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ABSTRACT 1 

Computerised cognitive training (CCT) has been applied to improve cognitive function in pathological 2 

conditions and in healthy populations. Studies suggest that CCT produces near-transfer effects to cognitive 3 

functions, with less evidence for far-transfer. Newer applications of CTT in adults seem to produce certain 4 

far-transfer effects by influencing eating behaviour and weight loss. However, this is more unexplored in 5 

children and adolescents. We conducted a systematic review of 16 studies with randomised controlled design 6 

to assess the impact of CCT on cognitive functioning and real-life outcomes, including eating behaviour, in 7 

children and adolescents with typical development (PROSPERO registration number: CRD42019123889). 8 

Results show near-transfer effects to working memory, with inconsistent results regarding far-transfer effects 9 

to other cognitive functions and real-life measures. Long-term effects show the same trend. Far-transfer effects 10 

occurred after cue-related inhibitory control and attentional training, although effects seem not to last. CCT 11 

may be a potential weight-loss treatment option but more research is needed to determine the specific 12 

characteristics to enhance treatment outcomes. 13 

 14 

 15 
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1. INTRODUCTION 1 

Cognitive training can be considered as a type of cognition-based intervention, which is aimed at 2 

enhancing cognitive functioning directly or indirectly, as opposed to interventions that focus principally 3 

on behavioural, emotional or physical functions (Bahar-Fuchs, Clare and Woods, 2013). Cognitive 4 

training (also “retraining”, “remediation” or “brain training”) typically comprises guided practice on a set 5 

of standardised tasks designed to reflect specific cognitive functions such as attention, working memory 6 

(WM) or problem-solving, and they can be administered in paper-and-pencil or computerized form or 7 

may contain analogues of activities of daily living (Bahar-Fuchs et al., 2013). In the last years, 8 

computerised cognitive training (CCT) is becoming very popular since it possesses several advantages 9 

over traditional methods such as more engaging interfaces, efficient and adaptable delivery and the need 10 

for less personnel resources (Jak, Seelye and Jurick, 2013).  11 

Typically, CCT has been applied to several pathological conditions characterised by cognitive 12 

impairment, such as brain injury (Phillips et al., 2016), neurodevelopmental disorders, attention deficit 13 

hyperactivity disorder (Cortese, Ferrin, Brandeis, Buitelaar, Daley, Dittmann et al., 2015), and learning 14 

disabilities (Peijnenborgh, Hurks, Aldenkamp, Vles and Hendriksen, 2016). However, there is also 15 

growing interest in the impact of CCT in healthy samples (Cardoso, Dias, Senger, Colling, Seabra and 16 

Fonseca, 2018; Lampit, Hallock and Valenzuela, 2014). In fact, CCT has been promoted by commercial 17 

companies since it is considered to be effective for a very wide range of conditions and outcomes, from 18 

several neurological and mental diagnoses to sports performance, general cognitive ability, everyday 19 

memory and even driving ability (Simons et al., 2016). 20 

An important issue in the field when assessing the efficacy of interventions is the distinction between 21 

near and far-transfer effects, which depends on the similarity or dissimilarity between the training task 22 

and the outcome measure. Near-transfer occurs when the training and the outcome tasks are identical or 23 

highly similar, whereas far-transfer refers to an improvement in different tasks or cognitive skills (Simons 24 

et al., 2016). In this sense, Simons et al. (2016) have found that cognitive training efficacy varies 25 

depending on the type of tasks used as a measure. Results from published peer-reviewed intervention 26 

studies indicate improved performance on trained tasks, with fewer effects on closely related tasks (near-27 

transfer) and even less with distantly related tasks (far-transfer) (Simons et al., 2016). In line with this, 28 

other authors have also described that far-transfer to real-world measures (in which functional outcomes 29 
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or everyday functioning are included) has been limited throughout studies (Harvey, McGurk, Mahnckec 30 

and Wykes, 2018). 31 

Newer applications of CCT have been proposed as treatment in overweight and obese populations 32 

because of certain far-transfer effects, such as its influence on eating behaviour in healthy adults 33 

(Kakoschke, Kemps and Tiggemann, 2015; Oomen, Grol, Spronk, Booth and Fox, 2018) and its potential 34 

as treatment in overweight and obese populations (Eichen, Matheson, Appleton-Knapp and Boutelle, 35 

2017; Jones, Hardman, Lawrence and Field, 2018). According to the stimuli used, CTT can be divided in: 36 

a) generalised interventions, that are aimed at increasing the overall cognitive capacity by training to 37 

arbitrary cues (such as generalised inhibitory control [IC] or WM training) and, b) cue-specific 38 

interventions, addressed to reinforcing associations in which specific cues (those relevant to the outcome 39 

behaviour, e.g., food stimuli for eating behaviours) are paired with cognitive responses (such as attention 40 

bias modification, cue-specific IC training or approach/avoidance training) (Jones et al., 2018). Among 41 

these interventions, it has been suggested that generalised IC training has limited potential to influence 42 

food intake or choice, whereas a few studies have demonstrated initial promising findings for WM 43 

training (Jones et al., 2018). Moreover, most cue-related interventions have demonstrated some degree of 44 

success in modifying food intake or choice (Jones et al., 2018). Specifically, cue-related IC training has 45 

been shown to prompt reductions in emotional eating and even in objective measures of body mass index 46 

(BMI) (Jones et al., 2018). Nevertheless, even within cue-related IC interventions, it is important to 47 

consider the type of training task, as previous studies have demonstrated that the Go-No Go Task 48 

produces stronger effects than others do, such as the Stop Signal Task or the Antisaccade Task (Jones et 49 

al., 2016). Thus, the results of the intervention may be influenced by the type of training task used.  50 

The cognitive approach to eating behaviour is based on previous studies suggesting that cognitive 51 

functions are important determinants of people’s responses to food stimuli and eating choices (Higgs, 52 

2016) and also a key factor for a successful dietetic and exercise planning (Cortese, Comencini, Vincenci, 53 

Speranza and Angriman, 2013). Several models of self-control in adults suggest that the capacity to resist 54 

an immediate reward in favour of longer-term goals depends on a balance between two neural systems: a) 55 

an executive decision system involved in impulse control, associated with lateral and medial regions of 56 

the prefrontal cortex, and b) a reward system that computes the value of an outcome, associated with 57 

areas such as the orbitofrontal cortex/ventromedial prefrontal cortex and the striatum (Higgs, 2016). 58 

Therefore, an imbalance between these two neural systems may explain deregulated eating choices, as the 59 
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executive decision system may fail to inhibit the response to rewarding stimuli. In fact, in adults with 60 

obesity, previous studies have shown that they seem to have more difficulties at inhibiting responses than 61 

normal-weight individuals (Hall, 2012; Higgs, 2016; Hofmann, Friese and Roefs, 2009) and also at 62 

delaying a smaller monetary reward in favour of a larger one (Jarmolowicz, Cherry, Reed, Bruce, Crespi, 63 

Lusk et al., 2014). This might be explained by a general enhanced reward response but also by reduced IC 64 

(Bickel, Wilson, Franck, Mueller, Jarmolowicz, Koffarnus et al., 2014). Likewise, deficient IC along with 65 

altered reward sensitivity may induce impulsive and deregulated eating behaviours (such as binge eating, 66 

external eating or emotional eating), which, in turn, would obstruct the accomplishment of dietetic 67 

regimen (Cortese et al., 2013).  68 

Besides IC and reward sensitivity, WM has also been involved in eating behaviour. Dohle, Diele and 69 

Hofmann (2018) suggested that WM contributes to persisting with long-term goals such as healthy eating 70 

by maintaining goal relevant information, redirecting attention away from tempting stimuli or by 71 

suppressing information that is not in line with long-term goals. Thus, in an appetizing situation, the long-72 

term goal is held on and the tempting desire can be downregulated (Dohle et al., 2018). Finally, other 73 

cognitive functions such as planning and organizational skills have been proposed as relevant factors for a 74 

successful adhesion to dietetic regimen and regular physical exercise (Cortese et al., 2013). 75 

In children and adolescents, although less is known, there are also several studies supporting self-76 

control models. Neuroimaging studies showed that the neurocircuitry of appetitive behaviours includes 77 

not only reward-processing regions, like the striatum and the ventral tegmental area, but also regions 78 

implicated in evaluating the overall salience of food, like the orbitofrontal and ventromedial prefrontal 79 

cortices (Keller and Bruce, 2018). Likewise, there is also evidence about the role of the prefrontal cortex 80 

in decision-making and self-control, which is critical for facilitating healthy eating behaviours in children 81 

and adolescents (Keller and Bruce, 2018). However, the prefrontal cortex has a protracted course of 82 

development, while the brain networks that facilitate motivation and reward develop at an early age 83 

(Keller and Bruce, 2018). For this reason, some authors have hypothesised that younger individuals may 84 

be at increased vulnerability for health risk behaviours such as unhealthy food intake than adults 85 

(Steinberg, 2014). 86 

On the other hand, cognitive and behavioural studies have shown that higher levels of impulsivity are 87 

associated to sensitivity to reward and both aspects are related to overeating (Van den Berg et al., 2011). 88 

Other authors have found that reward sensitivity is associated positively with fast-food consumption (De 89 
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Cock et al., 2016; De Decker et al., 2016; De Decker et al., 2017), unhealthy snacking (Stok et al., 2015) 90 

and even a higher BMI (Rollins, Loken, Savage and Birch, 2014). In participants with obesity, there is 91 

some evidence of a negative relationship between body-weight status and several aspects of cognitive 92 

function, including executive function (EF), attention, and even motor skills (Liang, Matheson, Kaye and 93 

Boutelle, 2014). Among all the executive domains assessed, IC is the most consistently reported to be 94 

impaired, although there is certain support for reward sensitivity, attention/set-shifting and WM 95 

impairments (Reinert, Po’e and Barkin, 2013). IC has also been related to treatment success, as more 96 

impulsive children lost less weight after a behavioural treatment (Nederkoorn, Jansen, Mulkens and 97 

Jansen, 2007). Moreover, executive impairment has also been associated with obesity-related behaviours 98 

like increased food intake, disinhibited eating and less physical activity, being a relevant factor in weight-99 

loss interventions (Liang et al., 2014).  100 

Regarding cognitive interventions to moderate eating behaviour in children and adolescents, the issue 101 

remains rather unexplored. A previous review that includes studies until 2016 suggested that weight loss 102 

treatment outcomes can be optimised by enhancing executive skills through different types of 103 

interventions (Hayes, Eichen, Barch and Wilfley, 2018). Nevertheless, studies in Hayes et al.’s review are 104 

quite heterogeneous (i.e., multicomponent behavioural interventions, physical activity programs or 105 

episodic future thinking) and, actually, only two studies had specifically applied cognitive training, so 106 

robust conclusions cannot be drawn to date. For this reason, and along with the above-mentioned studies 107 

supporting that cognitive training may influence eating behaviour and with the evidence also 108 

corroborating the relationship between cognitive functions and several eating and obesity-related 109 

behaviours, we conduct the present review. Our aim is to update and critically revise the data on the use 110 

of computerised cognitive training as a tool to improve cognitive function in typically developing 111 

children and adolescents, with and without overweight/obesity. The rationale is that children and 112 

adolescents may show more risk of unhealthy behaviours (e.g., unhealthy food intake) than adults 113 

(Steinberg, 2014). EF and associated EF processes such as self-control continue to develop throughout the 114 

second decade of live, associated to the maturity of the prefrontal cortex (Francis and Riggs, 2018). Thus, 115 

during this developmental period, reward processes (“bottom up”) are particularly salient, whereas self-116 

control processes (“top down”) -required to regulate impulses- are not fully mature (Geier, 2013). 117 

Altogether, these particularities may produce an increase of deregulated behaviours (Francis and Riggs, 118 

2018). Therefore, studies including young individuals regardless of their weight status are of our interest. 119 
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In addition, we focus on computerised interventions, since they can be advantageous not only because 120 

younger populations are very familiar with the use of electronic devices (Darling and Sato, 2017) and 121 

fond of using them, but also, because of the benefits computerised intervention has over traditional 122 

methods (i.e. visually engaging interfaces, efficient and adaptable delivery and the possibility to adapt 123 

training content and difficulty to individual performance) (Jak et al., 2013). Moreover, CCT does not 124 

involve the high demand for resources in person such as qualified personnel, office space, and commute 125 

to the training site, which can be tedious to beneficiaries (Jak et al., 2013). Finally, we selected studies 126 

with a randomised controlled design because of the quality of this type of design, referred to as the gold 127 

standard in the clinical research paradigm (Sullivan, 2011).  128 

The specific objectives of our review are: 129 

a) To summarise and assess the impact of CCT on cognitive functioning in children and adolescents 130 

with typical development.  131 

b) To summarise and assess the impact of CCT on non-cognitive domains and real-life outcomes, 132 

including eating behaviour, and its applicability in the field of overweight and obesity. 133 

c) To examine the long-term effects of CCT on these outcomes and its capacity to reinforce weight 134 

loss maintenance.  135 
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2. METHOD 136 

This systematic review was carried out by two independent reviewers conducted in accordance with 137 

the PRISMA guidelines for reporting systematic reviews (Moher et al., 2009) and registered on the 11th of 138 

July, 2019 in the International Prospective Register of Systematic Reviews (PROSPERO; registration 139 

number CRD 42019123889).  140 

2.1. Inclusion and exclusion criteria 141 

Inclusion criteria for study selection were: (i) randomised controlled design with a minimum of one 142 

active and/or passive control group; (ii) English or Spanish language; (iii) minimum of 15 participants; 143 

(iv) typically developing children and/or adolescents (v) sample mean age from 6 to 18; (vi) interventions 144 

with computerised cognitive training; (vii) reporting at least one outcome of cognitive performance, 145 

assessed with cognitive tests and/or standardised neuropsychological battery. Additionally, long-term 146 

outcomes, real-life outcomes such as subjective measures (i.e., questionnaires), eating behaviour and/or 147 

weight measures (i.e., food intake and BMI) and other non-cognitive outcomes (i.e., mood and activities 148 

of daily living) were also extracted if available.  149 

Exclusion criteria were: (i) >5% of the sample with any diagnosis of neurological, 150 

neurodevelopmental, neurocognitive or psychiatric disorders and/or sensory impairments, or presence of 151 

any diagnosis of severe medical diseases which may produce cognitive deficits related to the condition or 152 

its treatment, and (ii) interventions that are not aimed at improving cognitive functioning directly (i.e., 153 

cognitive-behavioural therapy, parent-skills training, transcranial stimulation, physical activity). 154 

2.2. Search strategy 155 

An electronic search was conducted in December 2018, using the Web of Science, PubMed, Cochrane 156 

Central Register of Controlled Trials, PsycInfo, PsycArticles and CINAHL databases. Keyword search 157 

used a combination of the following terms: (executive function OR working memory OR inhibition OR 158 

attention OR flexibility OR delay OR reward OR cognitive OR neurocognitive OR neuropsychological) 159 

AND (training OR remediation OR rehabilitation OR stimulation OR intervention OR computer). Non-160 

target interventions such as cognitive behavioural therapy, parent training, transcranial stimulation or 161 

physical activity were excluded from the search (adding NOR operator). Several limits were set regarding 162 

the date of publication (2008-2018), the age group (6-12 and 13-18 years) and the methodology applied 163 

(clinical trials). In case it was not possible to apply age group limits because of database format, several 164 
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search terms were added (child* OR school* OR adolescen* OR young OR youth OR teen). Reference 165 

lists were also reviewed to identify articles of interest.  166 

2.3. Selection strategy 167 

From 1157 initial records, duplicates were removed. Remaining records (n=694) were screened by 168 

reading titles and abstracts, which involved the exclusion of those not complying with inclusion criteria 169 

(n=646). If in doubt, full texts were assessed using the same criteria (n=48). Overall, 16 papers were 170 

considered suitable for final inclusion (Figure 1). 171 

2.4. Data extraction and quality assessment 172 

The data extraction form was presented in PROSPERO (CRD 42019123889; 173 

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=123889). Sought data included: 174 

authors, year of publication, country, language, sample characteristics (health status, age, gender), study 175 

design (type of training and control groups, number of participants in each group), training features 176 

(targeted cognitive function(s), length and frequency of sessions, training period, programs and delivery), 177 

assessment time points and assessment tools, main cognitive outcomes and other relevant results. Other 178 

relevant results, included if available, were long-term outcomes, subjective measures (i.e., mood 179 

questionnaires), eating behaviour and/or weight measures (i.e., food intake and BMI) and other non-180 

cognitive outcomes (i.e., activities of daily living). Reported effect sizes were also coded when available 181 

and, additionally, we calculated dppc2 (Morris, 2008) for all significant results when data allowed it. Effect 182 

sizes were interpreted according to Cohen’s and Rosenthal’s criteria (Maher, Markey and Ebert-May, 183 

2013).  184 

To assess the quality of included studies, The Collaboration’s ‘Risk of bias’ tool was used (Higgins, 185 

Altman and Sterne, 2011), assessing risk of bias at the study level. For missing and incomplete data, eight 186 

original authors were contacted and three of them answered providing the required information. Extracted 187 

data were compared between the two researchers and disagreements were solved by consultation to data 188 

in original papers and through discussion.  189 

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=123889
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3. RESULTS 190 

A summary of the details of the 16 articles is shown in Table 1. Results are discussed below. 191 

3.1. Studies characteristics  192 

Studies were conducted in the United Kingdom (n=5), Belgium (n=2), Switzerland (n=2), Australia 193 

(n=2), the Netherlands (n=1), Germany (n=1), the United States (n=1), Israel (n=1) and Iran (n=1). 194 

Most of the trials used a single control group that could be passive (Johnstone et al., 2012; Nevo and 195 

Breznitz, 2014; Pugin et al., 2015; Roberts et al., 2016; Tayeri et al., 2016; Verbeken et al., 2013) or 196 

active (Astle et al., 2015; Boutelle et al., 2014; Karbach et al., 2015; Verbeken et al., 2018). The 197 

remaining studies used both types of control group (Dunning et al., 2013; Hitchcoch et al., 2017; Murray 198 

et al., 2018; Studer-Luethi et al., 2016) or more than one active control group (De Voogd et al., 2016). 199 

Finally, a study used two active control groups (Porter et al., 2018) but the second one will be considered 200 

as a training group for the review purposes, as described further below (section 3.3.2.2). 201 

3.2. Participants 202 

A total of 1735 participants (820 males/915 females) were enrolled in the 16 studies reviewed, ranging 203 

from 27 to 452 per study. Sample mean age ranged from 6.24 to 14.41 years. Participants were children 204 

aged 6 to 9 in five studies (Dunning et al., 2013; Karbach et al., 2015; Nevo and Breznitz, 2014; Roberts 205 

et al., 2016; Studer-Luethi et al., 2016) whereas in one only study the age range was from 5 to 6 years 206 

(Murray et al., 2018). In other four studies (De Voogd et al., 2016; Hitchcoch and Westwell, 2017; Pugin 207 

et al., 2015; Tayeri et al., 2016) all participants were adolescents (aged 10 to 18). The six remaining 208 

studies used mixed samples of children and adolescents (Astle et al., 2015; Boutelle et al., 2014; 209 

Johnstone et al., 2012; Porter et al., 2018; Verbeken et al., 2013; Verbeken et al., 2018). Among them, 210 

only one study included children aged 4 to 11 years (Porter et al. 2018).  211 

Most studies involved schoolchild samples with no available data regarding weight status (Astle et al., 212 

2015; De Voogd et al., 2016; Dunning et al., 2013; Hitchcoch and Westwell, 2017; Karbach et al., 2015; 213 

Murray et al., 2018; Nevo and Breznitz, 2014; Porter et al., 2018; Roberts et al., 2016; Studer-Luethi et 214 

al., 2016; Tayeri et al., 2016). Two studies included general samples recruited by advertising with no 215 

weight status data (Johnstone et al., 2012; Pugin et al., 2015). The three remaining studies involved 216 

children and adolescents with overweight/obesity (Boutelle et al., 2014; Verbeken et al., 2013; Verbeken 217 

et al., 2018). 218 
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3.3. Training features 219 

3.3.1. Delivery and duration  220 

Most interventions were solely school-based (Dunning et al., 2013; Hitchcoch and Westwell, 2017; 221 

Murray et al., 2018; Nevo and Breznitz, 2014; Porter et al., 2018; Roberts et al., 2016; Studer-Luethi et 222 

al., 2016; Tayeri et al., 2016) while a few were home-based (Astle et al., 2015; De Voogd et al., 2016; 223 

Johnstone et al., 2012; Pugin et al., 2015), lab-based (Boutelle et al., 2014; Karbach et al., 2015) and 224 

clinic-based (Verbeken et al., 2013; Verbeken et al., 2018).  225 

The session duration ranged from 7 to 60 minutes, with a duration between 15 and 45 minutes in most 226 

studies (Astle et al., 2015; Dunning et al., 2013; Hitchcoch and Westwell, 2017; Johnstone et al., 2012; 227 

Karbach et al., 2015; Nevo and Breznitz, 2014; Pugin et al., 2015; Studer-Luethi et al., 2016; Tayeri et al., 228 

2016; Verbeken et al., 2013; Verbeken et al., 2018), while a few lasted less than 15 minutes (Boutelle et 229 

al., 2014; De Voogd et al., 2016; Murray et al., 2018; Porter et al., 2018). In another study the session 230 

length was quite variable (Roberts et al., 2016).  231 

The amount of training sessions ranged from one to 25, while the whole training period lasted from 1 232 

day to 8 weeks. In most studies, participants completed 14 to 25 sessions over 4-8 weeks (Astle et al., 233 

2015; Dunning et al., 2013; Hitchcoch and Westwell, 2017; Johnstone et al., 2012; Karbach et al., 2015; 234 

Nevo and Breznitz, 2014; Roberts et al., 2016; Studer-Luethi et al., 2016; Verbeken et al., 2013), which 235 

means training every day or almost every day. In two studies, participants underwent six to 12 sessions 236 

over 5-6 weeks (Tayeri et al., 2016; Verbeken et al., 2018). In one study, participants performed eight 237 

sessions over 3 weeks (De Voogd et al., 2016), whereas in another study of the same length, the number 238 

of training sessions was variable, from seven to 20 sessions (Pugin et al., 2015). Finally, in two studies 239 

the training was performed in a single session (Boutelle et al., 2014; Porter et al., 2018) and in another 240 

one, in three sessions (Murray et al., 2018).  241 

3.3.2. Training tasks (generalised vs. cue-specific) 242 

3.3.2.1. Generalised interventions 243 

A large majority of studies applied generalised interventions (13 of 16), being the WM training the 244 

most frequent in eight studies (Astle et al., 2015; Dunning et al., 2013; Hitchcoch and Westwell, 2017; 245 

Karbach et al., 2015; Pugin et al., 2015; Roberts et al., 2016 ; Studer-Luethi et al., 2016; Tayeri et al., 246 

2016). Half of these studies used the Cogmed program (Astle et al., 2015; Dunning et al., 2013; 247 
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Hitchcoch and Westwell, 2017; Roberts et al., 2016) which typically involved completing series of 248 

interactive, verbal and visual-spatial tasks that require the temporary storage and reordering of 249 

information. Some examples were recalling a sequence of numbers that light up in a certain order or 250 

remembering the order in which boxes were lit and repeat the sequence by selecting the appropriate boxes 251 

(for further details, see www.cogmed.com). Two more studies (Karbach et al., 2015; Pugin et al., 2015) 252 

used WM tasks from the Braintwister WM training battery (Buschkuehl, Jaeggi, Kobel, and Perrig, 2007; 253 

Buschkuehl et al., 2008). Karbach et al. (2015) carried out the farm and safari task, in which participants 254 

had to reproduce an animal sequence seen before in the correct order by subsequently clicking on the 255 

appropriate pictures. Pugin et al. (2015) applied a visual n-back training task, in which participants had to 256 

remember the position of a square and indicate by button pressing when the square appeared on the same 257 

position as n positions before. Finally, two studies used n-back tasks (Studer-Luethi et al., 2016; Tayeri et 258 

al., 2016). Studer-Luethi et al. (2016) carried out two ad-hoc visual n-back tasks (similar to Jaeggi et al.’s, 259 

2010) with squares and animals as stimuli. Tayeri et al. (2016) chose an ad-hoc dual n-back task 260 

(developed by Jaeggi et al., 2003) with visual and auditory stimuli simultaneously. 261 

Three more studies also applied WM training, but combined with general IC training (Johnstone et al., 262 

2012; Verbeken et al., 2013) and with reading abilities (Nevo and Breznitz, 2014). Johnstone et al.’s 263 

(2012) consisted in two ad-hoc tasks: the first being a WM task (Feed the Monkey), in which participants 264 

had to search hidden visual stimuli and retain their screen position to match with other equal stimuli 265 

showed after. The second was a Go No-Go task, in which participants had to respond to pictures from one 266 

pre-potent ‘Go’ category whilst refraining from responding to any other pictures. Verbeken et al. (2013) 267 

chose two tasks; the first being a WM task of the Braingame Brian (based on Prins et al., 2011), in which 268 

participants had to retain sequences of rectangles that light up and reproduce them in the right order. The 269 

second was an ad-hoc Go No-Go task (developed by Dovis et al., 2008), in which participants had to 270 

respond to one key button or another depending on which side of the screen the stimuli were presented; 271 

then, a stop signal was introduced after the stimuli and participants had to inhibit their ongoing responses. 272 

Nevo and Breznitz (2014) used the Working Memory Program (WMP, Breznitz and Shany, 2011) and the 273 

Reading Acceleration Program (RAP, Breznitz and Bloch, 2010). The WMP had four parts: the digit 274 

recall (repeating digits in their original order), the block-matrix task (recalling the order of the cell’s 275 

colour changes in a matrix), the reverse digit span task (recalling a sequence of digits in reverse order) 276 

and the reverse block matrix task (recalling the order of the changes in the cell’s colour in reverse order). 277 
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The RAP encompassed several tasks of decoding, fluency, and comprehension at the levels of words, 278 

sentences, and paragraphs.  279 

Only one study (Murray et al., 2018) carried out an auditory attention training based on Wells’ 280 

Attention Training Technique (Wells, 1990). It consisted of a range of sounds (e.g., traffic, running water) 281 

presented simultaneously, some of which were continuous and others were intermittent and appeared at 282 

different spatial locations. Participants were guided to focus their attention to different sounds and 283 

locations sequentially.  284 

Lastly, for the purposes of the present work, we considered that Porter et al.’s (2018) also conducted a 285 

generalised intervention (generalised IC training) as they applied two ad-hoc Go No-Go tasks (based on 286 

Lawrence et al., 2015), the first being designed with food stimuli and considered cue-specific (described 287 

above in Section 3.3.2.2), and the second being designed with technology and sports stimuli (originally 288 

conceptualized as an active control task). As their aim was to modify food choices, we did not consider 289 

this task as cue-specific. The task required participants to respond to Go signals (happy emoticons) paired 290 

with sports stimuli and inhibit the response to No-Go signals (sad emoticons) paired with technological 291 

stimuli.  292 

3.3.2.2. Cue-specific interventions  293 

A minority of studies applied cue-specific interventions (4 of 16 studies). Two studies made cue-294 

related visual attention training (Boutelle et al., 2014; De Voogd et al., 2016) whereas only one did cue-295 

related IC training (Porter et al., 2018). The last study targeted more than one cognitive function, 296 

combining cue-related IC training with cue-related visual attention training and approach/avoidance 297 

training (Verbeken et al., 2018).  298 

Boutelle et al. (2014) and De Voogd et al. (2016) both used different paradigms of an ad-hoc dot-299 

probe training task. Boutelle et al. (2014) developed the Attention Modification Program (AMP-Food, 300 

based on Najmi and Amir, 2010), which consisted of a dot-probe task with pairs of food words (i.e., cake) 301 

matched with neutral words (i.e., pencil). The position of the neutral word on the screen indicated the 302 

position of the subsequent probe, which acted as a contingency reinforcement such that the probe always 303 

appeared in the position of the neutral word (training attention away from food cues and toward neutral 304 

cues). De Voogd et al. (2016) modified the Dot-Probe training of MacLeod et al. (2002) using emotional 305 

stimuli with pairs of angry-neutral faces or neutral-neutral faces (to obscure the contingency). The probe 306 
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location was always the location of the neutral face in angry-neutral trials and random in neutral-neutral 307 

trials. De Voogd et al. (2016) also included another training group doing an ad-hoc visual search attention 308 

task (based on Dandeneau et al., 2007), in which participants had to find and select the single happy face 309 

in a grid of negative emotional faces.  310 

Porter et al. (2018) used two ad-hoc Go No-Go tasks (based on Lawrence et al., 2015). The first was 311 

designed with food stimuli (described here) and the second with arbitrary stimuli (already described in 312 

Section 3.3.2.1). The cue-specific IC training task required participants to respond to Go signals (happy 313 

emoticons) paired with healthy food stimuli and inhibit the response to No-Go signals (sad emoticons) 314 

paired with unhealthy food stimuli.  315 

Verbeken et al. (2018) combined three ad-hoc tasks, the first being a Go No-Go task (based on 316 

Houben, Havermans, Nederkoorn, and Jansen, 2013) with Go signals paired to healthy food pictures and 317 

No-Go signals to unhealthy food pictures. The second task was a dot-probe task (adapted from MacLeod 318 

et al., 1986) with pairs of healthy-unhealthy pictures and the probe presented in the healthy picture. The 319 

third task consisted of an approach/avoidance task (adapted from Wiers, Rinck, Kordts, Houben, and 320 

Strack, 2010). Participants had to press the up arrow on the keyboard when the unhealthy food picture 321 

was tilted to the right, zooming the image out (mimicking an avoidance), or press the down arrow key 322 

when the healthy food picture was tilted to the left and making the picture zoom in (mimicking an 323 

approach).  324 

3.4. Risk of bias 325 

A summary of the risk of bias is shown in Figures 2 and 3. Based on the Cochrane’s risk of bias tool 326 

(Higgins et al., 2011), eight studies demonstrated high risk of bias in at least one domain (Hitchcoch and 327 

Westwell, 2017; Johnstone et al. 2012; Murray et al., 2018; Porter et al., 2018; Pugin et al., 2015; Roberts 328 

et al., 2016; Tayeri et al., 2016; Verbeken et al., 2013), six studies showed an unclear risk of bias in 329 

several domains (Astle et al., 2015; Boutelle et al., 2014; De Voogd et al., 2016; Dunning et al., 2013; 330 

Nevo and Breznitz, 2014; Studer-Luethi et al., 2016) and only two studies had low risk of bias in all 331 

domains (Karbach et al., 2015; Verbeken et al., 2018).  332 

3.5. Training effects 333 

Training effects were classified as follows: 1) near-transfer to cognitive outcomes (the training task 334 

and the outcome task are highly similar, e.g. two different tasks of WM); 2) far-transfer to cognitive 335 
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outcomes (the outcome task assesses other cognitive functions than the trained one, e.g. IC task after WM 336 

training); and 3) far-transfer to real-life measures (the outcome task and the training task are highly 337 

dissimilar and the measure involve functional aspects, e.g. behavioural difficulties).  338 

3.5.1. Near-transfer to cognitive outcomes 339 

3.5.1.1. Generalised interventions  340 

Cognitive training showed near-transfer effects to minimum one cognitive function in 6 of the 10 341 

studies with generalised interventions at post-training. Among the seven studies training only WM, 342 

significant improvements in WM were found in four studies, with benefits in visual WM (Karbach et al., 343 

2013), verbal WM (Tayeri et al., 2016) and both visual and verbal WM (Astle et al., 2015; Dunning et al., 344 

2013). Effect sizes ranged from medium to large (Dunning et al., 2013; Karbach et al., 2015). Another 345 

study found a trend towards significance in visual WM (Studer-Luethi et al., 2016). Finally, two studies 346 

reported no differences in verbal WM (Pugin et al., 2015) and both visual and verbal WM (Hitchcoch and 347 

Westwell, 2017). In addition, short-term memory improved in two studies (Dunning et al., 2013; Tayeri et 348 

al., 2016), with effect sizes ranging from medium to large (Dunning et al., 2013).  349 

Among the three studies training WM combined with other cognitive functions, significant 350 

improvements in WM were found in two studies, with benefits in visual WM (medium effect size) after 351 

WM with IC training (Verbeken et al., 2013), and both visual and verbal WM benefits (large effect size) 352 

after WM with reading skills training (Nevo and Breznitz, 2014). A third study found no differences in 353 

visual WM after WM with IC training, although there was a trend towards significance in verbal WM 354 

(Johnstone et al., 2012). Moreover, short-term memory improved in one study with medium effect size 355 

(Verbeken et al. 2013). In contrast, two studies showed no benefits in inhibition after a combined training 356 

of WM and IC (Johnstone et al., 2012; Verbeken et al., 2013). The third study with a combined training 357 

(WM and reading skills) showed significant improvements in certain reading skills (word fluency and 358 

accuracy) with medium effect sizes, but no differences in others (reading comprehension, pseudo-word 359 

fluency and accuracy) (Nevo and Breznitz, 2014). 360 

Regarding long-lasting effects of generalised interventions, it is worth noting that only 8 of 13 studies 361 

included follow-up assessments. Among the seven studies with WM training and near-transfer follow-up 362 

assessments, five studies reported long-lasting benefits in WM, with follow-up periods ranging from 1 to 363 

12 months (Dunning et al., 2013; Karbach et al., 2015; Pugin et al., 2015; Roberts et al., 2016; Tayeri et 364 
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al., 2016). Effects sizes were large in all studies with available data (Dunning et al., 2013; Karbach et al., 365 

2015; Pugin et al., 2015). However, three other studies did not find these benefits at 3, 12 and 24 months 366 

(Hitchcoch and Westwell, 2017; Studer-Luethi et al., 2016; Roberts et al., 2016). Long-term effects in 367 

short-term memory remained at 6 and 12 months of follow-up, but not at 24 months in one study (Roberts 368 

et al., 2016) whereas in another study there was no effect (Dunning et al., 2013). 369 

3.5.1.2. Cue-specific interventions  370 

Cognitive training showed near-transfer effects to minimum one cognitive function in 1 of the 3 371 

studies with cue-specific interventions at post-training. Between the two studies training cue-related 372 

visual attention, a study found a significant decrease in attentional bias to emotional stimuli when 373 

assessed with a visual searching task (De Voogd et al, 2016). The other study reported a trend to an 374 

increase in attentional bias to food stimuli in the control group while remaining stable in the training 375 

group (Boutelle et al., 2014). A third study which carried out cue-related IC training combined with cue-376 

related attention and approach bias training found no differences in any of these cognitive functions 377 

(Verbeken, 2018).  378 

3.5.2. Far-transfer to cognitive outcomes 379 

3.5.2.1. Generalised interventions  380 

Cognitive training showed far-transfer effects to minimum one cognitive function in 8 of the 10 381 

studies with generalised interventions at post-training. Among the six studies training solely WM, far-382 

transfer effects were found in attention (small effect size) (Dunning et al. 2013), crystallized intelligence 383 

(medium effect size) (Studer-Luethi et al., 2016), fluid intelligence (Tayeri et al., 2016) and reading skills 384 

(effect sizes from small to large) (Dunning et al., 2013; Karbach et al., 2015). However, there were some 385 

inconsistent results, as a similar amount of studies did not found benefits in these outcomes. Specifically, 386 

differences were not found in attention (Hitchcoch and Westwell, 2017), intelligence (Dunning et al., 387 

2013, Pugin et al., 2015) or reading skills (Hitchcoch and Westwell, 2017). Lastly, cognitive functions 388 

that did not improve after WM training were IC (Dunning et al., 2013; Karbach et al., 2015; Pugin et al., 389 

2015; Studer-Luethi et al., 2016), switching ability (Karbach et al., 2015) and mathematical skills 390 

(Dunning et al., 2013; Hitchcoch and Westwell, 2017; Karbach et al. 2015).  391 

Among the two studies training WM combined with other cognitive functions, a study found 392 

improved reaction time after WM along with IC training, but no benefits in attention (Johnstone et al., 393 
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2012). A second study of combined WM and reading skills training found benefits in visual and verbal 394 

WM in the group only training reading skills (Nevo and Breznitz, 2014).  395 

There was only one study training auditory attention. This study found far-transfer effects in inhibition 396 

and delay of gratification (medium and large effect sizes, respectively) (Murray et al., 2018).  397 

Finally, there was only one study that applied generalised IC training and showed no differences in 398 

decision-making with food stimuli (Porter et al., 2018).  399 

Regarding long-lasting effects of generalised interventions, most of the studies found no maintenance 400 

effects at several follow-up periods. Among the seven studies with WM training and follow-up 401 

assessments, only two studies showed significant effects in reading skills (sentence counting) at 12 402 

months (large effect size) (Dunning et al., 2013) and some effects in fluid intelligence and memory at 1 403 

month (Tayeri et al., 2016). Overall, data showed lack of benefits in IC (Dunning et al., 2013; Karbach et 404 

al., 2015; Pugin et al., 2015; Studer-Luethi et al., 2016), attention (Dunning et al., 2013; Hitchcoch and 405 

Westwell, 2017), switching (Karbach et al., 2015) and reading or mathematics skills (Dunning et al., 406 

2013; Hitchcoch and Westwell, 2017; Karbach et al., 2015; Roberts et al., 2016; Studer-Luethi et al., 407 

2016). Regarding intelligence, most of the studies also reported non-significant results (Dunning et al., 408 

2013; Pugin et al., 2015; Roberts et al., 2016; Studer-Luethi et al., 2016). 409 

3.5.2.2. Cue-specific interventions  410 

Cognitive training showed far-transfer effects to minimum one cognitive function in the only study 411 

applying cue-specific interventions and far-transfer tasks at post-training. Benefits after cue-related IC 412 

training were demonstrated in decision-making related to healthy food choices (with medium effect size) 413 

(Porter et al., 2018).  414 

3.5.3. Far-transfer to real life outcomes 415 

Outcomes differed in their nature depending on the purpose of the study. A few studies explored 416 

functional aspects through several rating scales such as attentional, behavioural, socio-emotional 417 

difficulties or academic achievement, whereas others evaluated eating behaviour or aspects related to 418 

weight. 419 

3.5.3.1. Generalised interventions 420 

Cognitive training showed far-transfer effects to minimum one of the above-mentioned outcomes in 1 421 

of the 3 studies with generalised interventions and assessing functional aspects at post-training.  422 
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The only study with solely WM training reported no differences in social, emotional, behavioural 423 

difficulties or academic achievement (Hitchcoch and Westwell, 2017). Similarly, the two studies with 424 

combined WM and IC training and assessing functional aspects showed no differences in behavioural 425 

difficulties (Johnstone et al., 2012), behavioural inhibition difficulties and BMI (Verbeken et al., 2013). 426 

However, there were some benefits in child carers’ ratings of behavioural EFs such as WM and 427 

metacognition, with medium effect sizes (Verbeken et al., 2013).  428 

Regarding long-lasting effects of generalised interventions, none of the studies exploring attentional, 429 

behavioural or socio-emotional outcomes found significant differences at 3, 6, 12 and 24 months after 430 

finishing the training in any social, emotional, attentional or behavioural measures (Johnstone et al., 2012; 431 

Hitchcoch and Westwell, 2017; Roberts et al. 2016). There were no long-lasting effects in quality of life 432 

either (Roberts et al., 2016).  Finally, only one study reported significant effects in weight loss 433 

maintenance at 2-months follow-up, although it was not significant at 3-months (Verbeken et al., 2013). 434 

3.5.3.2. Cue-specific interventions 435 

Cognitive training showed far-transfer effects to minimum one functional outcome in the three studies 436 

with cue-specific interventions. Between the two studies training cue-related visual attention, one study 437 

found that training influenced the tendency to eat in the absence of hunger with a medium effect size 438 

(Boutelle et al., 2014), although there were no differences in salivation, craving or food preferences. The 439 

other study found no differences in attentional, behavioural or socio-emotional difficulties (De Voogd et 440 

al., 2016). 441 

The study that carried out cue-related IC training combined with cue-related attention and approach 442 

bias training found reduced behavioural inhibitory problems as reported by educators (large effect size) 443 

(Verbeken et al., 2018) but no differences in BMI.  444 

Regarding long-lasting effects of cue-specific interventions, two studies included follow-up 445 

assessments (De Voogd et al., 2016; Verbeken et al., 2018). No differences were found in attentional, 446 

behavioural or socio-emotional difficulties at 3, 6 and 12-months follow-up (De Voogd et al., 2016) nor 447 

in BMI two months after training (Verbeken et al., 2018).  448 
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4. DISCUSSION 449 

4.1. Summary of findings 450 

The first objective of this review was to present the impact of computerised cognitive training on 451 

cognitive functioning in children and adolescents with typical development. Roughly, among generalised 452 

interventions, results have shown that WM training produces near-transfer effects to WM. Near-transfer 453 

effects are not so consistent in other cognitive functions such as IC after generalised IC training or 454 

reading skills after combined WM and reading skills training. Among cue-specific studies, it seems that 455 

cue-related visual attention training produces near-transfer effects to attentional bias, although there was 456 

only one study to strongly support this conclusion.  457 

Regarding far-transfer effects to other cognitive domains among generalised interventions, results are 458 

inconsistent as a similar number of studies have found significant and not significant effects after WM 459 

training in attention, intelligence and reading skills. In addition, data provide no evidence for far-transfer 460 

effects in IC, switching ability and mathematical skills. Likewise, lack of far-transfer effects has been 461 

shown in decision-making with food stimuli after generalised IC training. Finally, it seems that auditory 462 

attention training produces far-transfer effects in inhibition and delay of gratification. Among cue-specific 463 

interventions, far-transfer effects to decision-making have been found after cue-related IC training.   464 

Overall, these findings are in line with previous works in children with attention deficit hyperactivity 465 

disorder and learning disabilities (Cortese et al., 2015; Peijnenborgh et al., 2016). In fact, transfer effects 466 

have been a focus of debate for years (Melby-Lervåg and Hulme, 2013; Redick, Shipstead, Harrison, 467 

Hicks, Fried, Hambrick et al., 2013; Shipstead, Redick and Engle, 2012) and recent reviews and meta-468 

analyses exploring this issue have shown that, whereas WM training produces large effects in identical or 469 

similar tasks (near-transfer effects), this effect is not so clear in other cognitive domains (far-transfer 470 

effects) (Aksaylia, Sala and Gobet, 2019; Melby-Lervåg, Redick and Hulme, 2016; Simons et al., 2016). 471 

Additionally, whereas WM training programs in the reviewed studies were typically performed in 15-25 472 

sessions over 4-6 weeks, cue-related attention and IC training periods were not as long, so any absence of 473 

consistent evidence in these domains could be potentially explained by such short training periods. 474 

Hence, there is a need for novel studies focused on, first, defining the minimum effective session duration 475 

and training periods and, second, establishing guidelines for the implementation of cognitive training. 476 

The second objective was to summarise and assess the impact of CCT on non-cognitive domains and 477 
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real-life outcomes, including eating behaviour, and its usability in the field of overweight and obesity. On 478 

the one hand, reviewed studies aimed at exploring the impact of generalised cognitive training on these 479 

outcomes reported mostly non-significant results. Nevertheless, only a few studies assessed these aspects, 480 

so no conclusions can be drawn. In this regard, it continues to be necessary to place emphasis on 481 

functional outcomes and to overcome traditional studies of WM training, which focus primarily on 482 

assessing neuropsychological outcomes (Chacko, Feirsen, Bedard, Marks, Uderman and Chimiklis, 483 

2013). On the other hand, cue-specific training studies typically aimed at exploring eating behaviour or 484 

aspects related to weight showed some benefits of cognitive training in influencing eating choices but 485 

found no effects on BMI at post-training. Related to this, previous studies have shown that cue-specific 486 

cognitive training, specially cue-related IC training, generally influenced food intake or food choice in the 487 

laboratory (Jones et al., 2018; Yang, Shields, Wu, Liu, Chen and Guo, 2019) and that may contribute to 488 

weight-loss. Nevertheless, more research is needed to test the cognitive training effect on weight loss 489 

before giving specific recommendations (Yang et al., 2019). In this regard, it could be possible that cue-490 

specific interventions may not be enough to influence so strongly such complex processes as weight loss 491 

and weight loss maintenance, as other EFs such as WM and cognitive flexibility contribute to moderating 492 

eating behaviour (Dohle et al., 2018). It has been hypothesised that if cognitive training could enhance 493 

WM, it could exert some influence on other EF domains, which, at the same time are linked to eating 494 

behaviour (Jones et al., 2018) and dietetic and exercise planning (Cortese et al., 2013). WM is considered 495 

a core EF (Diamond, 2013; Diamond and Lee, 2011) together with IC and cognitive flexibility, and these 496 

three core EFs support more complex self-regulatory skills such as planning, decision-making, and 497 

problem solving. Thus, reinforcing WM may contribute to the development of healthier diet and exercise 498 

habits by integrating knowledge and behavioural skills (Hayes et al., 2018; Jones et al., 2018). In fact, 499 

there is no reason to restrict cognitive training to just one cognitive function, as maybe combined training 500 

approaches (both generalised and cue-specific interventions) would enhance treatment outcomes. Thus, 501 

effective interventions targeting other relevant cognitive functions are needed in order to increase 502 

transferability to real contexts.  503 

Furthermore, an important consideration is which type of stimuli would work better, since it is 504 

possible that food-related or non-food related training would make a difference, as previous research has 505 

shown (Yang et al., 2019), and even the similarity/dissimilarity between the training task and the measure 506 

task has been shown to influence results (Simons et al., 2016). In this regard and taking into account the 507 
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above-mentioned considerations about far-transfer effects (Melby-Lervåg et al., 2016; Simons et al., 508 

2016), it would be very interesting to introduce stimuli as similar as possible to those that children face in 509 

their daily life, in order to increase the effects of transference to real contexts.    510 

Regarding our third objective, assessing long-term effects of cognitive training and the possibility to 511 

reinforce weight loss maintenance, it must be highlighted that only half of the selected studies assessed 512 

them. Similar to post-training outcomes, main benefits were found in WM after WM training (near-513 

transfer effects). Unfortunately, far-transfer effects on IC, attention, switching or intelligence seemed not 514 

to last in time in most cases. Furthermore, far-transfer effects to real-life outcomes at follow-up were not 515 

encouraging either, as only one study reported significant effects in weight loss maintenance at 2-months 516 

follow-up, but not at 3-months, after generalised IC training. Likewise, no long-term effects were found 517 

in attentional, social, emotional or behavioural difficulties or quality of life after generalised or cue-518 

specific interventions. Overall, these results are consistent with previous literature assessing the effects of 519 

EF training in other populations, in which the lack of long-lasting effects is considered a major issue 520 

(Diamond and Lee, 2011; Melby-Lervåg and Hulme, 2013). Thus, it may be a more general limitation of 521 

these types of interventions. However, most of the studies in eating behaviour and weight loss are focused 522 

on short-term outcomes (Yang et al., 2019), so longer duration studies are needed to better understand 523 

how cognitive training could be helpful to treat overweight and obesity.  524 

4.2. Limitations  525 

There are some limitations in our study that must be taken into account. First, regarding sample 526 

characteristics, we included typically developing individuals that could be overweight/obese or not. It is 527 

possible that cognitive training influences cognitive functioning in a different way depending on weight 528 

status and its potential cognitive impairment. These factors could have introduced baseline differences 529 

that may modulate training gains. In addition, as only three studies included overweight/obese samples 530 

we could not conduct subgroup analyses to determine cognitive training’s usability in the field of 531 

overweight and obesity, despite it was our initial aim. Second, eligible outcomes across studies differed 532 

depending on their specific objectives, even though all studies targeted cognitive improvement. Third, 533 

and related with the previous considerations, the heterogeneity across samples and assessed outcomes 534 

made the application of meta-analytic techniques difficult, so that our results are fully based on a 535 

narrative review. Nevertheless, additional effect sizes were calculated to better summarize the effect of 536 

interventions. Fourth, only two studies showed a low risk of bias in all domains (Karbach et al., 2015; 537 
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Verbeken et al., 2018). In fact, risk of bias assessment has shown some methodological weaknesses in 538 

one of the six evaluated bias domains in half of the included studies. Despite it represents a low 539 

proportion of risk across all domains and studies and it is expected not to invalidate the results, it must be 540 

underlined that most of the studies did not report all the data to properly assess risk of bias in several 541 

domains. Therefore, conclusions drawn in this review are partially based on well-conducted studies but 542 

lack of information regarding several bias domains do not allow providing more robust evidence. In this 543 

regard, we recommend that future papers should include all information to properly assess the quality of 544 

studies and promote the transparency of data.   545 
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5. CONCLUSION 546 

We can conclude that WM training has been shown as the principal approach among generalised 547 

interventions targeting cognitive function in children and adolescents. Main near-transfer effects have 548 

been obtained in WM after WM training, with medium to large effects sizes, while far-transfer to other 549 

cognitive functions is not strongly supported. These data imply, on the one hand, that WM training could 550 

be a potential option as a part of weight loss programs since it may reinforce self-control processes 551 

involved and contribute to learning healthy habits. However, new studies exploring the impact of WM 552 

training directly on eating behaviour and weight measures are necessary. On the other hand, cue-specific 553 

interventions seem to influence eating choices, but more studies applying IC or attentional bias training 554 

are needed to extend these findings. Additionally, there is no reason to restrict cognitive training to only 555 

one cognitive domain if there are several EFs involved in eating behaviour. Furthermore, new approaches 556 

targeting both generalised and cue-specific training should arise to examine their effects and determine 557 

how to apply them in an effective way in obesity.   558 

Another conclusion that can be drawn from this review, with practical implications, is that if long-559 

term effects of cognitive training are still dubious and not well supported, maybe computerised cognitive 560 

training has to be introduced as a part of more complex treatment programs. It could work as a form of 561 

reinforcement from time to time, depending on specific neurocognitive outcomes for each individual at 562 

different times of the therapy process. Therefore, more research is needed to establish how to integrate 563 

computerised cognitive training in a specific and individualized way in order to help people lose weight. 564 

Cognitive training literature has been criticised for assuming a ‘one treatment-fits-all approach’ (Franken 565 

and van de Wetering, 2015; Jones et al., 2018) and, in this sense, pre-screening individuals for specific 566 

biases and cognitive deficits may increase the therapeutic potential of these models by identifying 567 

individual factors that confer vulnerability to overeating (Folkvord et al., 2016). Research should lead 568 

efforts towards understanding how cognitive training could be useful to enhance correct eating behaviour 569 

at the individual level, and not only at the group level (Jones et al., 2018). 570 



  

  25  

ACKNOWLEDGMENTS 571 

This study was financed by Fundació La Marató de TV3 (Grant nº 2016-16-10), by Agència de Gestió 572 

d’Ajuts Universitaris i de Recerca (AGAUR) from Generalitat de Catalunya (Grant nº 2017SGR0748) 573 

and by a predoctoral grant from AGAUR (Grant nº FI-DGR 2018) to SL.  574 



  

  26  

REFERENCES 575 

Aksayli, N. D., Sala, G., & Gobet, F. (2019). The cognitive and academic benefits of Cogmed: A meta-576 

analysis. Educational Research Review, 27, 229-243. https://doi.org/10.1016/j.edurev.2019.04.003 577 

Astle, D. E., Barnes, J. J., Baker, K., Colclough, G. L. & Woolrich, M. W.  (2015). Cognitive training 578 

enhances intrinsic brain connectivity in childhood. The Journal of Neuroscience, 35(16), 6277–6283. 579 

https://doi.org/10.1523/JNEUROSCI.4517-14.2015 580 

Bahar-Fuchs, A., Clare, L. & Woods, B. (2013). Cognitive training and cognitive rehabilitation for mild 581 

to moderate Alzheimer’s disease and vascular dementia. Cochrane Database of Systematic Reviews, 582 

(6): CD003260. https://doi.org/10.1002/14651858.CD003260.pub2 583 

Bickel, W. K., Wilson, A. G., Franck, C. T., Mueller, E. T., Jarmolowicz, D. P., Koffarnus,  M. N., & 584 

Fede, S. J. (2014). Using crowdsourcing to compare temporal, social temporal, and probability 585 

discounting among obese and non-obese individuals. Appetite, 75, 82-89. 586 

https://doi.org/10.1016/j.appet.2013.12.018 587 

Boutelle, K. N., Kuckertz, J. M., Carlson, J. & Amir, N. (2014). A pilot study evaluating a one- session 588 

attention modification training to decrease overeating in obese children. Appetite, 76, 180-185. 589 

https://doi.org/10.1016/j.appet.2014.01.075 590 

Breznitz, Z., & Bloch, B. (2010). Reading acceleration training program. WEB format. Haifa: University 591 

of Haifa. 592 

Breznitz, Z., & Shany, D. (2011). Working memory program. Haifa: University of Haifa. 593 

Buschkuehl, M., Jaeggi, S. M., Kobel, A., & Perrig, W. J. (2007). BrainTwister–A collection of cognitive 594 

training tasks. Bern: Universität Bern. 595 

Buschkuehl, M., Jaeggi, S., Kobel, A., & Perrig, W. J. (2008). Braintwister-Aufgabensammlung für 596 

kognitives Training. Bern: Universität Bern, Institut für Psychologie. 597 

Cardoso, C. O., Dias, N., Senger, J., Colling, A. P. C., Seabra, A. G. & Fonseca, R. P. (2018). 598 

Neuropsychological stimulation of executive functions in children with typical development: a 599 

systematic review. Applied Neuropsychology: Child, 7(1), 61-81. 600 

https://doi.org/10.1080/21622965.2016.1241950 601 

Chacko, A., Feirsen, N., Bedard, A., Marks, D., Uderman, J. Z. & Chimiklis, A. (2013). Cogmed working 602 

memory for youth with ADHD: A closer examination of efficacy utilizing evidence-based criteria. 603 



  

  27  

Journal of Clinical of Child & Adolescent Psychology, 42(6), 769-783. 604 

https://doi.org/10.1080/15374416.2013.787622 605 

Cortese, S., Comencini, E., Vincenci, B., Speranza, M. & Angriman, M. (2013). Attention-606 

deficit/hyperactivity disorder and impairment in executive functions: a barrier to weight loss in 607 

individuals with obesity? BMC Psychiatry, 13(1), 286. https://doi.org/10.1186/1471-244X-13-286 608 

Cortese, S., Ferrin, M., Brandeis, D., Buitelaar, J., Daley, D., Dittmann, R. W... & Zuddas, A. (2015). 609 

Cognitive training for attention-deficit/hyperactivity disorder: meta-analysis of clinical and 610 

neuropsychological outcomes from randomized controlled trials. Journal of the American Academy of 611 

Child & Adolescent Psychiatry, 54(3), 164-174. https://doi.org/10.1016/j.jaac.2014.12.010 612 

Dandeneau, S. D., Baldwin, M. W., Baccus, J. R., Sakellaropoulo, M., & Pruessner, J. C. (2007). Cutting 613 

stress of the pass: Reducing vigilance and responsiveness to social threat by manipulating attention. 614 

Journal of Personality and Social Psychology, 93(4), 651-666. http://dx.doi.org/10.1037/0022-615 

3514.93.4.651 616 

Darling, K. E., & Sato, A. F. (2017). Systematic review and meta-analysis examining the effectiveness of 617 

mobile health technologies in using self-monitoring for pediatric weight management. Childhood 618 

Obesity, 13(5), 347-355. https://doi.org/10.1089/chi.2017.0038 619 

De Cock, N., Van Lippevelde, W., Vervoort, L., Vangeel, J., Maes, L., Eggermont, S… & Van Camp, J. 620 

(2016). Sensitivity to reward is associated with snack and sugar-sweetened beverage consumption in 621 

adolescents. European Journal of Nutrition, 55(4), 1623-32. http://doi.org/10.1007/s00394-015-0981-622 

3 623 

De Decker, A., Sioen, I., Verbeken, S., Braet, C., Michels, N. & De Henauw, S. (2016). Associations of 624 

reward sensitivity with food consumption, activity pattern, and BMI in children. Appetite, 100, 189-625 

96. https://doi.org/10.1016/j.appet.2016.02.028 626 

De Decker, A., Verbeken, S., Sioen, I., Van Lippevelde, W., Braet, C., Eiben, G… & De Henauw, S. 627 

(2017). Palatable food consumption in children: interplay between (food) reward motivation and the 628 

home food environment. European Journal of Pediatrics, 176(4), 465-74. http://doi.org/10.1007/s00431-629 

017-2857-4 630 

De Voogd, E. L., Wiers, R. W., Prins, P. J. M., De Jong, P. J., Boendermaker, W. J., Zwitser, R. J. & 631 

Salemink, E. (2016). Online attentional bias modification training targeting anxiety and depression in 632 



  

  28  

unselected adolescents: Short-and long-term effects of a randomized controlled trial. Behaviour 633 

Research and Therapy, 87, 11-22. https://doi.org/10.1016/j.brat.2016.08.018 634 

Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 135-68. 635 

https://doi.org/10.1146/annurev-psych-113011-143750 636 

Diamond, A. & Lee, K. (2011). Interventions shown to aid executive function development in children 4–637 

12 years old. Science, 333(6045), 959–964. http://doi.org/10.1126/science.1204529 638 

Dohle, S., Diel, K. & Hofmann, W. (2018). Executive functions and the self-regulation of eating 639 

behavior: a review. Appetite, 124, 4-9. http://dx.doi.org/10.1016/j.appet.2017.05.041 640 

Dovis, S., Geurts, H., Ponsioen, A., Ten Brink, E., Van der Oord, S., & Prins, P. J. M. (2008). Executive 641 

function training tasks: Inhibition and cognitive flexibility. Theoretical background and parameters. 642 

Task Force ADHD & Computer. The Netherlands: University of Amsterdam. 643 

Dunning, D. L., Holmes, J. & Gathercole, S. E. (2013). Does working memory training lead to generalized 644 

improvements in children with low working memory? A randomized controlled trial. Developmental 645 

Science, 16(6), 915–925. https://doi.org/10.1111/desc.12068 646 

Eichen, D. M., Matheson, B. E., Appleton-Knapp, S. L. & Boutelle, K. N. (2017). Neurocognitive 647 

treatments for eating disorders and obesity. Current Psychiatry Reports, 19(9), 62. 648 

https://doi.org/10.1007/s11920-017-0813-7 649 

Folkvord, F., Veling, H. & Hoeken, H. (2016). Targeting implicit approach reactions to snack food in 650 

children: Effects on intake. Health Psychology, 35(8), 919-922. https://doi.org/10.1037/hea0000365 651 

Francis, L. A. & Riggs, N. R. (2018). Executive Function and Self-Regulatory Influences on Children’s 652 

Eating. In J.C. Lumeng & J.O. Fisher (Eds.), Pediatric Food Preferences and Eating Behaviors (pp. 653 

183-206). London, UK: Elsevier Inc. 654 

Franken, I. H. & van de Wetering, B. J. (2015). Bridging the gap between the neurocognitive lab and the 655 

addiction clinic. Addictive behaviors, 44, 108-114. https://doi.org/10.1016/j.addbeh.2014.11.034 656 

Geier, C. F. (2013). Adolescent cognitive control and reward processing: implications for risk taking and 657 

substance use. Hormones and behavior, 64(2), 333-342. http://doi.org/10.1016/j.yhbeh.2013.02.008 658 

Hall, P. A. (2012). Executive control resources and frequency of fatty food consumption: Findings from 659 

an age-stratified community sample. Health Psychology, 31(2), 235-241. 660 

https://doi.org/10.1037/a0025407 661 



  

  29  

Harvey, P. D., McGurk, S. R., Mahncke, H., & Wykes, T. (2018). Controversies in computerized 662 

cognitive training. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, 3(11), 907-915. 663 

https://doi.org/10.1016/j.bpsc.2018.06.008 664 

Hayes, J. F., Eichen, D. M., Barch, D. M. & Wilfley, D.E. (2018). Executive function in childhood 665 

obesity: promising intervention strategies to optimize treatment outcomes. Appetite, 124, 10-23. 666 

https://doi.org/10.1016/j.appet.2017.05.040 667 

Higgs, S. (2016). Cognitive processing of food rewards. Appetite, 104, 10-17. 668 

https://doi.org/10.1016/j.appet.2015.10.003 669 

Higgins, J. P. T., Altman, D. G. & Sterne, J. A. (2011). Assessing risk of bias in included studies. In 670 

Higgins, JPT, Green S (Eds.). Cochrane Handbook for Systematic Reviews of Interventions Version 671 

5.1.0. The Cochrane Collaboration, 2011. Available from www.handbook.cochrane.org. 672 

Hitchcock, C. & Westwell, M.S. (2017). A cluster-randomised, controlled trial of the impact of Cogmed 673 

Working Memory Training on both academic performance and regulation of social, emotional and 674 

behavioural challenges. The Journal of Child Psychology and Psychiatry, 58(2), 140-150. 675 

https://doi.org/10.1111/jcpp.12638 676 

Hofmann, W., Friese, M. & Roefs, A. (2009). Three ways to resist temptation: The independent 677 

contributions of executive attention, inhibitory control, and affect regulation to the impulse control of 678 

eating behavior. Journal of Experimental Social Psychology, 45(2), 431-435. 679 

https://doi.org/10.1016/j.jesp.2008.09.013 680 

Houben, K., Havermans, C., Nederkoorn, C., & Jansen, A. (2013). Beer à no-go: Learning to stop 681 

responding to alcohol cues reduces alcohol intake via reduced affective associations rather than 682 

increased response inhibition. Addiction, 107(7), 1280-1287. https://doi.org/10.1111/j.1360-683 

0443.2012.03827.x 684 

Jaeggi, S. M., Seewer, R., Nirkko, A. C., Eckstein, D., Schroth, G., Groner, R. & Gutbrod, K. (2003). 685 

Does excessive memory load attenuate activation in the prefrontal cortex? Load-dependent processing 686 

in single and dual tasks: functional magnetic resonance imaging study. NeuroImage, 19(2), 210-225. 687 

http://doi.org/10.1016/s1053-8119(03)00098-3 688 

Jaeggi, S. M., Studer-Luethi, B., Buschkuehl, M., Yi-Fen, S., Jonides, J. & Perrig, W. J. (2010). The 689 

relationship between n-back performance and matrix reasoning – implications for training and 690 

http://www.handbook.cochrane.org/


  

  30  

transfer. Intelligence, 38(6), 625–635. https://doi.org/10.1016/j.intell.2010.09.001 691 

Jak, A. J., Seelye, A. M., & Jurick, S. M. (2013). Crosswords to computers: a critical review of popular 692 

approaches to cognitive enhancement. Neuropsychology review, 23(1), 13-26. https://doi.org/ 693 

10.1007/s11065-013-9226-5 694 

Jarmolowicz, D. P., Cherry, J. B. C., Reed, D. D., Bruce, J. M., Crespi, J. M., Lusk, J. L. & Bruce, A. S.  695 

(2014).  Robust  relation  between  temporal  discounting  rates  and  body  mass. Appetite, 78, 63-67. 696 

https://doi.org/10.1016/j.appet.2014.02.013 697 

Johnstone, S. J., Roodenrys, S., Blackman, R., Johnston, E., Loveday, K., Mantz, S. & Barratt, M. F. 698 

(2012). Neurocognitive training for children with and without AD/HD. ADHD Attention Deficit and 699 

Hyperactivity Disorders, 4(1), 11-23. https://doi.org/10.1007/s12402-011-0069-8 700 

Jones, A., Di Lemma, L. C., Robinson, E., Christiansen, P., Nolan, S., Tudur-Smith, C., & Field, M. 701 

(2016). Inhibitory control training for appetitive behaviour change: A meta-analytic investigation of 702 

mechanisms of action and moderators of effectiveness. Appetite, 97, 16-28. 703 

http://doi.org/10.1016/j.appet.2015.11.013 704 

Jones, A., Hardman, C. A., Lawrence, N. & Field, M. (2018). Cognitive training as a potential treatment 705 

for overweight and obesity: A critical review of the evidence. Appetite, 124, 50-67. 706 

https://doi.org/10.1016/j.appet.2017.05.032 707 

Kakoschke, N., Kemps, E., & Tiggemann, M. (2015). Combined effects of cognitive bias for food cues 708 

and poor inhibitory control on unhealthy food intake. Appetite, 87, 358-364. 709 

https://doi.org/10.1016/j.appet.2015.01.004 710 

Karbach, J., Strobach, T. & Schubert, T. (2015). Adaptive working-memory training benefits reading, but 711 

not mathematics in middle childhood. Child Neuropsychology, 21(3), 285-301. 712 

https://doi.org/10.1080/09297049.2014.899336 713 

Keller, K. L. & Bruce, A. S. (2018). Neurocognitive Influences on Eating Behavior in Children. In J.C. 714 

Lumeng & J.O. Fisher (Eds.), Pediatric Food Preferences and Eating Behaviors (pp. 207-231). 715 

London, UK: Elsevier Inc. 716 

Lampit, A., Hallock, H. & Valenzuela, M. (2014). Computerized cognitive training in cognitively healthy 717 

older adults: a systematic review and meta-analysis of effect modifiers. PLoS Medicine, 11(11), 718 

e1001756. https://doi.org/10.1371/journal.pmed.1001756 719 



  

  31  

Lawrence, N. S., O'Sullivan, J., Parslow, D., Javaid, M., Adams, R. C., Chambers, C. D…& Verbruggen, 720 

F. (2015). Training response inhibition to food is associated with weight loss and reduced energy 721 

intake. Appetite, 95, 17-28. http://doi.org/10.1016/j.appet.2015.06.009 722 

Liang, J., Matheson, B. E., Kaye, W. H. & Boutelle, K. N. (2014). Neurocognitive correlates of obesity 723 

and obesity-related behaviors in children and adolescents. International Journal of Obesity, 38(4), 724 

494–506. https://doi.org/10.1038/ijo.2013.142 725 

MacLeod, C., Mathews, A., & Tata, P. (1986). Attentional bias in emotional disorders. Journal of 726 

Abnormal Psychology, 95(1), 15-20. https://doi.org/10.1037/0021-843X.95.1.15 727 

MacLeod, C., Rutherford, E., Campbell, L., Ebsworthy, G., & Holker, L. (2002). Selective attention and 728 

emotional vulnerability: Assessing the causal basis of their association through the experimental 729 

manipulation of attentional bias. Journal of Abnormal Psychology, 111(1), 107-123. 730 

http://dx.doi.org/10.1037/0021-843X.111.1.107 731 

Maher, J. M., Markey, J. C. & Ebert-May, D. (2013). The other half of the story: effect size analysis in 732 

quantitative research. CBE—Life Sciences Education, 12(3), 345-351. https://doi.org/10.1187/cbe.13-733 

04-0082  734 

Melby-Lervåg, M. & Hulme, C. (2013). Is working memory training effective? A meta-analytic review. 735 

Developmental Psychology, 49(2), 270-291.  https://doi.org/10.1037/a0028228 736 

Melby-Lervåg, M., Redick, T. S. & Hulme, C. (2016). Working memory training does not improve 737 

performance on measures of intelligence or other measures of “far transfer” evidence from a meta-738 

analytic review. Perspectives on Psychological Science, https://doi.org/10.1177/1745691616635612 739 

Morris, S. B. (2008). Estimating effect sizes from pretest-posttest-control group designs. Organizational 740 

research methods, 11(2), 364-386. https://doi.org/10.1177/1094428106291059 741 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., The PRISMA Group (2009). Preferred Reporting 742 

Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Medicine, 6(7): 743 

e1000097. https://doi.org/10.1371/journal.pmed.1000097 744 

Murray, J., Scott, H., Connolly, C. & Wells, A. (2018). The Attention Training Technique improves 745 

Children's ability to delay gratification: A controlled comparison with progressive relaxation. 746 

Behaviour research and therapy, 104, 1-6.  https://doi.org/10.1016/j.brat.2018.02.003 747 

Najmi, S., & Amir, N. (2010). The effect of attention training on a behavioral test of contamination fears 748 



  

  32  

in individuals with subclinical obsessive-compulsive symptoms. Journal of Abnormal Psychology, 749 

119(1), 136–142. http://doi.org/10.1037/a0017549 750 

Nederkoorn, C., Jansen, E., Mulkens, S., & Jansen, A. (2007). Impulsivity predicts treatment outcome in 751 

obese children. Behaviour Research and Therapy, 45(5), 1071-5. 752 

http://doi.org/10.1016/j.brat.2006.05.009 753 

Nevo, E. & Breznitz, Z. (2014). Effects of working memory and reading acceleration training on 754 

improving working memory abilities and reading skills among third graders. Child Neuropsychology, 755 

20(6), 752-765. https://doi.org/10.1080/09297049.2013.863272 756 

Oomen, D., Grol, M., Spronk, D., Booth, C. & Fox, E. (2018). Beating uncontrolled eating: Training 757 

inhibitory control to reduce food intake and food cue sensitivity. Appetite, 131, 73-83. 758 

https://doi.org/10.1016/j.appet.2018.09.007  759 

Peijnenborgh, J. C., Hurks, P. M., Aldenkamp, A. P., Vles, J. S. & Hendriksen, J. G. (2016). Efficacy of 760 

working memory training in children and adolescents with learning disabilities: A review  study  and  761 

meta-analysis. Neuropsychological  rehabilitation, 26(5-6),  645-672. 762 

https://doi.org/10.1080/09602011.2015.1026356 763 

Phillips, N. L., Mandalis, A., Benson, S., Parry, L., Epps, A., Morrow, A., & Lah, S. (2016). 764 

Computerized working memory training for children with moderate to severe traumatic brain injury: a 765 

double-blind, randomized, placebo-controlled trial. Journal of Neurotrauma, 33(23), 2097-2104. 766 

http://doi.org/ 10.1089/neu.2015.4358 767 

Porter, L., Bailey-Jones, C., Priudokaite, G., Allen, S., Wood, K., Stiles, K... & Lawrence, N.S. (2018). 768 

From cookies to carrots; the effect of inhibitory control training on children's snack selections. 769 

Appetite, 124, 111-123.  https://doi.org/10.1016/j.appet.2017.05.010 770 

Prins, P. J. M., Dovis, S., Ponsioen, A. J. G. B., Ten Brink, E., & Van der Oord, S. (2011). Does 771 

computerized working memory training with game elements enhance motivation and training efficacy 772 

in children with ADHD? Cyberpsychology, Behavior, and Social Networking, 14(3), 115-122. 773 

http://dx.doi.org/10.1089/cyber.2009.0206. 774 

Pugin, F., Metz, A. J., Stauffer, M., Wolf, M., Jenni, O. G. & Huber, R. (2015). Working memory training 775 

shows immediate and long-term effects on cognitive performance in children [version 3; peer review: 2 776 

approved]. F1000Research, 3, 82. http://doi.org/ 10.12688/f1000research.3665.3 777 



  

  33  

Redick, T. S., Shipstead, Z., Harrison, T. L., Hicks, K. L., Fried, D. E., Hambrick, D. Z... & Engle, R. W. 778 

(2013). No evidence of intelligence improvement after working memory training: a randomized, 779 

placebo-controlled   study. Journal   of   Experimental   Psychology:  General, 142(2), 359-379. 780 

https://doi.org/10.1037/a0029082 781 

Reinert, K. R., Po’e, E. K. & Barkin, S. L. (2013). The relationship between executive function and 782 

obesity in children and adolescents: a systematic literature review. Journal of Obesity, 2013, 820956. 783 

http://dx.doi.org/10.1155/2013/820956 784 

Roberts, G., Quach, J., Spencer-Smith, M., Anderson, P. J., Gathercole, S., Gold, L... & Wake, M. (2016). 785 

Academic outcomes 2 years after working memory training for children with low working memory. 786 

JAMA Pediatrics, 170(5): e154568. http://doi-org/10.1001/jamapediatrics.2015.4568 787 

Rollins, B. Y., Loken, E., Savage, J. S., & Birch, L. L. (2014). Maternal controlling feeding practices and 788 

girls’ inhibitory control interact to predict changes in BMI and eating in the absence of hunger from 5 789 

to 7 y. The American journal of clinical nutrition, 99(2), 249-257. 790 

http://doi.org/10.3945/ajcn.113.063545 791 

Shipstead, Z., Redick, T. S. & Engle, R. W. (2012).  Is working memory training effective? Psychological 792 

bulletin, 138(4), 628-654. https://doi.org/10.1037/a0027473 793 

Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. F., Hambrick, D. Z., & Stine-794 

Morrow, E. A. (2016). Do “brain-training” programs work?. Psychological Science in the Public 795 

Interest, 17(3), 103-186. https://doi.org/10.1177/1529100616661983 796 

Steinberg, L. (2014). Age of opportunity: Lessons from the new science of adolescence. Houghton Mifflin 797 

Harcourt. 798 

Stok, F. M., De Vet, E., Wardle, J., Chu, M. T, De Wit, J., De Ridder, D. T. (2015). Navigating the 799 

obesogenic environment: how psychological sensitivity to the food environment and self-regulatory 800 

competence are associated with adolescent unhealthy snacking. Eating Behaviors, 17, 19-22. 801 

http://doi.org/ 10.1016/j.eatbeh.2014.12.003 802 

Studer-Luethi, B., Bauer, C. & Perrig, W. J. (2016). Working memory training in children: Effectiveness 803 

depends on temperament. Memory & Cognition, 44(2), 171-186. http://dx.doi.org/10.3758/s13421-804 

016-0587-x 805 

Sullivan, G.M. (2011). Getting off the “Gold Standar”: Randomized controlled trials and education 806 



  

  34  

research. Journal of graduate Medical Education, 3(3), 285-289. https://doi.org/10.4300/JGME-D-11-807 

00147.1 808 

Tayeri, N., Habibi, M. & Zandian, P. (2016). The influence of Dual N-Back training on fluid intelligence, 809 

working memory, and short-term memory in teenagers. Iranian Journal of Psychiatry and Behavioral 810 

Sciences, 10(4). http://doi.org/10.17795/ijpbs-5009 811 

Van den Berg, L., Pieterse, K., Malik, J. A., Luman, M., van Dijk, K. W., Oosterlaan, J &, Delemarre-van 812 

de Waal, H. A. (2011). Association between impulsivity, reward responsiveness and body mass index 813 

in children. International Journal of Obesity, 35, 1301–7. http://doi.org/10.1038/ijo.2011.116 814 

Verbeken, S., Braet, C., Goossens, L. & Van der Oord, S. (2013). Executive function training with game 815 

elements for obese children: a novel treatment to enhance self-regulatory abilities for weight-control. 816 

Behaviour Research and Therapy, 51(6), 290-299. https://doi.org/10.1016/j.brat.2013.02.006 817 

Verbeken, S., Braet, C., Naets, T., Houben, K. & Boendermaker, W. (2018). Computer training of 818 

attention and inhibition for youngsters with obesity: A pilot study. Appetite, 123, 439-447. 819 

https://doi.org/10.1016/j.appet.2017.12.029 820 

Wells, A. (1990). Panic disorder in association with relaxation induced anxiety: An attentional training 821 

approach to treatment. Behavior Therapy, 21(3), 273–280. https://doi.org/10.1016/S0005-822 

7894(05)80330-2 823 

Wiers, R. W., Rinck, M., Kordts, R., Houben, K., & Strack, F. (2010). Retraining automatic action-824 

tendencies to approach alcohol in hazardous drinkers. Addiction, 105(2), 279-287. 825 

https://doi.org/10.1111/j.1360-0443.2009.02775.x. 826 

Yang, Y., Shields, G. S., Wu, Q., Liu, Y., Chen, H. & Guo, C. (2019). Cognitive training on eating 827 

behaviour and weight loss: A meta‐analysis and systematic review. Obesity Reviews, 20(11), 1628-828 

1641. https://doi.org/10.1111/obr.12916 829 



  

  35  

FIGURE CAPTIONS 830 
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Table 1 

Details of cognitive training studies included in the review 

Author 

(year), 

language, 

country 

Training: 

targeted 

function, 

delivery, 

program 

Design: training group (TG) (n) 

and control group (CG) (n) 

Sample: weight 

status, age 

(mean ± SD), 

gender  

Assessment 

time points 

Cognitive outcomes 

(assessment tool), author’s 

effect size, calculated effect 

sizea 

Other results 

(assessment tool), 

author’s effect size, 

calculated effect 

sizea 

Astle et al. 
(2015), 

English,  

UK 

Verbal/ 

visual 
WM, 

home-

based, 
Cogmed 

TG (n=13): 20-25 sessions (30-45’) 

over 4-6 weeks, tasks require the 

temporary storage and reordering of 
information, adaptive difficulty. 

Active CG (n=14): equivalent to 
TG, same difficulty over sessions.  

NA, 

aged 8-11 (TG: 

9.9 ± 0.8y; CG: 
9.9 ± 0.9y), 

10 males/17 

females 

Pre-post Visual and verbal WM 
(AWMA) 

Neural connectivity 
data (not included) 

Boutelle et 
al. (2014), 

English, 

US 

Cue-

related 

visual 
attention,  

lab-based,  

ad-hoc 

TG (n=14): 1 session, 288 trials (7’) 

of combinations of a probe type and 

screen position. Following word 

pairs (food - neutral), dot probe 
presented on neutral word position. 

Active CG (n=15): equivalent to 

TG, probe presented on neutral or 

food position, equal frequency. 

Overweight and 
obese,  

aged 8-12 
(10.83 ± 1.28y),  

16 males/13 
females 

Pre-post  

 

 

 

~ attention bias to food cues 
(DPT)  

   Eating (EAH %), 
dppc2=.60 

   Eating (EAH 
kcal), dppc2=.64 

   Craving, liking 
(Likert’s) 

   Salivation (SHP) 

De Voogd et 
al. (2016), 

English, 

Netherlands 

 

Cue-

related 

visual 
attention,  

home-
based, 

ad-hoc 

TG1 (n=126): 8 sessions (15’) over 3 

weeks, visual search of a single 

happy face in a grid of negative 
emotional faces. 

TG2 (n=128): 8 sessions (8’) over 3 

weeks, 160 trials of combinations of 

a probe type and screen position. 

Following angry-neutral or neutral-

neutral faces, dot probe presented on 

angry face position or randomly 
(neutral-neutral trials). 

Active CG1 (n=38): equivalent to 
TG1, neutral stimuli (flowers). 

Active CG2 (n=48): equivalent to 
TG2, probe presented on neutral or 
food position with equal frequency. 

NA, 

aged 11-18 
(14.41 ± 1.20y), 

144 males/ 196 
females 

Pre-post, 

follow-up (3, 

6,12 m, only 
questionnaires) 

1,2 Attentional bias (EVST)      

    Attentional bias (DPT)  

   Subjective 

attentional control 
(ACS) 

  Anxiety/depression 
(SCARED, CDI) 

   Self-esteem 
(RSES) 

   Perseverative 
thinking (PTQ) 

   Test anxiety 
(PMT-K)  

   Socio-emotional, 

behavioural 
problems (SDQ) 
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Table 1 (continued) 

Dunning 

et al. 

(2013), 

English, 

UK 

Verbal/ 

visual 

WM, 

school-

based, 

Cogmed 

TG (n=34): 20-25 sessions (30-

45’) over 6 weeks, tasks 

require the temporary storage 

and reordering of information, 

adaptive difficulty.  

Active CG (n=30): equivalent 

to training group, same 

difficulty over sessions. 

Passive CG (n=30): no 

intervention.  

NA, 

Aged 7-9 

(8.42 ± 

0.66y) 

47 males/47 
females  

Pre-post, 

follow-

up (12 

m)  

Post-training: 

Visuospatial STM (AWMA), d=.87, dppc2=1.08       

Visuospatial STM (AWMA), d=.57, dppc2=.64 

  Verbal WM (AWMA), d=.99, dppc2=1.57 

  Verbal WM (AWMA), d=1.63, dppc2=2.26 

  Visuospatial WM (AWMA), d=.67, dppc2=1.04 

  Visuospatial WM (AWMA), d=.77, dppc2=1.07 

  Following instructions (ad-hoc WM task), d=.71, dppc2=.79 

  Written expression (KTEA), d=.69, dppc2=.51 

 Sentence counting (WORD), d=1.10, dppc2=.51 

 Basic reading (WORD), d=.62, dppc2=.27 

 Omissions (CPT), d=.32, dppc2=.36 

 Verbal WM (AWMA), d=.59, dppc2=.70 

 Sentence counting (WORD), d=.61, dppc2=.31 

 Basic reading (WORD), d=.85, dppc2=.34 

 Omissions (CPT), d=.24, dppc2=.28 

 Verbal IQ, performance IQ (WASI), maths (WOND),       

  commissions (CPT) 

Follow-up: 

   Verbal WM, d=1.16, dppc2=1.28 

   Sentence counting, d=1.18, dppc2=1.28 

Not 

assessed 

Hitchcoch 

and 

Westwell 
(2017), 

English,  

Australia 

Verbal/ 

visual 
WM, 

school-
based, 

Cogmed 

TG (n=54): 25 sessions (45’) 

over 5 weeks, tasks require the 

temporary storage and 

reordering of information, 
adaptive difficulty. 

Active CG (n=45): equivalent 
to training group, same 
difficulty over sessions. 

Passive CG (n=49): habitual 
activities. 

NA, 

aged 10-13 

(12.25 ± 
0,56y), 

68 males/80 
females 

Pre-post, 

follow-
up (3 m) 

   WMI (WISC)  

   Attention (TEA-CH) 

   Task- related attentionb  

   Social, 
emotional, 
behavioral 
difficulties 
(CBCL) 

 Academic 
achieve-
ment(PAT) 
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Table 1 (continued) 

Johnstone 

et al. 
(2012),  

English, 

Australia 

Visual 

WM and 
general IC,  

home-
based, 

ad-hoc 

TG1 (n=23): 25 sessions (15-20’) 

over 5 weeks, ‘Feed the Monkey’ 

game. Bananas had to be found in 

those boxes presented before. Go-

No Go game in which participants 
responded to one of eight pictures.   

TG2 (n=20): equivalent to previous 

training group, adding an EEG 

device to monitor attention level and 
extra reward. 

Passive CG (n=25): waitlist.  

NAc,  

aged 7-13 

(TG1: 9.1 ± 

2.1y; TG2: 9.9 
± 2.0y; CG: 
9.8 ± 2.1y), 

42 males/ 

26 females  

Pre-post, 

follow-up (6 

weeks, only 

behavioural 
measures) 

  1,2 Reaction time to neutral stimuli 

      (Flanker   task)  

     Interference, facilitation effects,  

     correct responses (Flanker task) 

     Inhibition (Go-No Go task)  

     Attention (Oddball task) 

     Visual WM (Counting span)  

~1,2Verbal WM (Digit span) 

 Behavior 

(CPRS-R, 
BRS) 

 

EEG data 

not 
included 

Karbach et 
al. (2015), 

English, 

Germany 

Visual 
WM, 

lab-based, 

Brain- 
twister 

TG (n= 14): 14 sessions (40’) over 

8 weeks, “farm task” and “safari 

task”, participants had to reproduce 

an animal sequence seen before in 

the correct order by subsequently 
clicking on the appropriate pictures, 
adaptive difficulty.   

Active CG (n= 14): equivalent to 

training group, low-level difficulty 
over sessions. 

 

NA, 

aged 7-9 (8.4 
± 0.07y), 

14 males/14 
females 

Pre-post, 

follow- up (3 
m) 

Post-training: 

 Visual WM (WM-ST), p
2=.21, dppc2=2.43 

 Reading ability (KRT), p
2=.18, dppc2=2.51 

 Mathematical ability (GMT) 

 Switching, inhibition (TSP) 

Follow-up: 

 Visual WM, p
2=.18, dppc2=3.39 

 Switching, inhibition, reading ability, 
mathematical ability  

Not 
assessed 

Murray et 
al. (2018), 

English, 

UK 

 

Verbal/ 

auditory 
attention, 

school-
based, 

Wells’ 

Attention 

Training 
Technique  

TG (n= 30): 3 sessions (11’) over 1 

week. Sounds presented 

simultaneously at different spatial 

locations and a narrator instructs 

children on where to focus their 
attention. 

Active CG (n= 33): 3 sessions (11’) 

over 1 week, progressive muscle 

relaxation following verbal 
instructions. 

Passive CG (n=38): habitual school 
activities.  

NA,  

aged 5-6 (6.24 
± 0.33), 

40 males/ 61 
females 

Pre-post  Delay of gratification (Marshmallow 

  Task), np
2=.14, 

  TG vs Active CG: dppc2=.48 

  TG vs Passive CG: dppc2= .58 

 Verbal inhibition (Day/Night task)  

  p
2 =.09, dppc2=.55 

Not 
assessed 
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Table 1 (continued) 

Nevo 

and 

Breznitz 
(2014), 

English, 

Israel 

Verbal/ 

visual WM 

and verbal 

decoding, 

fluency and 

comprehens
ion, 

school-
based, 

WMP and 
RAP 

TG1 (n=27): 12 sessions of 

RAP + 12 sessions of RAP 
over 8 weeks. 

TG2 (n=27): 12 sessions of 
RAP + 12 sessions of WMP 

(adaptive difficulty) over 8 
weeks. 

TG3 (n=23): 12 sessions of 

WMP (adaptive difficulty) + 

12 sessions of RAP over 8 
weeks. 

Passive CG (n=20): no 
training. 
 

WMP: digit recall task, block-

matrix task, the reverse digit 

span task and the reverse block 
matrix task. 

RAP: tasks of decoding, 

fluency, and comprehension at 
the levels of words, sentences, 
and paragraphs. 

All: each session lasted 24’ 
approximately  

 

NA,  

aged 8-9 
(8.6y), 

50 males/ 

47 females  

Pre, after 

12 

sessions, 
and post 

Post-training: 

 2 Word fluency (AF-NWRT), dppc2=.57 

 1 Word accuracy (AF-NWRT), dppc2=.67 

 1-3 Phonological STM (AWMA),  

      TG1 vs Passive CG: dppc2=1.40 

      TG2 vs Passive CG: dppc2=1.01 

      TG3 vs Passive CG: dppc2=.97 

 1-3 Visuospatial complex memory     
       (AWMA) , 

     TG1 vs Passive CG: dppc2=1.08 

     TG2 vs Passive CG: dppc2=.97 

     TG3 vs Passive CG: dppc2=1.06 

 1,2 Phonological complex memory 
     (AWMA), 

      TG1 vs Passive CG: dppc2=.88 

      TG2 vs Passive CG: dppc2=1.13 

 1 Episodic buffer (AWMA), dppc2=1.02 

    Visuospatial STM (AWMA) 

    Reading comprehension (ERT) 

    Pseudo-word fluency, pseudo-word 
accuracy (AF- NWRT) 

Not assessed 

Porter et 
al. 

(2018) 
Study 2, 

English,  

UK 

Cue-related 
inhibitory 

control/ 

generalised 

inhibitory 
controld, 

school-
based, 

ad-hoc 

TG (n=29): 1 session, go= 
healthy food (75%), no 
go=unhealthy food (25%). 

Active CG1 (n=25): 1 session, 

go=healthy food (50%) no 
go=unhealthy food (50%). 

Active CG2 (n=27): 1 session, 

go=sport stimuli (75%), no 
go=technology stimuli (25%). 

All: 5 blocks per 32 trials 

(1500ms; intertrial-interval of 
1000 ms; 7’ per session). 

NA,  

aged 4-11 

(7.54 ± 
2.22y), 

45 males/ 
36 females 

Pre-post 1,2Decision making (healthy food, 

hypothetical shopping taske), p
2=.118, 

   TG vs ACG1: dppc2=.65 

   TG vs ACG2: dppc2=.44 

    

 

 

Not included 
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Table 1 (continued) 

Pugin et al. 
(2015), 

English, 

Switzerland 

Visual WM,  

home-based, 

BrainTwister 

TG (n=14): 7-20 sessions 

(30’) over 3 weeks, visual n-

back task, participants had to 

remember the position of a 

square as n before,  

increasing difficulty adapted 
to individual.  

Passive CG (n=15): 
following habitual activities. 

NA,  

aged 10-16 

(TG: 12.97 ± 

0.40y; CG: 
13.23 ± 
0.37y), 

29 males 

Pre-post, 

follow-up 
(2-5 m)  

Post-training:   

 Verbal WM (ANB, LNST), number-span 

task, fluid intelligence (matrix reasoning, 

TONI), inhibition (SCWT), interference 
(FT)   

Follow-up: 

 Verbal WM, dppc2= 1.51 

  Number-span task, fluid intelligence, 
inhibition, interference  

Not assessed 

Roberts et al. 
(2016), 

English  

UK 

Verbal/ 

visuospatial 
WM, 

school-
based, 

Cogmed 

TG (n=226): 20-25 sessions 

(35-60’) over 5-7 weeks, 

tasks require the temporary 

storage and reordering of 

information, adaptive 
difficulty.  

Passive CG (n=226): 
following habitual activities.  

NA, 

aged 6-7 (TG: 

6.9 ± 0.4y; 

CG: 6.7 ± 
0.4y), 

212 males/ 
240 females 

Pre, 

follow-up 

(6, 12 and 
24 m)  

Follow-up (6m): 

  Visuospatial STM, verbal WM (AWMA) 

   IQ (WASI2) 

Follow-up (12m): 

   Visuospatial STM  

   Verbal WM   

   Academic achievement (WRAT4) 

Follow-up (24m): 

   Visuospatial STM, verbal WM 

   Academic achievement 

Follow-up (all): 

 Attention 

problems 

(Conners’ 3 
ADHD index) 

 Socioemotional 

difficulties 
(SDQ) 

 Quality of life 
(PEDSQL)* 

 Learning 

competency 
(ARS) 

 Approach to 
learning (SRS) 

Studer-

Luethi et al. 
(2016), 

English,  

Switzerland 

Visual WM, 

school-
based,  

ad-hoc 

TG (n=34): 17-20 sessions 

(15’) over 4 weeks, 2 tasks; 

visual n-back (coloured 
square stimuli) and span task 
(animal stimuli).   

Active CG (n=31): 17-20 

sessions (15’) over 4 weeks, 

games targeting reading 

comprehension, and syntax, 
among others. 

Passive CG (n=30): 
following habitual activities. 

NA,  

aged 7-8 (8.25 
± 0.5y), 

62 males/ 33 
females 

Pre-post, 

follow-up 
(3m) 

Post-training: 

   Crystallized intelligence (vocabulary, 

CFT), p
2=.10 

≈ WM (backward colour span task)  

    Inhibition (Stroop task), fluid 

intelligence (RPM), scholastic abilities 
(KRT, DEMAT 2+) 

Follow-up: 

    Crystallized and fluid intelligence, WM, 
inhibition, scholastic abilities 

Not assessed 
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Table 1 (continued) 

Tayeri et 

al. 
(2016), 

English, 

Iran 

Visual/ 
verbal WM, 

school-
based, 

ad-hoc 

TG (n=36): 12 sessions (45’) 

over 6 weeks, dual n-back task 

with visual and auditory stimuli, 
increasing difficulty.  

Passive CG (n=30): following 
habitual activities. 

NA, 

aged 13-14 

(13.48 ± 
0.50y), 

66 females 

Pre-post, 

follow-up 
(1m) 

Post-training: 

  Fluid intelligence (RAPM), general 

memory, STM, working memory 
(WMS) 

Follow-up: 

  Fluid intelligence, general memory, 
working memory 

  STM  

Not assessed 

Verbeken 

et al. 
(2013), 

English,  

Belgium 

Visual WM 

and general 
IC, 

clinic-based, 

Braingame 

Brian and 
ad-hoc 

TG (n=22): 25 sessions (40’) 

over 6 weeks, 2 tasks; WM task, 

participants had to retain 

sequences of rectangles and 

reproduce them, adaptive 

difficulty. Go-No Go task with 
stop signal. 

Passive CG (n=22): treatment as 
usual (CBT techniques).  

Overweight 
and obese, 

aged 9-14 

(9.79 ± 
1,04y), 

24 males/20 
females 

Pre-post, 

follow-up 

(2-3m, 
only BMI) 

  STM visual memory (CBTT-

forward) 
2
=.13, dppc2=.75 

  Visual WM (CBTT-backwards)  


2
=.14, dppc2=.53 

   Inhibition (ST) 

Post-training: 

  WM, meta-cognition 

(BRIEF) =.10; .12, 
dppc2=.22; .71 

   Inhibition (BRIEF) 

   BMI  

Follow-up (2m): 

   BMI, =.16, dppc2=.20 

 Follow-up (3m): 

   BMI 

Verbeken 

et al. 
(2018), 

English,  

Belgium 

Cue-related 

inhibitory 

control, cue-
related 

attention and 

approach 
bias, 

clinic-based, 

ad-hoc 

TG (n=21): 6 sessions (30’) over 

5 weeks, combining 2 of 3 

training tasks with food stimuli. 
Active responsesf always 
matched to healthy food stimuli.   

Active CG (n=15): equivalent to 

training group, active responses* 

randomly matched to either 

healthy or unhealthy food 
stimuli. 

Overweight 
and obese, 

aged 9-15 

(12.06 ± 
1.47y), 

17 males/ 
19 females 

Pre-post, 

follow-up 

(2m, only 
BMI) 

     Inhibition (Go-No Go task) 

     Attention bias (VP) 

     Approach bias (ATT) 

Post-training: 

  Inhibitory problems 

(caregiver’s BRIEF),  

p
2 =.26, dppc2= 1.91 

   BMI 

Follow-up: 

   BMI 

 

Note. ACS = The Attentional Control Scale; ADHD = Attention/Deficit Hyperactivity Disorder; AF-NWRT = Alef and Taf (A-Z) Normative Word Reading Test; ANB = Auditory 
N-Back; ARS = Academic Rating Scale; ATT = Approach/avoidance task; AWMA = Automated Working Memory Assessment; BMI = Body Mass Index; BRIEF = Behavioral 
Rating Inventory of Executive Function; BRS = Purpose-designed Behaviour Rating Scale; CBCL = Child Behavior Checklist; CBT = Cognitive-Behavioural Therapy; CBTT = The 
Corsi Block-Tapping Task; CDI = Children's Depression Inventory; CFT = The Culture Fair Intelligence Test; CPRS-R = Conners’ Parent Rating Scale revised; CPT = Continuous 
Performance Test; DEMAT 2+ = German Mathematics Test for Secondary Classes; DPT = Dot Probe Task; EAH = Eating in the Absence of Hunger free access paradigm; EEG = 

Electroencephalogram; ERT = Elul Reading Test; EVST = The Emotional Visual Search Task; FT = Flanker Task; GMT = German Mathematics Test; KRT = Knuspels Reading Test; 
KTEA = Kaufman Test of Educational Attainment; LNST= Letter-Number Sequencing Task; NA = Not available; PAT = The Progressive Achievement Test; PEDSQL = Pediatric 
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Quality of Life Inventory; PMT-K = Performance Motivation Test for Children; PTQ = The Perseverative Thinking Questionnaire; RAP = Reading Acceleration Program; RAPM = 

Raven’s Progressive Advanced Matrices; RPM = Raven’s Progressive Matrices; RSES = Rosenberg Self-Esteem Scale; SCARED = Screen for Child Anxiety Related Emotional 
Disorders; SCWT = Stroop Colour-Word Test for Children; SDQ = Strengths and Difficulties Questionnaire; SHP = Strongin-Hinsie Peck method; SRS = Social Rating Scale; ST = 
The Stop Task; STM = Short-term memory; TEA-CH = Test of Every Day Attention for Children; TONI = Test of Nonverbal Intelligence; TSP = Task-switching paradigm; VP = 
Visual-probe attention task; WASI = Wechsler Abbreviated Scales of Intelligence; WM = Working Memory; WMI = Working Memory Index of Wechsler Intelligence Scale for 
Children; WMS = Wechsler Memory Scale. WM-ST = Working Memory-Span Task; WMP = Working Memory Program; WOND = Wechsler Objective Number Dimensions; 
WORD = Wechsler Objective Reading Dimensions; WRAT4 = Wide Range Achievement Test, 4th edition. 
a Effect sizes from authors’ report, not available in some studies and calculated effect sizes, not viable in some studies. 
b Participants had to select among 6 choices of what they were thinking, while doing reading comprehension and mathematics tasks. 
c The sample included ADHD children, but only healthy children data were taken into account.  
d For the purposes of the review, we consider that the Active CG2 underwent a generalised IC training.   
e Ad-hoc task in which participants had to choose between healthy food cards or unhealthy food cards. 
f Active responses: the participants had to press the keyboard in response to certain stimulus (Go-No Go and visual-probe attention tasks); in approach/avoidance task, it refers to an 

approach response. 

Meaning:  significant increase (TG> active CG);  x,y significant increase (TG> active CGx,y);    significant increase (TG> passive CG);     x,y significant increase (TGx,y > passive CG); 

   significant increase (active CG > TG);    significant increase (active CG > passive CG );   x,y significant decrease (TG <active CGx,y); ~ trend for significance (TG> active CG);  

~trend for significance (TG> passive TG); ~x,y trend for significance (TGx,y> passive TG);       no differences between groups;      training group significant predictor 

 


