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Abstract

Executive Functions are a set of interrelated, top-down processes essential for adaptive goal-directed behaviour, frequently
impaired across different neurodevelopmental disorders with variable degrees of severity. Many executive-function-training
studies in children with neurodevelopmental disorders have focused on near effects, investigating post-treatment improve-
ments on directly trained processes, while enhancements of skills not directly trained, defined as far effects, are less consid-
ered, albeit these could be extremely relevant for reducing the negative impact of a disorder’s core symptomatology. This
systematic review and metanalysis aims to investigate the far effect outcomes after EF training in children with different
types of neurodevelopmental disorders. 17 studies met the inclusion criteria for the systematic review, while 15 studies were
selected in the metanalysis. An overall statistically significant effect size was found in the majority of far effect outcome
measures considered in the studies. In particular, trainings on executive functions determine significant far effects on daily
life functioning (0.46, 95% CI: [0.05-0.87]) and clinical symptoms (0.33, 95% CI: [0.15-0.51]). Despite a high variability
of the results, intensity, frequency and the laboratory/life contexts dimension seem to be the most influential variables in
determining far effects. This systematic review and metanalysis highlights the need to measure far effects of executive func-
tion training in neurodevelopmental disorders, selecting treatments not only on directly targeted processes, but also according
to far impacts on the functional weakness of the disorder.
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Introduction

Executive Functions: Definition

Executive Functions (EFs) represent a complex cognitive
domain consisting of a set of top-down functions essential
for adaptive goal-directed behaviour (Lehto et al., 2003;
P4 Giuseppina Sgandurra Miyake et al., 2000). EFs allow to formulate, plan, and

giuseppina.sgandurra@fsm.unipi.it organize ideas, cope with challenges and novelties, resist
temptations and stay focused (Diamond, 2013). There is an
ongoing debate as to the extent to which EFs can be frac-
tionated or be unified into a single concept, both in adults
and during development (for example, Morra et al., 2018).
The model that may best explain executive functioning dur-
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although interrelated, components are identified in this
model: inhibition, working memory and cognitive flexibil-
ity, whose interaction allows for the development of higher
order EFs such as reasoning, problem solving and planning.

Inhibitory control is the ability to voluntarily resist temp-
tations and impulsive actions (i.e., response inhibition) and
to maintain selective attention by suppressing non relevant
information (i.e., interference control). Inhibitory control
is a fundamental skill involved both in cognitive activities,
such as abstract reasoning, and in affective and emotional
challenges allowing for more appropriate behaviours geared
to internal or external goals (Zelazo & Mller, 2002; Zelazo
et al., 2005). Inhibitory control supports the development of
self-regulation, which requires the ability to maintain opti-
mal cognitive, emotional and motivational arousal levels.

Working memory is a complex and multi-component men-
tal system where information can be temporarily stored. It
refers to the ability to actively maintain, monitor, update and
manipulate verbal or visual-spatial information (Baddeley,
2003; Baddeley & Hitch, 1994; Smith & Jonides, 1999).

Cognitive flexibility is the ability to shift among different
tasks, rules or mental contents. It supports creative thinking
and the capacity to solve problems in different ways or see
things from different perspectives.

EFs develop from preschool-age to childhood and into
adulthood (Hughes et al., 2009; Huizinga et al., 2006; Lehto
et al., 2003; Somerville & Casey, 2010) following matura-
tion of prefrontal circuitries and their connections (Gilbert
& Burgess, 2008). A single-undifferentiated executive fac-
tor was found in younger children of preschool age (Wiebe
etal., 2011), whereas two separate dimensions consisting of
inhibition and working memory were identified in children
older than 5 years of age (Lee et al., 2013; Miller et al.,
2012; Usai et al., 2014). Cognitive flexibility emerges later
in development (Lee et al., 2013; Lehto et al., 2003) after the
inhibition and working memory abilities have been estab-
lished. Subsequently, these three basic EF components sup-
port the emergence of more complex and high-level EFs,
including abstract reasoning, problem solving and planning,
also referred to as Fluid Intelligence (Collins & Koechlin,
2012; Diamond, 2013; Lunt et al., 2012).

EFs have also been differentiated into “cool” and “hot”
processes (Zelazo & Carlson, 2012). The former domain,
mainly subserved by the lateral prefrontal cortex, includes
cognitive EF skills, elicited under relatively abstract, de-
contextualized, non-affective conditions. Hot EF processes,
mainly subserved by ventromedial prefrontal cortex and
operating in motivationally and emotionally significant
high-stakes situations, involve decision making, gratifica-
tion delay and theory of mind (Wilson et al., 2018; Zelazo
& Carlson, 2012).

In typically developing children, persistent difficul-
ties affecting EFs, even if minor, represent a risk factor

for development and can predict learning skills (Alloway
& Alloway, 2010; Clark et al., 2014; LeFevre et al., 2013;
Steele et al., 2012), academic achievement, job success,
physical and mental wellbeing (McClelland et al., 2013;
Moffitt et al., 2011; St Clair-Thompson & Gathercole, 2006).

EFs and Neurodevelopmental Disorders

It is currently well accepted that EFs are frequently impaired
across different developmental disorders (Bausela Herreras
et al., 2019; Pennington & Ozonoff, 1996). In some neurode-
velopmental disorders an EF deficit may be a part of the core
cognitive symptoms, while in others, a weakness of EFs is
associated with specific deficits and help to define different
subtypes of the disorder. Finally, poor executive abilities
could be due to the reduced efficiency of other cognitive and
sensory-motor functions.

A deficit in inhibition, and in particular in the ability to
inhibit responses, was described as one of the core deficit of
Attention Deficit Hyperactivity Disorder (ADHD) (Barkley,
2006, 2018). According to Barkley, a deficit in inhibition may
cause, in turn, deficits in working memory, emotional regula-
tion, reconstitution and internalization of language, leading to
difficulties in the self-regulation of social interaction. Indeed,
in ADHD other EFs are also compromised, notably working
memory, divided attention, cognitive flexibility, planning,
sustained attention and theory of mind (reviews: Elosida et al.,
2017; Jiménez-Figueroa et al., 2017; Lambek et al., 2011;
Mary et al., 2016; Molnar, 2007; Pineda-Alhucema et al.,
2018; Sergeant et al., 2002; Willcutt et al., 2005). In many
studies, also the hot components of EF are impaired in indi-
viduals with ADHD, for example delay aversion, Theory of
Mind and decision-making (reviews and meta-analysis: Bora
& Pantelis, 2016; Groen et al., 2013; Mowinckel et al., 2015;
Patros et al., 2016; empirical studies: Braaten & Rosén, 2000;
Yang et al., 2011). Individuals with Intellectual Disability
(ID) display worse EFs abilities than subjects with the same
chronological and mental age (review and meta-analysis:
Hronis et al., 2017; Spaniol & Danielsson, 2019; Tungate
& Conners, 2021; empirical studies: Costanzo et al., 2013;
Danielsson et al., 2010; Carney et al., 2013).

Children with Developmental Coordination Disorder
(DCD) present EFs impairment in several domains, such
as working memory (especially visuospatial), inhibitory
control, attention, flexibility and metacognitive aspects of
action planning (reviews and metanalysis: Leonard et al.,
2015; Wilson et al., 2013, 2017; empirical studies: Piek &
Dyck, 2004; Sartori et al., 2020). Moreover, some evidence
supports deficits in hot executive functions in children with
DCD, as they have a high sensitivity to immediate gratifica-
tion and to distracting emotional stimuli that underly low
decision-making skills in emotionally activating situations
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(Rahimi-Golkhandan et al., 2014, 2015, 2016). Some dif-
ficulties in EFs remain distinctive features of individuals
with DCD even in middle childhood, adolescence and early
adulthood and limit children’s ability to improve automatic
motor control and motor skills in daily activities (Bernardi
et al., 2018; Wilson et al., 2017).

Executive functions are fundamental for cognitive-linguistic
translation (Berninger et al., 2012), the basis for language learn-
ing (Arrington et al., 2014; Berninger et al., 2012; Swanson,
2000, 2006), and appear to be in a reciprocal and complex rela-
tionship with language development (Bishop et al., 2013). It is
therefore understandable that individuals with Developmental
Language Disorders (DLDs) show cognitive difficulties that are
not limited to the language domain. In particular, this clinical
population presents difficulties with multiple components of
EFs (meta-analysis and review: Kapa & Plante, 2015; Pauls &
Archibald, 2016; empirical study: Andrés-Roqueta et al., 2021;
Henry et al., 2012; Roello et al., 2015) and related functions
such as processing speed ( Miller et al., 2001), non-verbal rea-
soning (Gallinat & Spaulding, 2014), procedural memory (Lum
et al., 2012), motor control (Finlay & McPhillips, 2013). The
most compromised EFs in this disorder are inhibition (Marini
et al., 2020; Pauls & Archibald, 2016), cognitive flexibility
(Pauls & Archibald, 2016), working memory both phonological
(Duinmeijer et al., 2012; Marini et al., 2014) and visuospatial
(Vugs et al., 2013), updating (Marini et al., 2020) and atten-
tional control in verbal and non-verbal tasks (Dispaldro et al.,
2013; Duinmeijer et al., 2012; Ebert & Kohnert, 2011; Finneran
et al., 2009; Montgomery, 2008; Montgomery et al., 2009;
Spaulding et al., 2008). Learning to read, text comprehension
and mathematical competences are linked to working memory,
inhibition, cognitive flexibility, updating and attentional control
and planning (Cartwright & Smith, 2017; Gilmore & Cragg,
2014; Zaccoletti & Mason, 2018).

Individuals with Specific Learning Disorder (SLD) are
characterized by difficulties in executive functions domains
such as planning, cognitive flexibility, verbal and visuospa-
tial working memory, attentional control and inhibition (El
Wafa et al., 2020; Schuchardt et al., 2008). Developmental
Dyslexia is the most studied disorder in terms of execu-
tive dysfunctions. Impairments or weaknesses have been
reported in visual-spatial (Altemeier et al., 2008; Helland
& Asbjgrnsen, 2000; Menghini et al., 2010) and auditory
attention (Buchholz & McKone, 2004; Casco & Prunetti,
1996; Dufor et al., 2007; Facoetti et al., 2000; Valdois et al.,
2004), shifting (Hari & Renvall, 2001; Laasonen et al., 2012),
verbal categorical and phonological fluency, verbal and
visual short-term memory, verbal and visual-spatial work-
ing memory (Varvara et al., 2014), inhibition of irrelevant
information (Brosnan et al., 2002; Everatt et al., 1997; Reiter
et al., 2005), maintaining relevant information in working
memory (meta-analysis: (Booth et al., 2010). In particular,
the working memory deficit is considered one of the major
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markers of Dyslexia, both in its verbal and visuospatial com-
ponents (Bacon et al., 2013; Brosnan et al., 2002; Helland &
Asbjrnsen, 2004; Martinussen & Tannock, 2006; Menghini
et al., 2011; Poblano et al., 2000; Smith-Spark & Fisk, 2007,
Swanson et al., 2009).

EFs have been found to be frequently impaired in chil-
dren with Autism Spectrum Disorder (ASD), characterized
by a deficit in cognitive flexibility, planning and inhibiting
preponderant responses (Hill, 2004; Jiménez-Figueroa et al.,
2017; Kenworthy et al., 2005; Landa & Goldberg, 2005;
Lopez et al., 2005; Ozonoff et al., 1994; Rinehart et al.,
2001; Robinson et al., 2009; Shu et al., 2001; Verté et al.,
2005).

Finally, EFs are crucial for adaptive behaviour, in as much
as efficient executive functioning during child development
is able to predict health and well-being in adulthood (Moffitt
et al., 2011). Considering that especially in childhood, EFs
are indeed highly responsive to environmental influences
(Jolles & Crone, 2012; Klingberg, 2010), it is important
to identify early EF impairments in order to intervene and
improve developmental trajectories.

EF Interventions

Convergent evidence suggests that it is possible to improve
EFs through cognitive training (Diamond & Lee, 2011) and
some findings demonstrated a strengthening of the neural
circuits underlying the trained EFs by intensive practice
(Brehmer et al., 2011; Crespi et al., 2018; McNab et al.,
2009; Rueda et al., 2012). Given the importance of EFs in
development and their variability in the severity of their
impairment in different neurodevelopmental disorders,
many studies have analyzed the effectiveness of differ-
ent approaches both for the enhancement of EFs and for
the generalization effect on other cognitive and daily life
functioning. Some key principles of clinical practice for an
intervention to be helpful foresee contextual support and the
use of compensatory aids, the use of problem-solving and
metacognitive strategies aimed at improving specific task
trained but also applicable to a variety of everyday situations
(Krasny-Pacini et al., 2018).

Many types of EF intervention are reported in the litera-
ture: computerized training, non-computer games, physical
activities, classroom curricula, art activities, mindfulness
practices, and biofeedback. Computer-based programs, such
as CogMed Working Memory Training (www.cogmed.com)
and Braingame Brian (Prins et al., 2013), are among the most
popular interventions used for the improvement of working
memory and for the enhancement of inhibition and cogni-
tive flexibility respectively. Evidence shows that although
these treatments have a solid effect in improving the prac-
ticed skills, such as inhibition and working memory span
(Beck et al., 2010; Chacko et al., 2014; Di Lieto et al., 2021;
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Gibson et al., 2011; Kidokoro et al., 2014; Klingberg et al.,
2005; Lghaugen et al., 2011; Lundqvist et al., 2010; Melby-
Lervag et al., 2016), the improvements do not seem to trans-
fer to untrained domains (Blair & Razza, 2007; Diamond,
2012; Diamond & Lee, 2011; Diamond & Ling, 2016), nor
to untrained EF skills (Kassai et al., 2019), nor to everyday
life contexts if the intervention is not included in these sce-
narios (Blair, 2017). The efficacy of EF treatments through
physical activities (Best & Miller, 2010; Ng et al., 2017;
Tomporowski et al., 2008) and non-computerized games
(Tominey & McClelland, 2011) has also been demonstrated.
The effectiveness of these interventions could depend on
the activation of strategies and cognitive skills related to
EFs. Furthermore, complex motor activity activates brain
regions related to the prefrontal cortex which may produce
immediate physiological responses (increased blood flow,
oxygen and brain derived neurotrophic factor-BDNF) which
in turn facilitate cognitive performance and learning (Best &
Miller, 2010). The presence of cognitive challenges within
physical activities requiring flexible adaptation of behav-
iour seems to produce greater effects on EFs than physical
activities involving only aerobic components or automated
motor responses (Best & Miller, 2010; Diamond, 2015).
Other promising treatment approaches are classroom cur-
ricula specifically designed to promote EFs, such as Tools
of the Mind (Bodrova & Leong, 2006). These approaches
are inserted in the daily practice of children, facilitating the
generalization of the skills learned and their application in
new contexts. Furthermore, these programs do not require
any specific materials, can be conducted in school by teach-
ers and can include a large number of participants (Diamond
& Lee, 2011). Not only specific curricula design to pro-
mote EF, but also some academic discipline as art activi-
ties (Diamond, 2012; Diamond & Lee, 2011; Diamond &
Ling, 2016), such as music and drama, requiring inhibitory
control and cognitive flexibility are able to produce benefits
in EF skills (Schellenberg, 2004; Thibodeau et al., 2016).
Another approach to foster children’s EFs is providing them
with strategies of self-regulation, both through teaching
skills targeting metacognitive intervention, useful for daily
life challenges, and through mindfulness practises. This lat-
ter activity requires attention (Zelazo & Lyons, 2012) and
self-control, reducing anxiety and stress, in the meanwhile,
working both on a cognitive and emotional level (Zenner
et al., 2014).

Finally, also biofeedback, a technique that uses the elec-
troencephalographic (EEG) or electromyographic (EMG)
signal for learning voluntary self-control of some psycho-
physiological processes that are usually involuntary, are
effective on attention and self-regulation, fostering self-
teaching strategies to control physiological reactions (Niv,
2013). Neurofeedback training has also been reported to
be effective in reducing clinical symptoms in children and

adolescents with ADHD (Arns et al., 2009). However, a
more recent meta-analysis highlighted the lack of efficacy of
neurofeedback treatment tested by standardized tests on EFs
in ADHD children (Louthrenoo et al., 2022). This inconsist-
ency in the literature evidence could be due to the different
outcome measures considered.

Despite the wide amount of data supporting the useful-
ness of EF training, the characteristics that make an EF
intervention effective are not fully understood. The review
by Diamond and Ling (2016) highlights that interventions
involving socio-emotional components and physical exercise
have the greatest effectiveness, as long as cognitive chal-
lenges are included within the proposed activities. Moreover,
the exercises must be calibrated on the subject's abilities,
as to represent a challenge rather than only skill practice.
Other variables influencing the success of the training are
the personal characteristics of the person conducting the pro-
gram and the starting impairment level of the participants,
as it seems that greater benefits are observed in conditions
of greater initial EF impairment. Furthermore, Blair (2017)
emphasizes the importance of placing the intervention
within an everyday life context in order to increase ecologi-
cal validity and generalization. However, interventions on
EFs must not become a burden for the family system, already
challenged by child’s difficulties, but have to involve the
caregivers in an appealing way, favouring skills acquisition
useful to support daily life functioning (Krasny-Pacini et al.,
2018).

Since EFs are highly correlated with other cognitive
functions, their impairment can determine cascade effects
on other neuropsychological processes. For this reason, EF
improvements could produce effects on functions untrained
but correlated with EFs, resulting in important benefits for
children's daily functioning. These non-specific effects
have been defined by the literature as far-transfer effects,
i.e. effects of training on different processes correlated
with practiced skills (Melby-Lervag & Hulme, 2013; Sala
& Gobet, 2016, 2017), as opposed to near transfers, i.e.
post-treatment improvements in tasks that require directly
trained processes (Kassai et al., 2019; Melby-Lervag &
Hulme, 2013; Sala & Gobet, 2016, 2017). Transfer has been
defined not only in terms of improvements in different tasks,
but also in terms of improvement along time intervals and
contextual similarity, and in each of these dimensions the
transfer can be near or far (Klahr & Chen, 2011). Linked
to the conceptualization of transfer in terms of context
dimension, Diamond and Ling (2016) analysed the narrow
transfers, i.e., improvements of the abilities trained within
the treatment but in other contexts where the same skills
are required. The authors argue that “people improve on
the skills they practice and that transfers to other contexts
where those same skills are needed [...]; improvement does
not seem to transfer to other skills" (Diamond e Ling in
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Novick et al., 2020, pages 460—461). The question about the
possibility of producing far transfer after EF training is still
open, as pointed out by the review by Katz and Saha (2020)
on children with developmental disorders (see Novick et al.,
2020). Katz and Saha analysed many studies, showing the
heterogeneity of results (Chooi & Thompson, 2012; Heinzel
et al., 2014; Jaeggi et al., 2014; Kundu et al., 2013; Redick
et al., 2013; Stephenson & Halpern, 2013; Thompson et al.,
2013), varying from the absence of transfer effects (Melby-
Lerviag & Hulme, 2013) to significant effects on skills far
from those trained, as fluid intelligence (Au et al., 2015;
Karbach & Verhaeghen, 2014). In order to disambiguate
the question, it is necessary to develop and use dynamic
outcome measures able to detect the effective EFs improve-
ment after a treatment, as well as transfer effects on other
processes, taking into account the ecological validity and
the test—retest effect (Krasny-Pacini et al., 2018).

The present systematic review aims to investigate the
presence of far-transfer effects following executive function
training, limiting the analysis to children with neurodevelop-
mental disorders and considering as far-transfer effects any
skill not directly trained by the treatment and assessed post
intervention, also including executive functions, if different
from those enhanced.

Method
Search Strategy

The review authors undertook a comprehensive search of
databases as MEDLINE Advanced PsycINFO, EMBASE,
CINHAL and CENTRAL (Cochrane Controlled Registered
Trials) in April 2020, in accordance with the PRISMA
statement (Moher et al., 2009). The search strategy com-
prised keywords in different combinations referring to four

"o

main clusters: “executive functions", “neurodevelopmen-
tal disorders", “children” “intervention” and “far effects"
including terms related to constructs and definitions (see
Appendix 1 for complete search string and the Introduc-
tion for the definition of the specific terms). The keywords
were selected based on the analysis of the literature on
the effect of training in neurodevelopmental disorders
(Kassai et al., 2019; Diamond e Ling in Novick et al.,
2020; Scionti et al., 2020; Takacs & Kassai, 2019). The
selection of terms referring to executive functions was
guided by the models suggested by Diamond (2013) and
Miyake et al. (2000). The latter one also includes emo-
tional aspects such as emotion regulation and “hot” EF,
which are considered also in this review as part of execu-
tive functions. Given the recent increased interest in study-
ing the effects of EF training in children, the research was
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restricted to the period 2000-2020. In order to exclude
non-peer reviewed studies, the authors included studies
published in academic journals, reported in English and
available for full text. The methodological quality of the
included studies was assessed according to the National
Health and Medical Research Council (NHMRC) Evi-
dence Hierarchy (NHMRC, 2009).

Inclusion Criteria
Type of Participants

Published studies included samples of subjects in devel-
opmental age (5-18 years) diagnosed with Neurodevelop-
mental Disorders (according to ICD 11 or 10 or DSM 5 or
IV TR) They included Learning Disorders, Developmental
Coordination Disorder, Language Disorder, Autism Spec-
trum Disorder, Attention Deficit Hyperactivity Disorder
and Intellectual Disabilities (or as defined by the ICD or
DSM IV). The choice of age range was guided by evidence
described above that EFs develop from the first year of life to
late adolescence, with a peak of development during the first
5 years of life (Garon et al., 2008). Furthermore, it is possi-
ble that for some neurodevelopmental disorders a clear diag-
nosis cannot be formulated before the age of five, thus, it is
from the end of the preschool ages that eventual alterations
in EFs are expected, and in turn, interventions are needed.

Type of Interventions

Selected studies focused on interventions aimed at improv-
ing any process belonging to the executive function domain
(i-e., inhibition, working memory, shifting, planning, organi-
zation, problem solving, decision making, cognitive control,
effortful control, self-regulation). Intervention could begin
at any time during childhood, and it could have been carried
out either in an ecological context, such as home or school,
or in an experimental context, such as a laboratory. The
intervention had to be carried out by health professionals
(such as psychologists, neuropsychiatrists or occupational
therapists) or by education professionals (such as teach-
ers or educators). Types of interventions could include any
program assumed to work on EFs, such as neurocognitive
stimulation, neurocognitive training, computer programs,
scholastic and academic curricula, occupational therapy,
neuropsychological rehabilitation, psychoeducation, mind-
fulness and physical activities. Any frequency, intensity and
duration of training was included. Moreover, the studies
included needed to have a pre-post treatment design or the
presence of a control group (active or waitlist).
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Type of Outcomes

To be selected, studies must have measured far effect out-
comes at the completion of the intervention.

The outcome variables had to be measured with stand-
ardized, objective tests administered to the child (either
commercial or prototypal/experimental) and with parent’s
and self-report questionnaires. These far effect measures
included standardized neuropsychological and cognitive
tests, achievement tests (math or reading or writing), qual-
ity of life questionnaires, self-regulation questionnaires,
teachers’ ratings (school readiness, general literacy skills,
or math or reading or writing), report cards (literacy or math
or reading or writing).

Studies were excluded if: (1) they included single case
studies and reviews; (2) they were diagnostic or prognostic
studies (2) participants’ age was > 18 or <5 or not clearly
defined; (3) they included participants with other medi-
cal, psychiatric or neurological conditions not included in
the classification of neurodevelopmental disorders, (4) the
training was not targeted on cognitive or neuropsychological
domains, (5) there was no control group, (6) there were no
far effect outcome measures.

Study Selection Process

The initial literature searches produced 1683 papers. Five of
these studies were included by analysing the articles’ bibliog-
raphy. After removing duplicates, 508 articles were reviewed
independently by three authors (Clara Bombonato (CB),
Benedetta Del Lucchese (BDL), and Costanza Ruffini
(CR)) on the basis of the title and abstract with an inter-rater
agreement of 100%. 143 full-text articles were selected and
reviewed to identify those that met the inclusion criteria. When
discrepancy arose, articles were discussed and re-reviewed to
determine their inclusion or exclusion. The process led to the
selection of 17 papers that met the inclusion criteria. The over-
all process for selecting studies is shown in Fig. 1.

Meta-analysis

Far effect outcome measures of reviewed studies including
control groups were analyzed. The data collected from the
articles were analyzed using software R, version 4.1.2. All
of the studies included different outcomes, divided and ana-
lyzed on the basis of 5 macro categories considered as far
effects, ;detailed in paragraph 3.5. A multivariate random-
effect linear model, making use of Hedges Estimator, was
used to conduct a meta-analysis. Hedge's g values were cal-
culated and, ;according to Cohen (Cohen, 1977), values of
effect sizes between 0.2 and 0.5 were considered "small",

between 0.5 and 0.8 "medium", and > 0.8 "large". Effect
size estimates were pooled across studies to obtain an over-
all effect size.

Results

Seventeen studies were eligible for inclusion. The methodo-
logical quality of the included studies was independently
assessed by the reviewers according to the National Health
and Research Council (NHMRC). All studies were classi-
fied at level II, as Randomized Control Trials (Bigorra et al.,
20164, b; Bowling et al., 2017; Chacko et al., 2014; de Vries
etal., 2015; Dovis et al., 2015; Egeland et al., 2013; Esmaili
et al., 2019; Kenworthy et al., 2014; Kirk et al., 2016, 2017,
Klingberg et al., 2005; Leins et al., 2007; Smith et al., 2020;
Strehl et al., 2017; Weiss et al., 2018), except one that was
classified at level I1I-1, as Pseudorandomized Control Trial
(Beck et al., 2010).

Participants

Studies including children with neurodevelopmental disorders
as the target population of the intervention were selected. In
particular, samples were composed by children with Attention
Deficit and Hyperactivity (ADHD) in ten studies (Beck et al.,
2010; Bigorra et al., 2016a, b; Chacko et al., 2014; Dovis
etal., 2015; Egeland et al., 2013; Klingberg et al., 2005; Leins
et al., 2007; Smith et al., 2020; Strehl et al., 2017), children
with Autism Spectrum Disorder (ASD) in three studies, (de
Vries et al., 2015; Kenworthy et al., 2014; Weiss et al., 2018),
children with Intellectual and Developmental Disabilities
(ID) in two studies (Kirk et al., 2016, 2017) and children with
Specific Learning Disabilities in one study (SLD) (Esmaili
et al., 2019). Moreover, it was agreed to include one study
that targets children with Behavioral Health Disorders (BHD)
(Bowling et al., 2017), since, although not present in the main
diagnostic classifications (DSM-5; ICD-10), a broad category
including some of the neurodevelopmental disorders men-
tioned above (ASD, ADHD). The studies also varied in terms
of the age range of the population (4-17 years) and sample
size (50 to 150 subjects).

Study Design

Regarding the study design, in fifteen studies, the popula-
tion was divided into two groups. In five of these stud-
ies, the control group underwent a training equivalent to
that of the experimental group but non-adaptive, therefore
without the adjustment for difficulty (Bigorra et al., 2016a,
b; Chacko et al., 2014; Kirk et al., 2016, 2017; Klingberg
et al., 2005), in four studies the control group consisted
in the waitlist (Beck et al., 2010; Bowling et al., 2017;
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PRISMA 2009 Flow Diagram
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Fig. 1 Study selection process following the PRISMA 2009 flow diagram

Esmaili et al., 2019; Weiss et al., 2018), in three studies group received treatment as usual (Egeland et al., 2013;
the experimental group’s performance was compared with ~ Smith et al., 2020). In two studies, the population was
that of an active control group following an intervention  divided into three groups: two experimental groups and
not focused on EFs. Kenworthy et al., 2014; Leins et al.,  one control group, which underwent non-adaptive training
2007, Strehl et al., 2017), and in two studies the control (de Vries et al., 2015; Dovis et al., 2015).
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Intervention

All the selected articles provided results about an interven-
tion aimed at executive functions rehabilitation. Such treat-
ments were undertaken in several ways. Specifically, most of
the interventions included computer training activities (Beck
et al., 2010; Bigorra et al., 2016a, b; Chacko et al., 2014; de
Vries et al., 2015; Dovis et al., 2015; Egeland et al., 2013;
Kirk et al., 2016, 2017; Klingberg et al., 2005); in addition,
among the selected articles there were two neurofeedback
treatments (Leins et al., 2007; Strehl et al., 2017), two cur-
riculum interventions delivered during school attendance
(Kenworthy et al., 2014; Smith et al., 2020), an individu-
alized manualized Cognitive Behavioural Therapy (CBT)
intervention (Weiss et al., 2018), a training delivered through
cooperative and collaborative group play activities at the
clinic (Esmaili et al., 2019) and finally an intervention based
on physical activity (Bowling et al., 2017).

In most studies, the intervention targeted cold compo-
nents of executive functions, specifically working memory
(Beck et al., 2010; Bigorra et al., 2016a, b; Chacko et al.,
2014; de Vries et al., 2015; Dovis et al., 2015; Egeland et al.,
2013; Esmaili et al., 2019; Klingberg et al., 2005; Smith
et al., 2020), inhibition (Dovis et al., 2015; Esmaili et al.,
2019; Leins et al., 2007; Smith et al., 2020) and attentional
control Kirk et al., 2016, 2017; Leins et al., 2007; Smith
et al., 2020), while others aimed at strengthening other exec-
utive functions such as planning, problem-solving, shifting,
monitoring and cognitive flexibility (de Vries et al., 2015;
Dovis et al., 2015; Esmaili et al., 2019; Kenworthy et al.,
2014). Four studies targeted the hot components of executive
functions, in particular self-regulation and emotional regula-
tion, as intended by the Miyake et al. model (2000) (Bowling
et al., 2017; Esmaili et al., 2019; Strehl et al., 2017; Weiss
etal., 2018).

These interventions were carried out in different settings;
at home in ten studies (Beck et al., 2010; Bigorra et al.,
2016a, b; Chacko et al., 2014; de Vries et al., 2015; Dovis
et al., 2015; Kirk et al., 2016, 2017; Klingberg et al., 2005;
Weiss et al., 2018), at school in five studies (Bowling et al.,
2017; Egeland et al., 2013; Kenworthy et al., 2014; Smith
et al., 2020; Weiss et al., 2018) and at the clinic in three
studies (Esmaili et al., 2019; Leins et al., 2007; Strehl et al.,
2017).

The duration of the interventions ranged from 5 weeks to
3 months; only one study involved a treatment in which the
28 sessions were spread over a year (Kenworthy et al., 2014).

The intensity of the intervention varied from 2 times a
week to daily, twice a week in three studies (Bowling et al.,
2017; Esmaili et al., 2019; Strehl et al., 2017), 3—4 times a
week in one study (. Smith et al., 2020), 5 times a week in
seven studies (Bigorra et al., 2016a; Chacko et al., 2014;
Kirk et al., 2016, 2017; Klingberg et al., 2005; Leins et al.,

2007). In one study, frequency of intervention corresponded
to the total days of school attendance (Egeland et al., 2013).
Of the articles examined, five studies did not report the fre-
quency of intervention but the overall duration of the inter-
vention: 6 weeks (de Vries et al., 2015), 10-14 weeks (Weiss
et al., 2018), 28 sessions (Kenworthy et al., 2014), 25 ses-
sions over 5-6 weeks (Beck et al., 2010) and the last one,
25 sessions over 5 weeks (Dovis et al., 2015). The duration
of each single treatment session ranged from 20 min to 2 h.

Far Effect Outcomes

According to the research questions of the studies, differ-
ent far effects were measured. However, it was possible to
outline some common aspects that had been investigated,
regardless of the type and target of the author's intervention.
Most of the authors investigated whether, as a consequence
of training on specific executive functions, improvements
were obtained on other executive functions not directly
trained. For example, Bigorra and colleagues (2016a, b) con-
ducted two interventions on working memory and explored
the far effect on inhibition, sustained attention, planning,
cognitive flexibility, task switching (study 1) and decision
making (study 2). De Vries and colleagues (2015) explored
inhibition, sustained attention, working memory or cogni-
tive flexibility and their intervention was directed to working
memory or cognitive flexibility. Dovis and colleagues (2015)
led a training on visuospatial working memory, inhibition
and cognitive flexibility and studied the far effect on interfer-
ence control, verbal short-term memory/working memory
and complex reasoning. For Egeland and colleagues (2013)
working memory was the target intervention and process-
ing speed, attention, inhibitory control were assessed as
far effects. Klingberg and colleagues (2005) implemented
a working memory training and studied inhibition as a far
effect. All these studies implemented neuropsychological
outcome measures. Finally, Kirk and colleagues’ (2017)
intervention target was attentional control and response inhi-
bition while Beck and colleagues’ (2010) was working mem-
ory and both studies investigated parent and teacher-report
child daily executive functioning as outcome measures.

Another common target of investigation was the study of
any changes, following the training, in the disorder’s spe-
cific symptomatology: ADHD symptoms (Beck et al., 2010;
Bigorra et al. 20164, b; Chacko et al., 2014; de Vries et al.,
2015; Dovis et al., 2015; Egeland et al., 2013; Kirk et al.,
2016; Klingberg et al., 2005; Leins et al., 2007; Smith et al.,
2020; Strehl et al., 2017), autism symptoms ( Kenworthy
et al., 2014), mood (Weiss et al., 2018) referred by parents
and teachers or by the clinician (Smith et al., 2020; Strehl
et al., 2017; Weiss et al., 2018).

The majority of studies assessed the child’s daily life
functioning, including adaptive behaviour (Bigorra et al.,
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20164, b; Dovis et al., 2015; Egeland et al., 2013; Kirk et al.,
2017; Leins et al., 2007; Strehl et al., 2017; Weiss et al.,
2018), quality of life (de Vries et al., 2015; Dovis et al.,
2015; Esmaili et al., 2019; Strehl et al., 2017), classroom
functioning (Bowling et al., 2017; Kenworthy et al., 2014),
and social skills (Bigorra et al., 2016a, b; de Vries et al.,
2015).

A recurring aspect that was investigated with direct
outcome measures was the child’s learning skills such as
reading comprehension (Bigorra et al., 2016a, b), math,
vocabulary, letter knowledge and rhyme detection (Kirk
et al., 2017), reading and math (Egeland et al., 2013), word
reading, sentence comprehension, spelling, and mathemati-
cal computation (Chacko et al., 2014).

Finally, a few studies explored other cognitive outcomes
as far effect: memory (Egeland et al., 2013), complex non-
verbal reasoning (Dovis et al., 2015; Klingberg et al., 2005;
Strehl et al., 2017) and intelligence (Leins et al., 2007).

Efficacy on Far Effects

Results will be presented dividing the selected articles
according to the EF component target of the intervention.
Within each section, the studies will be reported analyz-
ing the far effects investigated, which are categorized into 5
macro categories, agreed upon by the authors of this system-
atic review. These macro-categories grouped the different
outcomes assessed as far effects (other executive functions,
clinical symptoms, learning skills, daily life functioning and
cognitive outcomes).

Intervention on Attentional Control and Inhibition

KIRK et al. (2016), Kirk et al. (2017), Leins et al. (2007)
analysed the effects of interventions targeting attention and
inhibition (Table 1).

One study ( Kirk et al., 2017) evaluated improvement
of executive functions in daily life with parent and teacher
report questionnaires, finding no significant far effect of the
computerized attentional training on children with intellec-
tual disability.

Two studies evaluated a reduction of ADHD symptoma-
tology (rating scales) as a far effect of the interventions. Kirk
et al. (2016) found no significant effects of the computerized
attentional training in children with intellectual and devel-
opmental disabilities, while Leins et al. (2007), in children
with ADHD found a significant reduction in symptoms after
neurofeedback interventions in the two experimental groups,
but in absence of a control group and without observing
specific differences between the two types of treatment.

Only Kirk et al. (2017) considered the improvement in
learning skills (defined as both academic skills and as abili-
ties supporting learning) as a far effect, finding significant

@ Springer

effects only for mathematic skills at the three-month follow-
up, while no effects were found in cognitive skills underly-
ing school learning, such as the receptive vocabulary and
metaphonological skills neither at the post-test nor at the
follow-up assessment.

The two studies, which evaluated children’s daily life
functioning through parent report questionnaires, did not
find significant effects, neither in terms of improvement of
behavioural and emotional problems ( Kirk et al., 2017), nor
of behavioural problems at home (Leins et al., 2007).

Leins et al. (2007) evaluated cognitive functioning (Ger-
man intelligence test for children) as a far effect of the inter-
vention, finding a significant increase in both neurofeedback
intervention groups; however, these results were not com-
pared with any control group.

Intervention on Working Memory

Seven of the studies (Beck et al., 2010; Bigorra et al., 20164,
b; Chacko et al., 2014; de Vries et al., 2015; Egeland et al.,
2013; Klingberg et al., 2005) analysed the effects of inter-
ventions targeting working memory (Table 2).

Among the six studies that included other executive
functions, assessed with neuropsychological measures, as
far effects of the intervention in children with ADHD, three
found significant effects on response inhibition (Bigorra
et al., 2016a, b; Egeland et al., 2013; Klingberg et al., 2005),
one on sustained attention (Bigorra et al., 2016a, b), and one
on cognitive flexibility (Egeland et al., 2013). On the con-
trary, Bigorra et al. (2016b) found no significant effects in
improving decision making and De Vries et al. (2015) found
no significant effects on sustained attention, inhibition, and
cognitive flexibility in children with ASD. Some studies
assessed far effects on other executive functions by means
of parent or teacher report questionnaires (BRIEF), finding
significant effects (Beck et al., 2010; Bigorra et al., 2016a,
b) indicating an improvement on executive functions in eco-
logical settings. On the other hand, Egeland et al. (2013) and
De Vries et al. (2015) reported no significant effect of the
intervention in increasing executive functioning in daily life.

Among the six studies that included the reduction of clin-
ical symptoms, measured with teacher or parent-report, as
a far effect of working memory interventions, three studies
found a significant reduction in ADHD-related symptoms
in children with this neurodevelopmental disorder (Beck
et al., 2010; Bigorra et al., 20164, b; Klingberg et al., 2005).
In contrast, other studies did not find significant effects in
reducing ADHD-clinical symptoms neither in children with
ADHD (Chacko et al., 2014; Egeland et al., 2013) nor in
children with ASD (de Vries et al., 2015). Furthermore,
when ADHD symptomatology was assessed with direct
measures, as attention, activity level and impulse control
measured by actigraphs (Chacko et al., 2014) and by the
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Table 2 (continued)

Far effects

Near effects

t of

t of

Int

Duration

Intervention Target of

ge

Diagnosis Population

Study design

Authors

far effect

near effect

intervention

Working Mem-  Spatial and 5-6 wks (25 3040 min per WM: BRIEF Other executive  Yes, on WM Yes, on clinical

7-17 yrs

combined type EG n=27, CG (wait-

NRS

Beck et al.

symptoms

(for parents
at post

functions:

(WM sub-

scale)

session

sessions)

verbal WM

ory Training
Program:

=25

list) n

or inattentive

type ADHD

(2010)

(ChIPS, Con-

BRIEF (other
subscales)

Clinical

ners’ Rating

training and
at 4-month
follow up,

computer

Scale) and on

training at
home

other executive

functions

symptoms:
P-ChIPS,

for teachers
only at fol-
low up)

(BRIEF)

Conners’ Rat-
ing Scale—

teacher and
parents

Legend: RCT Randomized Controlled Trial, ADHD Attention Deficit Hyperactivity Disorder, ASD Autism Spectrum Disorder, EG Experimental Group, CG Control Gropu, DSM 1V Diagnostic

and Statistical Manual of mental disorders, WM Working Memory, WMtr Working memory training, TAU Treatment As Usual, WISC IV Wechsler Intelligence Scale for Children-1V, WMS 111
Wechsler Memory Scale-11I, BRIEF Behavior Rating Inventory of Executive Functions, Corsi — BTT Corsi Block Tapping Task, GEWT Gender Emotion Switch Task, NGST Number gnome

switch task, BVRT Benton Visual Retention Test, AWMA The Automatic Working Memory Assessment, CCPT-II Conners’ Continuous Performance Test-II, TOL Tower of London, WSCT

Wisconsin Card Sorting Test, TMT — B Trail Making Test, CBCL Child Behaviour Checklist, TRF Teacher’s report Form/4-18, SDQ Strenght and Difficulties Questionnaire, WFIRS Weiss Func-
tional Impairment rating scale for parents, /GT Iowa Gambling Task, SART Sustained attention response task, CSBQ Children's Social Behavior Questionnaire, PedsQL The Pediatric Quality

of Life Inventory, DBDRS parent version of the Disruptive Behavior Disorders Rating Scale, CW Color Word, DKEF'S Delis-Kaplan Executive Function System, CAVLT-2 Children’s Auditory

Verbal Learning Tests-2, ARS ADHD Rating Scale, WRAT4-PMV Wide Range Achievement Test 4 Progress Monitoring Version, CPM Colour Progressive Matrices, ChIPS Children’s Interview

for Psychiatric Syndromes—Parent Form

number of head movements measured by an infrared cam-
era (Klingberg et al., 2005), no significant far effects were
reported.

Among the three studies that evaluated the improvement
of learning skills as a far effect of the intervention, only
Egeland et al. (2013) found significant effects in improving
speed and accuracy of reading. No significant effects were
found in improving reading comprehension (Bigorra et al.,
20164, b), math skills (Egeland et al., 2013), word reading,
sentence comprehension, spelling, and mathematical com-
putation (Chacko et al., 2014).

Among the four studies that evaluated functioning in daily
life (behaviour, social skills, quality of life), only Bigorra et al.,
(20164, b) found a significant effect in improving school learn-
ing behaviour (i.e. need for an extra help at school, grades that
are below potential), assessed through a parent report ques-
tionnaire, while no significant effects were found in improv-
ing behavioural and emotional skills (Bigorra et al., 2016a,
b; Egeland et al., 2013), social skills (de Vries et al., 2015)
or quality of life (de Vries et al., 2015). Finally, a direct test
assessing of theory of mind skills (Bigorra et al., 2016a, b) did
not yield any improvement.

In the two studies that considered an improvement in cog-
nitive processes as a far effect of the intervention, Klingberg
et al. (2005) found a significant effect in improving non-
verbal reasoning abilities (Raven’s Matrices), while Egeland
et al. (2013) found no significant effects on auditory long-
term memory (word recall and recognition).

Intervention on Cognitive Flexibility

Only one of the studies included in this systematic review
analysed the effects of a treatment aimed at improving cogni-
tive flexibility (de Vries et al., 2015) (Table 3). No signifi-
cant far effects were reported for children with ASD: neither
on other executive functions assessed through questionnaires
and standardized tests, nor on clinical symptoms, daily life
functioning, or on quality of life.

Intervention on Hot Executive Functions

Three studies (Bowling et al., 2017; Strehl et al., 2017;
Weiss et al., 2018) investigated the effects of interventions
(physical activity through virtual reality, emotional regula-
tions trainings, neurofeedback) aimed at improving the "hot"
component of executive functions on clinical symptomatol-
ogy, daily life functioning and intelligence in children with
different neurodevelopmental disorders (Table 4).

Two studies evaluated the improvement of clinical symp-
toms as a far effect of the intervention. Specifically, Weiss
et al., (2018) found significant effects in the improvement
of symptomatology related to mood and behavioural disor-
ders through parent report questionnaires and in the global
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clinical assessment evaluated by clinicians, while Strehl
et al. (2017) found significant effects in terms of a decrease
of inattention and hyperactivity from the analysis of teacher
and parent report questionnaires, while there was no sig-
nificant effect as expressed by the clinicians Global Clinical
Impression (CGI).

All three studies evaluated functioning in daily life as a
far effect of the intervention, finding significant effects on
classroom functioning (Bowling et al., 2017) and on emo-
tional and behavioural problems perceived by parents (Weiss
et al., 2018). Instead, the neurofeedback intervention (Strehl
et al., 2017) yielded no significant effects on the reduction of
behavioural and emotional impairments assessed by parents
and teachers or on the quality of life.

Only Strehl et al. (2017) evaluated cognitive outcomes,
finding significant effects in improving non-verbal reasoning
(Raven’s Matrices) in the neurofeedback group compared to
the electromiography feedback group.

Integrated Intervention on Different EF Components

Four (Dovis et al., 2015; Esmaili et al., 2019; Kenworthy
et al., 2014; Smith et al., 2020) of the studies investigated
the effects of integrated trainings, that is, interventions
simultaneously training different components of executive
functions in children with different neurodevelopmental dis-
orders (Table 5).

Dovis et al. (2015) evaluated the improvement in other
executive functions than the target ones, in children with
ADHD finding no significant effects either in the improve-
ment of verbal working memory evaluated through standard-
ized direct tests, or in executive functioning in the context
of daily life evaluated through parent report questionnaires.

Among the three studies that evaluated the reduction of
clinical symptoms as a far effect of the intervention, Dovis
et al. (2015) found significant effects in ADHD behaviour
perceived by teachers, but not by parents, while Smith et al.
(2020) found no significant reduction in ADHD symptoms
as assessed by clinicians, nor as perceived by parents and
teachers in children with ADHD. Finally, Kenworthy et al.
(2014) found no significant reduction in ASD symptoms in
children with this disorder.

Kenworthy et al. (2014) found ASD after the interven-
tion, assessed by an external blind researcher using obser-
vational measures. Instead, Esmaili et al. (2019) in children
with specific learning disability, found no significant effects
in children’s perceived competence in everyday activities,
and Dovis et al. (2015) found no significant effects, in
children with ADHD in improving children's motivational
behaviours, neither in decreasing problematic behaviours at
home and in public situations as assessed by parent report
questionnaires nor in quality of life.

@ Springer

Only Dovis et al. (2015) evaluated the improvement
of cognitive abilities, finding no significant effects in the
improvement of non-verbal reasoning skills (Raven’s
Matrices).

Metanalysis Results
Non-trained Executive Functions

All of the 9 studies that assessed a non-trained EF as far
effect was included in the metanalysis, considering 87
outcome measures. According to the multivariate ran-
dom-effect model, overall effect size was statistically sig-
nificant (p <0.0001), estimated as 0.18 (95% CI: [0.13,
0.24]) (Fig. 1). Among the studies with a greater effect
size (0.52-0.97), two (Beck et al., 2010; Bigorra et al.,
20164, b) assessed non trained EF with an indirect (teacher
or parent questionnaires) measure of everyday executive
functioning, and two with a direct measure of attentional
control (Bigorra et al., 2016a, b) and switching (de Vries
et al., 2015) (Fig. 2).

Clinical Symptoms

Among the 13 studies that assessed clinical symptoms as the
far effect, only those with a control group were included. For
this reason, two studies were excluded (Leins et al., 2007,
Strehl et al., 2017). Other measures included in some studies
(Smith et al., 2020; Weiss et al., 2018) have been excluded
because of zero sample variance. According to the multivari-
ate random-effect model, overall effect size was statistically
significant (p <0.001), estimated as 0.33 (95% CI: [0.15,
0.51]) (Fig. 2). Among the studies with a greater effect size
(0.67-2.67), two considered ADHD symptoms (Beck et al.,
2010; Klingberg et al., 2005), assessed with standardized
questionnaires, while the other one considered ASD symp-
toms (Weiss et al., 2018) assessed through an interview con-
ducted with parents by clinician and with a blind clinical
global impression (Fig. 3).

Learning Skills

All of the 4 studies that assessed learning as a far effect were
included in the metanalysis, considering 14 outcome meas-
ures. According to the multivariate random-effect model,
overall effect size was statistically significant (p <0.001),
estimated as 0.23 (95% CI: [0.10, 0.35]) (Fig. 4). The only
study that found greater effect sizes (0.60-0.76) evaluated
reading accuracy (Egeland et al., 2013) in ADHD children.
(Fig. 4).
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Cognitive Outcomes

Among the Sstudies that assessed cognitive outcomes as
far effects, only those with a control group were included.
For this reason, two studies were excluded (Leins et al.,
2007; Strehl et al., 2017). According to the multivariate
random-effect model, overall effect size was not statisti-
cally significant, estimated as 0.18 (95% CI: [-0.05, 0.41])
(Fig. 5).

Daily Life Functioning

Among the 10 studies that assessed daily life functioning
as far effect, only those with a control group were included.
For this reason, two studies were excluded (Leins et al., 2007,
Strehl et al., 2017). One study had been excluded because of
zero sample variance (Bowling et al., 2017). According to
the multivariate random-effect model, overall effect size was
statistically significant (p <0.05), estimated as 0.46 (95% CI.:
[0.05, 0.87]) (Fig. 6). Among the studies with a greater effect
size (0.91-6.03), one (Weiss et al., 2018) investigated behav-
ioural and emotional functioning through a parent report
questionnaire in children with ASD, and the other one (Kirk
et al., 2017) assessed social functioning in children with
intellectual disability.

Discussion

This systematic review was aimed at investigating the far-
transfer effects, which are improvements on any skills or
behaviour not directly trained, following EF intervention
in children with neurodevelopmental disorders. In fact,
in neurodevelopmental disorders and in atypical develop-
mental trajectories, EF alterations are a common finding,
suggesting that an executive dysfunction is a pervasive and
shared outcome among different disorders and a transdiag-
nostic indicator of atypical development (Zelazo, 2020).
Nonetheless, these complex, multi-component functions
influence other cognitive abilities and, above all, daily
life functioning (Marotta & Varvara, 2013; Marzocchi
& Valagussa, 2011; Vicari & Di Vara, 2017). According
to Zelazo's iterative reprocessing model (Zelazo, 2015)
which defines a continuous reciprocal relationship between
EFs and cognitive development, it is highly probable that a
bidirectional relationship is frequently triggered between
the specific alterations of a certain disorder and those of
EFs. Alternatively (Lahey et al., 2017), EFs could repre-
sent either a cognitive factor that contributes to the aetiol-
ogy of the disorder or a causal factor for the emergence of
additional symptoms, making the disorder more complex

and severe. Therefore, EF intervention should ultimately
improve non trained abilities as well as induce positive
cascade effects on development.

Among the different definitions of far transfer (Diamond
& Ling, 2016; Klahr & Chen, 2011), for the purpose of this
review all the skills not directly involved in the EF interven-
tion and assessed post-intervention have been considered
(Melby-Lervag & Hulme, 2013; Sala & Gobet, 2016, 2017).
This conceptualization is in line with the one proposed by
Borella and Carretti (Borella & Carretti, 2020), who define
as "near transfer" the improvement in the trained skill meas-
ured with different tests and "far transfer" the effective gen-
eralization of the training effects to tests that detect skills or
processes other than those trained. This conceptualization
was also used to include articles that did not refer explicitly
to "far effect" or "far transfer" in order to provide a more
comprehensive overview with respect to the cross-functional
effects of interventions on EFs among neurodevelopmen-
tal disorders. This approach was used to weigh the impact
that improvements in executive functioning have on symp-
toms or weaknesses characterizing a specific developmental
disorder.

According to the Prisma method, out of 1683 studies,
only 17 studies met the inclusion criteria. All the studies
included, except one (Beck et al., 2010), were randomized
control trials, where at least one experimental group and
one control group were involved, supporting the quality of
the studies according to the National Health and Medical
Research Council (NHMRC) Evidence Hierarchy (NHMRC,
2009). Among these, 10 studies reported an improvement
right after the intervention in at least one outcome that can
be considered as a far effect following an EF treatment.

The results can be summarized by subdividing them
according to the main EF components targeted by the
interventions.

Among the three studies on attentional control and inhi-
bition only one study demonstrated at least one far effect
(Kirk et al., 2017). With regard to the interventions on work-
ing memory, four out of seven studies proved to be effective
in producing at least one far effect (Beck et al., 2010; Big-
orra et al., 2016a, b; Egeland et al., 2013; Klingberg et al.,
2005), while the only study on cognitive flexibility interven-
tion did not show any far effect. Thus, interventions on cold
EFs show high variability on the results: although there is
a prevalence of far effects in studies of working memory
training, one should note that these prevail in number with
respect to those training other EF components. Such a preva-
lence could be due in part to the exponential increase of
interventions on working memory implemented through
computerized trainings, that also payed attention to meas-
uring far effects. In contrast, all the three studies on hot exec-
utive function intervention reported at least one far effect
(Bowling et al., 2017; Strehl et al., 2017; Weiss et al., 2018).

@ Springer



Neuropsychology Review (2024) 34:98-133

114

9reog Suney s1oprosi(] Joraeyaq aAndnisiq
Ay Jo uoisIoA uared §Yggq ‘K1oyuaau] 94T Jo Afend) dIRIPad UL TOSPId dreuuonsand) IOIABYIE [0S s UAIP[IYD OFSsD Iuated — suonoung 9ANNdaxy jo AI0judAu] Suney Jolaeyag
AT st} osuodsal uonueye paurelsng [yys sel Yoyms swous IoquinN [SON SSeL YoIMS uonowy Jopuan) a0 sel, Surddey, syoorg 18100 11d — 1510) ‘Sururen ANqrxol] 4xX7 714
‘Sururer) Arowewr JunIop LM ‘KIOWLIN SuryIop WM ‘Al INSA ‘dnoin jonuo) H)H ‘dnoin [ejuowitradxyg HF 19pIosiq WnnoadS wsnny 7Sy ‘[ell], PI[[ONU0D) PIZIwopuey )y Puada]

(Sururen
SaNIATIOR
0] JUSIYIP) Amoayyrp
ILSON Surseaour
‘(Sururen um A
SONIATIOR -AT}O®
sdadqa 0] Je[ruis) Anpiqrxarg
:swoydwAs LAAD aAnmuSo)
[eorury  ANqIqrxaL] {uQ ‘zHbd
A TOsPd aAnIus0) “(Sunepdn
-Xog oAl ‘DESD :Sur ¢(Sururen pue Sur
-1u309 pue -uonoung SONIATIOR -jerndruew gE=u
Kiowowt QT A[re@ 03 JURISYIP) ‘3urraq (Sururen
Suryrom JArdd yse) yorq -wouIAI) Soour 9AT}
10§ sdnoi3 ‘L9VS N ‘(Sururen SANNOYJIP dwoy -depe-uou)
uoamleq “ysey doig SONIATIOR Sursearour je Sururern D) ‘LE=u
punoj soop° SOOUAIYIP suonouny 0} Ie[ruIs) M san 1oindwoo (MXATI) (S102)
judunEeaI) JUBOYIU QATINOIXD L1Lg-1810D) (suorssas -1AIO®R ueLg 704 ‘oy=u ‘e
JUBOYTUSTS ON -31s ON B_y0 JAM  pasiodarioN SOSMY M S 1DH oweSurerg sILZ[-8  (DAM) 1DH asv 1od SSUA °d
19913 JdBJ JO 1033 IBJU JO UOTJUIAIUL
SJOdD JB  SJOIYD JBAN  JUIWISSISSY  JUQUISSISSY Aysudpuy uoneInq JO3198ae], uUONUIAINUY 38y  uopendog sisougerq uSisap ApmS sioyny

Annqrxep 2Antugod uo uonuealul Sunuswe[dwr sorpms € a|qey

pringer

Qs



115

Neuropsychology Review (2024) 34:98-133

saIm
-seaw Yq
payrodar
-PIYd
ay} jo Aue
dn-moroy Uo S90UD
Jje paurejurew -IoJJIp
suren) (§-19D)  dnoi3 jued soure[
‘d-SIav)  -yrudis oN -osvd ‘uelkq [ooys
swoydwAs saInseow ‘S-IDD ‘d-SIaV ‘NAD pue swoy je
[eowr pue  uonensaI Swo) ‘Odd d uone[n3oy 6C=U
(z-OSve) Sur  [euonourd -dwifs oty -QOSSYA uonerado (s1prem)
-uonouny | yodarjuo  z-DSvg :Sutuon  :uone[ngar payodar uone[n3ar :K)91008 s1k 5% (8102)
Arep uo ‘sox  -1ed uo ‘sox -ouny of1f e [euonowryg JON SYM H1—01 [euonowyg  Juady 10109§ 718 ‘Ig=ung asyv ID¥ I8 19 SSIom
(s1opIo
-SIp 9AIS
-saxdop
‘s10p
(sAep 1od o1 -IOSIp
D0J1) Suruon -SYLVD (uTar O [ooypos je =u Kyorxue
-OuNj WOOoIsse[d  :uone[n3al —0¢) Suroko109Ad (as1prem) ‘a’Lav (L102)
:Suruonouny -J1os yoam xad uon YA SAON s1k 5% ‘asy) 'R
SOX SO oI Al [RINOTARYRY ~ SUOISSAS T SYM [ -e[N3I-J[og S[[IAUBIA 91-L ‘tS=und dHdg 1O¥ Surmog
19359
fRE) I E) Jedu Jo UOTJUIAIUT ugisop
S1O9JJ9 I8 IO JBAN JBJ JO JUIWISSISSY  JUIWISSISSY Aysudjuy uonean(q JO193ae], UONUIAINU] 38y uonendog sisouseiq ApmgS sioy)ny

SUOTOUNJ SATINOAXA 10 U0 suonuaArur Sunuswsdwr serpnis ¢ ajqer

pringer

A's



Neuropsychology Review (2024) 34:98-133

116

sqo1neW JAIssaI3oxd mojo) WdD
‘SpIY JOJ JUSWISSAsSe 1] Jo AJfenb uewWIOD F@NY-PLY ‘direuuonsang) sennoyjig pue ySuong gs ‘uoissardwy [8qo[D) [edIUI]D) 7O ‘UOISIOA JUdIed — 9[NPIYOS MOTAINU] SIOPIOSIJ AJoIXUy
d-SIAV ‘se[edS Suney juared — UONIPH PUOIAS ‘UAIP[IYD) JOJ WASAS JUAWSSISSY JOIABYIG Z-DSVF ‘SSB[O JO INO QWL DO ‘S[BIS JUWATRURIA UONOWH S UIP[IYD /7D ISIOYD uonensay
uonowy DY ‘eIreuuonsand) S[[NJS [e100S pue uonensay uonowyg J-OSSYT O[eds Sunel Iayoed) PoJeIAdIqqe S,Iouuo) SY IV ‘KIedy remip yA ‘AyderSorwonosg oy ‘dnoin jonuo)
0y ‘dnoin euswadxyg HF ‘SIOPIOSIP YI[eay [eI0IARYSq (FHE ‘Topiosiq AyAanoeradAH 1oy uonuany UV 19piosiq wnnoadg wsnny SV ‘[ell], PI[[ONU0D) PIZIWOpURy 7)Y Puade]

(Oas1aNI
-pry]) Suruon
-ouny oy1y AJrep
uo pue (I-[DD
pue swoydwAg
910D dHAV
Jo s3uney s19
-oea],) swo)
-dwiAs [eoruro
uo sdnoi3

DF usam1dq
SOOUQIOYIP JOU

are 210 ‘ON

(NdD) (K
SQUI00INO -a1spnduur
2ANIUS00 pue K)1An
uo pue (uorn D :sewod -oe1adAy
-uo)jeul pue -0 AANIUI0) ‘uonuo)
Ararsindut uo TANDI-PIY  -Jeul 9[eds
surewopqng ‘Ods :Surtuony  -qns) J[eIS
ddayvy jo ssur  swoydwAs -ounj 911 A[req Sunex
-8y Sswuareqd) 2100 [-[DD‘swojdwAs dHav pL=U
swoydwAs dHav dHQV Jjo ssur UBWLIAN) (poeqpasg
[eorur[d uo Suronpar -Jel SI9Yoe], Swo) ("syyoom 9— DONA)
sdnoi3 g  urHH 01 ‘surewr -dwAs JO SUOISSas 704
uIM1q Jorradns -opqns QHAV aaav 71 1oye SoTur ‘gL=u
SOOURIIJIP Apueoymu Jo s3unex uone| yoom  YeaIq B yum ur Yoeqpady (poeqpasy
JuROYIUSIS -31s sem Sjuared :Swo) -n3a1-J[os 12d suors SUOISSS uon DOINF SJoeq -0IN3N) (L102)
oIe Q1Y) ‘SOX 1D ‘Sox -dwAs eorur) [eonio) -§9S =7 G7) sypuowr ¢ -e[NSRI-J[oS -padjoInaN  SIK 6L 194 agav ID¥ 819 [yens
19399
1939 Jedu Jo UOUIAIUI ugIsap
$199JJ3 I8 S)I9JA JBIN JBJ JO JUIWISSISSY  JUIWSSISSY Aypsudyuy uoneIn(q JO)93ae], UONUIAINU] 38y uonendog sisouseiq ApmgS sioy)ny

b
)
)
5
et
|9
A
&l

(Ponunuod) ¢ 3|qeL



17

Neuropsychology Review (2024) 34:98-133

(w10, Sur
-poD suon
-BAIOSQQ
wooIsse[)) Jardg Surajos
Suruonouny suonoung (s19 -worqoid
swoydwAs WOoOISSe[D) QATINDAXH -1oe9) 10} y10ddns 0y
[EOTUI[O U0 ON :3uruon 1D :Suru uorssas | 93en3ue|
(Suruonjouny -ounjy -ueyd pue pue sjuared  pozifeurojur [ooyos Je
WOOISSB[) [ Areq Aqrxarg 10J UOISSIs Sursn ‘uru wWNNOLLIND 0z=1u (uon
Suruonouny SdS ad [ ‘uaIp[yd -uepd ‘3un ((Lon) -UaAIIUL r100)
911 A[rep :swoydwAs :3urafos 10J SUOISSQS -19s-[e03 103181, UO SS) DD T® 1R A
U0 S9A [ed1uI) we[qold ur 0y—0¢ 87) Teok | ‘Kmqrxery  pue ypmsup)  SIK [[—L ‘Ly=uDd asv LOY -1oMuad]
3uri0)
-Tuow pue
‘S[erIajewr
Jo uon
-ezIues1o
‘Suruuerd o1ur
‘uonenul ur skerd
‘KIowowr QATIRIOqR]
Sunyiom -[05 pue
VSOD ‘lonuod  eAneradood
punoy s103JJ9 :3ur A9rdd ¢ [euonOW :sdnoi3 8T =u (Is7]
juaweaI) -uonouny suonouny Yoom 1od ‘Funyiys ur son -em) D) (6102)
JUBOYIUSIS ON SOX 1 ATreq QATINDAXH SUOISSas ¢ SYM 6 ‘uonIqIyuy  -1ANOR -189d  SIK [[—L ‘gr=ung ais DIV Te e irewsy
J93J9 18J JO 1I9J9 JIedu Jo UOTJUIAII)UI ugisap
SJPI JB]  SJOIPD JBAN]  JUIWISSISSY  JUIUWISSISSY Kysudguy uonean(q JO)93ae], UONUIAIU] a3y  uonemndog sisougeiq Apmy§ oy

suonuaAloiul pajer3aul Sunuawdrdwr sarpms g jqel

pringer

a's



Neuropsychology Review (2024) 34:98-133

118

Jo1ARYQq
aandnisip
‘I0TARYQQ
[euonis
-oddo
‘Furssaooxd
Jo poads
‘UONBULIO)
K1039100
HdHJHLO
[01u0d ‘3uryoreas
QOURIJIAUL [ensia
pue (g ‘uonuane
-TAVIM) POPIAID
Surures| ‘Suryonms
pue [euonuane
KIowow uo yse) (urw () ‘uonuane
199J9 JudW Ioue[ Yoom rod PpaYdaIIp [ooyos je
-Jean jued Jonuod skep ¢ ‘Krlowowr  (SGd]) uon
-yusis oN Q0OUQIdJIOIU] BUIYD Sunpiom -UQATIUT
(I'TAD) Sut dVNS  CTTANVIM ur (v ) ‘uoniquyut [BI00S
punoj s109x° -UIed[ pue T19D ‘T'IAD Yoom 1od asuodsar pue Apog pp=u
juswlean) Kiowowt :swoydwAs :Surureo| skep —¢ (suorssas ‘uonuane ‘urerg (VL) DD (0202)
JuedYIuSIS ON LOREDN [eouI)y  pue AIOWN VSN UL 09) M GT paureIsng :4q pojersoy sk -G ‘Sy=uDH dHav LOd  [e e yug
J93JJ3 IBJ JO 133 18U JO UOUIAIUI ugisop
S109P9 I8  S)I9YD JBIN  JUIWISSISSY  JUIWSSISSY Aypsudjuy uonean(q JO 19318], UONUIAINU] 93y  uonemndog  sisouseiq Apms oy

(ponunuoo) g sjqey

pringer

Qs



19

Neuropsychology Review (2024) 34:98-133

aIreuuonsong) suonemIS SWOH OSH ULIP[IYD J0J AITBUUONSaN]) pIemay] 03 AJIANISUSS pue juswystung 03 ANANISUSS )-OyYSJIS
‘K10juaAu] 9J11T Jo ANpeng) oLRIPdd TOSP2d [edS Suney siopiosiq Joiaeyeg 2ANdnISIq SYGGT ‘SONRIA dAISSAIS0Id IN0[0D) WD O[edS Suney jualed pue J9yoea], WeY[dd pue Ue[ON ‘UOS
-uemMS UL, JYNS uawosoiduif-uotssardwy [eqofn) [edIUI) UL J-7D) O[edS SSOUAISUOdsay [BI00S $YS WUAWSSISSY-J[S [euonednaoQ piy) ysOD 1S9 Sunfey [reil L “sel Suiddey,
Yoorq 110D LIgD ‘PIemdoeq pue pIremoj pagj Arowow [eneds onsiA—uonIpyg puodoS—3uruIed| pue AIOWIA JO JUSWISSISSY FUBY OPIM Z-TWVIM ‘AIOWSIN pue Juruied| [eqIoA JTAD
“yse[, a3ua[rey) 1D ‘uSIsap Yoo[g @4 ‘Suonaung dANNdAxXH Jo AI0judAu] Suney Ioiaeyed J77yg ‘AIOWIN SUDIOM M ‘UONUIAINUI S[[IYS [BI00S §§ ‘Tens() Sy Judwiedl], NV ‘dnoin jonuo)
0y ‘dnoin reyuswniedxyg HF ‘Aiqesiq Sururea oyoads 7778 ‘1eprosi AanoerddAH oye uonudany gAYV 1eplosyq wnnodds wsnny @Sy TeLLL, PI[[0NU0)) paziwopuey 7)Y :pudde]

(OSH
D-0O¥SsdS
“105P2d)
Suruonouny
aJi ATrep pue
(S¥yag@
swoydwAs
eowro
‘(INdD)
SWO0)N0
AANIUS0o OSH
‘(ddrag ‘D-0¥SdS
‘uedg uS1Q) “108pad
suorouny :3uruon
QATINOOXD -ouny
oo uo JAM pue oI ATre(
sdnoi3 ng Kiourowr sYaga
u2aM19q WI9)-110YS :swoyduwks
SOOUQIYIP renedso [eorur)
jueoyruSis  -NSIA UO Jou WNdD og=u
jou are nq ‘uon 1S9W09IN0 (uonIpuod
Q1Y) ‘ON  -IqIyur uo aAntuso) aandepe
(fonuoo paroxdur J91499 LIAL Aqrxey uou
QOUQIJJIOIUT) 7DHH ‘uon ‘ueds n31q :KNIqIXarg ANIuS0d oqooe[d)
suonouny -1qIyuI :suonouny aAnso) pue uon 0D ‘gz=u
QATINOIXD pue A M QATINOIXD yse], doig -1qIyuI :gnyg (uonIpuod
19Y)0 Uo ‘KIowow heliile) :uonIqryuy Anpiqrxay QATIOR A[[en
sdnoi3 ng WI2)-}I0YS 1S9, PIOA LLaD aAnTus0o oy -red) zog
uooMIoq [enedso pue 10[0D) JAM pue (uors pue uon je Sururen ‘1¢=u
SQOUAIYIP -NSIA UO doong Kiowow -sos 1od -1qIquy 19ndwod (uonIpuod dHav
jueoyIugIs paroxduur Jonuod WI2)-1I0YS uru ()6—G¢) (suorssas ‘A Tened ueLg AAT)OR adKy (S102)
QI Q1Y) SOX I1Dd :sox  oouardpoju]  [enedsonsip  pojrodarjoN GO SYM G -sonsia DY owedurerg SIK Z]-8 [ny) D9 -pouIquiod ID¥  Teesmog
J93JJ9 JIBJ JO 39 JedU JO UOTJUIAIUL usisop
S)O9PO I8  SJOIPD JBIN  JUIWISSASSY  JUIWISSISSY Aysudjuy uonean(q JO 133a8], UONUIAINU] a3y uonemdog sisouseiq Apms Joyny

(ponunuoo) g sjqey

pringer

A's



120 Neuropsychology Review (2024) 34:98-133

Kiingberg_et_al_2005 / Stroop_Task_accuracy | 053007, 1.14]
Kiingberg_et_al_2005 / Stroop_Task_time I { | 053[-0.05, 1.10]
Beck_et_2010 / Metacognition_Index_(Brief_Parent) f I i | 084[0.27,141]
Beck_et_2010 / Initiate_(BP) 0.97[0.39,1.55]
Beck_et_2010 / Monitor_(BP) i I 1 0.18[-0.37,0.73]
Beck_et_2010 / Organization_Materials_(BP) f I i | 0.40 [-0.15, 0.96)
Beck_et_2010/ Plan/Organize_(BP) 090032, 1.47)

I 1
Beck_et_2010 / Metacognition_Index_(Brief_Teacher) I I 0.25[-0.30, 0.80]
Beck_et_2010/ Initiate_(BT) } { 0.46 [-0.09, 1.02]

Beck_et_2010 / Monitor_(BT) I
Beck_et_2010/ Organization_Materials_(BT)
Beck_et_2010 / Plan/Organize_(BT) I

i 0.25(0.30, 0.80]
I 0.05[-0.50, 0.60]
i 0.07 [-0.48, 0.62)

Bigorra_2016a  Initiate_(Brief_Teacher) I i 0.56[0.04, 1.08]
Bigorra_2016a / inhibit_(BT) } I I | 0.14[-0.36, 0.65]
Bigorra_2016a / Shift_(BT) | I | | 021[:0.30,0.72)
Bigorra_2016a / emotional_control_(BT) I - I 0.03[-0.47,0.54]
Bigorra_2016a / behavioral_Regulation_Index_(BT) f [ i | 0.06[-0.44, 0.57)
Bigorra_2016a / Plan/organize_(BT) | f | i 0.33[-0.18,0.84]
Bigorra_2016a / organization_materials_(BT) i 0.06 [-0.45, 0.56]

Bigorra_2016a / Global_executive_Composite_(BT) I

Bigorra_2016a / metacognitive_index_(BT) |

Bigorra_2016a / ADHD_symptoms_Index_

Bigorra_2016a / behavioral_symptoms_Index i
[

i 0.22(:029,0.73)
| 0.32(-0.19,0.83)
i 0.05[-0.45, 0.56)
0.01[-0.49, 0.51)
0.01(-0.49, 0.51)
0.00[-0.50, 0.50]
| 0.13[-0.37,0.63)

Bigorra_2016a / emotional_symptoms_Index
Bigorra_2016a / social_behaviour_Index }
Bigorra_2016a / inhibit_(Brief_Parent) |

Bigorra_2016a / Shift_(BP) f I i | 0.03-0.47,0.53]
Bigorra_2016a / Emotional_Control_(BP) f I i 0.19[-0.31,0.70)
Bigorra_2016a / Behavioral_Regulation_Index_(BP) } I { | 0.04-0.46, 0.54]
Bigorra_2016a / Initiate_(BP) n A 0.32-0.19,0.82)
Bigorra_2016a / Planlorganize_(BP) LT 1 0.34[0.17,084]
Bigorra_2016a / Organization_Materials_(BP) f ] i | 0.25(-0.26,0.75)
Bigorra_2016a / Monitor_(BP) 0 L 0.40[0.11,0.90)
Bigorra_2016a / Metacognition_Index_(BP) | i I i 0.37-0.14,0.87)
Bigorra_2016a / Global_Executive_Composite_(BP) f l { | 0.24[0.27,0.74)
Bigorra_2016a / CPT_II_commission_errors f - i 0.38[-0.13,0.90]

Bigorra_2016a / CPT_I_detectability |
Bigorra_2016a / Total_correct_score_of_the_Tower_of_London_ | I
Bigorra_2016a / Perseverative_errors_on_the_WCST i I
Bigorra_2016a / Trail_Making_Test_part_B I

{ 0.56 [ 0.05, 1.08)
] 0.21[:0.30,0.71)
i | 0.01[-0.50,0.51)
L 023[-0.28,0.74]
| f I i 0.17-0.34,0.68]
Dovis_2015 / Stroop_(interference_score) | i 0.02[0.49, 0.53]
Dovis_2015 / Digit_recall I ! 0.01[-0.50,0.52)
Dovis_2015 / PBRIEF_Inhibit | 0.02[0.49, 0.53]
Dovis_2015 / PBRIEF_Working_memory I { | 0.01[-0.50,0.52)
Dovis_2015 / PBRIEF_Shift I ] 0.03[0.48, 0.54]
Dovis_2015 / PBRIEF_Emotional_control 0 1 0.04[-0.47,0.55]
Dovis_2015 / PBRIEF _Initiate | 1 0.02[0.49,0.53)
Dovis_2015 / PBRIEF_Plan/organize 0.00[-0.51,0.51)
Dovis_2015 / PBRIEF_Organiz_Materials ! I 1 | 0.00 [-0.51,0.51)
Dovis_2015 / PBRIEF_Monitor I I i 0.02[0.49, 0.53]
Egeland_2013 / CPT_II_Focus I 0.20[-0.28,0.68]

Egeland_2013 / CPTII_Hyperactivitylmpulsivity i - { 0.18[-0.30, 0.66]
Egeland_2013 / CPT_I_Sustained L | 0.00 [-0.48, 0.48)
[ |
Egeland_2013 / CPT_II_Vigilance | - | 0.41-0.07,0.90]
[ |
Egeland_2013 / Processing_speed } i 0.46[-0.03, 0.94]
Egeland_2013 / TMT4 I - I 0.06[-0.42, 0.54]
Egeland_2013 / CW_Controlled_attention { - i 0.31[0.17,0.79)
Egeland_2013 / PBRIEF_Metacognition_index | [ | 0.22[-0.26,0.70]
[ |
Egeland_2013 / PBRIEF_General_Exec.Composite } - { 0.29(:0.20,0.77)
Egeland_2013 / TBRIEF_Metacognition_Index i I 0.09[-0.39, 0.57)
Egeland_2013 / TBRIEF_General_Exec.Composite { - } 0.07[-0.41,0.55)

Kirk_2017 / BRIEF |

i 0.13[0.34,0.60)

Kirk_2017 / BRIEF._shift f - { 0.090.38, 0.56]
Kirk_2017 / BRIEF_emotional_control } - i 0.11-0.36, 0.58]
Kirk_2017 / BRIEF _initiale } : 3 I 0.03[-0.44, 0.50)
Kirk_2017 / BRIEF_WM | | 0.01[-0.46, 0.48)
| |
Kirk_2017 / BRIEF_plan/organize I L 3 I 0.09 [-0.38, 0.56]
Kirk_2017 / BRIEF_Organization_of_materials } ™ { 005042, 052)
Kirk_2017 / BRIEF_monitor lﬁ - JI 0.24[023,0.71)
Kirk_2017 / WMRS I { 0.28[-0.22,0.78)
De_vries / CorsiBTT } { 0.06 [-0.45, 0.57)
De_vries / Nback_ER1back I { 0.02[-0.49, 0.53]
De_vries / Nback_ER2back I I 0.01[-0.50, 0.52)
De_vries / Nback_RT1back I I 0.02[-0.49, 0.53]
De_vries / Nback_RT2back I i 0.02[-0.49, 0.53]
De_vries / switch_costs_on_the_gender_emotion_switch_task_RT | | 0.64(0.12,1.16)
| |
De_vries / switch_costs_on_the_gender_emotion_switch_task_ER | - | 0.32[0.19,0.82]
[ |
De_vries / switch_costs_on_the_numbergnome_switch_task_RT | 0.52(0.01, 1.04)
|
De_vries / switch_costs_on_the_numbergnome_switch_task_ER | | 0.19[-0.32, 0.69]
I 1
De_vries / SARTIES 0.03[-0.48, 0.54]
De_vries / SSRT 0.03[-0.48, 0.54]
De_vries / Shift_(Bref_Parent) 0.03-0.48,0.54]
De_vries / wm_(BP) I i 0.02 049, 0.53]
De_vries / total_(8P) I ! 0.02 049, 0.53]
Chacko_et_2014 / CPTomission | - ) 0.09-0.33,0.52]
[ |
Chacko_et_2014 / CPTCommission I " I 0.05[-0.38, 0.48]

’ 0.18[0.13,0.24]

-1 -0.5 o 05 1 15 2
Overall outcome

Fig.2 Metanalysis results of far effect on other executive functions
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Author(s); Year / Outcome

Effect size [95% Cl]

Klingberg_et_al_2005 / P_Conners_Rating_Scale_Inattentio L 0.67 [-0.00, 1.34
Klingberg_et"al"2005 / PTonners Ratlng_ScaIe Hyperactlwty/lmpulswlty T 0.24 [-0.41, 0.90
Klingberg—et"al"2005 / T_Conners_Rating_Scale_[nattention —— 0.24 [-0.44, 0.93
Klingberg_et"al"2005 / onners Ratlng_ScaIe Hyperacthlty/lmpuIswlty —————— 0.17 [-0.51, 0.85
Klln_%%)er? et_al”2005 / Number_of_head__movemén —— 0.07 [-0.53, 0.67
Smith_et 2020 7 SNAP_clinician —— 0.031[-0.42, 0.47
Smith"et"2020 / SNAP| Parent —— 0.26 [-0.23, 0.75
Smith"et”2020 / SNAP h —— 0.09 [-0:32, 0.50
eisS_et” 2018 / ADISP_total dlagnoses : p——s—— 267197, 3.36
Weiss_et”2018 / ADISP”overall_severity : e 262[1.93, 3.31
Weiss—et" 2018 / CGI_séverity : ——s—- 261[1.92, 3.30
Beck_et 2010 / ADHD Index (Conners Par en) D 0.7410.17, 1.30
Beck~et™2010 / Cogn |t‘Ve Pr6b|em/ t”(CP) D o—— 0.77[0.20, 1.34
Ee _e}:2810¢Hyperatct|V| ——— 0%} -0.15, 8.96

P -
ng :&:%018/25&%‘ I‘ggex (Conners Teacher) [ 8:21 -8:%3: 0:%
Beck”et—2010 / Cognifive_Problem/inati_(CT) — 0.30 [-0.25, 0.85
Bec _et‘2010/Hyperact Vit — 0.29 [-0.27, 0.84
Beck”et_2010 / Oppositional {CT) —— 0.19 [-0.36, 0.74
Bigorra_2016a / ADHD_Symptoms_Index :::: 0.01 [-0.49, 0.51
Bigorra_ 016a/BehaV|0ur ymptoms_Index 0.00 [-0.50, 0.50
B%ggﬁa 281ga; mcotlonaé g\)/llrgg;tomge)l(ndex —a— 0.81 —0.48, 822
Bovis 2_315/3PDB%§§ natfention —— 801 888 633
Dovis—2015 / PDBDRS"Hyp, P —— 0.00[-0.51, 0.51
Dgg 2_2015;TDBDRS Lr;atterr;] ion I::: 0.03 [-0.48, 0.54
ovs;%&g/EBBBE%_o\s"D P N—— 001 1840 823
Dovis~2015 / PDBDRS"C —— 0.01 [-0.50, 0.52
Dovis—2015 / TDBDRS™ O —— 0.02 [-0.49, 0.53
Dovis~2015 / TDBDRS CD —— 0.04 [-0.47, 0.55
Egg gﬂd 2013;'3&58'3’&( ractlvn /lmpulsivit ——— g4L _081’ 8%
Egeland=2013 / PARSIV-TORAT acoreY mPulsiity e 033 1:846: 047
Egeland—2013 / TARS|V Atte T ——— 0.28 [-0.20, Q.76
Egglaﬂgjzgg/¥AE§IV‘Hg%?rasgtlvny/Impulswlty —— 0;2 —0%3, 863
Reland LI JARSIV-Total e B84 1828 B Ls
Kirk 2016 / TSWAN ——— 0.31[-0.20, 0.81
Kenworthy_ 2015/ T SRS Total A 0.08 [-0.44, 0.60
Kenworthy—2015 / P_SRS”Total ——— 0.28 [-0.25, 0.81
De_vries 7 DBDRSADHD ] 0.06 [-0.45, Q.57
Chacko_et 2014 / Parent_DBDIN - 0.20 [-0:23, 0.62
Chacko~et™2014 / Parent_DBDHI - 0.23 [-0.20, 0.65
Chacko_et"2014 / Teachér_DBDIN 0.02 [-0.40, 0.45
Chacko—et—2014 / Teacher_DBDHI 0.07 [-0:35, 0.50
Chacko_et 2014/Act|grapﬁ i 0.16 [-0.27, 0.58
Estimated effect | - 0.33[0.15, 0.51]

[ I T I I ]

-1 0 1 2 3 4

Fig.3 Metanalysis results of far effect on clinical symptoms

Finally, among the four studies on infegrated interventions
on different EF components, two reported at least one far
effect (Dovis et al., 2015; Kenworthy et al., 2014).

Albeit few in number, interventions on “hot” components
of EFs seem promising, probably since the target of the
intervention, that is emotional-behavioural self-regulation,
appears to be more transversal to a wide range of skills and
processes.

With regards to the intervention population, the majority
of the studies involved children with Attention Deficit/Hyper-
activity Disorder (ADHD), followed by children with Autism
Spectrum Disorder (ASD), Intellectual Disability (ID) and
Specific Learning Disabilities (SLD). One study conducted an
intervention on a population with complex diagnosis, called
Behavioural Health Disorders, a mixed category that includes
Mood Disorder and ADHD. No studies investigating the far-
transfer effects following an EF intervention in children with
Developmental Coordination Disorder or with Language
Disorder were found. The studies that found at least one far
effect were found to be six out of ten for ADHD (Beck et al.,

Overall outcome

2010; Bigorra et al., 2016a, b; Dovis et al., 2015; Egeland
et al., 2013; Klingberg et al., 2005; Strehl et al., 2017), two
out of three for ASD ( Kenworthy et al., 2014; Weiss et al.,
2018), one out of two in ID ( Kirk et al., 2017), zero out
of one in SLD and one out of one in BHD (Bowling et al.,
2017). Given the scarce number of studies for each clinical
population, conclusive data about the different far effects of
EF interventions in different developmental disorders are not
obtainable. The preponderance of studies in ADHD might be
linked to the hypothesis that EFs are predominantly altered
in this neurodevelopmental disorder and extend to different
contexts, in part justifying the higher number of far effects
respect to other clinical populations.

This review underlines the increasing interest for analys-
ing the impact that intervening on different components of
EFs may have on a variety of skills impaired in neurode-
velopmental disorders. Thus, such interventions, especially
if implemented early on, may indirectly strengthen those
functions that become the core deficits or positively shape
their developmental trajectories.
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Bigorra_2016a / Reading_Comprehension_of_Canals 0.13[-0.38, 0.64]
Egeland_2013 / Mathematics_ i—l—i 0.26 [-0.22, 0.75]
Egeland_2013 / LOGOS_Reading_fluency_%correct — 0.60[0.11, 1.09]
Egeland_2013 / LOGOS_Reading_fluency_Time |—l—| 0.29[-0.19, 0.77]
Egeland_2013 / Word_decoding_speed r—l—! 0.43 [-0.05, 0.92]
Egeland_2013 / Word_decoding_quality_(%correct) A 0.76 [ 0.27, 1.26]
Kirk_2017 / GAN |—I—| 0.08 [-0.37, 0.53]
Kirk_2017 / TEMA r—.—| 0.02 [-0.44, 0.48]
Kirk_2017 / PPVT |—-I—| 0.08 [-0.37, 0.53]
Kirk_2017 / PAT r—————~.———————| 0.03[-0.42, 0.49]
Chacko_et_2014 / WRATWord_Reading |—.—| 0.05[-0.38, 0.47]
Chacko_et_2014 / WRATSentence_Completion I—.—| 0.33[-0.09, 0.76]
Chacko_et_2014 / WRAT_Math_Computation |—.—| 0.15[-0.28, 0.58]
Chacko_et_2014 / WRATSpelling l—.—| 0.14 [-0.29, 0.56]

> 0.23[0.10, 0.35]

| | | 1 |
-0.5 0 0.5 1 1.5

Fig.4 Metanalysis results of far effect on learning skills

As far as the intervention population’s age, all studies
targeted school-aged children and three of them expanded
the sample to include preschool-aged children. Kirk et al.,
2016, 2017; Smith et al., 2020). Among the studies on
school-age children, 9 out of 14 found at least one far effect
(Beck et al., 2010; Bigorra et al., 2016a, b; Bowling et al.,
2017; Dovis et al., 2015; Egeland et al., 2013; Kenworthy
et al., 2014; Klingberg et al., 2005; Strehl et al., 2017; Weiss
et al., 2018). In the studies including also preschool children,
in line with the developmental trajectories of EFs (Lee et al.,
2013; Miller et al., 2012; Usai et al., 2014), the proposed
interventions targeted the firsts EF component that develops
or adopted an integrated intervention perspective, without
differentiation of the components, which occurs in later life
(Diamond, 2013; Lee et al., 2013; Lehto et al., 2003; Lunt
et al., 2012). Among these, only one demonstrated at least
one far effect (Kirk et al., 2017).

There was a high variability in frequency, duration and
in the EF component target of the intervention. Among the
types of EF interventions, computer training activities were
the most popular treatments, followed by neurofeedback,
interventions embedded in school curricula, individualized
manualized Cognitive Behavioural Therapy (CBT) interven-
tion, social activities and physical activities. The follow-
ing intervention were associated with at least one far effect:

@ Springer
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computerized training, six out of ten studies (Beck et al.,
2010; Bigorra et al., 20164, b; Dovis et al., 2015; Egeland
et al., 2013; Kirk et al., 2017; Klingberg et al., 2005), neuro-
feedback and curriculum interventions one out of two (Strehl
et al., 2017) and manualized CBT ( Kenworthy et al., 2014),
and physical activities (Weiss et al., 2018) one out of one
for and (Bowling et al., 2017) interventions, while the study
that carried out an intervention including social activities
did not find any far effect. The results show high variability
in interventions examined and in the number of studies for
each type of training, not allowing to define whether it is the
type of intervention or other characteristics of it that make it
effective in determining far effects.

The duration of the interventions varied from 5 weeks
to three months with a minimum frequency of 2 times a
week and a maximum of every day. Among the ten stud-
ies that reported at least one far effect after EF training, 6
reported an intensive and high frequency weekly interven-
tion plan (5 times a week, from 5 to 7 weeks), with sessions
of short duration (20—40 min) (Beck et al., 2010; Bigorra
et al., 2016a, b; Dovis et al., 2015; Egeland et al., 2013; Kirk
et al., 2017; Klingberg et al., 2005), while the remaining
studies report heterogeneous data on the frequency, inten-
sity and duration of the interventions. These results extend
previous literature by suggesting that frequent and intensive
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Author(s); Year / Outcome

Klingberg_et_al_2005 / CPM 0.23 [-0.36, 0.83]
Dovis_2015 / Raven I—I—i 0.02 [-0.49, 0.53]
Egeland_2013 / CAVLT2_level_of_learning |—~—I—| 0.27 [-0.22, 0.75]
Egeland_2013 / CAVLT2_delayed_recall l——I—! 0.15[-0.33, 0.63]
Egeland_2013 / CAVLT2_recognition_ D——I—i 0.23[-0.25, 0.71]

Estimated effect -“— 0.18 [-0.05, 0.41]

Fig.5 Metanalysis results of far effect on cognitive measures

intervention have greater efficacy (Diamond & Ling, 2016)
also in terms of far effects.

Concerning the definition of far effects, this review under-
lies the heterogeneity of the meaning of this term. In fact,
“far effect” appears to be an umbrella term that includes dif-
ferent degrees of remoteness from the target of the interven-
tion. Extreme variability was found in the far effect-outcome
measures chosen by the various studies that ranged from EFs
other than those trained, clinical symptoms, child's daily life
functioning, learning skills and other cognitive functions.
This variability is partly linked to the different scopes of the
studies, the different populations involved but also to the
absence of a consensus on definition of far-transfer effect
in the literature and the lack of data on the effective util-
ity of implementing an EF training to benefit other skills
impaired in different neurodevelopmental disorders. For this
reason, a metanalysis was conducted, in order to quantify
the effect of EF trainings on each outcome measure of far
effects. Among the 17 studies included in the systematic
review, only those with a control group were considered for
the metanalysis. For the cognitive outcome measures none of
the studies found significant effect sizes, demonstrating that
executive function interventions are unable to actually pro-
duce changes in cognitive functioning measures. The results,

[ | T 1
05 0 05 1

Overall outcome

in general, are difficult to interpret, due to the very large
ICs that reveal small and inaccurate overall effects. These
issues also occur with respect to far transfer with greater
effect sizes, i.e. daily life skills and clinical symptoms. For
these reasons is difficult to draw clear conclusions from the
metanalysis about which far transfer effect is more signifi-
cant than others.

This review underlines the importance of considering the
specific disorder’s symptomatology or area of functional
weakness as a far effect, in order to clarify which interven-
tions on EFs are preferable (as more effective) for specific
clinical population and treatment needs. Considering this
interpretation, which underlines the importance of the spe-
cific difficulties of each disorder within the context of daily
life in the choice of a treatment, it is possible to re-examine
the results, which have been described above according to
the components of EF target intervention. Six studies on
ADHD, which is the population most represented in the
literature, have shown significant effects on clinical symp-
toms or areas of weakness detected by questionnaires (Beck
et al., 2010; Bigorra et al., 20164, b; Klingberg et al., 2005;
Strehl et al., 2017), and direct assessments (Bigorra et al.,
20164, b; Dovis et al., 2015; Klingberg et al., 2005). Among
the studies that reported an effect on clinical symptoms or
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Author(s); Year / Outcome

Effect size [95% ClI]

Weiss_et_2018 / BASC2_externalizing : e 3.31[2.53,4.09
Weiss_et_2018 / BASC2_internalizing P —— 0.77[0.24,1.29
Weiss_et_2018 / BASC2_adaptive : ——6.03[4.84,7.23
Weiss_et_ 2018 / BASC2 BSI —a— 2.25[1.60, 2.90
Bigorra_2016a/ Famil?/ (Weiss_Functional_l\l}nvglazairment) —— 0.46 [-0.05, 0.97
Bigorra_2016a / Social_Tearning_behaviour _(WFI) —— 0.14 [-0.36, 0.64
Bigorra_2016a / Life_Skills_(WFT) —— 0.41 [-0.09, 0.92
Bigorra_2016a / Child's_selfconcept_(WFI) —— 0.14 [-0.36, 0.64
Bigorra_2016a / Social_Activities —— 0.00[-0.50, 0.50
Bigorra_2016a / Risk_Activities i 0.04 [-0.46, 0.54
Bigorra_2016a / Total_(WFI) -l 0.22[-0.28,0.72
Bigorra_2016b / Theory_of_mind_composite_score —— 0.01[-0.49, 0.51
Dovis_2015 / PSPSRQ__Punish._Sens —a— 0.00 [-0.51, 0.51
Dovis_2015 / PSPSRQ_Imp/Fun_seeking —— 0.01[-0.50, 0.52
Dovis_2015 / PSPSRQ_Reward_response —— 0.02 [-0.49, 0.53
Dovis_2015 / PSPSRQ_Drive —— 0.06 [-0.45, 0.57
Dovis_2015 / PPEDsQL_Psy_soc_HIth i 0.02 [-0.49, 0.53
Dovis_2015 / CPEDsQL_Psy_soc_HlIth —— 0.01[-0.50, 0.52
Dovis_2015 / PHDQ_Mean_Severity_score —— 0.01[-0.50, 0.52
Egeland_2013 / PSDQ_Overall —— 0.17 [-0.31, 0.65
Egeland_2013 / PSDQ_Impact Hl 0.30[-0.18,0.78
Egeland_2013 / TSDQ_Overall — 0.08 [-0.40, 0.56
Egeland_2013 / TSDQ_Impact — 0.44 [-0.05, 0.92
Esmaili_2019 / COSA_Value_scale —— 0.09 [-0.47, 0.65
Esmaili_2019 / COSA_Competence_Scale —— 0.01[-0.55, 0.57
Kirk_2017 / DBC —— 0.01[-0.46, 0.48
Kirk_2017 / DBC_distruptive —— 0.03 [-0.44, 0.50
Kirk_2017 / DBC_self_absorbed i 0.04 [-0.43, 0.51
Kirk_2017 / DBC_Communication_disturbance —— 0.07 [-0.39, 0.54
Kirk_2017 / DBC_Anxiety_ — 0.18 [-0.29, 0.65
Kirk_2017 / DBC_Social_relating i —l 0.91]0.42,1.40
De_vries / CSBQ —— 0.01[-0.50, 0.52
De_vries / PedsQl —— 0.01[-0.50, 0.52

Estimated effect - 0.46 [ 0.05, 0.87]

[ I l I l ]
-2 0 2 4 6 8

Fig.6 Metanalysis results of far effect on daily life functioning

areas of weakness assessed directly or indirectly, five uti-
lized computerized intervention programs aimed at enhanc-
ing working memory, in school-age groups (7-19 years), for
a total duration of 5-6 weeks and with high intensity (from
a minimum of 5 times a week to every day).

Among the fewer studies investigating far effects in other
neurodevelopmental disorders, only two reported reduction
in symptomatology (Kirk et al., 2017; Weiss et al., 2018).

The first used an intensive (20 min per day, 5 times a
week for 5 week) computerized treatment targeting various
attentive dimensions and learning initiatives in patients with
ID. The second involved a 10-14 weeks home/school-based
group treatment program on social skills and emotional reg-
ulation in patients with ASD.

In an effort to synthetise this results, computer-based
treatments are the most studied interventions and seem to
be promising for inducing significant far effects in terms of
improvement of symptoms and areas of weaknesses. This
may be probably due to the characteristics of auto-adaptivity
that allows for activities to be always calibrated to one's own
performance so as to be challenging for one’s own skills
(Klingberg et al., 2005; Thorell et al., 2009), and to the
characteristics of enjoyability, which through gamification
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increases the motivation and fun experienced by the child
who performs them (Piqueras et al., 2013; Saine et al., 2011;
Torgesen et al., 2010). Furthermore, another feature that
could increase the effectiveness of these interventions, also
shared by another intervention that has shown significant
effects (Weiss et al., 2018), is that it is totally or partially
home-based. Although no direct comparisons have been
conducted, this feature probably allows for greater intensity
of treatment and for embedding the intervention in the con-
text of daily life, actively engaging caregivers.

Conclusion

Drawing definitive conclusions from this analysis on far
effects after EF treatments in children with neurodevelop-
mental disorders is still very complex. A conceptualization
of far effect across different neurodevelopmental disorders
was needed. A broad definition of “far transfer effect”, was
adopted to include all the skills not directly involved in the
EF intervention and focusing the impact on symptoms or
weaknesses characterizing a specific neurodevelopmental
disorder.
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It is necessary to consider the high disparity in the repre-
sentation of these disorders in this field of study. A higher
number of far transfer effects in ADHD maybe in part due to
the predominance of intervention studies in this population,
in the face of less availability of data relating to other neu-
rodevelopmental disorders, in which, however, this review
documents far effects as well. This heterogeneity is also
present with regard to the type of treatment on EFs, with a
greater representation of studies that analyse the effects of
computerized training, probably in line with the increase
in computer-based treatment programs for EFs, which have
spread over the last decade and proved highly effective in the
treatment of directly treated EF components. Nevertheless,
different types of interventions analysed may produce far
effects. Beyond the type of intervention, intensity, frequency
and the possibility of being embedded in daily life contexts,
actively engaging caregivers, seem to be the most influential
variables in determining far effects. From a practical stand-
point, however, an intervention with these characteristics
could be scarcely feasible in the traditional taking in charge,
requiring significant resources in terms of time and costs, as
well as the involvement of the family system.

The current review has some limitations. First, it is impor-
tant to take into account that not all the studies included use
the terms far effect or far transfer to refer to effects other
than those on target functions. This uncertainty about the
terminology prompted the authors of this systematic review
to select a definition of far effect on the basis of the avail-
able literature that appeared most suitable in the context of
the study of neurodevelopmental disorders. Some articles,
despite having studied the far effects of EF interventions,
could have used different terminologies than those used
in this review as keywords may have escaped the search.
Another noticeable limitation derives from a characteristic
inherent in the construct of EFs, the task impurity, for which
we cannot exclude that some tasks used to evaluate the far
effects in terms of non-targeted EF actually require the
involvement of some transversal executive processes directly
treated or indirectly affected by the intervention. Overall,
this review pays the cost of heterogeneity at the level of
population, type of intervention, far effects analysed. This
limit made the meta-analysis work complex, as it was neces-
sary to consider the heterogeneity of all the different aspects
investigated. We have tried to account for this in our work,
directing readers to multiple possibilities of interpretation,
underlining however the need to standardize the scientific
language and follow common methods in collecting data
and setting up future research. Our meta-analysis managed to
take into account some of the prescribed recommendations
to increase the reproducibility of meta-analyses (Lakens
et al., 2016), such as the involvement and direct support of
statistical experts, adherence to the PRISMA paradigm, the
most detailed disclosure of meta-analytic data specifying

their interpretation. For future meta-analyses in the field to
be even more informative, it is important that future studies
adhere to a common roadmap in data collection and research
designs to facilitate the interpretation and reproducibility of
meta-analytic studies.

In spite of the limits mentioned above, a first step in high-
lighting the need to measure far effects of EF trainings in
neurodevelopmental disorders has been accomplished. This
review paves the way to future studies about far effects of
interventions on EFs in different neurodevelopmental dis-
orders and in different age groups, taking into account the
developmental trajectory of EFs and focusing on clinical
symptoms and / or areas of weakness specific for each dis-
order as far effects. This will allow the selection of the most
appropriate treatments not only on the basis of the specific
EF component targeted by the intervention, but also accord-
ing to the specific impact on the functional weakness of the
disorder. This review may have both clinical and methodo-
logical implications. It stimulates greater attention to the
far effect induced by the EF treatment on the symptomatol-
ogy, thus defining more realistic expectations on treatment
improvements. The analysis of the features shared by the
different types of trainings able to produce far effects also
opens the way for a clearer definition of an evidence-based
methodology in the EF interventions.

Appendix 1

The complete search string was:

“executive function *” (searched in Title and Abstract)
OR attention* OR “working memory” OR “updating”
OR “inhibitory control” OR “self-regulation” OR “self-
regulation” OR “cognitive flexibility” OR “mental flex-
ibility” OR “shifting” OR “set shifting” OR “effortful
control” OR “cognitive control” OR “problem solving”
OR “planning” OR “executive control” OR “metacog-
nition” OR “behavioral control” OR “self-control”
OR “response inhibition” OR “interference control”
OR “executive attention” OR “focused attention” OR
“selective attention” (searched in Full Text).

AND (child OR children OR "0-18 years") searched in
Full Text.

AND (“neurodevelopmental disorder*” OR “learning
disorders” OR “developmental coordination disorder” OR
“language disorders” OR “Autism spectrum disorders” OR
“attention deficit hyperactivity disorder” OR “intellectual
disabilities”) searched in Title and Abstract.

AND (training OR education OR treat* OR rehabilitat*
OR program OR improv* OR brain training OR curricul*
OR empower* OR therapy OR intervention* OR treatment))
searched in Title and Abstract.
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AND (“Far effects” OR “quality of life” OR “learning
skills” OR “academic skills” OR “math ability” OR literacy
OR comprehension OR reading OR writing OR numeracy
OR “self-regulation” OR “emotional-regulation” OR “far
transfer” OR “social cognition” OR “school readiness” OR
“self-efficacy” OR behavior OR success OR health OR
skills) searched in Full Text.

NOT (adult OR adulthood) searched in Title and Abstract.
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