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Abstract
The aims of this work were: (1) to implement a brief 6 sessions intervention, which combines training activities of Cognitive Inhibition (CI) and Response 

Inhibition (RI), in a group of schoolchildren aged from 6 to 8 years (M = 6.8, SD = .61; n = 38; 60.5% girls, 39.5% boys); (2) to analyze the effects of 

the intervention on training tasks performances, on untraining inhibitory tasks (near transfer) and on performance in a FI task (far transfer); and (3) to 

study individual differences in training effects associated with baseline inhibitory performance. An experimental design, pre-test, post-test and control 

group (CG), was implemented. The main results indicate an improvement in performance in trained tasks -differences between first and last session: 

CI training Z = -3.455, p = .001; RI training Z = -3.758, p < .001-, low effects of the intervention on performance in an untrained CI task -experimental 

group (EG), difference pre/post-test performance: F(1,16) = 3.893, p = .066, np2 = .196- and effects on performance in the FI task -F(1,36) = 6.484, 

p = .015, np2 = .153. In the first two cases, it was observed that the students with a lower base line inhibitory performance, showed greater profits -CI 

training, r = -.524, p = .031; RI training, r = -.470, p = .057; untrained CI task, r = .755, p = .001. We discussed the transfer based processing on short 

interventions and the use of different tasks measurements.
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Resumen
Impacto de un entrenamiento combinado de inhibición cognitiva y de la respuesta en niños en edad escolar. Los objetivos de este trabajo fueron: (1) 

implementar una intervención breve de 6 sesiones, que combina actividades de entrenamiento de la inhibición cognitiva y de la respuesta, en un grupo 

de escolares de 6 a 8 años de edad (M = 6.8, DE = .61; n = 38; niñas = 60.5%, niños = 39.5%); (2) analizar los efectos de la intervención sobre el ren-

dimiento en las tareas entrenadas, en tareas inhibitorias no entrenadas (transferencia cercana), y sobre el desempeño en una tarea de inteligencia fluida 

(transferencia lejana); y (3) estudiar las diferencias individuales en los efectos del entrenamiento asociadas con el rendimiento inhibitorio de base. Se 

implementó un diseño experimental con pre-test, post-test y grupo control. Los principales resultados indican un avance en el desempeño en las tareas 

de entrenamiento -diferencias entre primera y última sesión: entrenamiento de inhibición cognitiva, Z = -3.455, p = .001; entrenamiento de inhibición de 

la respuesta, Z = -3.758, p < .001- efectos bajos de la intervención sobre el desempeño en una tarea de inhibición cognitiva no entrenada – diferencias 

de rendimiento pre/post-test en el grupo experimental grupo experimental: F(1,16) = 3.893, p = .066, np2 = .196-, y efectos sobre el rendimiento en 

la tarea de inteligencia fluida - F(1,36) = 6.484, p = .015, np2 = .153. En los dos primeros casos se observó que los escolares con un rendimiento 

inhibitorio de base más bajo, presentaron mayores ganancias -entrenamiento de inhibición cognitiva, r = -.524, p = .031; entrenamiento de inhibición de 

la respuesta r = -.470, p = .057; tarea no entrenada de inhibición cognitiva, r = .755, p = .001. Se discute en torno a los alcances de la transferencia a 

partir de intervenciones breves y del empleo de distintas tareas de medición.
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Introduction

Inhibition is considered one of the main Executive Functions –
EF- (i.e., high-order cognitive processes involved in goal-oriented 
behavior), as it serves as a basis for the development and functioning 
of more complex processing (Diamond, 2013; Doebel, 2020; Fried-
man & Miyake, 2017). It is even suggested that inhibition could be 
serving as the fundamental basis for the rest of the EF (Hasher et 
al., 2007; Miyake & Friedman, 2012). Generally speaking, inhibition 
can be defined as the ability to limit proponent tendencies linked to 
emotion, thought, behavior and environmental stimuli that interfere 
with the achievement of personal goals (Diamond, 2013; Mann et al., 
2013). In this sense, current models consider inhibition as a multidi-
mensional construct, generally identifying three inhibitory processes: 
Perceptual Inhibition (PI), Cognitive Inhibition (CI) and Response 
Inhibition (RI) -terms may change according to the model/author 
(Friedman & Miyake, 2004; Introzzi et al., 2016). Briefly, PI refers to 
the ability to resist interference from external stimuli on the ongoing 
task; CI makes it possible to suppress prepotent mental representa-
tions that are irrelevant to the processing objectives; and the IR allows 
to stop motor actions that could be inappropriate for the context and 
the processing objectives (Diamond, 2013; Friedman & Miyake, 2004; 
Hasher et al., 2007; Tiego et al., 2018). Various studies suggest that 
inhibitory processes have specific developmental trajectories (Introzzi 
et al., 2016; Vadaga et al., 2015; Vuillier et al., 2016), although in gen-
eral it can be said that they show important improvements in their 
functioning during childhood, in the years that correspond with the 
preschool and primary school stages (Introzzi et al., 2016). Inhibitory 
functioning in childhood is linked to the development and perfor-
mance of more complex skills that are important for the daily per-
formance of children. For example, different inhibitory processes 
have been linked to Fluid Intelligence -FI- (e.g., Aydmune, Introzzi, 
Zamora, & Stelzer, 2020; Michel & Anderson, 2009), the control of 
impulsive behaviors (e.g., Aydmune, Introzzi, Richard’s et al., 2019; 
Volckaert & Noël, 2015), the comprehensive reading of texts (e.g., 
Borella et al., 2010; Borella & De Ribaupierre, 2014; Demagistri et al., 
2012) and skills identified in the domain of arithmetic (Cragg et al., 
2017; De Visscher & Noël, 2014; Robinson & Dubé, 2013). 

Therefore, different authors have proposed to intervene on inhi-
bition processing with the goal of knowing the plasticity of its func-
tioning, and generate effects on other related skills (Baker et al., 2020; 
Diamond, 2012, 2013; Jolles & Crone, 2012; Karbach & Unger, 2014; 
Zelazo & Carlson, 2012). These interventions are so called inhibitory 
training (Baker et al., 2020) and although they take place through-
out the life cycle, special emphasis has been placed on child labour 
because of the potential impact of higher levels of neural plasticity 
in early life (Karbach & Unger, 2014; Jolles & Crone, 2012). In this 
context, process-based training predominates, from which activities 
with a high requirement of processes to optimize are proposed (Jolles 
& Crone, 2012; Karbach & Unger, 2014; Rueda et al., 2016). Inhibitory 
training in children with typical development seeks to understand to 
what extent the functioning of inhibitory processes can be modified, 
promoting their progress reaching optimal levels according to the 
developmental stage in which they are (Jolles & Crone, 2012; Karbach 
& Unger, 2014), as well as other related skills (Diamond, 2012, 2013; 
Zelazo & Carlson, 2012).

However, with regard to this work, recent revisions pointed out 
several crucial issues. First, the set of interventions designed to specif-
ically train inhibition is lower compared to other EF such as working 
memory (Karbach & Unger, 2014; Rueda et al., 2016). Secondly, some 

results are contradictory -for example, while in some cases effects 
are found after the intervention (Zhao et al., 2016), in others these 
effects are not observed (Thorell et al., 2009). These contradictory 
effects could be linked to multiple factors affecting training, such as 
individual differences in baseline inhibitory performance that is not 
frequently analyzed (Johann & Karbach, 2020). Third, not all studies 
address different inhibitory processes and what is called here CI, only 
recently has started to be targeted by a specific training (Aydmune et 
al., 2017; Aydmune, Introzzi, & Lipina, 2019; Aydmune et al., 2018). 
Within the framework of the latter work, computerized training tasks 
were developed to train in particular CI and RI in schoolchildren 
mainly on the first years of primary school were the tasks were man-
aged through experimental designs, in the school context (Aydmune, 
Introzzi, & Lipina, 2019). The main results obtained indicated short-
term effects on performance in a working memory task from CI and 
RI training; and short- and long-term effects on performance in a FI 
task after training in CI. The design implemented allowed to investi-
gate the specific effects of each task; and qualitatively obtain informa-
tion on the applicability of this type of intervention in school contexts.

However, the literature suggests that the more intensive inter-
ventions, which largely demand the processes that are intended to be 
optimized, can lead to greater changes (Diamond, 2012; Korzeniowski 
et al., 2017). However, it is also important to take into account the 
context in which the training is intended to be applied. To this aim, 
several researchers from school research area highlight the existence 
of factors that hinder the systematics of the training: suspension of 
classes, development of special activities proposed by the institution 
or the teacher, repeated absences of children due to travel or illness, 
etc. (Canet Juric et al., 2020). In this sense, a recent review reveals that 
the number of training sessions varies from study to study, finding an 
average of 14 sessions (SD = 9.13). Then, a question that still needs 
to be addressed is whether the reduction in the number of sessions, 
would optimize the training menus, or and at the same time decreases 
the eventual interference of the aforementioned factors. 

For it, the objectives of this work are the following: (1) apply a short 
training that combines the demand for CI and RI tasks, in a group of 
schoolchildren from 6 to 8 years of age; (2) to analyze the effects of 
the aforementioned intervention on training tasks performances, on 
inhibitory tasks other than those trained (i.e., near transfer) and on 
performance in a FI task that is a more complex ability linked to inhibi-
tion (i.e., far transfer); and (3) to study individual differences in train-
ing effects associated with baseline inhibitory performance. 

Consequently, we expected (hypothesis) to apply a short inhib-
itory training in the school context; to find improvements on train-
ing task performance; to observe near and far transfer effects; and to 
find individual differences in training effects associated with baseline 
inhibitory performance. 

Method

Participants

We evaluated a sample of 38 schoolchildren (23 girls, 15 boys) 
from 6 to 8 years of age (M = 6.8, SD = .61) who were in the 1st, 2nd 
and 3rd grade of primary school, in a privately school from the city of 
Mar del Plata, Argentina (the calculation of the sample size is given 
under “statistical analysis”). For the participants inclusion on the sam-
ple, the following criteria were followed: non-recurrent students, who 
presented a typical development (i.e. without deficits or alterations, 
without a history of learning disorder or development), and with nor-
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mal or corrected vision and hearing. The participants were part of one 
of two groups: EG was made up of 18 schoolchildren (10 girls, 8 boys; 
age M = 6.78, SD = .55) and CG for 26 participants (13 girls, 7 boys; 
age M = 6.85, SD = .67). 

Instruments

Pre and post-test measurements

1. To measure CI, the Proactive Interference Task -IP (Ayd-
mune, Introzzi, & Zamora, 2020) was used. The activity is based on 
the Brown-Peterson paradigm (Brown, 1958; Peterson & Peterson, 
1959) and consists of two evaluation blocks of four trials each. Each 
trial consists of a list of four words, which are presented simulta-
neously in auditory (verbal label) and visual (drawing) form for 2 
seconds. In each trial, the participant´s task was to pay attention 
to the list. Then, they must perform a brief distracting task for 16 
seconds, to avoid review. Finally, participants were asked to recall 
as many words as possible from the list that was presented. The 
researcher recorded such words; while the stimuli run in a Power-
Point presentation. 

In each block, the first three lists contained words of the same 
semantic category, while the last list contained words of a different 
category. This task assessed from each participant an Index of Sus-
ceptibility to Interference (ISI) that is obtained by subtracting the 
words correctly remembered from lists 2 and 3 to those of lists 1 and 
4 in each block, and then obtaining an average value out of both. 
According to the scientific literature (e.g., Borella et al., 2010; Christ 
et al., 2011) worse execution is expected in lists 2 and 3, due to the 
interference effect generated by the words presented above -because 
they belong to the same semantic category. Thus, the greater the 
interference they show, the less efficient the process of resistance 
(CI). The task has adequate levels of reliability and validity (Ayd-
mune et al., 2018; Aydmune, Introzzi, & Zamora, 2020).

2. To evaluate RI, a task based on the Simon paradigm (Simon 
& Rudell, 1967) was used, composed of two blocks of the TAC bat-
tery Finger Task (Introzzi & Canet Juric, 2012): Congruent (CB) 
and Incongruent (IB). Both blocks are composed of 32 trials, and 
start with a cross fixation in the center of the screen that remains 
throughout the task. The stimuli -hands with the index finger 
pointing- appear one at a time, on the left or right side of the cross, 
for 750ms. The CB is first administered and consists of matching 
assays, in which a hand with the index finger pointing straight down 
appears on the left or right side of the screen. The participant must 
press a key located on the same side (ipsilateral) in which the stim-
ulus is located (“Z” when it appears on the left side, and “M” when 
it appears on the right). IB is administered second, and consists of 
incongruent trials. Here, the stimuli are hands with the index finger 
pointing to the opposite side. The participant must press a button 
on the side opposite the stimulus location (“M” if the stimulus is on 
the left side and “Z” if it is on the right). Various studies show that 
it responds more quickly and accurately, when concur the stimulus 
and the place where the response should be executed, sustaining the 
existence of a predominant tendency to respond on the same side in 
which the stimulus is presented. This trend is expected to be inhib-
ited in IB through RI. 

In the age range that we assesses on the present work, the accu-
racy index is more sensitive (Davidson et al., 2006; Traverso et al., 
2018), so here as the main performance index will work with preci-
sion in the IB controlling the performance base in the CB. The task 

presents levels of validity and compliance with appropriate internal 
criteria for its application in children (Richard´s et al., 2017).

3. To measure FI, the Progressive Matrix Test, Colored Scale 
(Raven et al., 1993) was used. This test contains abstract material 
and consists of 36 problems of increasing difficulty. Each problem 
involves an incomplete colored drawing, with six small drawings 
below, of which only one allows it to be completed correctly accord-
ing to a criterion to be abstracted. The participant should find and 
point it out. The punctuation for the correct answer and its sum cor-
responds to the main performance variable. The scale has Argentin-
ian normative data and adequate reliability levels to be administered 
in children (Cayssials et al., 1993). In view of the above, the percen-
tiles were considered in this paper. 

Training tasks

The tasks are adaptive (i.e., the level of difficulty is increased 
accordingly to the participants performance) and contain appropri-
ate stimuli and rules for children aged from 6 to 8. A character called 
“Verdecito” presents the instructions and accompanies the partici-
pants during all the activities. 

1. CI training task. This activity was designed on the basis of 
the experimental paradigm used by Oberauer (2001), which com-
bines features of directed forgetting and proactive interference. 
Each trial is divided into three phases: learning, signal and probe. 
Learning phase, in which the participant is asked to remember two 
rows of stimuli, one on a red background and the other on a blue 
background. The lists involved words with equal length and differ-
ent semantic categories (to avoid the interference in the recogni-
tion of the requested probe). The lists are presented for 1.3 seconds 
per stimulus. Secondly, the signal phase took place. It was shown a 
sign that informs the participants which of the two list should be 
remembered -as it will be relevant for a later recognition task- and 
which list should be forgotten -as it will be irrelevant later on. On 
the probe phase a test item was presented and the participant was 
asked to indicate whether or not the items were part of the rele-
vant list by answering “yes” or “no” (see Figure 1). On the instruc-
tions, “Verdecito” explained that together with his friends they have 
formed two teams -red and blue- to play various games, but they 
have forgotten which team they belong to. Thus, “Verdecito” pro-
poses the participant to help him find the team that belonged each 
of his friends. Verbal responses from participants are recorded by 
the researcher; while the activity runs on a PowerPoint document.

The probes are of three types: relevant, which are in the list 
which has to be remembered; irrelevant, which are in the list which 
has to be forgotten-; and new, which are not in either of the two lists. 
At the signal, the participant was asked to forget the irrelevant list 
(i.e. to inhibit it). If the participant fails to do it, an irrelevant probe, 
could be compared to the irrelevant list that has not been removed 
and considered as part of the relevant list. As a result, further errors 
are likely to be made in the trials with an irrelevant probe. Thus, 
the increase in the difficulty of the task was produced through two 
factors: (i) Reduction of time elapsed between the presentation of 
the signal and the presentation of the probe. Here, the interval was 
reduced by 300ms from one level to another. (ii) Increase of per-
centage of trails with irrelevant probes. Here, the percentage was 
progressively increasing from one level to another, from 30% to 60% 
of irrelevant probes (for more details see Aydmune, Introozzi, & 
Lipina, 2019). The activity consists of 6 levels of different complexity 
(each level contains blocks of 10 trials each). 
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2. RI training task. The activity was built on the Go/no-go para-
digm. On the computer screen were presented one at a time, stimuli 
-green and violet balls. Green balls were the go stimuli, to which the 
participant was asked to give an answer, pressing the space bar as fast 
as possible. Violet balls were non-go stimuli and participants were 
asked no to press any key on these cases (hold the answer). In go/
no-go tasks, the go stimuli are presented more frequently, creating a 
tendency to respond on all trials (predominant response), which had 
to be inhibited in non-go trials (Bezdjian et al., 2014). On the instruc-
tions, “Verdecito” explains that he wants to assemble a “ball pool play-
ground” containing only green balls (because it is his favorite color). 
The participants were asked to help “Verdecito” to achieve this aim by 
catching only balls of this color (see Figure 2). 

The task difficulty increase was set by two factors: (i) The decrease 
in the time between stimuli (Lindqvist & Thorell, 2008) which favored 
the predominance of the response, and reduced the probability to 
inhibit a predominant behavior (Simpson et al., 2012). This interval 
was reduced 300ms from a lower level of difficulty to a higher level 
of difficulty, being 300ms the lowest possible (Zhao et al., 2016). 
(ii) The increase in the amount of go trials that precede the no-go, 
which increases the predominance of the response, making it more 
difficult for the participants to inhibit pressing the key on no-go trials 
(Durston et al., 2002). Six levels of difficulty were formed, each with 
blocks of 30 to 40 trials (for more details see Aydmune, Introzzi, & 
Lipina, 2019).

Procedure and ethical considerations

The project was approved by the ethics committee of the National 
University of Mar del Plata and then by educational institutions of 
the city of Mar del Plata that agreed to participate on the research. 
Informed consent for participate in the study was obtained from 
children´s parents or legal representatives. Subjects were randomly 
assigned to one of two conditions: EG and CG. At the EG, participants 
worked with CI and RI training activities over 6 sessions, with a dura-
tion of 15-minute each, once a week. In the CG, students performed 
only at level 1 of the training tasks (number of sessions: M = 2.6, SD 
= 2.19); these conditions do not significantly demand inhibitory pro-
cesses (Aydmune, Introzzi, & Lipina, 2019). Before and after going 
through these conditions, all children were evaluated with pre- and 
post-test measures. The tasks were administered by authors of this 
work and other project members accredited to do so; and took place 
in educational institutions schoolchildren attended, in a specially 
designed classroom for research purposes. 

Statistical analysis

The calculation of the sample size was done through the G*Power 
software, based on the planned data analysis and taking into account 
the size of the groups in studies with similar objectives (for a review 
see Aydmune et al., 2017). 

In order to analyze the effects of the intervention on the per-
formance in the training tasks, on untrained inhibitory tasks (near 
transfer) and on the performance in a FI task (far transfer), the fol-
lowing analyses were planned: An ANOVA of a factor to evaluate 
the equivalence between the age groups and the main performance 
indices of the pre- and post-test measurement tasks. To analyze the 
progress during the training, we planned descriptive analyses and 
an analysis of differences in performance with respect to the level 
reached in the first and last session in each task, through the non-
parametric test Wilcoxon (taking into account that level reached is 
an ordinal variable). All this, following the proposal of other works 
with similar objectives (Johann & Karbach, 2020). In order to ana-
lyze the effects of near and far transfer, we thought about the appli-
cation of mixed ANOVAs, with an inter-subject factor (i.e., Group, 
with two categories: EG and CG) and an intra-subject factor (i.e., 
Time, referred to performance in CI task in one analysis, RI in a sec-
ond analysis, and FI in a third analysis; in each case with two levels: 
pre and post-test). Both in the case of performance during training 
and in the analysis regarding the near and far transfer, the study of 
individual differences in training gains was considered both on in 
pre- and post-test measurement tasks. In this sense, partial correla-
tions were planned (controlling age) between the baseline of each of 
the trainings with the gains of the training; pre-test performance and 
gains on each task (Johann & Karbach, 2020).

Results

First, on Table 1 we show descriptive statistics of the main perfor-
mance values that were obtained in the pre- and post-test instances.

Analysis of the initial equivalence of the groups. 

One factor ANOVA showed that the groups do not differ signif-
icantly with respect to age and the main rates of performance of pre- 
and post-test measurement tasks (ps>.095).

Figure 1. Example of a trial of level 4 in cognitive inhibition training task

Note. Each trial is divided into three stages: learning, signal, and probe. In 
the learning phase, after the presentation of a fixation cross, the participant 
is requested to remember two lines of stimuli. In the signal phase (after a 
blank screen) it is shown a signal that informs which of the two lists will have 
to be remembered and which one will have to be forgotten. Finally, the probe 
phase takes place, where a stimulus is presented and the participant has to 
indicate if it was in the relevant list or not – saying “yes” or “no”, respectively.

Figure 2. Example of three trial of level 3 in the response training task

Note. The go stimulus is “a green ball” in which the participant has to press 
the space bar on the computer keyboard, while the no-go stimulus is “a violet 
ball” in this case, he/she must not press any key.
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Training

Descriptive analyses show that all EG participants began perform-
ing at the first level of each task, and most completed their training at 
a higher level (17 cases with respect to the RI task and 15 in relation 
with the CI task). Wilcoxon test showed statistically significant differ-
ences with respect to the level reached in the first and last session in 
each training task (see Table 2). 

Then, in order to analyze the individual differences regarding 
training gains, partial correlations (controlling age) were applied 
between the baseline of each of the trainings (i.e., performance in 
session 1 of CI training and performance in session 1 of RI training) 
with training gains (i.e., performance differences between the first and 
last session, in each training task). Regarding training in CI, a nega-
tive and significant correlation was found (r = -.524, p = .031) and for 
training in RI, a negative, marginally significant correlation (r = -.470, 
p = .057). Those who started with a lower performance, observed 
greater gains in their performance during training. 

Near transfer

CI task (Interference Proactive Task)
First a mixed ANOVA was applied with an inter-subject factor 

(i.e., Group, with two categories: GE and GC) and an intra-subject 
factor (i.e., Time, referred to performance in the task, with two levels: 
pre and post-test). This analysis did not reveal effect of Time -F(1,35) 
= 3.16, p = . 084, np2 = . 083-, of Group -F(1,35) = 2.211, p = . 146, 
np2 = . 059-, or interaction Time x Group -F(1,35) = 1,282, p = . 265, 
np2 = . 035. Descriptive statistics such as the mean of performance of 
both groups in pre- and post-test instances (Table 1) suggest a greater 
reduction of interference in EG. ANOVAs repeated measurements 

carried out for each group indicate for EG a marginally significant 
difference between their pre- and post-test performance -F(1,16) 
= 3,893, p = .066, np2 = .196- and no difference in the case of CG 
-F(1,19) = .228, p = .639, np2 = .012. 

Considering the above, the EG (at intra-group level) was exam-
ined in order to study the individual differences with respect to the 
results found. We analyzed the correlations (controlling age) between 
performance in the pre-test and gains in the CI task (difference 
between performance in the pre and post-test). A positive and sig-
nificant correlation was observed (r = .755, p = .001). In other words, 
those who had greater interference (due to less control by CI) showed 
greater gain from pre to post-test.

RI task (Simon task)

A mixed ANOVA with an inter-subject factor (Group) and an 
intra-subject factor (Time), did not reveal effect of Time -F(1,35) = 
.4, p = .531, np2 = .011-, of Group -F(1,35) = 2.693, p = .110, np2 = 
.071-, nor of interaction Time x Group -F(1,35) = .668, p = .419, np2 
= .019. ANOVAs repeated measurements for each group do not reveal 
significant changes from pre to post-test (ps>.5 in both cases).

Far transfer

A mixed ANOVA was applied with an inter-subject factor 
(Group) and an intra-subject factor (Time). Time effect -F(1,36) = 
4,657, p = .038, np2 = .115-, no Group effect -F(1,36) = .72, p = .79, np2 
= .002-, was observed; and finally we found interaction effect Time x 
Group -F(1,36) = 6.484, p = .015, np2 = .153. To advance the under-
standing of this interaction effect, ANOVAs repeated measures were 
performed for each group. Analyses show that only EG significantly 
changes its performance from pre to post-test -F(1,17) = 12.328, p = 
.003, np2 = .420; CG, F(1,19) = .070, p = .794, np2 = .004. Descriptive 
statistics (Table 1) suggest that this performance improves from pre 
to post-test. 

In view of the above, the EG was examined in order to study the 
individual differences in the results found. We analyzed the correla-
tions (controlling age) between the performance in the pre-test in CI, 
RI and FI tasks, with the gains in the fluid intelligence task (difference 
between the performance in the pre and post-test). No significant 
relationships were observed (ps>.465).

Discussion

This work proposed to apply a brief and combined training of CI 
and RI in a group of schoolchildren aged 6 to 8; to analyze the effects 
of the intervention on the performance in training tasks; to study the 
effects of near and far transfer; and to analyze the individual differ-
ences related to the baseline performance.

Table 2. Descriptives and comparations respect to the level reached in the first and last session in each training task.

CI training RI training
Differences first 

session - last session 
(level reached)

 First 
sesión 
(level 

reached)

Last session 
(level reached)

Differences first 
session - last session 

(level reached)

First 
sesión 
(level 

reached)

Last session (level reached)

Z* p Md Md min max Z* p Md Md min max
-3.455 .001 1 3 1 5 -3.758 .000 1 2 1 3

Note: CI =  cognitive inhibition; RI =  response inhibition; Md =  median; min =  minimum; max = maximum. *Wilcoxon test, signification level  < .05

Table 1. Descriptive statistics of the main performance values that were 

obtained in the pre- and post-test instances.

EG CG

variables Mean Standard 
deviation

Mean Standard 
deviation

ISI pre-test 2.79 1.46 2.05 1.18
ISI post-
test

2.08 .99 1.9 1.15

IB pre-test 76.44 23.86 69.05 31.9
IB post-test 78.56 29.7 79.05 24.38
FI pre-test 51.11 29.13 55.5 29.01
FI post-test 63.83 29.01 54.45 31.9

Note: EG = experimental group. CG = control group. ISI =  Index of Sus-
ceptibility to Interference. IB =  Incongruent Block, accuracy. FI =  Fluid 
intelligence, accuracy.
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Regarding the performance of the EG in the training tasks, the 
results indicate that in general the participants have managed to 
advance from the first level to others of greater difficulty, in both train-
ing tasks. Following what other authors have suggested, given that the 
training was adaptive, performance at increasing levels of difficulty 
suggest improvements in inhibitory performance (Johann & Kar-
bach, 2020). Analysis of individual differences in baseline inhibitory 
performance in these training tasks suggests that those who started 
with a lower performance observed higher gains in their performance 
during training (and vice versa). There could be some form of com-
pensation that would tend to level the playing field, as stated in the 
literature on inhibitory and executive training in general (e.g., Johann 
& Karbach, 2020; Traverso et al., 2015; Volckaert & Noël, 2015). 

Regarding the effects of near transfer of training, initial analysis 
revealed no effects on performance in untrained tasks of CI and RI. 
A subsequent analysis indicated a (marginal) change by the EG from 
pre to post-test in its performance in the CI task. Specifically, it was 
observed that the ISI decreased. It is understood that the higher this 
index, the greater the proactive interference generated by the task 
and therefore the lower the performance of CI, since it is the process 
responsible for controlling it (Borella et al., 2013; Christ et al., 2011). 
Therefore, training may have contributed to some extent to CI per-
formance and to the control it exerts over proactive interference. This 
is in line with what was mentioned in the previous paragraph about 
possible improvements in inhibitory processes (in this case related 
specifically with CI) throughout training, and with the results of some 
studies in which low effects of the intervention on this process have 
been found (Aydmune et al., 2018). Again, here a tendency to com-
pensation was observed, in which participants with a lower perfor-
mance baseline in the CI measurement task, could get greater gains in 
the post-test. It is worth noting that such results are low and that no 
effects on response inhibition were found. Perhaps the use of various 
tasks to measure inhibitory processes allows to control the impurity of 
the same (Friedman & Miyake, 2004) and to capture mayor changes, 
obtaining more information about the scope and limits of the transfer. 

It should be noted that in this study non-training task were used 
to contribute to a greater extent with the understanding of the trans-
fer. Tasks identical to those of training are used in several previous 
studies (e.g., Dowsett & Lievesey, 2000; Johann & Karbach, 2020; Liu 
et al., 2015; Zhao et al., 2016) but the use of tasks based on a single 
experimental paradigm in both evaluation and training phases makes 
it difficult to analyze the near transfer. Conversely, the use of different 
tasks that involving the same type of cognitive process, allowed us to 
rule out that the observed improvements merely reflect the effects of 
the practice, rather than a strengthening of the trained component 
(Rapport et al., 2013; Traverso et al., 2015). 

In turn, the number of sessions may not have been sufficient to 
generate observable effects. However, they would allow to observe 
effects of far transfer on performance in a FI task. The latter agree 
with the results of various studies in which benefits on FI were found 
after inhibitory training and which add evidence on the relationship 
of inhibition with FI during childhood (e.g., Aydmune, Introzzi, & 
Lipina, 2019; Liu et al., 2015; Zhao et al., 2016). However, this work 
also showed that a short training of 6 sessions is enough to generate 
such changes, and that they are independent of the performance of 
inhibitory baseline and even of FI. 

Among other limitations already mentioned, such as the meas-
ures of inhibitory processes, it is worth noting that we evaluated a 
small and non-probabilistic sample. This aspect made it difficult to 
generalize the results, so future research should focus also on different 

socio-cultural contexts samples. 
Future studies should deepen on the research of the role of indi-

vidual differences in the intervention effects by considering other var-
iables in addition to baseline performance. The analyses done on the 
present work suggest that the training would not work in the same 
way on all the functions assessed or on all subjects. Understanding 
which factors optimize or hinder an intervention is critical (Johann 
& Karbach, 2020); by considering both individual and environmental 
aspects, and also multiple factors that could intervene on modulating 
the development and executive functioning (Diamond, 2012; Canet 
Juric et al., 2020; Zelazo & Carlson, 2012). 

In summary, the paper provides information on the applicability 
of a short inhibitory training in the school context and the effects that 
can be found in a group of 6- to 8-year-olds. Suggests that it is possible 
to optimize in some way certain functions such as inhibition and FI, 
which are essential for daily performance at this stage of life, for exam-
ple, in terms of school performance (Aydmune, Introzzi, Zamora, & 
Stelzer, 2020; Borella et al., 2010; Cragg et al., 2017). It is therefore 
important to deepen our knowledge about the plasticity of these pro-
cesses and the possibility of generating an impact on other important 
skills during childhood, both in the short and long term. 

Acknowledgments

The authors thank Valeria Aydmune for the design of the training 
task characters and screens. 

Funding

The work was carried out thanks to funding from the Consejo 
Nacional de Investigaciones Científicas y Técnicas, through an Inter-
nal Postdoctoral Fellowship, resolution: RESOL-2018-2703-APN-
DIR#CONICET, dated December 28, 2018. Period: 04/19-03/21. 
Grant awarded to Yesica Aydmune; director: Dr. Isabel Introzzi; co-di-
rector: Dr. Sebastián Lipina. Topic: “Training of behavioral inhibition 
and cognitive inhibition during early elementary school years.” 

References

Aydmune, Y., Introzzi, I., & Lipina, S. (2019). Inhibitory Processes Training 
for School-age Children: Transfer Effects. Developmental neuropsychology, 
44(7), 513-542. https://doi.org/10.1080/87565641.2019.1677667

Aydmune, Y., Introzzi, I., & Zamora, E. (2020) Tarea de interferencia proactiva 
(IP) para la medición de la inhibición cognitiva en niños de 6 a 8 años. 
Revista Evaluar, 20(3). http://revistas.unc.edu.ar/index.php/revaluar

Aydmune, Y., Introzzi, I., Richard’s, M.M., Zamora, E. & Krzemien, D. (2019) 
Procesos inhibitorios y conductas externalizantes en niños de 6 a 8 años 
de edad. Revista Argentina de Neuropsicología, 36, 1-16. https://7e5bfcbc-
8cab-4aa5-94d4-d55ce46fc649.filesusr.com/ugd/2c1a84_20ac751ad-
e6c40dba675ab9bb86af711.pdf

Aydmune, Y., Introzzi, I. M., Zamora, E. V., & Lipina, S. J. (2018). Diseño, 
implementación y análisis de transferencia de una tarea de entrenamiento 
de inhibición cognitiva para niños escolares. Un estudio piloto. Psicología 
Educativa, 24(2), 63-74. https://doi.org/10.5093/psed2018a11



35 Yesica Aydmune, Sebastián Lipina, María Fernanda López-Ramón & Isabel Introzzi

Aydmune, Y., Introzzi, I., Zamora, E. V., & Stelzer, F. (2020). Inhibitory Pro-
cesses and Fluid Intelligence: a Performance at Early Years of Schooling. 
International Journal of Psychological Research, 13(1), 29-39. https://doi.
org/10.21500/20112084.4231

Aydmune, Y. Lipina, S., & Introzzi, I. (2017). Definiciones y métodos de 
entrenamiento de la inhibición en la niñez, desde una perspectiva neu-
ropsicológica. Una revisión sistemática. Revista Argentina de Ciencias del 
Comportamiento (RACC), 3(9), 104-141. http://www.revistas.unc.edu.ar

Baker, E., Liu, Q., & Huang, R. (2020) A View from the Start: A Review of 
Inhibitory Control Training in Early Childhood. En S Palermo, M Bartoli 
(eds). Inhibitory Control Training. A Multidisciplinary Approach. Turin: 
Intechopen

Bezdjian, S., Tuvblad, C., Wang, P., Raine, A., & Baker, L. A. (2014). Motor 
impulsivity during childhood and adolescence: a longitudinal biometric 
analysis of the go/no-go task in 9-to 18-year-old twins. Developmental 
Psychology, 50(11), 2549-2557. https://doi.org/10.1037/a0038037

Borella, E., Carretti, B., & Pelegrina, S. (2010). The specific role of inhibition in 
reading comprehension in good and poor comprehenders. Journal of Learn-
ing disabilities, 43(6), 541-552. https://doi.org/10.1177/0022219410371676

Borella, E., & De Ribaupierre, A. (2014). The role of working memory, 
inhibition, and processing speed in text comprehension in children. 
Learning and Individual Differences, 34, 86-92. https://doi.org/10.1016/j.
lindif.2014.05.0011041-6080

Canet Juric, L., Coni, A., Andrés, M. L., Vernucci, S., Aydmune, Y., & Stelzer, 
F. (2020). Intervención sobre autorregulación cognitiva, conductual y 
emocional en niños: Una revisión de enfoques basados en procesos y 
en el currículo escolar, en Argentina. Revista Argentina de Ciencias del 
Comportamiento (RACC), 12(1), 1-25. https://dialnet.unirioja.es/servlet/
articulo?codigo = 7410634

Cayssials, A., Albajari, V., Aldrey, A., Fernández Liporace, M., Naisberg, C. 
& Scheinsohn, M. J. (1993). Carpeta de Evaluación Escala Coloreada. 
Adaptación argentina (1993). Buenos Aires, Argentina: Paidos.

Cragg, L., Keeble, S., Richardson, S., Roome, H. E., & Gilmore, C. (2017). 
Direct and indirect influences of executive functions on mathematics 
achievement. Cognition, 162, 12-26. https://doi.org/10.1016/j.cogni-
tion.2017.01.014

Davidson, M., Amso, D., Anderson, L., & Diamond, A. (2006). Develop-
ment of cognitive control and executive functions from 4 to 13 years: 
Evidence from manipulations of memory, inhibition and task switching. 
Neuropsychologia, 44(11), 20-37. https://doi.org/10.1016/j.neuropsycho-
logia.2006.02.006

De Visscher, A., & Noël, M. P. (2014). Arithmetic facts storage deficit: The 
hypersensitivity‐to‐interference in memory hypothesis. Developmental 
science, 17(3), 434-442. https://doi.org/10.1111/desc.12135

Demagistri, M. S., Canet, L., Naveira, L., & Richard’s, M. (2012). Memoria 
de trabajo, mecanismos inhibitorios y rendimiento lecto-comprensivo 
en grupos de comprendedores de secundaria básica. Revista Chilena de 
Neuropsicología, 7(2), 72-78. https://doi.org/10.5839/rcnp.2012.0702.06

Diamond, A. (2012). Activities and programs that improve children’s executive 
functions. Current Directions in Psychological Science, 21(5), 335-341. 
https://doi.org/10.1177/0963721412453722

Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 
135–68. https://doi.org/ 10.1146/annurev-psych-113011-143750

Doebel, S. (2020). Rethinking Executive Function and its Development. 
Perspectives on Psychological Science,15(4), 942-956. https://doi.
org/10.1177/1745691620904771

Durston, S., Thomas, K. M., Yang, Y., Ulug, A. M., Zimmerman, R. D., & 
Casey, B. J. (2002). A neural basis for the development of inhibitory con-
trol. Developmental Science, 5(4), F9–F16. https://doi.org/10.1111/1467-
7687.00235

Dowsett, S. M., & Livesey, D. J. (2000). The development of inhibitory 
control in preschool children: Effects of “executive skills” training. 
Developmental Psychobiology, 36(2), 161-174. https://doi.org/10.1002/
(sici)1098-2302(200003)36:2 < 161::aid-dev7>3.0.co;2-0

Friedman, N. P., & Miyake, A. (2004). The relations among inhibition 
and interference control functions: a latent-variable analysis. Journal 
of Experimental Psychology: General, 133(1), 101-135 https://doi.
org/10.1177/0963721411429458

Friedman, N. P., & Miyake, A. (2017). Unity and diversity of executive func-
tions: Individual differences as a window on cognitive structure. Cortex, 
86, 186-204. doi.org/10.1016/j.cortex.2016.04.023

Hasher, L., Lustig, C., & Zacks, R. T. (2007). Inhibitory mechanisms and the 
control of attention. In A. Conway, C. Jarrold, M. Kane, A. Miyake, A., & 
J. Towse (Eds.), Variation in working memory (pp. 227-249). New York: 
Oxford University Press.

Introzzi, I., & Canet Juric, L. (2012). TAC: Tareas de Autorregulación Cognitiva 
(Application for deposit in custody of unpublished work in the National 
Copyright Office. File No. 5068904).

Introzzi, I. M., Canet Juric, L., Aydmune, Y., & Stelzer, F. (2016). Theoretical 
Perspectives and Empirical Evidence on Inhibition. Revista Colombiana 
de Psicología, 25(2), 351-368. https://doi.org/10.15446/rcp.v25n2.52011

Johann, V. E., & Karbach, J. (2020). Effects of game‐based and standard 
executive control training on cognitive and academic abilities in elemen-
tary school children. Developmental science, 23(4),e12866. https://doi.
org/10.1111/desc.12866

Jolles, D. D., & Crone, E. A. (2012). Training the developing brain: A neurocog-
nitive perspective. Frontiers in Human Neuroscience, 6(76), 1-12. https://
doi.org/ 10.3389/fnhum.2012.00076

Karbach, J., & Unger, J. (2014) Executive control training from middle child-
hood to adolescence. Frontiers in Psychology, 5(390), 1-14. https://doi.org/ 
10.3389/fpsyg.2014.00390

Korzeniowski, C., Ison, M. S., & Difabio, H. (2017). Group cognitive interven-
tion targeted to the strengthening of executive functions in children at 
social risk. International Journal of Psychological Research, 10(2), 34-45. 
https://doi.org/ 10.21500/20112084.2760

Lindqvist, S., & Thorell, L. B. (2008). Brief report: manipulation of task 
difficulty in inhibitory control tasks. Child Neuropsychology, 15(1), 1-7. 
https://doi.org/ 10.1080/09297040701793647

Liu, Q., Zhu, X., Ziegler, A., & Shi, J. (2015). The effects of inhibitory control 
training for preschoolers on reasoning ability and neural activity. Scientific 
Reports, 5(1). 1-10 https://doi.org/10.1038/srep14200

Michel, F. & Anderson, M. (2009). Using the antisaccade task to investigate 
the relationship between the development of inhibition and the devel-
opment of intelligence. Developmental Science, 12, 272-288. https://doi.
org/10.1111/j.1467-7687.2008.00759.x

Miyake, A., & Friedman, N. P. (2012). The nature and organization of 
individual differences in executive functions four general conclusions. 
Current Directions in Psychological Science, 21(1), 8-14. https://doi.
org/10.1177/0963721411429458

Mann, T., De Ridder, D., & Fujita, K. (2013). Self-regulation of health behavior: 
social psychological approaches to goal setting and goal striving. Health 
Psychology, 32(5), 487-498. https://doi.org/10.1037/a0028533

Oberauer, K. (2001). Removing irrelevant information from working memory: 
A cognitive aging study with the modified Sternberg task. Journal of 
Experimental Psychology: Learning, Memory, and Cognition, 27, 948-957. 
https://doi.org/10.1037/0278-7393.27.4.94

Raven, J., Court, J. & Raven, J. (1993). Test de Matrices Progresivas. Escalas 
Coloreada, General y Avanzada. Manual. Buenos Aires, Argentina: Paidos.



36 IMPACT OF A COMBINED COGNITIVE AND RESPONSE INHIBITION TRAINING IN SCHOOL-AGE CHILDREN

Rapport, M. D., Orban, S. A., Kofler, M. J., & Friedman, L. M. (2013). Do 
programs designed to train working memory, other executive functions, 
and attention benefit children with ADHD? A meta-analytic review of 
cognitive, academic, and behavioral outcomes. Clinical Psychology Review, 
33(8), 1237-1252. https://doi.org/ 10.1016/j.cpr.2013.08.005

Richard’s, M. M., Introzzi, I., Zamora, E., Vernucci, S., Stelzer, F., & Andrés, 
M. L. (2017) Evidencias de validez convergente del paradigma Stop-Signal 
para la medición de la inhibición comportamental en niños. Revista 
Argentina de Neuropsicología 30, 50-65. http://www.revneuropsi.com.ar/

Robinson, K. M., & Dubé, A. K. (2013). Children’s additive concepts: pro-
moting understanding and the role of inhibition. Learning and individual 
differences, 23, 101-107. https://doi.org/10.1016/j.lindif.2012.07.016

Rueda, R., Cómbita, L., & Pozuelos, J. (2016). Chilhood and Adolescence. En T. 
Strobach, & J. Karbach (Eds.) Cognitive Training An Overview of Features 
and Applications, (pp 33-44). New York: Springer

Simon, J. R. & Rudell, A. P. (1967). Auditory S-R compatibility: the effect of an 
irrelevant cue on information processing. Journal of Applied Psychology, 
51, 300-304. https://doi.org/10.1037/h0020586

Simpson, A., Riggs, K. J., Beck, S. R., Gorniak, S. L., Wu, Y., Abbott, D., & 
Diamond, A. (2012). Refining the understanding of inhibitory processes: 
how response prepotency is created and overcome. Developmental Science, 
15(1), 62-73. https://doi.org/10.1111/j.1467-7687.2011.01105.x

Thorell, L. B., Lindqvist, S., Bergman, S., Bohlin, G., & Klingberg, T. (2009). 
Training and transfer effects of executive functions in preschool chil-
dren. Developmental Science, 12(1), 106-113. https://doi.org/10.111
1/j.1467-7687.2008.00745. x

Tiego, J., Testa, R., Bellgrove, M. A., Pantelis, C., & Whittle, S. (2018). A hierar-
chical model of inhibitory control. Frontiers in psychology, 9, 1339. https://
doi.org/ 10.3389/fpsyg.2018.01339

Traverso, L., Fontana, M., Usai, M. C., & Passolunghi, M. C. (2018). Response 
inhibition and interference suppression in individuals with down syn-
drome compared to typically developing children. Frontiers in psychology, 
9, 660. https://doi.org/ 10.3389/fpsyg.2018.00660

Traverso, L., Viterbori, P., & Usai, M. C. (2015). Improving executive function 
in childhood: evaluation of a training intervention for 5-year-old children. 
Frontiers in Psychology, 6, 1-14. https://doi.org/10.3389/fpsyg.2015.00525

Vadaga, K. K., Blair, M., & Li, K. Z. H. (2015). Are age-related differences uni-
form across different inhibitory functions? Journals of Gerontology, Series 
B: Psychological Sciences and Social Sciences. https://doi.org/10.1093/
geronb/gbv002

Volckaert, A. M. S., & Noël, M. P. (2015). Training executive function in 
preschoolers reduce externalizing behaviors. Trends in Neuroscience and 
Education, 4(1), 37-47. https://doi.org/10.1016/j.tine.2015.02.001

Vuillier, L., Bryce, D., Szücs, D., & Whitebread, D. (2016). The maturation 
of interference suppression and response inhibition: ERP analysis of a 
cued Go/Nogo task. PloS one, 11(11), e0165697. https://doi.org/10.1371/
journal.pone.0165697

Zelazo, P. D., & Carlson, S. M. (2012). Hot and cool executive function 
in childhood and adolescence: Development and plasticity. Child 
Development Perspectives, 6(4), 354-360. https://doi.org/10.1111/j.1750-
8606.2012.00246.x

Zhao, X., Chen, L., & Maes, J. H. (2016). Training and transfer effects of 
response inhibition training in children and adults. Developmental Sci-
ence, 20(6), 1-12. https://doi.org/ 10.1111/desc.12511

 


