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Abstract 
 
Introduction: Executive functions (EF) are developed early, building a fundamental basis of higher 
cognitive processes in adulthood (Garon et al., 2008). There are studies with children of typical 
development (Passolunghi et al., 2006; Welsh et al., 2010) that have demonstrated the key role of EF, 
such as working memory, inhibitory control, planning and attentional flexibility, in initial literacy and 
precalculus. What is still unclear is whether these EF can be stimulated early and if it has any effect on 
their development. At the same time, it is known that children with atypical development, such as ADHD, 
have deficiencies in the development of EF (Barkley, 1997). Early stimulation of EF in this type of 
population will have the same effects as in a typical development population? The objective of the study 
is to evaluate the effect of a stimulation program of the EF (working memory, inhibitory control, planning 
and attentional flexibility), by means of a tablet digital game, in the development of the EF of preschool 
children with and without symptoms of ADHD, of socioeconomically disadvantaged sectors. Method: 
Two groups, control (CG) and intervention (IG) were selected at random, both were evaluated twice 
(before and after). In total there were 408 participants, 212 with typical development and 196 with 
atypical development. The IG was exposed to a digital game of EF through a tablet during 12 sessions  
(in the classroom). Results: The main results show differences in favor of IG in the different EF 
evaluated, both for children with and without ADHD symptoms, with the exception of attentional variable 
for which no differences were observed. There are differences in the effect of EF among children 
evaluated. Discussion: These differences and their possible implications in the educational and social 
environment are discussed. 
 
Keywords: Early stimulation, executive functions, typical/atypical development. 
 
 
 
1. Introduction 

 
The basis for Executive functions (EF) are developed during preschool age, being this, essential 

for highly cognitive processes development during adulthood (Garon, Bryson & Smith, 2008). 
There are many EF definitions, and some common aspects between them. For example, EF are a 

set of skills that allow children regulate themselves, plan, monitor and evaluate their performance in 
solving a problem (Zelazo, Muller, Frye, y Marcovitch, 2003), and also, contribute to adaptability, 
generate goal-directed behaviors, and block their thoughts and automatic answers (Mesulam, 2002).  
In other words, it is understood that EF are an integrated construction by different skills (although there is 
no agreement about the constitutive skills) that directs behavior, as: response inhibition, working 
memory, attentional flexibility (for example, Zelazo, Carter, Reznick, & Frye, 1997), planification, 
cognitive flexibility (for example, Denckla, 1996), among other skills. Barata (2011), in a 4 years old 
children’s study, confirmed the unity of EF’s different skills and, at the same time, the great diversity of 
them in the studied population.  

Tominey and McClelland (2013) raise three reasons to work on EF stimulation since 
prekindergarten (especially self-regulation skills associated): a) this is the 1st formal class environment 
where children are asked to demonstrate self-regulatory behaviors (read McClelland & Cameron, 2012); 
during these years important prefrontal cortex changes happen related with its maturation. This area is 
associated with executive aspects development which can be improved with practice; and c) the EF 
development level predicts a better academic performance. Since ADHD study, 4 years old is considered 
a good development moment to work on EF because it is before many chronic comorbidities, 
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deteriorating and related characteristics emerge that give rise to a worst long-term prognosis  
(Sonuga-Barke & Halperin, 2010). Also, psychostimulants are still potentially controversial for 
preschoolers and look less effective in this age group (Kollins & Greenhill, 2006) and secondary effects 
could be less common (Wigal et al., 2006). 

Last 20 years, evidence that proves EF can be stimulated in children with typical development 
has been increased (for example, Duncan et al., 2007; Rojas-Barahona et al., 2015) and in children with 
atypical development, like ADHD symptoms (for example, Klingberg et al., 2002). In these experiences 
Cogmed Working Memory Training (Klingberg et al., 2002) is an outstanding program that stimulates 
working memory and is aimed at children with neurological lack of maturity as would-be ADHD 
diagnosed. The stimulation working memory program consists in 20-25 sessions, adjusting the level of 
difficulty of each task according to each child’s performance. Its positive effect has been informed both in 
typical development children (Thorell et al., 2009) and in children with ADHD (Beck et al., 2010). In 
general, there is evidence that proves stimulation cognitive programs bring short- and long-term benefits. 
In this way, research findings by Burger (2010) show positive effects in most programs about cognitive 
development, measured in different researches by academic performance tests, level of instruction, or 
years of schooling, also, they verify other studies results that have established preschool programs used to 
present positive significant short and middle term effects in cognitive and socio-affective children 
development (for example, Anderson et al., 2003; Barnett, 1995; Reynolds et al., 2007). Even so, as all 
advancement of knowledge have been differences in the methodological approach (Willoughby, Wirth y 
Blair, 2012), so is highly recommended to take evidence with prudence.  

However, there are limited program experiences which stimulate many EF in preschoolers, 
including working memory, inhibitory control, attentional flexibility, planning, with typical and atypical 
development population, because those EF are essential not only in typical development children, but also 
in atypical development children, as it would be in ADHD symptom children. This takes more emphasis 
if it is placed on least advantaged communities in socio economic terms, because there is evidence that 
this group of people have less EF development in early development (for example, Neuenschwander et 
al., 2009; Wanless et al., 2011). 

 
2. Objective 

 
This study has as objective evaluate the effect of EF stimulation program (working memory, 

inhibitory control, planning and attentional flexibility), by means of a digital tablet game, in the 
development of the EF of preschoolers with and without ADHD symptoms, of socioeconomically 
disadvantaged sectors. 
 
3. Methods 
 

3.1. Design 
An experimental Comparative and Explanatory Study design was used, where independent 

variables explicative capacity is established: executive functions (4 EF) stimulation program and ADHD 
symptoms (with and without symptoms); about dependent variables (working memory, inhibitory control, 
attentional flexibility and planning). Design was 2x2 with 1 intervention group (IG: stimulating working 
memory game, inhibitory control, attentional flexibility and planning), and 1 control group (CG: without 
intervention), and 2 groups of children (G1: children without ADHD symptoms; G2: children with 
ADHD symptoms). Two measures were made for this research, the first one before intervention (T1), and 
the second one just after the intervention (T2). Groups were conformed randomly.  
 
3.2. Participants 

408 boys (171) and girls (237) participated: 212 with typical development (IG = 72; CG = 54) 
and 196 with atypical development with ADHD symptoms (IG = 124; CG = 158). The average age was 
51 month and 2 days (s.d. 6.70), all the boys and girls were pre kindergarteners in public schools in the 
Metropolitan Region of Chile. All of those schools have a vulnerability index higher than 75% according 
to MINEDUC-Chile statistics. When schools were randomly elected, principals, teachers, parents, and 
families received an informed consent. And before application all children were asked for their assent 
verbally. Then, a screening was done with all children in order to detect ADHD symptoms. Research had 
the approval by the Pontifical Catholic University of Chile’s ethics committee.  
 
3.3. Procedure 
 

3.3.1. Groups description. Intervention Group (IG): intervention was by a digital game program that 
stimulated working memory, inhibitory control, attentional flexibility and planning, in a single way, 
during 12 sessions of 30 minutes, twice per week. Control Group (CG): during 12 sessions of 30 minutes, 
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twice per week, played a digital game that didn’t mean cognitive stimulation. By the end of the activity, 
children of both groups knew their own score and received a sticker for their participation. Every 
participant was evaluated individually in 2 different moments: one after intervention, at the beginning of 
the school year, and the other one at the end of the intervention asking them to use a focalized task in 
working memory, inhibitory control, planning, and attentional flexibility, in sessions of 25 minutes 
approximately each. In total, 2 sessions were needed to evaluate each moment per child. Tasks were 
applied at the student’s own schools, in a quiet room. 
 
3.3.2. Principles of intervention. For the interventions in preschoolers, interventional program is 
based on Dehn’s (2008) proposal: a) degree of difficulty: increases difficulty; b) recurrence practices: 
training trials; c) strategies rotation: every sessions were designed ensuring that strategies change, with 
the same duration each; d) variety of activities: each session consists in 8 different activities; e) Short 
duration: activities were designed in order to be solved quickly; f) achievement: this program was 
designed in order to children could achieve a successful performance in their first trials.  
 
3.3.3. Measuring EF instruments. These tests were chosen because they are adapted for the Chilean 
population and also, they had good psychometric indices (Cronbach’s alpha higher than 0,8). A) working 
memory: short Spanish version was used (Injoque-Ricle, Calero, Alloway, & Burin, 2011) Automated 
Working Memory Assessment (AWMA, Alloway, 2007) was the author; b) Planning: Tower of London 
test was used (TOL) (Shallice, 1982); c) Inhibitory control: Head-Toes-Knees-Shoulders (HTKS) de 
McClelland & Cameron, 2012) was implemented; d) Attentional flexibility (executive): Attentional 
Network Test (ANT) de Fan et al. (2002) was used. Also, Conners 3 was used for screening. And 
attendance and performance register after each session was part of the fidelity of implementation. 
 
3.3.4. Information analysis plan. Descriptive statistics analysis was done in order to find 
characteristics of each group. To respond to the objective, following data analysis were done: ANOVA to 
compare the beginning results with the effects of interaction, and ANCOVA, controlled by the 1st 
measurement results.  
 
4. Results 
 

The initial evaluation only shows differences between children with and without symptoms in 
planning and in inhibitory control. The 2nd evaluation, ANCOVA results show significant differences 
between IG and CG (p < ,001) after controlling the pretest effect in WM, inhibitory control, and planning 
(see table 1). These differences are in favor of IG for the 3 variables. Attentional flexibility doesn’t show 
differences between groups nor interaction effects.  

There is an interaction effect for the WM case (F (1; 407) = 23,702; p < 0,001), it shows a 
significant lower progress for the group with ADHD symptoms compared with other 3 groups, while the 
IG with symptoms doesn’t shows differences with other groups without symptoms. In planning, there is 
an interaction effect too (F (1; 407) = 9,473; p < 0,05), similar with WM. 

 
Table 1. Descriptive statistics and comparative values of study variables in the pre-test and post-test. 

 
  Pre-test Post-test T2 comparison controlled by T1 

Executive function Group 
With ADHD Without 

ADHD With ADHD Without 
ADHD IG-CG ADHD 

condition 
Mean SD Mean SD Mean SD Mean SD F p F p 

Working memory 
Comparison 29,83 17,69 36,41 18,87 33,12 26,62 56,47 16,82 

45,211 ,000** 18,437 ,000** Intervention 35,68 21,70 34,60 15,54 62,17 22,42 60,56 22,12 
Total 33,52 20,47 35,06 16,43 51,50 27,79 59,52 20,94 

Planning 
Comparison 5,32 5,90 9,39 7,39 7,14 7,02 14,69 7,39 

18,559 ,000** 20,104 ,000** Intervention 7,29 6,72 8,03 6,38 13,82 8,26 15,24 7,98 
Total 6,57 6,48 8,37 6,66 11,37 8,44 15,10 7,82 

Attentional 
flexibility 

Comparison 37,15 265,33 44,35 217,78 27,18 115,81 29,61 103,87 
0,122 ,727 ,031 ,860 Intervention 21,55 244,10 39,18 210,64 31,51 114,39 34,43 146,11 

Total 27,28 251,54 40,5 211,97 29,92 114,58 33,20 136,39 

Inhibitory control 
Comparison 7,37 11,63 12,63 14,01 16,94 16,73 25,61 16,33 

23,476 ,000** 9,462 ,002** Intervention 11,65 13,76 13,94 14,90 28,04 17,52 33,34 16,21 
Total 10,08 13,15 13,60 14,66 23,96 18,01 31,37 16,55 

** p<,001 Source: Own elaboration. 
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Inhibitory control doesn’t show interaction effect (F (1; 407) = 0,330; p > 0,05), and main 
differences are in the intervention received because with ADHD symptoms children as well as without 
symptoms obtain higher mean than CG. 
 
5. Discussion/conclusions  
 

Observed results confirm that the same early stimulation by a digital game on tablet has benefits 
on children with typical and atypical development on their different EF, particularly in the working 
memory, planning and inhibitory control. Attentional flexibility was not affected in either group. Reasons 
could be many, one of them is related to the difficulty of stimulation of this EF and it needs more 
stimulation time than other cognitive skills. 

Another important element to consider, is the positive impact of the program in children with 
and without ADHD symptoms, nevertheless it can be observed that typical development children have a 
good EF development independent of their stimulation. This is not observed in atypical development 
children (with ADHD symptoms), where stimulation plays an important role for the EF development. 

There are significant social and educational implications with these results because they allow us 
to confirm that it is possible to design programs for both groups and it is not necessary to divide them, 
even from an early age. Also, it looks relevant to stimulate atypical development children so that they can 
develop their cognitive skills such as EF. 
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