficulties. Sci. Stud. Read.
2009, 3, 69–94. [CrossRef]

76. Engle, R.W.; Cantor, J.; Carullo, J.J. Individual-Differences in Working Memory and Comprehension: A Test of 4 Hypotheses.
J. Exp. Psychol.-Learn. Mem. Cogn. 1992, 18, 972–992. [CrossRef]

77. Swanson, H.L.; Howell, M. Working memory, short-term memory, and speech rate as predictors of children’s reading performance
at different ages. J. Educ. Psychol. 2001, 93, 720–734. [CrossRef]

78. Gioyagnoli, G.; Vicari, S.; Tomassetti, S.; Menghini, D. The Role of Visual-Spatial Abilities in Dyslexia: Age Differences in
Children’s Reading? Front. Psychol. 2016, 7, 1997. [CrossRef]

79. Shiran, A.; Breznitz, Z. The effect of cognitive training on recall range and speed of information processing in the working
memory of dyslexic and skilled readers. J. Neurolinguist. 2011, 24, 524–537. [CrossRef]

80. Gathercole, S.E.; Willis, C.S.; Baddeley, A.D.; Emslie, H. The children’s test of nonword repetition. A test of phonological working
memory. Memory 1994, 2, 103–127. [CrossRef]

https://dialnet.unirioja.es/servlet/articulo?codigo=4998798
https://dialnet.unirioja.es/servlet/articulo?codigo=4998798
https://doi.org/10.1016/j.psicod.2017.10.002
https://doi.org/10.5209/rced.59564
https://doi.org/10.1598/RRQ.45.2.4
https://doi.org/10.15517/aie.v16i1.21715
https://doi.org/10.1177/1476718X19875768
https://doi.org/10.1016/j.jneuroling.2018.09.002
https://www.ncbi.nlm.nih.gov/pubmed/31530970
https://doi.org/10.18239/ocnos_2018.17.1.1278
https://doi.org/10.6018/analesps.29.3.138221
https://www.redalyc.org/articulo.oa?id=299023513003
https://www.redalyc.org/articulo.oa?id=299023513003
https://doi.org/10.21500/20112084.865
https://doi.org/10.5579/rnl.2013.0141
https://doi.org/10.5093/ed2013a17
https://doi.org/10.1177/0143034319881671
https://doi.org/10.1007/s41465-017-0012-9
https://doi.org/10.1016/j.cognition.2012.01.003
https://www.ncbi.nlm.nih.gov/pubmed/22357323
https://previous.revmexneurociencia.com/articulo/relacion-entre-las-funciones-ejecutivas-los-procesos-de-decodificacion-grafema-fonema-en-educacion-primaria/
https://previous.revmexneurociencia.com/articulo/relacion-entre-las-funciones-ejecutivas-los-procesos-de-decodificacion-grafema-fonema-en-educacion-primaria/
https://previous.revmexneurociencia.com/articulo/relacion-entre-las-funciones-ejecutivas-los-procesos-de-decodificacion-grafema-fonema-en-educacion-primaria/
https://doi.org/10.1093/brain/awg076
https://doi.org/10.1207/s1532799xssr0301_4
https://doi.org/10.1037/0278-7393.18.5.972
https://doi.org/10.1037/0022-0663.93.4.720
https://doi.org/10.3389/fpsyg.2016.01997
https://doi.org/10.1016/j.jneuroling.2010.12.001
https://doi.org/10.1080/09658219408258940


Educ. Sci. 2024, 14, 229 22 of 26

81. Pasqualotto, A.; Venuti, P. A Multifactorial Model of Dyslexia: Evidence from Executive Functions and Phonological-based
Treatments. Learn. Disabil. Res. Pract. 2020, 35, 150–164. [CrossRef]

82. Conners, F.A. Attentional control and the Simple View of reading. Read. Writ. 2009, 22, 591–613. [CrossRef]
83. Juhasz, B.J.; Starr, M.S.; Inhoff, A.W.; Placke, L. The effects of morphology on the processing of compound words: Evidence from

naming, lexical decisions and eye fixations. Br. J. Psychol. 2003, 94, 223–244. [CrossRef] [PubMed]
84. Pylkkänen, L.; Feintuch, S.; Hopkins, E.; Marantz, A. Neural correlates of the effects of morphological family frequency and

family size: An MEG study. Cognition 2004, 91, B35–B45. [CrossRef] [PubMed]
85. Shalev, L.; Tsal, Y.; Mevorach, C. Computerized Progressive Attentional Training (CPAT) Program: Effective Direct Intervention

for Children with ADHD. Child Neuropsychol. 2007, 13, 382–388. [CrossRef] [PubMed]
86. Shaywitz, S.E.; Shaywitz, B.A. Paying attention to reading: The neurobiology of reading and dyslexia. Dev. Psychopathol. 2008, 20,

1329–1349. [CrossRef]
87. Peng, P.; Namkung, J.; Barnes, M.; Sun, C. A Meta-Analysis of Mathematics and Working Memory: Moderating Effects of Working

Memory Domain, Type of Mathematics Skill, and Sample Characteristics. J. Educ. Psychol. 2016, 108, 455–473. [CrossRef]
88. Shaul, S.; Schwartz, M. The role of the executive functions in school readiness among preschool-age children. Read. Writ. 2014, 27,

749–768. [CrossRef]
89. Church, J.A.; Cirino, P.L.; Miciak, J.; Juranek, J.; Vaughn, S.; Fletcher, J.M. Cognitive, Intervention, and Neuroimaging Perspectives

on Executive Function in Children With Reading Disabilities. New Dir. Child Adolesc. Dev. 2019, 2019, 25–54. [CrossRef]
90. Spiegel, J.A.; Goodrich, J.M.; Morris, B.M.; Osborne, C.M.; Lonigan, C.J. Relations Between Executive Functions and Academic

Outcomes in Elementary School Children: A Meta-Analysis. Psychol. Bulettin 2021, 147, 329–351. [CrossRef] [PubMed]
91. Rodriguez, G.L.M.; Muntana, M.C.; Pros, R.C. Relationship of Executive Functioning and Metacognitive Processes with the

Academic Performance in Primary Children. Rev. Complut. Educ. 2018, 29, 1059–1073. [CrossRef]
92. Beneventi, H.; Tonnessen, F.E.; Ersland, L.; Hugdahl, K. Executive working memory processes in dyslexia: Behavioral and fMRI

evidence. Scand. J. Psychol. 2010, 51, 192–202. [CrossRef] [PubMed]
93. Perez-Pereira, M.; Martinez-Lopez, Z.; Maneiro, L. Longitudinal Relationships Between Reading Abilities, Phonological Aware-

ness, Language Abilities and Executive Functions: Comparison of Low Risk Preterm and Full-term Children. Front. Psychol. 2020,
11, 468. [CrossRef] [PubMed]

94. Currie, N.K.; Cain, K. Children’s inference generation. The role of vocabulary and working memory. J. Exp. Child Psychol. 2015,
137, 57–75. [CrossRef]

95. Florit, E.; Cain, K.; Mason, L. Going beyond children’s single-text comprehension: The role of fundamental and higher-level skills
in 4th graders’ multiple-document comprehension. Br. J. Educ. Psychol. 2019, 90, 449–472. [CrossRef]

96. Shipstead, Z.; Hicks, K.L.; Engle, R.M. Cogmed working memory training: Does the evidence support the claims? J. Appl. Res.
Mem. Cogn. 2012, 1, 185–193. [CrossRef]

97. Mayer, R.E. Information processing variables in learning to solve problems. Rev. Educ. Res. 1975, 45, 525–541. [CrossRef]
98. Alloway, T.P.; Alloway, R.G. The efficacy of working memory training in improving crystallized intelligence. Nat. Preced. 2009, 1,

1–11. [CrossRef]
99. Henry, L.A.; Messer, D.J.; Nash, G. Testing for Near and Far Transfer Effects with a Short, Face-to-Face Adaptive Working Memory

Training Intervention in Typical Children. Infant Child Dev. 2013, 23, 84–103. [CrossRef]
100. Karbach, J.; Strobach, T.; Schubert, T. Adaptive working-memory training benefits reading, but not mathematics in middle

childhood. Child Neuropsychol. 2015, 21, 285–301. [CrossRef]
101. Sanchez-Perez, N.; Castillo, A.; Lopez-Lopez, J.A.; Pina, V.; Puga, J.L.; Campoy, G.; Gonzalez-Salinas, C.; Fuentes, L.J. Computer-

Based Training in Math and Working Memory Improves Cognitive Skills and Academic Achievement in Primary School Children:
Behavioral Results. Front. Psychol. 2018, 8, 2327. [CrossRef]

102. Astle, D.E.; Barnes, J.J.; Baker, K.; Colclough, G.L.; Woolrich, M.W. Cognitive Training Enhances Intrinsic Brain Connectivity in
Childhood. J. Neurosci. 2015, 35, 6277–6283. [CrossRef]

103. Hardy, S.J.; Bills, S.E.; Meier, E.R.; Schatz, J.C.; Keridan, K.J.; Wise, S.; Hardy, K.K. A Randomized Controlled Trial of Working
Memory Training in Pediatric Sickle Cell Disease. J. Pediatr. Psychol. 2021, 46, 1001–1014. [CrossRef]

104. Roberts, G.; Quach, J.; Spencer-Smith, M.; Anderson, P.J.; Gathercole, S.; Gold, L.; Sia, K.; Mensah, F.; Rickards, F.; Ainley, J.; et al.
Academic Outcomes 2 Years After Working Memory Training for Children With Low Working Memory A Randomized Clinical
Trial. JAMA Pediatr. 2016, 170, e154568. [CrossRef]

105. Swanson, H.L.; Orosco, M. Predictive validity of dynamic testing and working memory as it relates to reading growth in children
with reading disabilities. In Assessment and Intervention (Advances in Learning and Behavioral Disabilities); Scruggs, T.E., Mastropieri,
M.A., Eds.; Emerald Group Publishing Limited: Bingley, UK, 2011; Volume 24, pp. 1–30. [CrossRef]

106. Farah, R.; Ionta, S.; Horowitz-Kraus, T. Neuro-Behavioral Correlates of Executive Dysfunctions in Dyslexia Over Development
From Childhood to Adulthood. Front. Psychol. 2021, 12, 708863. [CrossRef]

107. Redick, T.S.; Shipstead, Z.; Wiemers, E.A.; Melby-Lervag, M.; Hulme, C. What’s Working in Working Memory Training? An
Educational Perspective. Educ. Psychol. Rev. 2015, 27, 617–633. [CrossRef]

108. Peng, P.; Goodrich, J.M. The Cognitive Element Model of Reading Instruction. Read. Res. Q. 2020, 55, S77–S88. [CrossRef]
109. Horowitz-Kraus, T. The role of executive functions in the reading process. In Reading Fluency: Literacy Studies; Khateb, A.,

Bar-Kochva, I., Eds.; Springer: Berlin/Heidelberg, Germany, 2016; Volume 12, pp. 51–63. [CrossRef]

https://doi.org/10.1111/ldrp.12228
https://doi.org/10.1007/s11145-008-9126-x
https://doi.org/10.1348/000712603321661903
https://www.ncbi.nlm.nih.gov/pubmed/12803817
https://doi.org/10.1016/j.cognition.2003.09.008
https://www.ncbi.nlm.nih.gov/pubmed/15168899
https://doi.org/10.1080/09297040600770787
https://www.ncbi.nlm.nih.gov/pubmed/17564853
https://doi.org/10.1017/S0954579408000631
https://doi.org/10.1037/edu0000079
https://doi.org/10.1007/s11145-013-9470-3
https://doi.org/10.1002/cad.20292
https://doi.org/10.1037/bul0000322
https://www.ncbi.nlm.nih.gov/pubmed/34166004
https://doi.org/10.5209/RCED.54640
https://doi.org/10.1111/j.1467-9450.2010.00808.x
https://www.ncbi.nlm.nih.gov/pubmed/20338015
https://doi.org/10.3389/fpsyg.2020.00468
https://www.ncbi.nlm.nih.gov/pubmed/32256436
https://doi.org/10.1016/j.jecp.2015.03.005
https://doi.org/10.1111/bjep.12288
https://doi.org/10.1016/j.jarmac.2012.06.003
https://doi.org/10.3102/00346543045004525
https://doi.org/10.1038/npre.2009.3697.1
https://doi.org/10.1002/icd.1816
https://doi.org/10.1080/09297049.2014.899336
https://doi.org/10.3389/fpsyg.2017.02327
https://doi.org/10.1523/JNEUROSCI.4517-14.2015
https://doi.org/10.1093/jpepsy/jsab030
https://doi.org/10.1001/jamapediatrics.2015.4568
https://doi.org/10.1108/S0735-004X(2011)0000024003
https://doi.org/10.3389/fpsyg.2021.708863
https://doi.org/10.1007/s10648-015-9314-6
https://doi.org/10.1002/rrq.336
https://doi.org/10.1007/978-3-319-30478-6_4


Educ. Sci. 2024, 14, 229 23 of 26

110. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Grp. Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement. BMJ Br. Med. J. 2009, 339, b2535. [CrossRef]

111. Conesa, P.J.; Onandia-Hinchado, I.; Duñabeitia, J.A.; Moreno, M.A. Basic psychological needs in the classroom: A literature
review in elementary and middle school students. Learn. Motiv. 2022, 79, 101819. [CrossRef]

112. Clarivate. Web of Science. Clarivate. 2016. Available online: https://clarivate.com/products/web-of-science/ (accessed on
10 November 2023).

113. Elsevier. Scopus. 2021. Available online: www.scopus.com (accessed on 10 November 2023).
114. Institute of Education Sciences. ERIC (EBSCO). 1993. Available online: https://eric.ed.gov/ (accessed on 10 November 2023).
115. Booth, A. Using evidence in practice. Health Inf. Libr. J. 2011, 28, 87–90. [CrossRef]
116. Diamond, A. Development of the Ability to Use Recall to Guide Action, as Indicated by Infants’ Performance on AB. Child Dev.

1985, 56, 868–883. [CrossRef]
117. Moriguchi, Y.; Hiraki, K. Prefrontal cortex and executive function in young children: A review of NIRS studies. Front. Hum.

Neurosci. 2013, 7, 867. [CrossRef]
118. Volckaert, A.M.S.; Noel, M. Training executive function in preschoolers reduce externalizing behaviors. Trends Neurosci. Educ.

2015, 4, 37–47. [CrossRef]
119. Roebers, C.M.; Roethlisberger, M.; Neuenschwander, R.; Cimeli, P.; Michel, E.; Jaeger, K. The relation between cognitive and

motor performance and their relevance for children’s transition to school: A latent variable approach. Hum. Mov. Sci. 2014, 33,
284–297. [CrossRef]

120. Rodriguez, C.; Jimenez, J.E.; Diaz, A.; Garcia, E.; Martin, R.; Hernandez, S. Datos normativos para el Test de los Cinco Dígitos:
Desarrollo evolutivo de la flexibilidad en Educación Primaria. Eur. J. Educ. Psychol. 2012, 5, 27–38. [CrossRef]

121. Cohen, R.; Castillo, C.J. Aprendizaje Precoz de la Lectura, ¿a los 6 Años ya es Demasiado Tarde? Cincel: Ciudad de México,
Mexico, 1982.

122. Microsoft Corporation. Microsoft Excel, Version 365; Microsoft Corporation: Redmond, WA, USA, 2019.
123. IBM Company. Statistical Package for the Social Sciences (SPSS), Version 22; IBM Statistics: Armonk, NY, USA, 2013.
124. Novaes, C.B.; Zuanetti, P.A.; Fukuda, M.T.H. Effects of working memory intervention on students with Reading comprehension

difficulties. Rev. CEFAC Speech Lang. Hear. Sci. Educ. J. 2018, 21, 17918. [CrossRef]
125. Ralph, K.J.; Gibson, B.S.; Gondoli, D.M.; Sztybel, P.; Pauszek, J.R.; Miller, R.W.; Litzow, E. Targeting the Three Stages of Retrieval

from Secondary Memory in a Double-Blinded, Placebo-Controlled, Randomized Working Memory Training Study. J. Cogn.
Enhanc. 2017, 1, 455–477. [CrossRef]

126. Sondergaard, H.B.; Lopez, K.M.J. Face-to-face working memory training does not enhance children’s reading comprehension-a
pilot study with Danish children. Nord. Psychol. 2021, 73, 211–225. [CrossRef]

127. Vernucci, S.; Canet-Juric, L.; Richard’s, M.M. Effects of working memory training on cognitive and academic abilities in typically
developing school-age children. Psychol. Res. 2023, 87, 308–326. [CrossRef] [PubMed]

128. Studer-Luethi, B.; Toermaenen, M.; Margelisch, K.; Hogrefe, A.B.; Perrig, W.J. Effects of Working Memory Training on Children’s
Memory and Academic Performance: The Role of Training Task Features and Trainee’s Characteristics. J. Cogn. Enhanc. 2022, 6,
340–357. [CrossRef]

129. Hitchcock, C.; Westwell, M.S. A cluster-randomised, controlled trial of the impact of Cogmed Working Memory Training on
both academic performance and regulation of social, emotional and behavioural challenges. J. Child Psychol. Psychiatry 2017, 58,
140–150. [CrossRef] [PubMed]

130. Reina-Reina, C.; Conesa, P.J.; Duñabeitia, J.A. Impact of a cognitive stimulation program on the reading comprehension of
children in primary education. Front. Psychol. 2022, 13, 985790. [CrossRef] [PubMed]

131. Castejon, J.L. Introducción a los Métodos y Técnicas de Investigación y Obtención de Datos en Psicología; Ediciones Club Universitario:
Alicante, Spain, 2019.

132. Wechsler, D. Wechsler Intelligence Scale for Children, 3rd ed.; Psychological Corporation: San Antonio, TX, USA, 1991.
133. Wechsler, D. Wechsler Intelligence Scale for Children, 4th ed.; Psychological Corporation: San Antonio, TX, USA, 2003.
134. Wechsler, D. Wechsler Intelligence Scale for Children, 5th ed.; Pearson Assessment: San Antonio, TX, USA, 2014.
135. Wechsler, D.; Naglieri, J.A. Wechsler Non-Verbal Scale of Ability; Harcourt Assessment: San Antonio, TX, USA, 2006.
136. Alloway, T.P. Automated Working Memory Assessment (AWMA); Harcourt Assessment: San Antonio, TX, USA, 2007.
137. Canivez, G.L.; Watkins, M.W.; Dombrowski, S.C. Structural validity of the Wechsler Intelligence Scale for Children–Fifth Edition:

Confirmatory factor analyses with the 16 primary and secondary subtests. Psychol. Assess. 2017, 29, 458–472. [CrossRef]
138. Hildebrand, D.K.; Ledbetter, M.F. Assessing Children’s Intelligence and Memory: The Wechsler Intelligence Scale for Children-

Third Edition and the Children’s Memory Scale. In Handbook of Psychoeducational Assessment. Ability, Achievement, and Behavior in
Children; Andrews, J.J.W., Janzen, H.L., Saklofske, D.H., Eds.; Academic Press: Cambridge, MA, USA, 2001; pp. 13–32. [CrossRef]

139. Corral, S.; Arribas, D.; Santamaria, P.; Sueiro, M.J.; Perena, J. Escala de Inteligencia de Wechsler Para Niños (WISC-IV); TEA Ediciones
S.A.: Madrid, Spain, 2005.

140. Georgas, J.; van de Vijver, F.J.R.; Weiss, L.G.; Saklofske, D.H. A Cross-Cultural Analysis of the WISC-III. In Culture and Children’s
Intelligence; Georgas, J., Weiss, L.G., van de Vijver, F.J.R., Eds.; Academic Press: Cambridge, MA, USA, 2003; pp. 277–313.
[CrossRef]

https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1016/j.lmot.2022.101819
https://clarivate.com/products/web-of-science/
www.scopus.com
https://eric.ed.gov/
https://doi.org/10.1111/j.1471-1842.2010.00924.x
https://doi.org/10.2307/1130099
https://doi.org/10.3389/fnhum.2013.00867
https://doi.org/10.1016/j.tine.2015.02.001
https://doi.org/10.1016/j.humov.2013.08.011
https://doi.org/10.30552/ejep.v5i1.74
https://doi.org/10.1590/1982-0216/201921417918
https://doi.org/10.1007/s41465-017-0043-2
https://doi.org/10.1080/19012276.2020.1856001
https://doi.org/10.1007/s00426-022-01647-1
https://www.ncbi.nlm.nih.gov/pubmed/35107614
https://doi.org/10.1007/s41465-022-00242-x
https://doi.org/10.1111/jcpp.12638
https://www.ncbi.nlm.nih.gov/pubmed/27718248
https://doi.org/10.3389/fpsyg.2022.985790
https://www.ncbi.nlm.nih.gov/pubmed/36687904
https://doi.org/10.1037/pas0000358
https://doi.org/10.1016/B978-0-12-058570-0.X5000-9
https://doi.org/10.1016/B978-012280055-9/50021-7


Educ. Sci. 2024, 14, 229 24 of 26

141. Golay, P.; Lecerf, T. Orthogonal Higher Order Structure and Confirmatory Factor Analysis of the French Wechsler Adult
Intelligence Scale (WAIS-III). Psychol. Assess. 2011, 23, 143–152. [CrossRef]

142. Gregoire, J.; Georgas, J.; Saklofske, D.H.; van de Vijver, F.; Wierzbicki, C.; Weiss, L.G.; Zhu, J. Cultural issues in clinical use of the
WISC-IV. In WISC-IV Clinical Assessment and Intervention, 2nd ed.; Prifitera, A., Saklofske, D.H., Weiss, L.G., Eds.; Academic Press:
Cambridge, MA, USA, 2008; pp. 517–544.

143. Liu, J.; Lynn, R. Factor structure and sex differences on the Wechsler Preschool and Primary Scale of Intelligence in China, Japan
and United States. Personal. Individ. Differ. 2011, 50, 1222–1226. [CrossRef]

144. Montero-Linares, J.; Navarro-Guzman, J.I.; Aguilar-Vallagran, M. Procesos de automatización cognitiva en alumnado con altas
capacidades intelectuales. An. Psicol. 2013, 29, 454–461. [CrossRef]

145. Dentz, A.; Guay, M.; Gauthier, B.; Romo, L.; Parent, V. Is the Cogmed program effective for youths with attention
deficit/hyperactivity disorder under pharmacological treatment? Appl. Cogn. Psychol. 2020, 34, 577–589. [CrossRef]

146. Stroop, J.R. Studies of interference in serial verbal reaction. J. Exp. Psychol. 1935, 18, 643–662. [CrossRef]
147. Dellis, D.C.; Kaplan, E.; Kramer, J.H. Delis-Kaplan Executive Function System; Psychological Corporation: San Antonio, TX,

USA, 2001.
148. Golden, C.J. STROOP. Test de Colores y Palabras—Edición Revisada; Ruiz-Fernandez, B., Luque y, T., Sanchez-Sanchez, F., adapta-

dores, Eds.; TEA Ediciones: Madrid, Spain, 2020.
149. Golden, Z.L.; Golden, C.J. Patterns of performance on the Stroop Color and Word Test in children with learning, attentional, and

psychiatric disabilities. Psychol. Sch. 2002, 39, 489–495. [CrossRef]
150. Homack, S.; Riccio, C.A. A meta-analysis of the sensitivity and specificity of the Stroop color and word test with children. Arch.

Clin. Neuropsychol. 2004, 19, 725–743. [CrossRef] [PubMed]
151. Torgesen, J.K.; Wagner, R.K.; Rashotte, C.A. Test of Word Reading Efficiency; AGS Publishing: Crowley, TX, USA, 1999.
152. Jimenez, J.E.; Siegel, L.S.; O’Shanahan, I.; Mazabel, S. Analyzing Cognitive and Reading Skills in Spanish-speaking English-

language Learners and English-speaking Canadian Learners. Rev. Educ. 2012, 358, 310–333. [CrossRef]
153. Wechsler, D. Wechsler Individual Achievement Test (WIAT-II UK). WIAT-II UK; Pearson Assessment: San Antonio, TX, USA, 2005.

[CrossRef]
154. Lenhard, W.; Schneider, W. Ein Leseverständnistest für Erst-Bis Sechstklässler (ELFE 1–6); Hogrefe: Göttingen, Germany, 2006.
155. Morris, N.; Jones, D.M. Memory updating in working memory: The role of the central executive. Br. J. Psychol. 1990, 81, 111–121.

[CrossRef]
156. Cornoldi, C.; Colpo, G.; Carretti, B. Prove MT-Kit Scuola Primaria [The Assessment of Reading in Primary School]; Giunti EDU: Firenze,

Italy, 2017.
157. Stephanou, A. The Progressive Achievement Tests in Reading (PAT-R), 4th ed.; Australian Council for Educational Research (ACER):

Brisbane, Australia, 2013.
158. Pearson Education. Cogmed, Version; Pearson Education: Hoboken, NJ, USA, 2016. Available online: https://www.cogmed.com/

(accessed on 10 November 2023).
159. Kuhn, J.-T.; Holling, H. Number sense or working memory? The effect of two computer-based trainings on mathematical skills in

elementary school. Adv. Cogn. Psychol. 2014, 10, 59–67. [CrossRef]
160. Bergman-Nutley, S.; Klingberg, T. Effect of working memory training on working memory, arithmetic and following instructions.

Psychol. Res. 2014, 78, 869–877. [CrossRef]
161. Synaptikon GmbH. NeuroNation; Synaptikon GmbH: Berlin, Germany, 2020. Available online: https://www.neuronation.com/

(accessed on 10 November 2023).
162. Hoskinson, P.; Toomim, J. Brain Workshop—A Dual N-Back Game, Version 4.8.1; The Brain Workshop: Dubai, United Arab Emirates,

2010. Available online: https://brainworkshop.sourceforge.net/ (accessed on 10 November 2023).
163. Reitan, R.M.; Wolfson, D. Neuropsychological Evaluation of Older Children; Neuropsychology Press: London, UK, 1992.
164. Archibald, S.J.; Kerns, K. Identification and description of new test of executive functioning in children. Child Neuropsychol. 1999,

5, 115–129. [CrossRef]
165. Capovilla, F.C.; Seabra, A.G. Teste Constrativo de Compreensão Auditiva e de Leitura. In Availiação Neuropsicológica Cognitiva:

Leitura, Escrita e Aritmética; Seabra, A.G., Dias, N.M., Capovilla, F.C., Eds.; Memnom: Birmingham, UK, 2012; pp. 29–44.
166. Stein, L.M. Teste de Desempenho Escolar: Manual para Aplicação e Interpretação; Casa do Psicólogo: São Paulo, Brazil, 1994.
167. Northwest Evaluation Association. RIT Scale Norms: For Use with Measures of Academic Progress (MAP) for Primary Grades;

Northwest Evaluation Association: Portland, OR, USA, 2011.
168. Northwest Evaluation Association. Technical Manual: For Use with Measured of Academic Progress (MAP) and MAP for Primary

Grades; Northwest Evaluation Association: Portland, OR, USA, 2011.
169. Ho, C.S.-H.; Chan, D.W.-O.; Lee, S.-H.; Tsang, S.-M.; Luan, V.H. Cognitive profiling and preliminary subtyping in Chinese

developmental dyslexia. Cognition 2004, 91, 43–75. [CrossRef]
170. Ho, C.S.-H.; Chan, D.W.-O.; Tsang, S.-M.; Lee, S.-H. The cognitive profile and multiple-deficit hypothesis in Chinese developmental

dyslexia. Dev. Psychol. 2002, 38, 543–553. [CrossRef]
171. Wechsler, D. Wechsler Intelligence Scale for Children, WISC-IV, Danish Version; Pearson Assessment: San Antonio, TX, USA, 2010.
172. Gaulin, C.A.; Campbell, T.F. Procedure for assessing verbal working memory in normal school-age children: Some preliminary

data. Percept. Mot. Ski. 1994, 79, 55–64. [CrossRef] [PubMed]

https://doi.org/10.1037/a0021230
https://doi.org/10.1016/j.paid.2011.02.013
https://doi.org/10.6018/analesps.29.2.123291
https://doi.org/10.1002/acp.3631
https://doi.org/10.1037/h0054651
https://doi.org/10.1002/pits.10047
https://doi.org/10.1016/j.acn.2003.09.003
https://www.ncbi.nlm.nih.gov/pubmed/15288327
https://doi.org/10.4438/1988-592X-RE-2011-358-080
https://doi.org/10.1037/t15173-000
https://doi.org/10.1111/j.2044-8295.1990.tb02349.x
https://www.cogmed.com/
https://doi.org/10.5709/acp-0157-2
https://doi.org/10.1007/s00426-014-0614-0
https://www.neuronation.com/
https://brainworkshop.sourceforge.net/
https://doi.org/10.1076/chin.5.2.115.3167
https://doi.org/10.1016/S0010-0277(03)00163-X
https://doi.org/10.1037/0012-1649.38.4.543
https://doi.org/10.2466/pms.1994.79.1.55
https://www.ncbi.nlm.nih.gov/pubmed/7991333


Educ. Sci. 2024, 14, 229 25 of 26

173. Sundahl, L.; de Lopez, K.M. SLI er mere end blot forsinket udvikling af sproglige faerdigheder. Psyke Logos 2010, 31, 83–108.
[CrossRef]

174. Henry, L.A. How does the severity of a learning disability affect working memory performance? Memory 2001, 9, 233–247.
[CrossRef] [PubMed]

175. Moller, L.; Juul, H. Sætningslæseprøve 2 & Vejledning; Hogrefe: Göttingen, Germany, 2012.
176. Roebers, C.M.; Kauer, M. Motor and cognitive control in a normative sample of 7-year-olds. Dev. Sci. 2009, 12, 175–181. [CrossRef]

[PubMed]
177. Walter, J. LDL: Lernfortschrittsdiagnostik Lesen: Ein Curriculumbasiertes Verfahren; Hogrefe: Göttingen, Germany, 2010.
178. Canet-Juric, L.; Stelzer, F.; Andres, M.L.; Vernucci, S.; Introzzi, I.; Burin, D.I. Evidencias de validez de una tarea computarizada de

memoria de trabajo verbal y viso-espacial para niños. Rev. Interam. Psicol./Interam. J. Psychol. 2018, 52, 112–128. [CrossRef]
179. Injoque-Ricle, I.; Calero, A.D.; Alloway, T.P.; Burin, D.I. Assessing working memory in Spanish-speaking children: Automated

Working Memory Assessment battery adaptation. Learn. Individ. Differ. 2011, 21, 78–84. [CrossRef]
180. Abusamra, V.; Ferreres, A.; Raiter, A.; De Beni, R.; Cornoldi, C. Test Leer para Comprender TLC: Evaluación de la Comprensión de

Textos; Paidós: Barcelona, Spain, 2010.
181. Brocki, K.C.; Bohlin, G. Executive functions in children aged 6 to 13: A dimensional and developmental study. Dev. Neuropsychol.

2004, 26, 571–593. [CrossRef] [PubMed]
182. McDermott, J.M.; Perez-Edgar, K.; Fox, N.A. Variations of the flanker paradigm: Assessing selective attention in young children.

Behav. Res. Methods 2007, 39, 62–70. [CrossRef]
183. Gonzalez-Trujillo Calet, N.; Defior, S.; Gutierrez-Palma, N. Scale of reading fluency in Spanish: Measuring the components of

fluency. Study Psychol. 2014, 35, 104–136. [CrossRef]
184. Boletín Oficial del Estado (BOE). Ley Orgánica 8/2013. Para la Mejora de la Calidad Educativa. 9 de Diciembre de 2013 (España).

B.O.E. No. 295. Available online: https://www.boe.es/eli/es/lo/2013/12/09/8/con (accessed on 10 November 2023).
185. Breznitz, S. CogniFit, version; 4.0; CogniFit Inc.: San Francisco, CA, USA, 2021. Available online: https://www.cognifit.com/es

(accessed on 10 November 2023).
186. Brickenkamp, R. Test d2. The d2 Test of Attention, 9th ed.; Hogrefe: Göttingen, Germany, 2002.
187. Saraiva, R.A.; Moojen, S.M.P.; Munarski, R. Avaliação da Compreensão Leitora de Textos Expositivos, 2nd ed.; Casa do Psicólogo: São

Paulo, Brazil, 2007.
188. Salles, J. Habilidades e Dificuldades de Leitura e Escrita em Crianças de 2ª Série: Abordagem Neuropsicológica Cognitiva. Ph.D.

Thesis, Programa de Pós-graduação em Psicologia do Desenvolvimento, Universidade Federal do Rio Grande do Sul, Porto
Alegre, Brazil, 2005.

189. Palladino, P.; Cornoldi, C.; De Beni, R.; Pazzaglia, F. Working memory and updating processes in reading comprehension. Mem.
Cogn. 2001, 29, 344–354. [CrossRef]

190. August, D.; Francis, D.J.; Hsu, H.A.; Snow, C.E. Assessing reading comprehension in bilinguals. Elem. Sch. J. 2006, 107, 221–238.
[CrossRef]

191. Cornoldi, C.; Colpo, G. Prove di Lettura MT-2 per la Scuola Primaria [Test for Reading Assessment in the Primary School]; Giunti OS:
Firenze, Italy, 2011.

192. Garcia-Madruga, J.A.; Elosua, M.; Gil, L.; Gomez-Veiga, I.; Vila, J.; Orjales, I.; Contreras, A.; Rodriguez, R.; Melero, M.; Duque, G.
Reading Comprehension and Working Memory’s Executive Processes: An Intervention Study in Primary School Students. Read.
Res. Q. 2013, 48, 155–174. [CrossRef]

193. Breznitz, Z.; Shaul, S.; Horowitz-Kraus, T.; Sela, I.; Nevat, M.; Karni, A. Enhanced reading by training with imposed time
constraint in typical and dyslexic adults. Nat. Commun. 2013, 4, 1486. [CrossRef]

194. Wiederholt, J.L.; Bryant, B.R. Gray Oral Reading Test, 3rd ed.; Pro-Ed: Austin, TX, USA, 1992.
195. Davidson, M.C.; Amso, D.; Anderson, L.C.; Diamond, A. Development of cognitive control and executive functions from 4

to 13 years: Evidence from manipulations of memory, inhibition, and task switching. Neuropsychologia 2006, 44, 2037–2078.
[CrossRef]

196. Durston, S.; Thomas, K.M.; Yang, Y.; Ulug, A.M.; Zimmerman, R.D.; Casey, B.J. A neural basis for the development of inhibitory
control. Dev. Sci. 2002, 5, F9–F16. [CrossRef]

197. Thorell, L.B.; Lindqvist, S.; Nutley, S.B.; Bohlin, G.; Klingberg, T. Training and transfer effects of executive functions in preschool
children. Dev. Sci. 2009, 12, 106–113. [CrossRef] [PubMed]

198. Kieffer, M.J.; Vukovic, R.K.; Berry, D. Roles of attention shifting and inhibitory control in fourth-grade reading comprehension.
Read. Res. Q. 2013, 48, 333–348. [CrossRef]

199. Klingberg, T.; Fernell, E.; Olesen, P.J.; Johnson, M.; Gustafsson, P.; Dahlstrom, K.; Gillberg, C.G.; Forssberg, H.; Westerberg, H.
Computerized Training of Working Memory in Children With ADHD—A randomized, Controlled Trial. J. Am. Acad. Child
Adolesc. Psychiatry 2005, 44, 177–186. [CrossRef] [PubMed]

200. Klingberg, T. Training and plasticity of working memory. Trends Cogn. Sci. 2010, 14, 317–324. [CrossRef]
201. Roughan, L.; Hadwin, J.A. The impact of working memory training in young people with social, emotional and behavioural

difficulties. Learn. Individ. Differ. 2011, 21, 759–764. [CrossRef]
202. Barnett, W.S. Effectiveness of Early Educational Intervention. Science 2011, 333, 975–978. [CrossRef] [PubMed]

https://doi.org/10.7146/pl.v31i2.8471
https://doi.org/10.1080/09658210042000085
https://www.ncbi.nlm.nih.gov/pubmed/11747580
https://doi.org/10.1111/j.1467-7687.2008.00755.x
https://www.ncbi.nlm.nih.gov/pubmed/19120425
https://doi.org/10.30849/rip/ijp.v52i1.356
https://doi.org/10.1016/j.lindif.2010.09.012
https://doi.org/10.1207/s15326942dn2602_3
https://www.ncbi.nlm.nih.gov/pubmed/15456685
https://doi.org/10.3758/BF03192844
https://doi.org/10.1080/02109395.2014.893651
https://www.boe.es/eli/es/lo/2013/12/09/8/con
https://www.cognifit.com/es
https://doi.org/10.3758/BF03194929
https://doi.org/10.1086/510656
https://doi.org/10.1002/rrq.44
https://doi.org/10.1038/ncomms2488
https://doi.org/10.1016/j.neuropsychologia.2006.02.006
https://doi.org/10.1111/1467-7687.00235
https://doi.org/10.1111/j.1467-7687.2008.00745.x
https://www.ncbi.nlm.nih.gov/pubmed/19120418
https://doi.org/10.1002/rrq.54
https://doi.org/10.1097/00004583-200502000-00010
https://www.ncbi.nlm.nih.gov/pubmed/15689731
https://doi.org/10.1016/j.tics.2010.05.002
https://doi.org/10.1016/j.lindif.2011.07.011
https://doi.org/10.1126/science.1204534
https://www.ncbi.nlm.nih.gov/pubmed/21852490


Educ. Sci. 2024, 14, 229 26 of 26

203. Cornoldi, C.; Carretti, B.; Drusi, S.; Tencati, C. Improving problem solving in primary school students: The effect of a training
programme focusing on metacognition and working memory. Br. J. Educ. Psychol. 2015, 85, 424–439. [CrossRef]

204. Diamond, A.; Lee, K. Interventions Shown to Aid Executive Function Development in Children 4 to 12 Years Old. Science 2011,
333, 959–964. [CrossRef]

205. Karbach, J.; Koenen, T.; Spengler, M. Who Benefits the Most? Individual Differences in the Transfer of Executive Control Training
Across the Lifespan. J. Cogn. Enhanc. 2017, 1, 394–405. [CrossRef]

206. Kray, J.; Karbach, J.; Haenig, S.; Freitag, C. Can task-switching training enhance executive control functioning in children with
attention deficit/-hyperactivity disorder? Front. Hum. Neurosci. 2012, 5, 180. [CrossRef]

207. Luo, Y.; Wang, J.; Wu, H.; Zhu, D.; Zhang, Y. Working-memory training improves developmental dyslexia in Chinese children.
Neural Regen. Res. 2013, 8, 452–460. [CrossRef] [PubMed]

208. Gathercole, S.E.; Alloway, T.P.; Willis, C.; Adams, A.M. Working memory in children with reading disabilities. J. Exp. Child
Psychol. 2006, 93, 265–281. [CrossRef]

209. Prins, P.J.M.; Dovis, S.; Ponsioen, A.; ten Brink, E.; van der Oord, S. Does Computerized Working Memory Training with Game
Elements Enhance Motivation and Training Efficacy in Children with ADHD? Cyberpsychology Behav. Soc. Netw. 2011, 14, 115–122.
[CrossRef] [PubMed]

210. Karbach, J.; Kray, J. How useful is executive control training? Age differences in near and far transfer of task-switching training.
Dev. Sci. 2009, 12, 976–990. [CrossRef]

211. Blair, C.; Razza, R.P. Relating effortful control, executive function, and false belief understanding to emerging math and literacy
ability in Kindergarten. Child Dev. 2007, 78, 647–663. [CrossRef]

212. Protopapas, A.; Archonti, A.; Skaloumbakas, C. Reading ability in negatively related to stroop interference. Cogn. Psychol. 2007,
54, 251–282. [CrossRef] [PubMed]

213. Liew, J.; McTigue, E.M.; Barrois, L.; Hugues, J.N. Adaptive and effortful control and academic self-efficacy beliefs on achievement:
A longitudinal study of 1st through 3rd graders. Early Child. Res. Q. 2008, 23, 515–526. [CrossRef] [PubMed]

214. Schwaighofer, M.; Fischer, F.; Buehner, M. Does Working Memory Training Transfer? A Meta-Analysis Including Training
Conditions as Moderators. Educ. Psychol. 2015, 50, 138–166. [CrossRef]

215. Diamond, A. Want to Optimize Executive Functions and Academic Outcomes? Simple, Just Nourish the Human Spirit. Dev.
Cogn. Control. Process. Mech. Implic. Interv. 2014, 37, 205–230. [CrossRef]

216. Kerns, K.A.; MacSween, J.; Wekken, S.V.; Gruppuso, V. Investigating the efficacy of an attention training programme in children
with foetal alcohol spectrum disorder. Dev. Neurorehabilit. 2010, 13, 413–422. [CrossRef] [PubMed]

217. Katz, B.; Shah, P. The role of child socioeconomic status in cognitive training outcomes. J. Appl. Dev. Psychol. 2017, 53, 139–150.
[CrossRef]

218. Noble, K.G.; Norman, M.F.; Farah, M.J. Neurocognitive correlates of socioeconomic status in kindergarten children. Dev. Sci.
2005, 8, 74–87. [CrossRef]

219. Goldin, A.P.; Hermida, M.J.; Shalom, D.E.; Elias-Costa, M.; Lopez-Rosenfeld, M.; Segretin, M.S.; Fernandez-Slezak, D.; Lipina, S.J.;
Sigman, M. Far transfer to language and math of a short software-based gaming intervention. Proc. Natl. Acad. Sci. USA 2014,
111, 443–6448. [CrossRef]

220. Horowitz-Kraus, T. Improvement in non-linguistic executive functions following reading acceleration training in children with
reading difficulties. An ERP study. Trends Neurosci. Educ. 2015, 4, 77–86. [CrossRef]

221. Horowitz-Kraus, T.; DiFrancesco, M.; Kay, B.; Wang, Y.; Holland, S.K. Increased resting-state functional connectivity of visual- and
cognitive-control brain networks after training in children with reading difficulties. Neuroimage Clin. 2015, 8, 619–630. [CrossRef]

222. Horowitz-Kraus, T.; Holland, S.K. Greater functional connectivity between reading and error-detection regions following training
with the reading acceleration program in children with reading difficulties. Ann. Dyslexia 2015, 65, 1–23. [CrossRef] [PubMed]

223. Horowitz-Kraus, T.; Vannest, J.J.; Kadis, D.; Cicchino, N.; Wang, Y.Y.; Holland, S.K. Reading acceleration training changes brain
circuitry in children with reading difficulties. Brain Behav. 2014, 4, 886–902. [CrossRef] [PubMed]

224. Lotfi, S.; Rostami, R.; Shokoohi-Yekta, M.; Ward, R.T.; Motamed-Yeganeh, N.; Mathew, A.S.; Lee, H. Effects of computerized
cognitive training for children with dyslexia: An ERP study. J. Neurolinguist. 2020, 55, 100904. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/bjep.12083
https://doi.org/10.1126/science.1204529
https://doi.org/10.1007/s41465-017-0054-z
https://doi.org/10.3389/fnhum.2011.00180
https://doi.org/10.3969/j.issn.1673-5374.2013.05.009
https://www.ncbi.nlm.nih.gov/pubmed/25206687
https://doi.org/10.1016/j.jecp.2005.08.003
https://doi.org/10.1089/cyber.2009.0206
https://www.ncbi.nlm.nih.gov/pubmed/20649448
https://doi.org/10.1111/j.1467-7687.2009.00846.x
https://doi.org/10.1111/j.1467-8624.2007.01019.x
https://doi.org/10.1016/j.cogpsych.2006.07.003
https://www.ncbi.nlm.nih.gov/pubmed/16962090
https://doi.org/10.1016/j.ecresq.2008.07.003
https://www.ncbi.nlm.nih.gov/pubmed/19169387
https://doi.org/10.1080/00461520.2015.1036274
https://doi.org/10.1002/9781118732373.ch7
https://doi.org/10.3109/17518423.2010.511421
https://www.ncbi.nlm.nih.gov/pubmed/21034284
https://doi.org/10.1016/j.appdev.2017.10.003
https://doi.org/10.1111/j.1467-7687.2005.00394.x
https://doi.org/10.1073/pnas.1320217111
https://doi.org/10.1016/j.tine.2015.06.002
https://doi.org/10.1016/j.nicl.2015.06.010
https://doi.org/10.1007/s11881-015-0096-9
https://www.ncbi.nlm.nih.gov/pubmed/25680742
https://doi.org/10.1002/brb3.281
https://www.ncbi.nlm.nih.gov/pubmed/25365797
https://doi.org/10.1016/j.jneuroling.2020.100904

	Introduction 
	Definition of Executive Functions 
	Definition of Reading Skills 
	Role of Executive Functions in Reading 
	Training of Executive Functions and Effects on Reading Skills 
	The Present Study 

	Materials and Methods 
	Sample 
	Procedure and Analysis 

	Results 
	Measurement Instruments 
	Measurement of Executive Functions 
	Measurement of Reading Skills 

	Transfer of Working Memory Intervention 
	Transfer of Inhibitory Control Intervention 
	Transfer of Combined Working Memory and Inhibitory Control Intervention 
	Transfer of Combined Intervention in Executive Functions and Academic Skills 

	Discussion 
	Working Memory Interventions 
	Inhibitory Control Interventions 
	Combined Interventions in Working Memory and Inhibitory Control 
	Combined Interventions in Executive Functions and Academic Skills 
	Limitations and Future Research 

	Conclusions 
	References

