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Background: Given the importance of attention and executive functions (EF) in
children’s behavior, programs aimed at improving these processes are of special interest.
Nexxo-training combines the use of the Nexxo touchscreen application (inhibition and
vigilance tasks) with procedural metacognitive strategies (imparted by an instructor) for
all the individuals using the app, regardless of their level of ability, plus compensatory
strategies based on individual child performance. This study presents an analysis of
the compensatory strategies that schoolchildren (aged 6-8 years old) receive when
experiencing difficulties with EF tasks, in addition to an analysis of the developmental
factors and cognitive skills that may modulate EF task performance.

Methods: For this study, we use data from a previous randomized active-controlled
study (under review), in which forty-six typically developing children aged between 6 and
8 years old (24 girls/22 boys) were enrolled in the training group. The selected children
were in the 1st grade (n = 28, X = 78.32 4+ 4.037 months) and 3rd grade of primary
education (n = 18, x = 102.11 £ 3.445). We collected data on EF training performance,
compensatory strategies needed and neuropsychological assessments.

Results: A total of 80.43% participants required some form of compensatory strategy
during training. Regarding required compensatory strategies, those who had lower
scores in EF training needed more compensatory strategies, in particular, instructional
comprehension (- = —0.561, p < 0.001 for inhibition-tasks; r = —0.342, p < 0.001 for
vigilance-tasks). Concerning developmental factors, age significantly predicted better
performance in both EF tasks (8 = 0.613, p < 0.001 for inhibition; g = 0.706, p < 0.001
for attention). As regards task performance, those with better performance in inhibition
tasks also had better performance in vigilance tasks (- = 0.72, p < 0.001). Finally,
regarding cognitive skills, participants with higher performance in fluid intelligence (Q1,
n = 12) had higher scores (U = 14.5, p < 0.05) than the group with the lowest
performance (Q4, n = 11) in vigilance.
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Conclusion: As previous literature suggests, inhibition is one of the core processes of
EF. Therefore, we should focus training on the core EF processes. Inhibition and vigilance
are closely related processes. In terms of the use of compensatory strategies, these are
more needed for participants with lower levels of performance in inhibition or vigilance.
Regarding strategy analysis, instructional comprehension and self-instruction (goal
setting and planning) seem to be the most useful strategies for those with difficulties
in inhibitory and vigilance task performance. Regarding development, as expected,
age moderates task performance in inhibition and attention. Finally, cognitive skKills,
such as fluid intelligence and cognitive flexibility, predicted better results in attention.
EF training using not only an app, but also compensatory strategies based on user
performance, is a new research direction offering more opportunities to generalize EF
training in everyday life.

Keywords: inhibition, vigilance, procedural metacognition, application, children, attention, executive functions,

cognitive training

INTRODUCTION

Executive Functions (EF) can be understood as a variety of
interrelated processes that help to direct and control mental
abilities to accomplish a task or goal (Reck and Hund, 2011).
Miyake et al. (2000) propose a hierarchical model in which EF is
considered as a unitary construct with three main components:
(1) inhibition, (2) updating, and (3) shifting. Inhibition is the
ability to suppress one automatic or prepotent response in favor
of another, or to suppress the response altogether, known as
response inhibition. Another aspect of inhibition is interference
control, which is required to select relevant stimuli when a
distractor appears (Miyake et al., 2000; Diamond, 2013; van der
Ven et al,, 2013; Tamm and Nakonezny, 2015). This process
is one of the first stages to develop and is thought to be
responsible for changes in other EF components (Dempster,
1992; Gandolfi et al.,, 2014). Updating is the ability to retain and
manipulate information during a short period of time (Miyake
et al., 2000; Klingberg et al., 2002). This ability is essential for
learning (Conway et al., 2003). Finally, shifting is the ability to
change from “one mental set” to another (Miyake et al., 2000).
These components are involved in several everyday activities
(Diamond, 2013).

Previous studies have found a relation between EF and
intelligence (Andersson, 2008; Molfese et al., 2010; Karbach and
Unger, 2014); however, EF is even more predictive of academic
success than IQ (Gathercole et al., 2004; Blair and Razza, 2007).
Apart from academic success, EF also seems to have an impact on
social adjustment (Bryck and Fisher, 2012). “Social adjustment
is defined as the degree to which children get along with their
peers; the degree to which they engage in adaptive, competent
social behavior; and the extent to which they inhibit aversive,
incompetent behavior” (Crick and Dodge, 1994, p.82). Difficulties
in EF are present in social maladjustment (Olson, 1989; Blair
and Razza, 2007). EF components are impaired in various
childhood disorders (Barkley, 1997), such as ADHD (Rebollo and
Montiel, 2006; Gau et al., 2010), autism (Ciesielski and Harris,
1997), obsessive-compulsive disorder (Enright and Beech, 1993),

and behavioral disorders (Rebollo and Montiel, 2006). For
these reasons, studies on EF interventions in children and the
mechanisms involved in their development are relevant. This
knowledge can be applied to EF programs aimed at school
settings for typically developing children as a protective factor
or in clinical contexts for those with EF difficulties as part of
the intervention.

If inhibition is one the core components of EF, the intensity
domain of attention is the core component of attention
(Sturm, 2008). The intensity domain involves alertness, sustained
attention and vigilance as the basis of attention (Hauke et al.,
2011). Tonic alertness is thought of as a top-down control
function of the arousal system without the influence of external
stimuli, whereas phasic alertness is the capability to respond
following a warning stimulus (Sturm and Willmes, 2001).
Sustained attention involves the detection of changes over a
long period with a high rate of relevant stimuli. In contrast,
vigilance, a state of sustained alertness, involves the detection of
changes when only a low rate of relevant stimuli exists (Hauke
et al., 2011). Some aspects of attention overlap with certain
components of EF (Rueda et al, 2012), which explains the
high degree of interaction between attention and EF. The core
processes of attention and EF are related; for instance, inhibition
is fundamental for attentional maintenance (Pontifex et al.,
2012). Furthermore, previous research has found that children
with higher levels of sustained attention present high levels of
inhibitory control (Reck and Hund, 2011). Sustained attention
and behavioral inhibition interact throughout child development.
A longitudinal study (testing attention at 9 months and studying
behavioral inhibition until adolescence) demonstrated that
sustained attention is related to inhibitory control. Individuals
with lower levels of sustained attention presented increased
levels of behavioral inhibition during childhood and social
discomfort during adolescence (Pérez-Edgar et al.,, 2010). Apart
from sustained attention, vigilance and inhibitory control are
closely related (Lovejoy and Rasmussen, 1990).

Studying the attentional element involved in EF tasks,
procedural metacognitive strategies (including self-regulatory
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strategies) and related skills may help us to design EF training
strategies and interventions based on scientific data. Attention
is strongly needed in EF tasks, and EF and self-regulation share
resources (Kaplan and Berman, 2010). Some attention training
has shown benefits in EF tasks. One study demonstrated how
attention training in children with ADHD not only reduced
symptoms of inattentiveness, but also enhanced EF, specifically,
by shifting attention (La Marca and O’Connor, 2016). Studies on
attention span and working memory have shown how training
benefits participants with ADHD with regard to EF (Klingberg
et al., 2002, 2005; Beck et al., 2010). In our view, due to the
interaction between attention, EF and self-regulation, training
that combines these processes may produce more transfer effects
than just training EF alone. Following this hypothesis, our team
developed Nexxo-training, which aims to improve vigilance,
inhibition and procedural metacognitive strategies in typically
developing children.

Most cognitive training can be classified into two categories:
process-based training and strategy-based training (Morrison
and Chein, 2011; Jolles and Crone, 2012). Both approaches
involve practice or intentional instruction to improve cognitive
skills. The main difference is that strategy-based training uses
more explicit task instructions than process-based training (Jolles
and Crone, 2012). Regarding attention and EF training, a few
process-based training methods have shown positive effects
in typically developing children, either in terms of attention
(Thorell et al., 2009) executive attention (Rueda et al., 2005),
fluid intelligence (Klingberg et al., 2005; Liu et al, 2015),
or academic performance (Dahlin, 2011, 2013; Holmes and
Gathercole, 2014). Nevertheless, the limitations of process-based
training have been found in the far transfer or generalization of
the training in the user’s everyday life. Similarly, limitations have
been found in long-term effects (Rossignoli-Palomeque et al.,
2018). The aim of EF training should be the generalization of
the training in children’s daily life, in cognitive skills, academic
performance, and social adjustment, which are considered “far
transfer.” A significant number of previous studies on EF training
efficacy fail to find or examine these types of transfer results
(Rossignoli-Palomeque et al., 2018). To overcome this limitation
of traditional process-based training, strategy-based training
provides guidance with the tasks which help users to identify the
strategies needed to perform those tasks. An example of this kind
of guidance is scaffolding, or metacognitive strategies, designed
in combination with the training (Pozuelos et al., 2018). Indeed,
strategy-based training has yielded positive results. Pozuelos
et al. (2018) compared two groups with executive attention
training in typically developing children with an active control
group. One of the training groups followed traditional attention
and EF protocol, whereas the other underwent metacognitive
strategies. The children in the metacognitive group showed not
only greater gains in intelligence, but also significant increases
in conflict processing, measured through electrophysiological
techniques. In addition, changes in brain activity regarding
conflict processing predicted gains in intelligence in this group.
The EF and attention intervention program that we analyze,
called Nexxo-training, combines inhibition and vigilance training
through a touchscreen application with strategies of “procedural

metacognition” directed by a single instructor. This strategy-
based training consists of repeating a task in combination with
strategies to improve performance tasks. The unique feature of
this specific strategy-based training is that the training provides
not only procedural metacognitive strategies (i.e., general
strategies for the whole group), but also compensatory strategies
for participants who experience greater difficulty during the
training. In this way, the developmental processes involved in
the attention and EF training task can be easily improved and
generalized. A previous study of Nexxo-training, a randomized-
controlled study, showed far transfer after training in supervision,
attention and EF as reported by parents (Rossignoli-Palomeque
et al., submitted). Far transfer occurs when training effects are
produced in tasks or constructs that have not been directly
trained. By contrast, near transfer occurs when the effects are
reflected in similar tasks to those that have been directly trained
(Karbach and Unger, 2014). Further research on this type of
training is crucial as it offers a new direction for cognitive
training interventions.

In addition, to plan any form of attention and EF intervention,
developmental factors must also be considered. In general, the
initial manifestations of EF occur during the Ist year of life,
with accelerated development in childhood (Carlson and White,
2013). EF development may be a pyramidal process. Certain
basic components, such as inhibition, will later support the
development of other more complex processes, such as flexibility
(Flores-Lazaro et al., 2014). Nevertheless, other components,
such as planning, do not reach adult levels until approximately
the age of 12 years old while others, such as abstraction,
will continue to develop into adulthood (Zelazo and Miiller,
2002) reaching peak performance at around 20-30 years of
age (Blakemore and Choudhury, 2006). Regarding attention,
conscious control of attention increases between 2 and 6 years
of age (Rothbart and Posner, 2001; Diamond et al., 2007). There
is a second significant improvement in cognitive control of
attention at around 9-12 years of age (Pozuelos et al., 2014).
Meanwhile, sustained attention improves significantly between
the ages of 3 and 5 years old (Garon et al., 2008) and continues
to develop progressively throughout a child’s school years. There
are significant changes in sustained attention from 6 to 7 years
of age in comparison with 10- to 11-year-olds (Lewis et al.,
2017b). Inhibition and attention are relevant cognitive abilities.
In terms of development, go/no-go tasks have demonstrated a
significant improvement in response inhibition and sustained
attention between the ages of 6 and 8 years old, while these
changes are more subtle from 8 to 11 years of age (Lewis et al,,
2017a). Previous studies, using go/no-go tasks for assessment,
support the same idea that there is an improvement in response
inhibition abilities between the ages of 6 and 8 years (Becker et al.,
1987). Inhibition is a process that develops particularly between
the ages of 5 and 10 years (Urben et al., 2011).

Apart from the relation between attention, EF and
developmental factors, it is also worth considering what other
skills and strategies may be involved in performing attention and
EF tasks successfully. Previous studies have shown that inhibition
training in preschoolers produced a trend-level improvement
in reasoning and neural changes in the experimental group
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(Liu et al., 2015). Other authors suggest that students with a high
IQ also perform well in EF tasks, specifically in inhibition and
flexibility (Sastre-Riba and Viana-Sdenz, 2016). On the other
hand, lower vigilance performance has been linked to a lower
IQ in children who are at risk of learning disabilities (Swanson
and Cooney, 1989). Therefore, if attention, EF and intelligence
are related, which specific cognitive abilities are involved, and
which are better at predicting attention and EF performance?
These crucial questions must be addressed by attention and EF
training developers.

Regarding schoolchildren’s use of procedural metacognitive
strategies in inhibitory tasks, it seems that verbal strategies
(e.g., verbalizations of what to do/not do) and motor strategies
(e.g., moving away, shaking their heads, covering their mouths,
etc.) are used by preschoolers to inhibit themselves (Fatzer and
Roebers, 2013). The combination of both types of strategies
seems to produce better inhibitory results (Manfra et al., 2014).
The development of these strategies depends on the child’s age.
For instance, verbalizations and inner speech evolve between
2 and 8 years of age, from irrelevant speech to self-directed
verbalizations, both of which are relevant to the task (Winsler
et al., 2009). Another type of strategy, which seems to promote
better results in EF tasks in older students and adults, are self-
instructions (e.g., saying out loud what to do, how to do it, etc.)
(Karbach and Kray, 2009). The development of these strategies
varies throughout child development (Vygotsky et al., 1978;
Bjorklund and Harnishfeger, 1990) and is also based on the
level of task difficulty (Fernyhough and Fradley, 2005). Nexxo-
training strategies consist of procedural metacognitive strategies.
These strategies involve self-regulation (motor and verbal
strategies), instructional comprehension, and self-instruction
strategies, according to the participant’s development. Self-
instruction and instructional comprehension involve three
phases: (1) forethought (establish goals, “what do I have to do?”),
(2) performance/volitional control (planning, monitoring and
controlling cognition, “how am I going to do it?”) and, (3)
self-reflection (self-evaluation and cognitive flexibility to make
adjustments if required). These three phases are metacognitive
strategies that can be applied in self-regulated learning (Dina
and Efklides, 2009). EF and procedural metacognition (such
as the strategies mentioned above) share common theoretical
characteristics, developmental paths, and even brain regions.
Therefore, the student’s control of their own learning is crucial
(Roebers and Feurer, 2016). To our knowledge, this is the
first EF training that offers these strategies for school-aged
students. The primary focus of this study was to analyze
the strategies that students (aged 6-8 years old) use when
confronted with challenging strategy-based EF and attention
training (“Nexxo-training”). This training, delivered through an
online application, combines inhibition and vigilance training
with procedural metacognitive strategies. The study also analyzes
the cognitive skills and developmental factors that may modulate
task performance.

The study objectives are as follows: (1) to determine
whether procedural metacognitive strategies have an impact
on task performance and which ones are relevant; (2) to
ascertain whether age moderates the use of strategies and task

performance; (3) to identify which cognitive skills are related to
task performance as possible predictors; and (4) if cognitive skills
are predictive of task performance, the final objective is to test
whether this relation is sustainable when the lowest and highest
levels of performance are compared.

This information is crucial to the scientific development of
new training technologies for EF and attention interventions.

MATERIALS AND METHODS

Ethics Statement

In accordance with the Declaration of Helsinki, written informed
consent was obtained from each parent’s participant. This study
was approved by the ethics committee of the San Carlos Hospital
(n° 15/315-E) in June 2015.

Participants

The study participants were recruited from two schools after
receiving their parents’ consent. Forty-six typically developing
children aged between 6 and 8 years old (24 girls and 22 boys)
participated in the study. The selected children were in the 1st
grade (n = 28, X = 78.32 + 4.037 months) or 3rd grade of
primary education (n = 18, x = 102.11 £ 3.445). The parents’
average professional range was x = 2.59 £ 0.53 (0 = low level,
1 = medium-low, 2 = medium, 3 = medium-high, and 4 = high)
according to the “National Institute of Professional Range”
(Spain). The inclusion criteria were as follows: (1) between
the ages of 5-7 and 8-9 years; (2) no previous diagnosis of
diseases or disorders related to developmental delays; (3) no
psychological or speech therapy treatment required at the time
of the study or earlier; (4) Spanish-speaking (monolingual);
and (5) no diagnosis of learning difficulties or repetition of
school year. Criteria 1-5 were obtained through a parents’
questionnaire. Table 1 shows the sociodemographic description
of the participants.

Assessments

Standardized Tests Were Used to Assess the
Following Dimensions:

Cognitive skills through individual cognitive assessments (40—
45 min): attention using the DIVISA-R “Trees Simple Visual
Discrimination Test - Revised” (Santacreu et al, 2010),
intelligence using the Reynolds Intellectual Screening Test (RIST)
(Reynolds and Kamphaus, 2003), the Five Digit Test (FDT)
(Sedd, 2007) to measure inhibition and cognitive flexibility, and,

TABLE 1 | Sociodemographic description of participants.

Female (n = 24) Male (n = 22) Total (n = 46)

Mean SD Min Max Mean SD Min Max Mean SD Min Max

Age 7.04
1Q 104

1.06 6 9 6.62 0973 5 8 6.85
139 79 131 106 16.1 78 130 105

1.03 5 9
148 78 131

SD = standard deviation;, 1Q = intelligence quotient measured by Reynold
Intellectual Screening Test (RIST); Min = minimum; Max = maximum.
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processing speed assessment through the Wechsler Intelligence
Scale for Children-fourth edition (WISC-IV) (Wechsler, 2005).

The DIVISA-R (Santacreu et al., 2010) is a computer-based
test in which the participant is required to tap the same trees
as the model as quickly as possible. It takes approximately
15 min and is suitable for children aged 6-12 years. It provides
five main indexes: distraction-precipitation, commission errors,
omission errors, processing speed, and a global attention score.
The reliability is based on Cronbach’s alpha >0.77 for all scales.

The RIST (Reynolds and Kamphaus, 2003) is a screening
intelligence test. It contains two subscales: “guess what,” to assess
verbal intelligence, and “odd-item-out,” to assess non-verbal
intelligence. The sum of both subscales determines a general
index of intelligence (x 100 £ 15). The reliability based on
Cronbach’s alpha is 0.91.

The FDT (Sedd, 2007) is a test to measure certain aspects of EF
(inhibition and cognitive flexibility). It contains four subscales:
decoding, counting, election and alternative. It provides measures
of inhibition and flexibility. In the inhibition subscale, the
participant is required to count the numbers in a box instead
of reading the numbers (automatic response). In the flexibility
subscale, the participant must change strategy (from counting
the numbers in a box to reading the number seen in the
box), indicated by boxes in a blue frame. The Spearman-Brown
coeflicient ranges between 0.92 and 0.95.

The WISC-IV (Wechsler, 2005) implemented in this study
included the Index of processing speed PSI (Coding and symbols
searching). In coding, the participant is required to transcribe a
digit-symbol code as quickly as possible for 2 min. In symbol
searching, the participant is asked to decide whether target
symbols appear in a row of symbols or not. These subscales were
used to assess processing speed. The average internal consistency
coefficient for PSI is 0.88.

Inhibition and vigilance through go/no-go and stop signal
task performance: the Nexxo application provides a score of
task performance for inhibition and vigilance for each session
according to the number of errors (omissions and commissions)
and successes. At the end of the training, the scores for each
session in the different blocks are added up to obtain an overall
score for the intervention, which is used to as a measure of task
performance in inhibition and vigilance for each participant.

Task

Go/No-Go and Stop Signal Tasks

The Nexxo application is based on neuropsychological models
known as “go/no-go” and “stop signal” tasks (Shiffrin and
Schneider, 1977; Logan, 1994), which involve a suppression
of an ongoing response (inhibition), “n-back,” a typical task
involving the temporary storage, manipulation, and selection
of information (Tsujimoto et al., 2007) by deciding whether to
make a response or not depending on whether a sequence is
fulfilled (working memory), and, vigilance, in which changes
are to be detected when only a low rate of relevant stimuli
are presented (Sturm, 2008). As there is a low presence of
these types of games (n-back) in level 1 of the Nexxo app
(i.e., the one used in the study), we excluded them to focus on

inhibition and vigilance processes. The game had two different
blocks: vigilance vs. inhibition. In the vigilance block, the
user had to tap the screen sporadically (differentiating between
possible distractors and thus maintaining a state of alertness,
also known as “vigilance”), whereas in the inhibition block, the
user had to tap very frequently (holding back an automatic
response, which is known as “inhibition or self-control”). The
mechanics of the game included requirements to touch the
screen when a specific stimulus was present, for example: “tap
when you see that the figures on the screen are the same.”
The screen turned green when the user tapped correctly and
red when the user tapped incorrectly. The instructor applied
compensatory strategies if the user displayed difficulties in
carrying out the task.

Figure 1 shows an example of a Nexxo activity.

Each game has a different command and stimulus
presentation. 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 over 70% (30%
no-go probability). After each game, the participants were
shown on the screen how many stars they had received as a
reinforcement (0-3 depending on the level of performance). The
participants played 30 games divided into two different blocks
(15 vigilance games and 15 inhibition games) in the first level.
There were 15 session in total (three games per session/each
game was done twice) with each session lasting approximately
15 min. Additionally, Nexxo was developed to train processing
speed (as the screen transition was set at one second, stimulus
processing and the decision to tap or not tap required perceptual-
motor agility). The Nexxo application also requires visual and
auditory discrimination skills due to the presence of both types
of stimuli in the form of targets and distractors (e.g., game V7
level 1 instruction: “tap each time you see a yellow circle with this
sound”). Finally, Nexxo records the types of errors committed by
the user: 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).
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FIGURE 1 | Nexxo activity example. (2) Screenshots of inhibition block.
Instruction: “tap when you see that the figures on the screen are the same.”
The user must tap all the screens except the last, where the hold response is
required. Transitions between stimulus: 1000 ms. Nexxo 2016. Reproduced
with permission of tapp-mobile. Number correspond with the order of
stimulus appereance.
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Procedural Metacognitive Strategies
The training also involved self-regulatory and self-monitoring
strategies inspired by Perez-Hernandez and Capilla (2008), which
were directed by the instructor and recorded for each participant
in each session, as follows: (1) general instructions (for all
participants): an instruction to get ready for the session (the
participants had to put their hands over two fixed stickers when
they heard “in position” and wait for the instructor to give further
instructions), “visual self-instruction” (wait-see-tap), a visual
reminder of how to perform the games in order to foster self-
control, and verbal self-instructions: “I am a good observer, I do
not fall into traps,” instructional comprehension/self-instruction
(goal setting and planning): the instructor reads the instructions
of the game out loud and asks the participants to say when
and how they have to tap in each game though fixed questions
(e.g., “when do we have to tap?” (the instructor) “we have
to tap when...” (the participants) “how are we going to do
it?” (the instructor) “we have to wait, see and tap”), and,
verbal reinforcement after the games (e.g., “very good”); and
(2) compensatory strategies (for participants who presented
difficulties while performing the task): individual reinforcement
if required (repeating the instruction to get ready, repeating self-
instruction, repeating instructions, child verbalizations during
the game (saying out loud what appears on the screen), or, in
the latter case, instructor verbalizations (saying out loud what
appears on the screen), and positive reinforcement through
gestures (saying “well done” out loud).

More information about strategies applied can be seen in
Supplementary Material.

Procedures
The Nexxo-training intervention combines the repetition of EF
and attentional tasks in addition to strategies to enhance the

tasks. We refer to these strategies as “procedural metacognitive
strategies.” In addition to general strategies aimed at the whole
group, Nexxo-training provides compensatory strategies to
individual participants who experience greater difficulties during
training. The Nexxo application (go/no-go and stop signal tasks)
was designed between 2012 and 2014, and a pilot version was
developed for the study in October 2015 (Tapp-Mobile, 2015).
Written informed parental consent was obtained from each
participant. The participants underwent a neuropsychological
assessment conducted by an examiner, which included individual
tests to measure intelligence, attention, inhibition and flexibility,
working memory, and processing speed. The examiners were
trained psychologist who participated in the data collection.
The group received a 5-week intervention conducted by a
psychologist (groups of eight participants) using a special training
script provided by each instructor. The Nexxo intervention was
carried out over a 5-week intervention period (two sessions per
week/15 min each/three games repeated twice in each session).
Regarding inhibition training, a previous study of a go/no go
task using a touchscreen application with preschoolers showed a
trend-level improvement in reasoning and neural changes in the
experimental group after 3 h of training (Liu et al., 2015). This is
the reason why we decided to set the Nexxo-training duration
at 3 h. The complementary strategies aimed at procedural
metacognitive strategies were inspired by Perez-Hernandez and
Capilla (2008). The complementary strategies were implemented
by an instructor and recorded for each participant. Figure 2
shows a description of the Nexxo-training.

Data Analysis

Statistical analyses were performed using IBM SPSS Statistics
23. Table 2 shows the frequency of participants with whom
compensatory strategies were used at some point during the

General
instructions

g Go/no-go and stop
signal tasks.

* Self-regulation

‘-

‘e General instructions |
repetition + self-

)

» Inhibition tasks. i instructions.
* Vigilance tasks. i « Participant/instructor
i Self."-l‘nstructlons. verbalizations.
* Positive .
% reinforcement. Compensatory
— exxo app — A
Strategies

Nexxo-training description. Nexxo 2016. Reproduce with permission of from

tapp-mobile,

FIGURE 2 | Nexxo-training.

Frontiers in Psychology | www.frontiersin.org

October 2019 | Volume 10 | Article 2332


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Rossignoli-Palomeque et al.

Schoolchildren’s Skills in EF Training

TABLE 2 | Frequency of participants with whom compensatory strategies were
used at some point during the training.

TABLE 3 | Indicators of performance in inhibition and vigilance, and
compensatory strategies.

Total N 1stgraden 3rd grade n
(%) (%) (%)

Repeat warning to get ready 21 (45.65) 19 (67.86) 2(11.11)
Repeat self-instructions 13 (28.26) 12 (42.86) 1(5.56)
Instructional comprehension 35 (76.09) 25 (89.29) 10 (55.56)
Positive reinforcement 2 (4.35) 2(7.14) 0 (0)
Child verbalizations 26 (56.52) 19 (67.86) 7 (38.89)
Instructor verbalizations 16 (34.78) 11 (39.29) 5 (27.78)
Total set of compensatory strategies 37 (80.43) 26 (92.86) 11 .(61.11)

% = percentage.

training. The “positive reinforcement” strategy was excluded
from the following analyses because only two used it once.

Table 3 shows the scores in inhibition and vigilance tasks
recorded by the Nexxo App, the number of total compensatory
strategies applied and recorded by the instructor for children
who experienced difficulties during the tasks, and the number
of strategies applied of each subtype. These scores were reported
for the total sample and, also, separately for the Ist and
3rd grade groups.

For cognitive skills, we used T-scores provided by the
instruments, with the exception of FDT since part of our
sample was younger than the norm-based scores provided by the
instrument. In this case, we calculated T-scores for our sample
(1st graders and 3rd graders, separately); the higher the T-score,
the lower the FDT performance.

For all the statistical analyses, the significance threshold was
set at 0.05. In linear regressions, standardized p and adjusted
R? are reported.

RESULTS

Compensatory Strategies and Task

Performance

We used partial correlation analysis to detect the possible relation
between performance and compensatory strategies, controlling
for age (in months) to eliminate possible moderation due to
development. After controlling for age, there was a significant
correlation between inhibition and vigilance performance: the
participants with a higher level of performance in inhibition
games also demonstrated a higher level in vigilance games
(r=0.517, p < 0.001).

The correlations between performance in both types
of tasks and compensatory strategies were significantly
negative for “repeat self-instructions” and “instructional
comprehension” (see Table 4), meanwhile they were marginally
significant between performance in “vigilance” and “instructor
verbalizations” (r = —0.29, p = 0.053). Those who obtained
lower scores in the tasks (either inhibition or vigilance)
required more compensatory strategies. Table 4 shows the
correlations between inhibition and vigilance performance and
compensatory strategies.

Mean SD Minimum Maximum
Inhibition
Total 92.5 5.93 79 100
1st grade 89.82 5.88 79 100
3rd grade 96.78 2.67 91 100
Vigilance
Total 69.7 14.3 38 97
1st grade 61.79 10.73 38 85
3rd grade 82.11 9.45 60 97
Repeat warning to get ready
Total 0.674 0.871 0 3
1st grade 1 0.9
3rd grade 0.17 0.51 0 2
Repeat self-instructions
Total 0.609 1.42 0
1st grade 0.96 1.73
3rd grade 0.06 0.24 0 1
Instructional comprehension
Total 2.59 2.29 0
1st grade 3.43 2.33
3rd grade 1.28 1.49
Child verbalizations
Total 0.891 1.1
1st grade 1.18 1.25 0 5
3rd grade 0.44 0.62
Instructor verbalizations
Total 0.609 1.1
1st grade 0.79 1.32 0 5
3rd grade 0.33 0.59
Total set of compensatory strategies
Total 5.43 5.39 0 26
1st grade 7.46 5.81 0 26
3rd grade 2.28 2.42 0 8

SD = standard deviation.

Compensatory Strategies and Task
Performance in Relation to Age

Using the participants’ age in months as an independent variable
in alinear regression showed that age predicts better performance
in both inhibition (B = 0.613, p < 0.001, adjusted R* = 0.361)
and vigilance (8 = 0.706, p < 0.001, adjusted R* = 0.487), with
a steeper slope for vigilance: older participants have better results
(see Figure 3).

Regarding the relation between age (in months) and
compensatory strategies, statistically negative correlations were
found with the total set of compensatory strategies, and
the subtypes “repeat the warning for starting,” “instructional
comprehension,” and “child verbalization” (see Table 5).

Cognitive Skills and Task Performance

Stepwise multiple linear regression analysis was used to identify
which cognitive skills scales (DIVISA, RIST, WISC and FDT
indexes) (independent variables) better predict performance
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TABLE 4 | Partial correlation, controlling for age in months, between performance in inhibition and vigilance, and compensatory strategies.

Repeat warning Repeat

to get ready self-instructions

Instructional

comprehension

Child
verbalizations

Instructor Total set of

verbalizations compensatory strategies

Inhibition Pearson’s r —0.229 —0.354* —0.561*** —-0.110 —0.256 —0.475**
p-value 0.130 0.017 <0.001 0.472 0.090 0.001
Vigilance Pearson’s r —0.196 —0.362* —0.342* —0.073 —0.290 —0.387**
p-value 0.197 0.014 0.022 0.635 0.053 0.009
*p < 0.05, **p < 0.01, and ***p < 0.001.
(U = 295, p = 0.024) from RIST, and lower in omissions
1004 from DIVISA (U = 22.5, p = 0.021) and flexibility from FDT
N (U =33,p=0.042).
L] ¥ ®

80 1
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FIGURE 3 | Performance in inhibition and vigilance throughout child
development.

in inhibition and vigilance tasks (dependent variables). For
inhibition tasks, all the independent variables were non-
significant. For vigilance tasks, the results showed that higher
scores in odd-item-out from RIST (f = 0.389, p = 0.002) and
lower scores in omissions from DIVISA (§ = —0.479, p < 0.001)
and flexibility from FDT (B = —0.279, p = 0.02) predicted better
performance. Table 6 shows the complete regression model.

To ascertain if this relation is present when comparing
children with low and high performance in inhibition and
vigilance tasks, the sample was divided into four groups
using quartiles. The groups with the best performance (QI,
superior quartile) and worst performance (Q4, inferior
quartile) for each task were selected for the analysis (see
data in Table 7).

Because the sample size of the groups was small, and the
normality assumption was not met, a non-parametric Mann-
Whitney U test was carried out to compare the differences
between the Q1 and Q4 groups. Tables 8, 9 show the results for
Inhibition and Vigilance, respectively.

Concerning inhibition tasks, no differences were found
between the QI and Q4 groups in any of the skills assessed.
Nevertheless, for vigilance tasks, the scores were significantly
higher for Q1 in distraction from DIVISA (U = 18, p = 0.008),
odd-item-out subtest (U = 14.5, p = 0.002) and general index

DISCUSSION

Nexxo-training is an innovative strategy-based training for
attention and EF. Strategy-based training combines the repetition
of a task with strategies (e.g., scaffolding or metacognitive
strategies) to improve performance (Morrison and Chein,
2011; Jolles and Crone, 2012). In this study, the Nexxo-
training involved computer-based training through “go/no-
go” and “stop signal” tasks, in combination with procedural
metacognitive strategies for the whole group, adapted to the
participants’ developmental stage, as well as compensatory
strategies for those who presented greater difficulties during
the training. The tasks were developed using an application
(“Nexxo” iPad application). As touchscreens and applications
are appealing to children (Lai et al., 2013), this approach
can motivate them to participate in the training. This new
training approach has demonstrated positive results in school-
age students in terms of attention and EF (Rossignoli-Palomeque
et al., unpublished). To our knowledge, this is the first (strategy-
based) cognitive training that provides, compensatory strategies
for participants who experience greater difficulties. Considering
the proportion of participants who required compensatory
strategies at some point in the training period (80.43%), it seems
that compensatory strategies are relevant over the course of
the training process. The most commonly used compensatory
strategy was instructional comprehension (76.05%), followed
by child verbalizations (56.52%), repeating warning for starting
(45.65%), instructor verbalizations (34.78%), repeating of self-
instructions (28.26%), and gestures reinforcement (4.35%).
Instructional comprehension (i.e., verbalizations of what to do)
was the strategy most commonly required by both 1st-grade
and 3rd-grade participants. This strategy is fundamental in
self-regulated learning (Dina and Efklides, 2009). As shown in
Table 2, the younger participants displayed a greater need for
repeating instructions to get ready (67.86% in 1st grade vs.
11.11% in 3rd grade), child verbalizations (67.86% in 1st grade vs.
38.89% in 3rd grade), and self-instructions (42.86% in 1st grade
vs. 5.56% in 3rd grade). These results may be due to a greater
development of attentional control and inner speech around the
3rd grade. As suggested by Winsler et al. (2009), inner speech
evolves from irrelevant speech to self-directed verbalizations
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TABLE 5 | Correlations between age in months and compensatory strategies.

Repeat warning Repeat

to get ready self-instructions

Instructional

comprehension

Child
verbalizations

Instructor Total set of

verbalizations compensatory strategies

—0.510™*
<0.001

—0.276
0.063

Age (in months)  Pearson’s r

p-value

—0.484"*
<0.001

—0.329*
0.026

-0.174
0.248

—0.473**
<0.001

*p < 0.05, **p < 0.01, and ***p < 0.001.

TABLE 6 | Regression model predicting performance in vigilance.

Unstandardized Standardized

coefficients coefficient
B SE B t
Intercept 79.367 11.072 - 7.168%*
DIVISA-R: omissions —0.199 0.048 —0.479 —4 41 7%*
RIST: odd-item-out 0.46 0.137 0.389 3.356**
FDT flexibility —0.407 0.167 -0.279 —2.431*

F(3,38) = 13.11*** adjusted A2 = 0.47

*p < 0.05, **p < 0.01, and ***p < 0.001. DIVISA-R = test of simple visual
discrimination of trees — revised; RIST = reynold intellectual screening test;
FDT = five digit test.

TABLE 7 | Data from Q1 and Q4 groups for Inhibition and Vigilance performance.

n Meanage SDage Score Mean SD
(months) (months) score score
Inhibiton Q1 14 (7 M;7 F) 95.07 11.38 >97 986 1.28
Q4 11(6M;6F 78.27 4.41 <87 84 3
Vigilance Q1 12 (6M;6F) 101.33 7.34 >82 87.8 4.37
Q4 11(@EM7F 80.82 9.15 <60 516 7.85

M = Males,; F = Females; SD = standard deviation.

that are relevant for the task. Strategy-based attention and EF
training with compensatory strategies is a new direction, and
further research on attention and EF training should focus on
strategies that are more likely to improve task performance
and far transfer. Indeed, it is crucial to conduct this type of
training research on strategies used by students while performing
attention and EF tasks.

Cognitive  training should be designed based on
neuropsychological models. The Nexxo application is founded
on well-known attention and EF paradigms (Shiffrin and
Schneider, 1977; Logan, 1994). In addition, the strategies, self-
regulation strategies (motor and verbal strategies), instructional
comprehension, and self-instruction have been designed
considering developmental factors (Vygotsky et al, 1978;
Bjorklund and Harnishfeger, 1990). As reviewed in scientific
literature, verbal and motor strategies are used by preschoolers
to inhibit themselves (Fatzer and Roebers, 2013; Manfra et al,,
2014), and internal verbalizations evolve from irrelevant
speech (at 2 years of age) to self-directed instructions that are
relevant to the tasks (at 8 years of age) (Winsler et al., 2009).
Thus, it seems reasonable to use self-directed instructions

as a verbal strategy in school-age students in combination
with motor strategies for self-control. Finally, Nexxo-training
also involves procedural metacognitive strategies, such as
self-instruction and instructional comprehension strategies,
to promote self-control and attention. As cognition and self-
regulation are viewed as an integral unit (Vygotsky et al., 1978),
by combining computer-based training in attention and EF with
procedural metacognitive strategies selected for the appropriate
developmental period, the training will help to improve these
processes as they develop naturally. This should be the criteria
when selecting the training strategies. Teaching children to
control their own behavior can lead to more durable behavioral
changes and less dependency on adult supervision (O’Leary and
Dubey, 1979). The student’s use of procedural metacognitive
strategies, such as selection, monitoring, and control of their
learning activities, is crucial for their achievement in all learning
situations (Zimmerman, 2011). This can be justified by the
theoretical overlap between EF and procedural metacognition
(Roebers and Feurer, 2016). For this reason, we consider that
analyzing strategy-based training is relevant for the increased
likelihood of transference and long-term effects. Finally,
cognitive training researchers should consider studying strategies
that can be applied in attention and EF training at different
developmental stages.

In this study, we analyzed the compensatory strategies used
by participants experiencing difficulties in EF and attention
tasks. In addition, we analyzed the developmental factors
and cognitive skills that may modulate EF and attention
task performance. This is relevant for the future of attention
and EF cognitive training design. First, we found a positive
correlation between inhibition and vigilance. This result
is supported by previous findings suggesting a relation
between the two elements (Lovejoy and Rasmussen, 1990;
Corbetta and Shulman, 2002; Friedman and Miyake, 2004;
Rebollo and Montiel, 2006; Tirapu Ustarroz, 2012). As
inhibition is central to EF (Dempster, 1992), and vigilance
is central to attention (Hauke et al, 2011), we believe
that the combination of both processes may help to
improve more complex subcomponents of attention and
EF. The results are consistent with previous findings that
connect attention and EF (Lovejoy and Rasmussen, 1990;
Pérez-Edgar et al., 2010).

Regarding the procedural metacognitive strategies used
during task performance, our analysis showed that those who
obtained lower scores in task performance (either inhibition or
vigilance) required more compensatory strategies. Compensatory
strategies provide a way for participants to adapt to the
training. Specifically, the participants with lower inhibition and

Frontiers in Psychology | www.frontiersin.org

October 2019 | Volume 10 | Article 2332


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Rossignoli-Palomeque et al.

Schoolchildren’s Skills in EF Training

TABLE 8 | Mann-Whitney U test in inhibition.

Q1 Mdn Q4 Mdn Mann-Whitney U p-Value
DIVISA-R
General attention index 3 5 44.5 0.345
Commissions 85 75 55.5 0.841
Omissions 45 85 43 0.299
Organization 50 25 49 0.523
Distraction 15 10 36.5 0.131
RIST
Guess what 55.5 53 51 0.153
Odd-item-out 54.5 51 70.5 0.721
General intelligence index 107.5 100 62.5 0.427
WISC-IV
Symbol search 10.5 11 67 0.579
Coding 9.5 10 72.5 0.8
Digit span 12 10 54 0.201
Digit forward ih i 56 0.229
Digit backward 12.5 12 68.5 0.639
Processing speed index 104.5 104 67.5 0.602
FDT
Inhibition 4517 53.30 52 0.171
Flexibility 45.61 50.96 49 0.134

*o < 0.05, **p < 0.01, and ***p < 0.001. Mnd = median; DIVISA-R = test of
simple visual discrimination of trees — revised; RIST = reynold intellectual screening
test; WISC-IV = wechsler intelligence scale IV; FDT = five digit test.

TABLE 9 | Mann-Whitney U test in vigilance.

Q1 Mdn Q4 Mdn Mann-Whitney U p-Value
DIVISA-R
General attention index 10 2.5 28.5 0.058
Commissions 85 88 50 0.723
Omissions 20 89 22.5 0.021*
Organization 35 35 46.5 0.547
Distraction 15 5 18 0.008**
RIST
Guess what 53 50 57 0.578
Odd-item-out 60 41 14.5 0.002**
General intelligence index 113.5 91 29.5 0.024*
WisC-Iv
Symbol search 10 8 45.5 0.201
Coding 9.5 9 49 0.283
Digit span 12 10 51 0.350
Digit forward iRl 11 63 0.847
Digit backward 13 12 46.5 0.226
Processing speed index 106 96 38.5 0.09
FDT
Inhibition 45.57 54.97 40 0.109
Flexibility 44.49 50.96 33 0.042*

*p < 0.05, **p < 0.01, and ***p < 0.001. Mnd = median; DIVISA-R = test of
simple visual discrimination of trees — revised; RIST = reynold intellectual screening
test; WISC-IV = wechsler intelligence scale IV; FDT = five digit test.

vigilance scores in the application required more instructional
comprehension as a compensatory strategy. Similarly, those with
lower task performance and a higher number of omissions in

the DIVISA-R test (Santacreu et al., 2010), which is related to
inattention, depended more on the instructional comprehension
strategy. As mentioned above, instructional comprehension and
self-instruction strategy can help participants to establish a
goal, plan and monitor task performance (Dina and Efklides,
2009). Moreover, repeating instructions helps to overcome
difficulties in working memory (Baddeley, 1992). This finding
is robust considering the effectiveness that self-instruction
has shown in students with difficulties in attention and EF,
such as ADHD (Harris et al., 2004; Gawrilow and Gollwitzer,
2008). For these participants, repeating instructions using
self-instruction and goal setting was fundamental. Future
strategy-based training designs for attention and EF should
consider these findings.

One of the objectives of the study was to analyze the
influence of age in task performance in order to identify the
appropriate age for Nexxo-training. As hypothesized, the older
participants obtained better results in inhibition and vigilance
tasks; therefore, age moderates task performance. This may
be due to neuropsychological changes that occur during child
development (Duncan and Owen, 2000; Collette et al., 2005).
In terms of inhibition performance using go/no-go tasks for
assessment, it seems that there is an improvement in response
inhibition abilities moderated by age (Becker et al, 1987;
Lewis et al, 2017a), which makes this period relevant. In
this regard, our finding is consistent with previous scientific
literature. Furthermore, age moderates the use of strategies,
as statically negative correlations were found with the total
set of compensatory strategies, and the subtypes (“repeat the
warning for starting,” “comprehension instructions,” and “child
verbalization”). This finding is consistent with the progressive
development of verbal strategies and self-instruction (Vygotsky
et al.,, 1978; Bjorklund and Harnishfeger, 1990). According to
these findings, and, consistent with our results, using this type
of training with children up to the age of 8 years old seems ideal.

Regarding cognitive skills and task performance, our
results shows that higher scores in RIST odd-item-out (fluid
intelligence), and lower levels of Omissions in DIVISA (attention
test) and in FDT flexibility (cognitive flexibility) predicts better
results in vigilance tasks. Recent research shows that working
memory, inhibition and shifting, the main components of EF,
contribute substantially to general intellectual ability, especially
fluid intelligence (Chen et al., 2019). Meanwhile, the parietal
and frontal areas involved in EF have also been related to
fluid intelligence (Tschentscher et al.,, 2017; Yoon et al.,, 2017).
Consequently, based on this idea, we analyzed the relation
between inhibition and vigilance task performance with fluid
intelligence. Our results show that fluid intelligence predicts
better results in vigilance. Vigilance tasks require attentional
control which is related to inhibitory control. We also found that
participants with higher levels of performance in vigilance also
obtained higher scores in fluid intelligence. Previous findings
have suggested a relation between vigilance and intelligence in
children at risk of learning disabilities (Swanson and Cooney,
1989). In this sense, we must add that intelligence benefits
vigilance performance. In terms of attention, our results show
that the participants with fewer omissions and a lower level

Frontiers in Psychology | www.frontiersin.org

October 2019 | Volume 10 | Article 2332


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Rossignoli-Palomeque et al.

Schoolchildren’s Skills in EF Training

of distractibility in neuropsychological tests had better results
in vigilance task (after training). As demonstrated in previous
studies, omissions and distractibility can be predictors of
go/no-go performance (Lewis et al., 2017b). In our view, the fact
that lower levels of omissions in the DIVISA-R test is related
to better performance in vigilance, is a result which provides
validity to the training. Finally, as regards the relation between
cognitive flexibility and attention, we consider that cognitive
flexibility has a positive influence on vigilance tasks as the
instructions change for each game. The transition from one rule
(e.g., “tap each time a bear appears on the screen) to another
(e.g., “tap when you see the number 5”) involves not only an
alteration in the type of instructions (target and distractors) but
also a change from vigilance tasks to inhibition tasks, as both
types of games are played in each session. We hypothesize that
individuals with higher cognitive flexibility may better adjust
their cognitive resources to these changes. A previous study
suggested that cognitive flexibility may become a useful tool for
vigilance training strategies, as individual differences in cognitive
flexibility predicts better results in vigilance tasks (Figueroa and
Youmans, 2012). Another possible explanation refers to the
idea of flexibility as a predictor of response speed (Dedk and
Wiseheart, 2015). Go/no-go tasks involve response speed, i.e.,
a participant with a low response speed may produce a high
number of omissions in the task and, as a result, obtain lower
levels of vigilance performance. All these examples demonstrate
how cognitive processes are interrelated, and, therefore, how
training may have a simultaneous impact on multiple processes.
This study has several key strengths. Firstly, it examines a
type of strategy-based training in attention and EF functions
that provides compensatory strategies adapted to the participant’s
needs. This is an innovative approach for cognitive training
with potential for further research. Secondly, the cognitive
training tasks presented in the Nexxo app are based on
neuropsychological models (Shiffrin and Schneider, 1977; Logan,
1994). Furthermore, the implemented strategies are based
on previous research and have been designed according to
the developmental stage at which the training is applied.
In this regard, it is important for future strategy-based
training designs to consider child developmental factors. In
our view, this approach can overcome the limitations of
previous cognitive training designs in attention and EF, in terms
of generalization and long-term effects (Rossignoli-Palomeque
et al, 2018). Thirdly, this analysis has helped to clarify the
relevance of instructional comprehension and self-instruction
as compensatory strategies. This finding should also be taken
into consideration for future training designs. This study reveals
that child development moderates inhibition and vigilance
performance. In addition, this paper demonstrates that there is
a relation between fluid intelligence and vigilance. This finding
raises the question of whether intelligence can be improved
by training vigilance. However, further research is needed in
this area. In addition, our paper shows a relation between
inhibition and vigilance. Nevertheless, this study also had certain
limitations. For example, as the study did not involve groups
of older participants, we could not analyze the feasibility of the
strategies in different age groups. In addition, due to a technical

limitation, we were unable to include processing speed as a
variable in our analysis. Therefore, it would be advantageous to
include this variable in future training designs.

Finally, we focused on Nexxo-training with typically
developing children. Further research on Nexxo-training should
focus on atypically developing children in terms of attention and
EE such as ADHD.

CONCLUSION

Nexxo-training is a specific form of strategy-based training that
provides not only general procedural metacognitive strategies
for the whole group, but also compensatory strategies for
individual participants who experience greater difficulties during
the training. Considering the proportion of participants who
required compensatory strategies at some point in the training
period (80.43%), it seems that compensatory strategies are
relevant over the course of the training process. Regarding
strategy analysis, instructional comprehension and self-
instruction (e.g., goal setting and planning) seem to be the most
useful strategies for participants with difficulties in inhibitory
and vigilance task performance. Finally, developmental factors
moderate task performance, while fluid intelligence and cognitive
flexibility is related to vigilance performance.
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