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A B S T R A C T

Given the importance of attention and executive functions in children's behavior, programs directed to improve
these processes are of interest. Nexxo-training combines the use of the Nexxo touchscreen application (go/no-go
and stop signal tasks) with procedural metacognitive strategies. The present paper reports a test of Nexxo's
impact on children aged 6–7 and 8–9 years. We conducted a randomized active-controlled trial involving 108
typically-developing children: 1st grade (N = 61, M = 6.46 years, SD = 0.35) and 3rd grade (N = 47,
M = 8.5 years, SD = 0.27), randomly assigned to: (1) experimental, (2) active-control, or (3) passive-control
groups. A 2-month follow-up was carried out after the intervention. The 3rd grade experimental group displayed
a significant reduction in attentional problems at follow-up compared to both control groups. Executive Function
problems were also reduced at follow-up in the experimental group. Participants in this group improved in
Supervision (self-monitoring) at post-intervention and follow-up compared to passive-controls. Although group
effect was not significant at t1, it was significant at post measures in experimental group compared to passive-
controls. Nexxo-training revealed a trend-level improvement in attention and executive functions for children in
the 3rd grade.

1. Introduction

Attention is essential for fulfilling complex processes (Amador et al.,
2006; McAvinue et al., 2012), and fundamental for people to emit
adaptive responses to stimuli. (Howard et al., 2014). Executive func-
tions (EF) are crucial for individual adaptation in school, labor, fa-
miliar, and social context (Bryck & Fisher, 2012; Crick & Dodge, 1994).
Overall, attention and EF are related to behavior in class, academic
achievement (Blair & Razza, 2007) and intelligence (Tschentscher et al.,
2017; Yoon et al., 2017; de Abreu et al., 2010; Karbach & Unger, 2014).
Our study examined whether cognitive training improves attention and
EF in healthy young students and whether this improvement is reflected
in daily life.

Both attention and EF are relevant to children's lives. But the at-
tentional process of vigilance is particularly relevant. Vigilance is the
detection of changes when only a low rate of relevant stimuli exists
(Hauke et al., 2011). Vigilance is not only required in situations of
sustained and divided attention in daily life but also in those situations
where human lives are at risk (Figueroa & Youmans, 2012). Vigilance is
one of the “intensity” processes of attention (W. Sturm, 2008),

(Parasuraman & Giambra, 1991). Such attentional processes can be
understood by considering the roles played by three interrelated me-
chanisms of attention: (1) the orienting network, (2) the executive
network, and (3) the alerting network (Petersen & Posner, 2012; Posner
& Petersen, 1990). The executive network is activated in situations that
require decision-making, inhibitory control, or emotional self-regula-
tion (Raz & Buhle, 2006). The executive network has also been related
to error detection (Dehaene et al., 1994), as well as to the ability to
resolve conflicts among default responses (Botvinick et al., 2001). These
abilities are fundamental to the development of self-control (Rothbart
et al., 2007). Vigilance tasks require selective attention (identify target
among nontarget), inhibition (holding response in nontargets) and sus-
tained attention (as they require holding attention for a long period of
time) (Parasuraman & Giambra, 1991). Failures in this process have
been found in attention deficit hyperactivity disorder (ADHD) (Huang-
Pollock et al., 2012; Johnstone et al., 2012; Michelini et al., 2016),
Tourette syndrome (Sukhodolsky et al., 2010), children with learning
disabilities and educational needs (Eliason & Richman, 1987; Keogh &
Margolis, 1976), anxiety (Price et al., 2013) autism (Christakou et al.,
2013), children with schizophrenia (Sapir et al., 2001), congenital heart
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disease (Miatton, De Wolf, François, Thiery, & Vingerhoets, 2007) and
brain damage (Galbiati et al., 2009) among others.

The main factors of EF are (1) inhibition, (2) shifting, and (3) up-
dating (Miyake et al., 2000; Miyake & Friedman 2012). In our study we
focused on inhibition. Inhibition is not only the ability to suppress a
dominant response but also the ability to select relevant stimuli when a
distractor appears (A. Diamond, 2013). The prepotent response, in-
hibition, and resistance to distractor interference are connected
(Friedman & Miyake, 2004). These distinctions among EF components
have also been made in school-age children (McAuley & White, 2011;
Rose et al., 2011). Inhibition is considered one of the first EF processes
to develop and is responsible for the development of other, more
complex EF components (Dempster, 1992). Inhibition seems to affect
self-regulation (Rueda et al., 2005), and theory of mind (Carlson et al.,
2002).

There is a strong relationship between attention and EF (Rebollo &
Montiel, 2006). For instance, vigilance problems may be related to
cognitive impulsivity (Lovejoy & Rasmussen, 1990) and cognitive
flexibility (Figueroa & Youmans, 2012). Also primary school children
with higher levels of performance in vigilance tasks obtained higher
scores in fluid intelligence and cognitive flexibility (T. Rossignoli-
Palomeque et al., 2019). As we see, attention and EF converge. Thus,
our view is that the combined training of attention (intensity processes)
and self-control (inhibitory control) may produce more improvements
in behavior than simply training attention alone.

We have focused our training on vigilance and inhibition because
they are core factors for developing more complex components of at-
tention and EF. According to P. Anderson (2002), people with diffi-
culties in this area tend to be impulsive, showing a lack of self-control.
They tend to leave tasks unfinished, making mistakes during execution.
They show lapses of attention, misinterpret or forget instructions, and
respond inappropriately.

Failures in inhibitory processes have been found in disorders such as
ADHD (Barkley, 1997; Beck et al., 2010; Gau et al., 2010; Rebollo &
Montiel, 2006; Stevens et al., 2016; Willcutt et al., 2005), autism
(Ciesielski & Harris, 1997; Ozonoff & Jensen, 1999), obsessive-com-
pulsive disorder (Enright & Beech, 1993; Ozonoff & Jensen, 1999),
behavioral disorders (Graziano & Hart, 2016; Rebollo & Montiel, 2006)
or social maladjustment (Blair & Razza, 2007; Olson, 1989). For these
reasons, studying the effects of attention and EF training in children
seems to be important, not only to compensate for cognitive deficits but
also to promote cognition and development in children (Karbach &
Unger, 2014).

Since the nineties, Cognitive Training (CT) products have been in-
creasingly used to improve attention or EF. Several CT products are
becoming very popular. Nevertheless, most commercially available CT
products have not been tested (Rabiner et al., 2010). A few studies have
shown the positive effects of CT using computer-based programs in
typically-developing children, either in terms of attentional processes
(Thorell et al., 2009) or EF (Rueda et al., 2005). Some authors have
found that CT of attention span and working memory (WM) may pro-
duce some improvement in certain cognitive domains, such as fluid
intelligence (T. Klingberg et al., 2005), academic performance: reading
(K.I. Dahlin, 2011; J. Holmes & Gathercole, 2014) and mathematics
(K.I. Dahlin, 2013). For typically developing children, Cogmed is sup-
ported by the largest number of research studies (near transfer (Thorell
et al., 2009) far transfer (Bergman Nutley et al., 2011), and long-term
effects at two years (Söderqvist & Nutley, 2015). Despite this, in-
dependent research has found inconclusive results in terms of transfer
effects (Gibson et al., 2012) and lack of long-term effects (Hitchcock &
Westwell, 2017). Specifically, regarding inhibition training, a previous
study of a go/no-go task though a touchscreen application with pre-
schoolers showed a trend-level improvement in reasoning and neural
changes in the experimental group after 3 h of training (Liu et al.,
2015). These findings are consistent with the idea that attention and EF
are related to academic performance and cognition. Nevertheless, these

studies have limitations. For example, many of them lack an active
control group in the trial design and they lack single and double-
masked trials.

Therefore, further studies must be carried out to bridge the research
gap generated by these methodological limitations. In a recent review,
cognitive training products were analyzed in terms of neuroplasticity
and transfer, as well as the design of the studies. Analyzing 70 results,
36 studies (51.4%) showed far transfer (7 of them were not independent
studies), but only 11 (15.7%) of them maintained results at follow-up.
Regarding the methodology used in their designs, 40 studies (68.2%)
were neither controlled nor randomized; among the randomized studies
(27), only 9 (12.9%) were double-blind, and only 13 (18.6%) included a
placebo group in the design (T. Rossignoli-Palomeque et al., 2018).
Studies on attention and EF training in typically-developing children
with valid data and less bias are scarce, and there are even fewer that
include CT interventions using touchscreen devices. Those that do tend
to focus on children with specific learning problems (Kirk et al., 2017)
or conditions such as autism (Vélez-Coto et al., 2017). This is an im-
portant consideration as the accessibility of touchscreen devices for
young children has been increasing in recent years (Marsh et al., 2005).
Around three-quarters of the world population has access to this tech-
nology (Bank, 2012). In 2012 alone, 30 billion applications were
downloaded worldwide. On the one hand, applications are appealing
for children; in the United States, children use digital technology
around 4 h a day outside of school (Lai et al., 2013). On the other hand,
untested applications for CT can be accessed by typically-developing
children, yet there is no evidence of their transfer to children's skills or
behavior. New CT of attention and EF should be properly tested for
practical psychological intervention.

The aim of an EF training should be the generalization of the
training into children's daily lives (Simons et al., 2016). This may be
termed “far transfer” (Karbach & Unger, 2014). As mentioned above, an
extended number of previous studies of EF training efficacy lacks this
type of transfer result (T. Rossignoli-Palomeque et al., 2018). We con-
sider that the lack of far transfer in many CT interventions may be
explained by the fact that those interventions follow a training model
that targets specific skills rather than general domains. To overcome
this limitation of traditional “process-based training,” where the
training consists of the repetition of a task, “strategy-based training”
provides (in addition to the task) instructions for users to enhance
strategies involved in those tasks (Jolles & Crone, 2012; Morrison &
Chein, 2011). These are metacognitive strategies that promote better
performance in EF tasks (Bewick et al., 1995) and facilitate learning
(Blankson et al., 2017). One example of this can be scaffolding or me-
tacognitive strategies designed in combination with the training
(Pozuelos et al., 2018). In this study children in the metacognitive
group not only showed larger gains in intelligence compared to the
process-based training group but also significant increases in conflict
processing measured through electrophysiological techniques. This is a
new finding, and further research of attention and EF should focus on
strategy-based trainings to improve task performance and far transfer.
In this sense, our training involves not only the repetition of a task
(vigilance and inhibition tasks) but procedural metacognitive strategies
to enhance strategies involved in those tasks. Furthermore, our training
provides these general strategies for the whole group and also com-
pensatory strategies for those participants with more difficulties during
the training.

Drawing from the assertion that intensity and inhibition are core
factors in developing more complex components of attention and EF,
our team developed a strategy-based training. Previous studies have
shown that procedural metacognitive strategies, such as telling oneself
out loud what one should do or how one should do something, may
foster better results in inhibition tasks, and, therefore, EF development
in children (A. Diamond et al., 2007). Prior research has shown that
young children exhibit enhanced self-control strategies not only when
they use verbal strategies provided through adult instructions, but also
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spontaneous verbalizations or motor behavior to exercise self-control in
inhibition tasks (Manfra et al., 2014). These types of strategies are
considered as “procedural metacognitive” strategies. The training used
in this analysis includes procedural metacognitive strategies, which
consist of the combination of self-regulation strategies (motor and
verbal strategies) in combination with instructions comprehension and
self-instructions, as appropriate for the participant's age. These three
are considered metacognitive strategies that can be applied in self-
regulated learning (Dina & Efklides, 2009). In our view, combining
training of vigilance, inhibition, and procedural metacognitive strate-
gies would be beneficial for children's learning and generalization of
training.

Finally, we have taken into consideration the development of at-
tention (vigilance) and EF (inhibition and procedural metacognitive
strategies) to establish an optimal? Age range to test Nexxo-training.
There is a crucial developmental period based on neural changes in the
neural network that supports attention control between the ages of 3
and 7 years (A. Diamond et al., 2007). In addition to this, from 7 to
9 years, there is a sudden increase in the activity of the frontal regions,
as well as the integration of long-distance connections in the right
hemisphere (E. Perez-Hernandez & Capilla, 2011) which means that
this period is sensitive for our attentional training. We consider that
younger participants would not be prepared for the proposed tasks. As
we have mentioned, attention requires inhibitory control. Although this
process develops especially from 5 to 10 years old (Urben et al., 2011),
a previous study, using go/no-go tasks, shows a significant improve-
ment in this ability between 6 and 8 years old (; Becker et al., 1987;
Urben et al., 2011) which makes this period relevant. EF and procedural
metacognition share developmental paths (Roebers & Feurer, 2016).
Orientation and self-regulation strategies are part of these strategies;
one of them would be the internal language. Internal language evolved,
from more irrelevant speech to task-directed speech especially between
ages 2 and 8, (Winsler et al., 2009). Eight years old seems a crucial
moment in the use of this strategy. Finally, another metacognitive
strategy would be anticipation. Chevalier and Blaye (2016) showed,
using a computerized executive control task in which an anticipation
strategy was provided, that younger children (6 years) showed less
anticipation than older children (10 years). For the youngest partici-
pants, it took longer to respond, and they responded before they had
fixed their eyes. Having a fixed glance and being prepared had a po-
sitive relationship with the performance in the task. With age, children
use more effective metacognitive strategies in tasks that require ex-
ecutive control. The same authors identify that executive control im-
proves with age, largely mediated by metacognition. Based on this lit-
erature, as metacognitive strategies mediate this training, we
hypotheses that results in the different age groups may differ. In con-
trast to other studies, we analyzed training in two different age groups
to understand training effects in different developmental periods.
Taking into account this information, we have chosen participants aged
6–7 and 8–9 years old for the training. It is plausible to suggest that
training cognitive skills without establishing the appropriate

developmental level can be a waste of time and resources. With the
application of metacognitive strategies, we hypothesize that training
will have far transfer effects on children's daily life.

In the present study, we have the following objectives: (1) to test
Nexxo-training effectiveness in typically-developing children aged
6–7 years old for attention and EF, and (2) to test Nexxo-training ef-
fectiveness in typically-developing children aged 8–9 years old for at-
tention and EF. We assume that effects may be different in the 6–7-year-
old group compared to the 8–9-year-old group due to developmental
factors.

2. Method

2.1. Participants

One hundred seventy students from ordinary schools consented to
participate, and 103 typically-developing children were selected based
on inclusion criteria. The selected children were in the 1st grade
(N = 61, M = 6.46 years, SD = 0.35) or the 3rd grade of primary
education (N = 47, M = 8.5 years, SD = 0.27). The parents' profes-
sional range displayed a Mdn of 3.00 (IQR = 2.00) (0 = low,
1 = medium-low, 2 = medium, 3 = medium-high, and 4 = high)
according to “National Institute of Professional Range” (Spain). Table 1
shows the participants' sociodemographic descriptions, and Fig. 1
shows the participant's flow diagram.

The inclusion criteria were: (1) between the ages of 6–7 and
8–9 years; (2) no previous diagnosis of diseases or disorders related to
developmental delays; (3) no psychological or speech therapy treat-
ment required at the time of the study or earlier; (4) Spanish-speaking
monolingual; (5) no diagnosis of learning difficulties or course repeti-
tion; (6) schooled in ordinary schools, and (7) not scoring more than 2
standard deviations above at pretest in Behavioral Problems, EF, and
Attentional Problems scale from Evaluation System of Children and
Adolescent, SENA (Fernández-Pinto et al., 2015) and/or in cognitive

Table 1
Sociodemographic characteristics of participants.

RIST Gender G/B Age

1st grade of primary school Experimental group 103.81 (13.44) 10/11 77.71 (3.93)
Active-control group 100.33 (12.31) 10/9 77.00 (4.51)
Passive-control group 97.62 (14.56) 11/10 77.76 (4.60)
F (2,51) 1.081 0.137

(p =. 347) (p = .873)
3rd grade of primary school Experimental group 108.43 (12.91) 9/7 101.79 (2.99)

Active-control group 106.90 (14.13) 8/7 103.30 (2.79)
Passive-control group 104.80 (12.04) 9/7 101.47 (3.56)
F (2,36) 0.289 1.073

(p = .751) (p = .353)

G = girls; B = boys. RIST: Reynolds Intellectual Screening Test. Age = participants' age in terms of months.

Fig. 1. Nexxo-training description. Nexxo 2016. Reproduced with permission
from tap-mobile.
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scores of the Reynolds Intellectual Screening Test, RIST (Reynolds &
Kamphaus, 2003). Criteria 1–6 were obtained through a parent's
questionnaire. Different schools were contacted to participate in the
study. Finally, 2 of them agreed to participate. There we no economic
benefits for participation.

The sample size was estimated by using ‘Epidat 4.1’. The sample size
calculation was based on the assumption that enrollment of 90 parti-
cipants (30 children in passive-control, 30 in active-control, and 30 in
Nexxo - training group) would provide the trial with 95% power to
detect an absolute difference of at least 5.00 units.

2.2. Materials and procedure

In accordance with the Declaration of Helsinki, written informed
parental consent was obtained from the parent of each participant. This
study was approved by the ethics committee of the San Carlos Hospital
(n° 15/315-E) in June 2015. A pilot version of the Nexxo application
was developed for the study in October 2015 (Tapp-mobile, 2015).
After obtaining the parents' informed consent, the participants under-
went intelligence and behavioral assessments. The baseline included
one individual test and questionnaires filled out by parents. The par-
ticipants were assessed at baseline (t1), at the post-intervention (t2),
and at a 2-month follow up (t3). The experimental group received a 5-
week intervention, the active-control group received intervention
through game-like applications over the same time-period, and the
passive-control group had no training at all.

The dependent variables were the following: Attention and
Executive Functions. These domains were assessed using the SENA
(Fernández-Pinto et al., 2015: index of EF problems, index of Attention
problems, and the BRIEF-2 (Gioia et al., 2000): index of Supervision,
and Global index of EF.

The Nexxo-training was the independent variable: Nexxo app (go/
no-go and stop-signal tasks) + procedural metacognitive strategies.

2.2.1. Overview of assessments instruments

1. The RIST (Reynolds & Kamphaus, 2003), used for inclusion criteria,
is a screening intelligence test which determines a general index of
intelligence (M= 100, SD= 15). To evaluate the transfer effects of
Nexxo-training, we assessed children's behavior rated by parents at
t1, t2, and t3. We have chosen this type of assessment to overcome
the difficulties of the previous assessments which use “lab” tests to
measure attention and EF in terms of “verisimilitude” (the degree to
which an assessment task is similar to the those in real life and) and
“veracity” (predictability value of cognitive assessment in the par-
ticipant's life) (Chaytor & Schmitter-Edgecombe, 2003; Franzen &
Wilhelm, 1996; Olson et al., 2013). Questionnaires seem to be a
good solution as measures of the processes and behaviors in the
child's “real life” (Chaytor & Schmitter-Edgecombe, 2003).

2. The SENA (Fernández-Pinto et al., 2015) is a standardized ques-
tionnaire based on DSM-5, the standard classification of mental
disorders with 3 reports (teacher, parents, and self-report), which
allows us to assess emotional or behavioral problems in children
aged 3 to 18 years old. Regarding Attention, EF and Hyperactivity-
impulsivity, higher scores indicate problems in those constructs (T,
typical scale M=50, SD = 10), reliability is based on Cronbach's
alpha ≥0.70 for all scales. SENA was used at pretest, post-test, and
follow up.

3. The BRIEF-2 (Gioia et al., 2000) is a standardized test for 5 to 18-
year-olds focusing on the assessment of EF with 2 reports (teachers
and parents). For the study, we used the Spanish adaptation. It
provides different index scores, such as Inhibition, Flexibility, or
Supervision, among others. It provides a global EF score. Higher
scores mean problems in those constructs (T, typical scale M = 50,

SD= 10), reliability is based on Cronbach's alpha M= 0.86. BRIEF
was used at pretest, post-test, and follow up.

2.2.2. Overview of interventions
The Nexxo intervention (N = 36) was applied by instructors

through a special training script. Nexxo-training combines the repeti-
tion of EF and attentional tasks, plus strategies to enhance the task. We
refer to those strategies as “procedural metacognitive strategies.” In
addition to general strategies to the whole group, we provide com-
pensatory strategies to those participants who experience higher diffi-
culties while training. The Nexxo-training occurred over a 5-week in-
tervention period (2 sessions per week/15 min each). Fig. 1 shows the
Nexxo-training description.

Nexxo-training intervention is based on models of attention and EF
(P. Anderson, 2002; P.J. Anderson, 2010; Miyake et al., 2000; Petersen
& Posner, 2012; Posner & Petersen, 1990; Van Zomeren & Brouwer,
1994) and metacognition (Efklides, 2009; Flavell, 1979; E. Perez-
Hernandez et al., 2011). Concretely, The Nexxo application is based on
neuropsychological tasks known as “go/no-go” and “stop signal” tasks
(Logan, 1994; Shiffrin & Schneider, 1977). These tasks involve sup-
pression of an on-going response (inhibition), and alertness by training
vigilance, in which changes were to be detected when only a low rate of
relevant stimuli was presented (W. Sturm, 2008). The game had two
different blocks. In the vigilance block, the user had to tap the screen
sporadically (discriminating between possible distractors and thus
maintaining a state of alertness, known as “vigilance”). In the inhibition
block, the user must tap very frequently (holding back an automatic
response, known as “inhibition or self-control”). The mechanics of the
game included requirements to press the screen in the presence of a
specific stimulus, for example: “tap when you see something edible”.

In the vigilance block, the rate of target presence was less than 30%
(70% no-go probability), whereas, in the inhibition block, the rate of
target presence was more than 70% (30% no-go probability). The in-
structions and stimuli were changed from game to game. Fig. 2 shows
an example.

The whole Nexxo-training nature and structure (tasks), adminis-
tration, and dose/duration details can be seen in Supplemental mate-
rial.

The participants played 30 games distributed over two different
blocks in the first level. The Nexxo app involves processing speed (as
the screen transition was 1 s), stimulus processing and decision to tap or
not tap required perceptual-motor agility, and visual and auditory
discrimination given the presence of both types of stimuli. Finally, the
Nexxo app registers the two types of errors: commission errors (the user
tapped the screen when a response should have been withheld) and
omission errors (the user did not tap when a response was required).
For more information: https://neuroapp.wordpress.com/2017/03/02/
nexxo-2/. See more information about Nexxo-training in the supple-
mentary information. Table 2 shows indicators of experimental group
performance during the whole training.

The intervention also involved procedural metacognitive strategies
inspired by E. Perez-Hernandez et al. (2011) and Efklides (2009) car-
ried out by the instructor and recorded for each participant in each
session in a register, as follows:

(1) general instructions (provided to the whole group): (a) signal to pre-
pare for the start of the session (participants had to put their hands
over two fixed stickers when they heard the cue “get into position”
and wait until the instructor gave further instructions), (b) “visual
self-instruction” (wait-see-tap), a visual reminder of how to perform
the games to foster self-control, and (c) verbal self-instruction: “I
am a good observer, I will not fall for any tricks”, (d) instructions
comprehension: the instructor reads the instructions of the game
out loud and asks the participants to say when they have to tap in
each game through fixed questions (e.g., “when do we have to
tap?”), and, (e) verbal reinforcement after games (e.g., “very
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good”).
(2) compensatory strategies (provided to participants with higher difficulties

while training): individual reinforcement if required (a) repeating
the signal for starting, (b) repeating self-instruction, (c) repeating
instructions, (d) child verbalizations through the game (say out
loud what appears on the screen), or in the last case, (e) instructor
verbalizations (say out loud what appears on the screen), and (f)
positive reinforcement through gestures or saying “well done” out
loud. More information about strategies applied can be found in
Rossignoli-Palomeque et al., 2019).

Additionally, after each game, the participants were shown how
many stars they received on the screen as a reinforcement (0–3 de-
pending on the level of performance).

Active-control intervention (N = 36): this group spent the same
time as the experimental group and under the same conditions. The
children were asked to play 3 different games: “Lego Star Wars”, a

video-game-like application, “Chocolapps” an application for drawing,
and “Boo” an app that contains different games and pets care activities.
The children were allowed to play the three apps indiscriminately, and
the instructor noted which games were played by each participant in
every session. Games are not intended as CT but as ludic games.

Both interventions were applied using iPad Mini 2 devices in groups
of 8 students seated in a u-shaped table disposition, during school time.

The passive-control group (N = 36) received no intervention and
continued as usual.

2.3. Randomized active-controlled trial design

Participants were randomly assigned to one of three groups: (1) an
experimental group, (2) an active control group, and (3) a passive-
control group. Children were assigned to different groups based on the
criteria of Higgins and Green (2006) using a computerized random
number generator. To oversee the placebo effect, we included an active
control group.

Families and participants were informed of the existence of 3
groups, in which two consisted of computer activities. In this way, they
were not able to know the children's allocation.

To assess the impact of Nexxo-training, the participants and ex-
aminers were blind to the participants' assignment. Examiners and in-
structors were psychologists. All agents (10) partook in a 5-h training
program. In order to avoid bias, examiners and instructors were not the
same. Examiners conducted the assessments, whereas instructors ap-
plied the training (experimental and active control group). All the in-
structors followed the same script to conduct Nexxo-training. Children
in the experimental and active-control group knew that other groups
were also doing computer-like games activities. Although our study is
not a double-blind study, we applied these measures to avoid bias.
Finally, fidelity to the conditions of the training was ensured as inter-
ventions took part at school.

2.4. Data analysis

This study was conducted to evaluate the effects of the Nexxo-
training on attention and EF in typically developing children. The pre-
and post-training scores in these functions were presented in Table 3.

First, we conducted an analysis at t1 in both groups of age (nor-
mality test, one-factor ANOVA, average, and variance homogeneity).

Fig. 2. Nexxo activity example. Screenshots from inhibition block.
Instruction: “tap when you see something edible”. The user must tap in all screens except in the last one when the hold response is required. Nexxo 2016.
Reproduced with permission from tap-mobile.

Table 2
Indicators of performance in inhibition and vigilance tasks.

Mean SD Minimum Maximum

Inhibition
1st grade 90.65 5.88 80 100
3rd grade 96.71 2.70 91 100

Inhibition commissions
1st grade 1.13 0.34 1 2
3rd grade 1.07 0.27 1 2

Inhibition omissions
1st grade 1.22 0.42 1 2
3rd grade 1.00 0.00 1 1

Vigilance
1st grade 64.09 11.26 38 85
3rd grade 83.86 7.86 69 97

Vigilance commissions
1st grade 1.78 0.60 1 3
3rd grade 1.29 0.47 1 2

Vigilance omissions
1st grade 3.52 1.28 2 6
3rd grade 1.86 0.54 1 3

SD = standard deviation. Inhibition and Vigilance data is a hit percentage
(0−100) of the whole training. Omissions and commissions data is an error rate
1 = 0–10; 2 = 10–20;3 = 20–30;4 = 30–40;5 = 40–50;6 = 50–60 of the
whole training.
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This was done to exclude the possibility that any pre-existing difference
between the groups affected the results of each measure. To test ob-
jectives 2 and 3, we analyzed 1st grade and 3rd grade separately. It
would not be possible to detect different effects of the training in the
different age groups if we joined both age groups, even if we controlled
for age.

The data analysis was carried out through a repeated-measures
mixed ANOVA, where two factors were included: time (3 measure-
ments: t1, t2, t3), and group (experimental/active-control/passive-
control). The main effects and inter-group effects were analyzed. We
applied Bonferroni post hoc tests, and the effect size estimates were
calculated using eta square (η2) were |2 ≥ 0.01 is regarded as a small
effect, |2 ≥ 0.06 as a medium effect, and |2 ≥ 0.14 as a large effect.
This is considered as a descriptive index of the strength of association
between an experimental factor (main effect or interaction effect) and a
dependent variable (Nouchi et al., 2013). Regarding p-value, it ranges
from 0 to 1. Higher values indicate less probability of committing a type
II error. The level of significance was set at p < .05.

Missing data were imputed using Missing Value Analysis in the
Statistical Package for the Social Sciences (SPSS). The analyses were
conducted using IBM SPSS statistics 22.

3. Results

Fig. 3 shows the participant's flow diagram.
Table 3 shows the descriptive statistics of the groups at t1, t2, and t3

of each dependent variable as well as ANOVA t1 and the (3 × 3) AN-
OVAs results.

In the 1st grade children, the ANOVA t1 scores showed no sig-
nificant differences between the groups in all dependent variables. The
(3 × 3) ANOVAs showed no significant differences, with the exception
of BRIEF Supervision time effect (F(2,27) = 3.300, p = .045,

η2 = 0.144, P = .599). Post hoc contrast showed a significant differ-
ence between t2 and t3 (p = .041).

In the 3rd grade children, the ANOVA t1 scores showed no sig-
nificant differences between the groups in all dependent variables.
Results for third graders are the followings:

3.1. SENA attention problems

In SENA Attention problems scale, neither group nor time effect
were significant, group (F(2,32) = 3.001, p = .065), time (F
(2,32) = 1.829, p = .169). Nevertheless, there was a marginal sig-
nificant effect in time * group interaction (F(2,32) = 2.517, p = .051,
η2 = 0.144, P= .680). Post hoc contrasts showed that the experimental
group significantly reduced the score of SENA attention problems at t3
compared to both control groups, experimental vs active-control
(p = .050) and experimental vs passive-control (p = .018).

3.2. SENA executive functions problems

In SENA Executive Functions Problems, neither group nor time ef-
fect were significant, group (F(2,32) = 0.724, p = .493), time (F
(2,32) = 0.962, p = .388). Nevertheless, there was a marginal sig-
nificant effect in time * group interaction (F(2,32) = 2.307, p =. 068,
η2 = 0.133; P = .637). Post Hoc contrasts showed that the experi-
mental group significantly reduced the score from t1-t3 (p = .032) and
from t2-t3 (p = .035). These results were not found in the control
groups.

3.3. BRIEF global index of executive functions problems

In the BRIEF Executive Functions Problems scale, neither group nor
time effect were significant, group (F(2,34) = 1.549, p= .228), time (F

Table 3
Average and standard deviation of behavioral assessment of groups (t1, t2 and t3).

Experimental Active-control Passive-control ANOVA t1 p-value Results of the (3 × 3) ANOVAs p-value/effect size (η2)

1st Grade Primary Family report Time Group Time ∗ group

SENA Executive Functions problems t1 48.11 (6.05) 51.30 (7.77) 45.33 (7.43) 0.104 0.091/0.088 0.163/0.130 0.998/0.001
t2 48.14 (9.67) 49.62 (7.73) 43.00 (9.07)
t3 44.57 (10.13) 49.56 (8.08) 43.87 (6.71)

SENA Attention problems t1 49.61 (7.17) 50.50 (7.07) 47.94 (7.42) 0.635 0.872/0.005 0.654/0.032 0.991/0.005
t2 50.00 (9.88) 50.12 (7.36) 46.29 (6.79)
t3 45.93 (8.54) 51.22 (9.66) 48.37 (5.58)

BRIEF Executive Functions index t1 46.60 (6.38) 46.44 (6.63) 45.57 (7.47) 0.914 0.061/0.110 0.974/0.002 0.982/0.008
t2 47.27 (10.48) 47.75 (4.83) 46.14 (7.09)
t3 45.67 (9.19) 45.50 (6.91) 44.00 (6.54)

BRIEF Supervision t1 46.33 (7.59) 45.00 (6.84) 47.28 (9.01) 0.800 0.045/0.121 0.659/0.034 0.836/0.029
t2 46.27 (9.38) 47.12 (6.40) 45.93 (9.56)
t3 42.00 (10.93) 45.37 (8.76) 41.75 (6.85)

3rd Grade Primary Family report ANOVA t1 p-value Results of the (3 × 3) ANOVAs p-value/effect size (η2)

Experimental Active-control Passive-control Time Group Time ∗ group

SENA Executive Functions problems t1 45.08 (10.04) 46.83 (8.20) 48.67 (6.94) 0.517 0.388/0.031 0.493/0.046 0.068/0.133
t2 45.17 (11.53) 46.74 (8.62) 47.33 (7.08)
t3 41.54 (10.68) 45.61(8.42) 47.00 (5.49)

SENA Attention problems t1 45.58 (7.29) 48.68 (7.80) 52.20 (8.00) 0.062 0.169/0.057 0.065/0.167 0.051/0.144
t2 46.42 (6.92) 49.97 (7.99) 52.47 (8.51)
t3 42.73 (6.50) 48.36 (7.99) 51.21 (6.93)

BRIEF Executive Functions index t1 45.85 (8.87) 44.33 (4.58) 48.07 (5.31) 0.422 0.228/0.045 0.228/0.088 0.047/0.138
t2 44.33 (8.05) 46.56 (6.11) 48.36 (6.23)
t3 41.85 (6.52) 45.89 (5.53) 48.00 (5.24)

BRIEF Supervision t1 44.54 (7.88) 42.78 (8.57) 47.93 (5.01) 0.179 0.185/0.051 0.027/0.202 0.098/0.114
t2 40.58 (5.60) 43.44 (7.11) 47.92 (6.44)
t3 38.92 (7.75) 43.89 (8.31) 47.27 (7.32)

post hoc: a) Differences Experimental-active control b) Differences Experimental-passive-control c) active-control-passive control. Significance: p ≤ .05 (*). SENA:
system of evaluation for children and teenagers BRIEF: Behavior rating inventory of executive functions.
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(2,34) = 1.512, p = .228). There was a significant effect in time *
group interaction (F(2,34) = 2.554, p = .047, η2 = 0.138; P = .690).
Post Hoc contrasts showed that the experimental group significantly
reduced the score compared to passive control group at t3 (p = .028).
The experimental group significantly reduced the score from t1-t3
(p = .012).

3.4. BRIEF supervision

In the BRIEF Supervision, although ANOVA results showed there
were no significant differences at t1 (F(2,34) = 1.691, p= .199), group
effect was significant at post measures (F(2,34) = 4.061, p = .027,
η2 = 0.202; P = .691). Post hoc contrast showed a significant differ-
ence between the experimental and passive-control group (p = .025).
The experimental group scored lower at t2 (p = .018) and t3
(p = .014). Time effect was not significant (F(2,34) = 1.735, p= .185).
Effect in time * group interaction was not significant (F(2,34) = 2.051,
p = .0.98).

Fig. 4 shows 3rd graders' evolution of significant variables.

4. Discussion

The Nexxo app has been designed based on well-known attention
and EF models in the scientific literature (P. Anderson, 2002; P.J.
Anderson, 2010; Miyake et al., 2000; Petersen & Posner, 2012; Posner &
Petersen, 1990; Van Zomeren & Brouwer, 1994) and was combined
with strategies to improve procedural metacognition (Efklides, 2009;
Flavell, 1979; E. Perez-Hernandez et al., 2011). Based on our

knowledge, this is the first training that integrates strategies and CT
through an application. Nexxo-training has been tested in the devel-
opmental period in which these processes normally develop (Lange-
Küttner, 2010; E. Perez-Hernandez & Capilla, 2011; Reck & Hund,
2011; Urben et al., 2011). Nexxo-training is a “strategy-based” training
that, apart from the repetition of attention and EF tasks, provides
general instructions (based on developmental theories) along with
compensatory strategies for those who experienced higher difficulties
during the training. As seen in the Spearman correlations of a previous
study (T. Rossignoli-Palomeque et al., 2019) those strategies are needed
more for those who experienced difficulties while training (difficulties
in orientation and anticipation, understanding instructions, controlling
response when not required, and maintaining attention). This gives us
an idea of the importance of compensatory strategies. Moreover,
80.38% of participants in the training group required some compen-
satory strategies at some point. The most important present finding was
that the Nexxo-training revealed a trend-level improvement in 3rd
grade participants in Supervision, as reported by the family in the home
environment. This means that this improvement is reflected in the
children's behavior and remains after the post-intervention period. At-
tention and EF problems were also reduced at follow up for the ex-
perimental group. Taking into account the fact that we did not find
significant results in post-training in those variables, we hypothesize
that this is due to the short period of time between pre and post-as-
sessments. Although the results are moderately significant, this trial is
extremely rigorous as it includes:

(1) an active-control group (most studies of CT do not feature this
design), (2) examiners and parents were blind to the group assignment

Assessed for eligibility (n=170) 

Excluded (n=62) 
Not meeting inclusion criteria (n= 62 ) 

Analysed (n=26) 

Lost to follow-up  

 Parents did not fill out the 
 final questionnaires (n=9) 

Allocated to experimental group 
(n=36) 
Discontinued intervention 
(withdrawn the study) (n= 1) 

Allocation

Analysis

Follow Up

Randomized (n= 108. 1st grade=61/3rd grade=47) 

Enrollment

Lost to follow-up  

 Parents did not fill out the 
 final questionnaires (n=12) 

Lost to follow-up  

 Parents did not fill out the 
 final questionnaires (n=10) 

Analysed (n=22) Analysed (n=16) 

Allocated to active-control group 
(n=36) 
Discontinued intervention 
(withdrawn the study) (n= 8)

Allocated to passive-control group 
(n=36) 
Discontinued intervention 
(withdrawn the study) (n= 4) 

Fig. 3. Participant's flow diagram.
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of participants, and (3) rigorous control in inclusion criteria to ensure a
typically-developing sample.

Regarding the lack of effects for 1st graders, we hypothesize that
this is due to two reasons: One is that there is a significant increase in
the development of the trained cognitive processes after the 1st grade
(Becker et al., 1987; Chevalier & Blaye, 2016; E. Perez-Hernandez &
Capilla, 2011). The other is due to developmental factors; the use of
strategies requires a higher level of cognitive demands for 1st graders
than for 3rd graders (Miller, 1990). We cannot statistically support the
suitability of training up to or after 7 years of age.

Nevertheless, there is a tendency to reach a higher number of sig-
nificant results in 3rd-grade students. In this sense, further research is
needed.

The current study presents several strengths. First, it is a study about
a touchscreen intervention in combination with procedural metacog-
nitive strategies in typically-developing children. While previous stu-
dies yielded better results in combined training or “strategy- based

training” (Graziano & Hart, 2016; Partanen et al., 2015) ours is an in-
novative approach for cognitive training, which shows potential for
further research.

Furthermore, it contributes scientific data of a commercially avail-
able application based on scientific background. As we have found
positive results in typically-developing children in which the inclusion
criteria have been carefully controlled, we expect to find more en-
couraging results in children with some difficulties in attention and EF.
Secondly, unlike previous studies of CT with touchscreens and children
(Kirk et al., 2017; Vélez-Coto et al., 2017), we used a randomized, ac-
tive-controlled trial. Most CT studies do not include active-control (T.
Rossignoli-Palomeque et al., 2018). The randomized active-controlled
trial provides an excellent means to test the effectiveness of CT con-
trolling the test-retest effects (Nouchi et al., 2013) and bias due to the
psychological expectations of interventions (Turner et al., 1994). As
shown in the results, the act of playing with a touchscreen application
by itself (active-control group) does not provide positive results. Fi-
nally, in our view, computer-based interventions must be directed by a
specialist and reinforced with complementary strategies.

It is also important to consider the limitations of this study. First,
some transfer effects may be non-tested due to the limited intervention
time. The minimum CT time with positive results in typically-devel-
oping children was shown by Rueda et al. (2005) to be a total of 5 h.
Secondly, we have no teachers' reports included. The teachers did not
fill out the teacher version because the number of participants and the
short duration of the intervention, would have imposed a work over-
load for them and would not have guaranteed the validity of the as-
sessment. Thirdly, our sample size is smaller than calculated because of
the rigorous control in inclusion criteria to ensure a typically-devel-
oping sample and the fact that several parents did not fill out the final
questionnaires. This has reduced the sample analyzed.

Fourthly we did not test near transfer effects (effects in the task
directly trained), because our objective was to test Nexxo-training ef-
fects on attention and EF in daily life (far transfer), and for this ob-
jective questionnaires seem to be suitable tools (Chaytor & Schmitter-
Edgecombe, 2003). The far transfer is the main objective of cognitive
training (Simons et al., 2016). Finally, Nexxo-training is non-adaptive.
Previous studies in children suggest that training that adjusts to the
user's level, is more effective for improving cognitive functions (Chacko
et al., 2014; Dongen-Boomsma et al., 2014; Green et al., 2012; J.
Holmes et al., 2009; Klingberg et al., 2002). Nevertheless, we have
offset this by using “compensatory strategies”. The Nexxo-training
adapts to user execution through procedural metacognitive strategies
during the training process. Moreover, these strategies are meant to
improve participants' performance in real-life contexts. This is the main
strength of this “strategy-based” training.

4.1. Conclusions

Nexxo-training revealed a trend-level improvement in attention and
EF for children in the 3rd grade. The 3rd grade experimental group
displayed a significant reduction in attentional problems at follow-up
compared to both control groups. Executive function problems were
also reduced at follow-up in the experimental group. Participants in this
group improved in Supervision (self-monitoring) at post-intervention
and follow-up compared to passive-controls. Although the group effect
was not significant at t1, it was significant at post measures in the ex-
perimental group compared to passive-controls.

Funding
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Fig. 4. 3rd graders significant results.
SENA: the system of evaluation for children and teenagers. BRIEF: Behavior
rating inventory of executive functions. Standardized mean scores in the
function of the group. *p < .05. SENA attention problems: differences ex-
perimental-passive and active control group. BRIEF Executive Functions: dif-
ferences experimental-passive control group. BRIEF Supervision: differences
experimental-passive control group.
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