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1. Introduction

1.1. Developmental psychology, cognitive neuroscience, and
education

In the past two decades the interest of neuroscientists in
building bridges between neuroscience and education has
increased significantly [1-5]. Inspired by the idea that knowledge
about neural development of cognitive and emotional processes
could be incorporated and applied to learning and teaching,
neuroscientists began working towards a model for integration.
However, there are still relatively few proposals for building such
bridges [3]. An increasing body of the literature, which analyses
the theoretical factors linking these disciplines, stands in contrast
to the considerably low number of existing applications of neu-
roscientific knowledge in the classroom [6]. This paucity of data
derives, in part, from practical difficulties for conducting experi-
mental research in schools [7,8]. For example, when classes, and
not children, are the units of analysis it is important to increase as
much as possible the number of classes used, but this will add
additional sources of variation that might confound the results. On
the other hand, comparisons of few classes from the same school
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make it necessary to consider the potential differences between
teachers [9]. Specifically, when comparing academic achievement
in a few classes it is necessary to control for the “teacher effect”,
that is, the possible tendency of one teacher to assign higher
grades than other teachers at the same school [10-12]. Those
difficulties should be addressed in order to develop scientific
approaches for educational problems. In this complex, but promis-
ing, context, this paper presents an intervention aimed at unifying
the theory and practice of three disciplines (i.e., developmental
psychology, cognitive neuroscience, and education) to advance in
the direction of an evidence-based research practice.

1.2. Executive functions

Executive functions (EF) can be defined as the abilities to
inhibit and manipulate thoughts and actions, leading to goal-
directed behaviours [13,14]. The involved skills in this control-
processing are critical for success in school and life, since they
allow us to inhibit impulses, anticipate situations, start novel
actions, set goals and plans, and to design strategies and modify
them if they do not work. Core EF include: attention (alerting,
orienting, and executive attention) inhibitory control (resisting
habits, temptations, or distractions), working memory (mentally
holding in mind and manipulating information), and planning
(creating and maintaining an appropriate sequence of steps for
solving a task) [15-19].
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EF are considered critical in achieving success at school as they
have been associated with reading ability [20], mathematics and
standardized measures of academic achievement [21], mathematics
and processing speed [22], mathematics and reading/writing skills
[23], teacher report of learning behaviours and social competence in
the classroom [24], and reasoning skills [25]. Several studies docu-
ment the concurrent relationships between school-based functioning
and EF, and the predictive relationships between both [26-32]. The
flip side of this argument is also true: deficits in EF have been
associated with difficulties in school readiness, for example, in
mathematics, writing, and reading [32-34].

In addition, EF are considered critical factors in emotion regula-
tion and play a significant role in all complex behaviours in a social
context (e.g., school). For example, Neuenschwander and colleagues
[23] found effortful control and EF to be independently important in
improving early learning success and good classroom adjustment in
children making the transition to school life. Successful adaptation to
school does not seem depend only on achievement in math-
ematics, reading, and writing, but also on classroom behaviours such
as engagement, motivation and persistence in learning situations,
learning-related behaviours, classroom participation, and relation-
ships with teachers and peers [23,35].

With the aid of neuroimaging technology [36-38] and the struc-
tural and functional analysis of lesions [39,40] different studies have
associated the development and function of EF with the prefrontal
cortex. In the same way that neural circuits involving the prefrontal
areas develop slowly and become mature in early adulthood [41-43],
EF develop slowly throughout childhood and adolescence. Behaviou-
rally, although EF follow different developmental pathways, there is a
common aspect across them: the rapid advances in performance
between three and five years of age with respect to planning,
inhibitory control, and working memory processing tasks, as has been
shown in several longitudinal studies [11,44,45]. According to these
studies, the period from three to five years of age seems to be an
optimal time to implement EF training interventions.

1.3. Poverty impact on cognitive development

Beyond all debates about the definition of poverty and the different
ways of measuring it [46,47], children with a low socio-economic
status (SES) tend to have poorer EF and poorer school achievement,
compared with middle or high SES children [48,49]. Psychometric and
educational studies [50,51], and also studies that are part of a cognitive
neuroscience paradigm [49,52-55], have largely verified the impact of
poverty in EF In general, low SES has been negatively associated with
attention processes, inhibitory control, working memory, flexibility,
planning, phonological awareness, self-regulation, and theory of m-
ind in infants, kindergarten, primary, and secondary school children
|56-62]. Brain activation patterns associated with tasks demanding EF
are also influenced by prevailing SES factors [56,59,63,64|. Given such
disparities, children living under vulnerable conditions constitute a
priority target for interventions aimed at optimising EF.

14. Interventions aimed at optimising cognitive functioning

In recent years, several interventions targeting cognitive devel-
opment have been implemented and evaluated [65]. Overall, the
main goal of such early interventions has been the furtherance of
cognitive development in early childhood, expecting this will then
influence broader, longer-term outcomes such as academic and social
adjustment. In general, these studies reached their goals [66,67];
however, there have been difficulties in replicating successful out-
comes in the long term or on larger scales [68]. Since most of these
interventions are based on theories of developmental psychology, the
inclusion of aspects from the perspectives of cognitive neuroscience
could magnify gains in cognitive and academic outcomes [69].

During recent years, several studies have shown that EF can be
improved following a systematically-increasing EF-demand schedule
[70-79]. However, few of those trainings have been conducted by
teachers in classes. Although EF can be trained, teachers receive little
instruction in how to improve them [71]. Furthermore, teachers do not
usually learn about these kinds of processes, neither their development,
nor how they are a fundamental part of everyday activities in school [80].

There are two areas that provide appropriate opportunities for
applying developmental cognitive and neuroscientific proposals: tea-
cher training and school curriculum. On one hand, teachers study child
development during their training, although not from a neuroscientific
point of view [81]. During their training teachers usually do not
receive information about brain development and functioning. Stimu-
lation of EF from a developmental cognitive neuroscience perspective
is not covered during the training. Teachers' training in general-
neuroscience knowledge would help them to understand the devel-
oping minds and brains of students, their behaviours, the constraints
on learning, and the adequate times for learning, among other things
[82]. Besides that, teachers' training in general neuroscience would
provide teachers with an additional level of analysis that could help
them evaluate problems in education, and would contribute to an
informed, research-oriented, multifaceted perspective based on
empirical evidence. This kind of training will ultimately encourage
teachers to appreciate their roles as key players in building bridges
between disciplines. On the other hand, the content of the school
curriculum is relatively flexible, in the sense that teachers can design
their own specific class activities [83]. The curriculum provides
teachers with a content outline and general guidelines within which
they must build activities aimed at teaching key topics. However, since
each teacher designs their own specific activity, they can construct
them in such a way as to train EF or not. Instead of that, a sequence of
activities specially designed for EF stimulation ensures that the
training of EF is not left to chance.

These opportunities open a double gateway for developmental
psychology and cognitive neuroscience. First, they provide a chance
to train teachers in issues of developmental psychology and cognitive
neuroscience that are directly bound up with their profession (by
understanding these processes teachers could enrich their class
methods). Second, these opportunities allow for the creation of
curriculum-based activities that train EF.

1.5. Objective

The objective of the study was to design, implement and evaluate
an intervention to promote EF and academic achievement in kinder-
garten children. Our hypotheses were that (1) kindergarten children in
the intervention group will have higher cognitive performances,
compared to children in the control group, and (2) these benefits will
transfer to academic grades along first grade. The intervention was
designed by an interdisciplinary team made up of educational
researchers, and researchers in cognitive neuroscience and develop-
mental psychology. Only part of the team (researchers in cognitive
neuroscience and developmental psychology) conducted the study in
the school. The teachers implemented the intervention, through class
activities. The activities were in agreement with the current curricu-
lum of the City of Buenos Aires, but articulated with concepts and
methodologies of developmental psychology and cognitive neu-
roscience for the training of EF.

2. Materials and methods
2.1. Study design

The study consisted of a longitudinal quasi-experimental design
in which kindergarten classes were randomly assigned to control and
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intervention groups. Following a pre-training cognitive assessment
(see Section 2.3.3), 32 intervention activities were implemented in
the intervention group (see Section 2.4), while the control group
continued with the traditional class activities. We implemented
intervention activities twice a week during 16 weeks. Simulta-
neously, external observers (blind to the hypotheses under study)
registered 14 activities in each group (control and intervention)
following a qualitative observation protocol. At the end of the school
year, there was a post-training cognitive assessment (one week after
the intervention had finished), which included the same tasks as
those administered in the pre-cognitive assessment. During the
following year we collected academic grades for both groups (in
four different grading periods during first grade of primary school),
alongside two additional external control groups (children who
attended other kindergartens—they were not intervention nor con-
trol groups—but the same first grade classrooms).

2.2. Participants

We recruited 49 children (30 girls, mean age in years: M=5.26,
SD=0.29) from one public kindergarten of the City of Buenos Aires
in 2009. They were predominantly from low SES backgrounds [60].
Children had a full time school schedule (8:45 a.m./04:00 p.m.),
including naptime and three meals (breakfast, lunch, and an
afternoon snack). Attrition rate from pre- to post-cognitive assess-
ment evaluation was 0%.

The school also had primary-school education, which allowed us
to collect data on the children's academic achievements during the
year that followed the intervention. We lost contact with 22
participants during the follow-up stage of the study (attrition rate
44.89%) because these children moved to other primary schools.
Children in the control and intervention groups continued in the
same classes during their first year of primary school (that is,
children in the control group were not mixed with children from
the intervention group during first grade). Therefore, to diminish the
potential effects of the influence of the primary school teachers on
academic-grade assignments (“teacher effect”) we included two
external control groups, one per classroom (Table 1). In total, four
groups were available for the academic achievement comparisons:
intervention group, control group, external control group A (children
from a different kindergarten -without intervention- in the same
classroom as those children from the intervention group), external
control group B (children from another kindergarten—without inter-
vention— in the same classroom as children from the control group).
Because all children attended the same school, we controlled for
principals, curriculum and modalities of the school, school schedule
(all children had the same routine in school, that is activities, lunch
and nap at the same hours), and the school's geographic location.

We obtained informed consent from parents/caregivers and an
ethical approval from the institutional IRB (CEMIC, Protocol #320).
The procedures of the study followed international and national
children's rights and research norms

Table 1
Number of participants by study stage, group and gender.

Study groups n Girls Boys
Intervention Intervention 26 16
Control 23 14 10
Total 49 30 19
Follow up First grade A Intervention 16 10 6
External control A 7 3 4
First grade B Control 11 4 7
External control B 15 9 6
Total 49 26 23

2.3. Procedures

2.3.1. Socio-demographic information

We provided a SES scale (NES) [70,84] to each mother to obtain
individual and environmental information (i.e., health history, SES,
child education), in order to address potential differences between
control and intervention groups at the beginning of the study. To
determine SES of each family, four dimensions were considered:
(1) parents' education, (2) parents' occupation, (3) housing/dwell-
ing conditions, and (4) overcrowding.

2.3.2. Child temperament and mother mental health

We administered the Spanish short-form of the Child Beha-
viour Questionnaire (CBQ) [75] to each mother, in order to obtain
information about three temperamental dimensions (i.e., sur-
gency, negative affect, effortful control). Additionally, we used
the Anxiety and Depression Hamilton scale [85] to assess these
two aspects of the mother's mental health involved in self-
regulation from the early stages of child development [86]. This
information was used to evaluate potential differences between
control and intervention groups at the beginning of the study.

2.3.3. Cognitive assessment procedures

Children were tested individually at school, in a testing room,
during three 40-min sessions (two tasks in the first and second
sessions, and three tasks in the third session). Testing was scheduled
at times, reported by teachers, not to interfere with regular meals
and activities. Examiners were blind to the hypotheses of the study.
We evaluated the cognitive performance with a non-verbal battery of
tests, including three computerised (ANT, Stroop, and Self-ordered
search) and four manual tasks [Tower of London (TOL), Corsi blocks,
K-BIT (Kauffman Battery) matrix subscale, and K-ABC (Kauffman
Battery) digits subscale] (Table 2). Computerised tasks were dis-
played on laptops using E-Prime to present the stimuli and record
responses. Children were positioned at approximately 50 cm from
the computer screen (25 cm x 35 cm). For ANT and Stroop tasks
children used their index fingers to press the right and left arrow
keys, located at the bottom-centre of the keyboard. In the Self-
ordered search task, children used a computer mouse (5 cm x 4 cm),
for which they were previously trained in its use. All the tasks had
practice trials and, in TOL, Corsi blocks, and the Kaufman subscales,
the practice trials were considered as pre-test trials. If children
answered incorrectly to more than half of the practice trials, the
data were not considered.

2.3.4. Academic assessment procedures

We collected children's grades for each subject during each
bimester of the first grade of primary school. Primary school teachers
were blind to the objectives of the study. We selected only some
academic subjects for the analysis, from the complete list offered at
school, based on two criteria: first, considering the EF literature, we
selected subjects related to executive and self regulation demands;
second, given the large number of subjects and the need to reduce
variability, we selected those in which the classroom teacher assigned
the grades; subjects under the charge of specialised teachers, such as
“Physical Education”, were excluded from the analyses. Specifically,
the subject areas included in our analyses were Language, Mathe-
matics, Collaboration on tasks, Autonomy in task resolution, Acceptance
of rules, and Contact with peers. The grades obtained in these subjects
are the way in which teachers usually evaluate children's academic
achievement.

Each student received one grade per bimester for each subject, so
that a total of 24 variables were analysed. The grades assigned to
each child include the following options: O (outstanding), VG (very
good), G (good), R (regular), and B (bad). For statistical analytical
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Table 2
Administered tasks by target EF and dependent variables.

Test EF targeted

Dependent variables

ANT [75] Alert, orientation and control
attentional networks
Stroop-like Heart/flower [69] Inhibitory control

Tower of London [87] Planning

Corsi blocks [88] Spatial working memory

Self Ordered Search [89] Object working memory

Kaufman assessment battery for children test Verbal working memory
digits span [90]

Kaufman intelligence battery matrix test [91] General cognitive performance

Alert, orientation and control reaction times. Total correct trials

Reaction times and consecutive correct responses for each block (Congruent,
Incongruent, and Mixed)

Number of correct trials per difficulty level and maximum level reached with
100% of efficacy

Number of correct trials per difficulty level and maximum level reached with
100% of efficacy

Amount of correct selections in each block

Total correct trials

Total correct trials

purposes, a number was assigned to each one of these values (ie.,
0=5,VG=4, G=3,R=2,B=1).

2.4. Intervention

The activities were designed by an interdisciplinary team of
researchers in developmental psychology, cognitive neuroscience,
and education, who conducted weekly meetings for one year.
Specifically, the six educational researchers that were part of the
interdisciplinary team were also professors at different education
programs and courses for kindergarten teachers. Four researchers
in cognitive neuroscience and developmental psychology, experi-
enced in interventions in poverty contexts [76], completed the
team. During the meetings the team designed sequences of
activities aimed at training EF.

We designed a module of activities for small and large groups
of 5-year-old children. The module contained: (1) a summary of
the project, (2) general information about cognitive development,
(3) information about the associations between EF, mathematics,
and language teaching, and (4) 16 mathematic and 16 language
activities.! These activities were organised according to their
difficulty from lower to higher EF demand. Examples of basic EF
activities include visual searches for objects (attention), remem-
bering and reproducing object locations (working memory), when
seeing a card with a body position putting the body in the opposite
position (inhibitory control), and drawing a plan for a block
construction before constructing it (planning). More demanding
EF activities were, for example, dramatic play (attention, working
memory, inhibitory control, and planning training), and verbal
fluency games -saying words that start with a particular syllable
(attention, working memory). Each activity required the following
six conditions:

(a) It had to be based on the current official curriculum of the City
of Buenos Aires [80].

(b) It had to be structured as a game, as this is the usual pedagogical
strategy used in Argentinean kindergartens to teach and foster
learning skills [92].

(c) It had to increase the EF demand progressively. As children
solved one activity, teachers presented the next one in the
planned sequence (i.e., more EF-demanding than the previous
one). Also, when appropriate, within the same activity it was
possible to increase or decrease the level of difficulty depend-
ing on the performance of each group of children.

T All the material was registered for public use at the Direccién Nacional de
Derechos de Autor (National Direction of Author Rights) as “Activities booklet: Building
a multidisciplinary teaching approach” (“Cuadernillo de actividades: construcciéon de
una propuesta interdisciplinaria de ensefianza”), registration #740208).

#It had to be structured in three stages: (1) planning: the

(d) teacher explained the objective of the task, indicated the
group organisation, presented the material, and tried to verify
whether the task objective had been understood, (2) execu-
tion: children had to plan how they would solve the task, if
possible by verbalising their ideas, discussing ways of solving
the problems, and then executing their plan, and (3) integra-
tion: children evaluated the execution of the plan explaining
the strategies and actions they followed.

(e) It had to include novelty: each of the activities had to be
different to the previous one, since EF are greatly required in
novel situations [14].

(f) It let teachers to easily identify the EF demand. While all
school activities require EF to some extent, the intervention
activities were designed in such a way as to allow teachers to
easily understand which parts of the activity trained the EF.

Finally, it is important to state that during the implementation
of the intervention, some activities required an adaptation to each
particular class, in which teachers in charge of intervention classes
participated actively, as it is explained in the following section.

2.5. Teachers' training and follow up

Teachers in control and intervention groups received two
training sessions in general aspects of cognitive development
(each one two hours long). Besides that, the teachers in the
intervention group received an additional two-hour session of
training on basic EF knowledge, intervention activities, and sug-
gestions about possible strategies to demand EF during the
activities. In addition, before and after the implementation of each
intervention activity teachers and researchers in cognitive neu-
roscience and developmental psychology had ten-minute meet-
ings to approach the following issues:

a) Improve intervention fidelity: before the activity, teachers and
researchers reviewed and clarified doubts about it.

b) Adjustments: research in schools sometimes requires adapta-
tion of the activities, depending, for example on the school
schedule or the number of children attending school that day.
These adjustments were aimed at facilitating teacher's work
and at maintaining adequate levels of EF demand. Teachers in
charge of the classes worked together with the researchers to
adjust activities following the necessities of teachers and the
methodological requirements of the study. For example, for
activities in groups, teachers and researchers agreed on an
adequate number of children in each group: teachers suggested
it based on their experience in their class and researchers made
sure the number of children did not affect the EF demand.
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Table 3
Selection of dependent variables for cognitive assessment analyses.

19

Excluded variables Pearson's r P Selected variables
ANT
Incorrect answers 1 0.000 Total score
Proportion of correct answers 1 0.000
Stroop-like heart/flower
Total correct answers (congruent) 0.861 0.000 CCT (congruent)
Proportion of correct answers(congruent) 1 0.000
Total correct answers (incongruent) 0.895 0.000 CCT (incongruent)
Proportion of correct answers (incongruent) 1 0.000
Total correct answers (mixed) 0.834 0.000 CCT (mixed)
Proportion of correct answers (mixed) 1 0.000
Tower of London
Total correct answers 0.965 0.000 Correct trials per difficulty level
Number of new levels reached 0313 0.000
Corsi blocks
Total correct answers 0.975 0.000 Correct trials per difficulty level
Number of new levels reached 0.879 0.000
K-ABC digits span
Proportion of correct answers 0.843 0.000 Total score
K-BIT matrix test Total score
Proportion of correct answers 0.803 0.000 Total score

Note. CCT=consecutive correct trials.

c) Discussion: after the implementation of the activity, teachers
and researchers discussed the educational- and EF-demand
aspects of the activity. The main objective of this discussion
was to analyse the execution of the activity in detail (especially
to recognise EF demand on the activity) and to have the
possibility of making suggestions for the next activities based
on the previous ones. We designed a questionnaire for guiding
those discussions and registered teachers' answers qualitatively
(analyses of those discussion questionnaires are not included in
this manuscript). The questionnaire included the following
guiding questions: a) did the children understand the instruc-
tion?; b) did the children self monitor their work while they
were doing it?; c¢) what were the difficulties during the
activity?; d) was the level of difficulty of the activity adequate
for the group?; e) did the teacher consider the activity dem-
anded EF?; f) did the teacher have suggestions for improving
the activity in future interventions?; g) did the teacher imple-
ment changes from the “activities booklet” (describe modifica-
tions and reasons).

2.6. Intervention fidelity

Examiners blind to the study hypotheses, who completed a class-
room dynamic scale designed by the interdisciplinary team (research-
ers in cognitive neuroscience, developmental psychology, and
education) observed 14 intervention and 14 control-group activities.
We used this assessment for two reasons: first, in the intervention
group, to confirm intervention fidelity (i.e., if the activities were being
applied in compliance with the intervention plan) and second, in the
control group to control for the potential effect of the presence of an
external observer in the intervention classrooms.

We trained the examiners (psychologists or advanced students in
psychology) during two eight-hour sessions. The training focused on
how to complete the classroom dynamic scale; examiners were not
informed about the objectives of the study. We randomly assigned
each examiner to each class. Unfortunately, it was not possible to
analyse inter-examiners validity, because a requisite for working in the
school was that each examiner should observe the same class from
activity 1 to activity 14 in order to allow children to become
habituated to their presence. Observations (each one 40 min long)
were made twice a week, every two weeks, throughout the

intervention period (with the exception of the last two observations
that could not be executed because of changes in the school schedule).
To ensure that the examiners did not receive any information about
the groups, intervention examiners went to the school on even weeks,
while control examiners went during odd weeks to avoid
juxtaposition.

2.7. Data analysis

We identified only one child with a developmental disorder
and excluded this case from the analyses.

We obtained 34 dependent variables from cognitive assess-
ment. We applied a Pearson Correlation analysis to identify vari-
ables with significant and high associations (Pearson coefficient
over 0.7 and p <0.05). For these cases of high association, we
selected only one of the two correlated variables for the following
steps (the selection was made based on the published literature on
social vulnerability and cognitive development [50,51,93-96]).
Results of Pearson Correlation analysis, and selected variables are
presented in Table 3. The 20 variables that we finally used are
those described in the Section 2.3 for each of the assessment
instruments.

We evaluated assumptions for variance analyses, including
normality, homoscedasticity, and independence. For this purpose,
we used descriptive and univariate analyses, histograms and plot
graphics, as well as Levene, Kolmogorov Smirnov and Durbin
Watson tests for each variable. All dependent variables showed
violations of the above-mentioned criteria and therefore these
variables were transformed (using square root or arcsine transfor-
mations; in case of negative values, variables were transformed
into Z scores).

We conducted univariate ANCOVA models to check basal cogni-
tive homogeneity between the intervention and control-group
performances, and homogeneity regarding socio-demographic vari-
ables (age, gender, SES, children's health history, children's tempera-
ment and mother's mental health).

Later, we used analyses of variance for Repeated Measures to
evaluate the impact of the intervention on cognitive performance
and determine whether potential differences were modulated by
any of the aforementioned covariates.

To avoid teachers' biases on the academic grades, we included
one external group per classroom. Given the number of subjects in
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each group and the variability in frequencies of grades, we used
Mann Whitney analyses to assess the impact of the intervention
on academic performance through two comparisons: (1) academic
performance between the two external control groups to assess
differences between classrooms, and (2) between intervention and
control groups to assess intervention impact.

3. Results

In order to identify basal differences between groups (inter-
vention/control), we ran univariate ANCOVA models with the pre-
selected variables as independent variables (separate analyses for
each variable); group (intervention/control) as the fixed factor; and
age and gender as covariables. Socio-demographic variables were
selected according to the criteria previously mentioned. The
results showed non-significant differences between intervention
and control groups for all the socio-demographic pre-selected
variables (Table 4). We found a predominantly low SES for children
in the school [60].

Non-significant differences were found between groups with
regard to age at the beginning of the programme, health history
(addressed by the number of exposed risk factors), years of
kindergarten attendance, child temperament, and mother's mental
health.

3.1. Intervention impact on cognitive assessment

Results of basal cognitive comparisons between groups (ANCOVA,
including age, gender, and SES as covariates) indicated non-significant
differences in basal assessment in all the analysed variables, with the
exception of the variable selections block 4 (Self Ordered Search) for
which, on average, the intervention group showed more correct
selections than the control group (F;43=4.324; p=0.044).

Following this, we conducted Repeated Measures analyses
with the pre-selected variables as dependent variables, group
(intervention/control) as the fixed factor, and age and gender as
covariables. Of the 20 variables analysed, 19 did not show

Table 4
Sociodemographic comparisons by study groups.

significant differences between groups, with the exception of the
variable Total Score in ANT, in which the intervention group
increased its basal score significantly more than the control group
(F144 =4.655; p=0.036) (Table 5). Given that there were basal
cognitive differences between groups in selections block 4 (Self
Ordered Search), we did not interpret them as intervention impact.

3.2. Intervention impact on academic achievement

We analysed 24 variables of academic achievement (6 aca-
demic areas evaluated four times during the year). Each bimester
was analysed separately. The difference in sample size across
bimesters is due to the fact that 22 children stopped attending
school during the period of our study. We compared four groups:
intervention group (n=16), control group (n=15), external control
group A (n=7), and external control group B (n=15).

First, we conducted Mann Whitney equality-of-median ana-
lyses to compare academic performance between the intervention
and control groups, to evaluate the hypothesis that the control
group would reach lower levels of academic achievement, on
average, than the intervention group. The results of the test were
in the expected direction and showed significant differences for
the following variables: Language 4th bimester (z=-2.634;
p=0.011), Mathematics 2nd bimester (z= —2.750; p=0.011) and
4th bimester (z=-2.269; p=0.030), Autonomy 1st bimester
(z=-2.852; p=0.009), and Contact with peers 2nd bimester
(z=—2.406; p=0.039). For the other variables, the intervention
group had similar average grades to the control group. The
medians for each group are reported in Table 6. Effect sizes were
high (between 44 and 56) for variables that showed significant
differences between groups.

Second, we compared the two external control groups' perfor-
mances to evaluate the hypothesis that some teachers have a
tendency to assign higher grades, compared to other teachers
(“teacher effect”). We found non-significant differences between
the grades of both external control groups in all variables considered.

Third, to avoid any potential teacher effect, we conducted Mann
Whitney analyses to compare academic achievement between the

Sociodemographic Variable Control Intervention ANOVA by study group
area n? Media (SD) n Media (SD) F* p*
Age Child age (at baseline) 24 5.27 (0.28) 25 5.25 (0.31) 0.06 0.808
Health history*1 Number of risk factors” 24 0.46 (0.66) 25 0.44 (0.65) 0.004 0.948
Socioeconomic status Parent's education score® 20 (2.93)¢ 24 7.50 (2.55)¢ 0.051 0.823
Parent's occupation score® 20 (2.39)¢ 24 4.67 (2.70)° 0.03 0.864
Dwelling score’ 20 (1.71) 24 10.88 (1.94) 0.24 0.627
Overcrowding score® 20 (2.28) 24 713 (2.63) 0.59 0.447
Socioeconomic status score” 20 31. 05 (6.89) 24 30.17 (6.98) 0.238 0.628
Child education Preschool attendance 20 (0.91) 24 1,63 (0.82) 3.242 0.079
Temperament Surgency 20 (0.94) 24 4.66 (0.82) 0.194 0.662
Negative effect 20 (1.08) 24 4.53 (0.87) 0.048 0.827
Effortful control 20 (0.84) 24 6.15 (0.65) 0.188 0.667
Mother mental health Mother anxiety 19 (3.79) 23 7.13 (4.17) 0.287 0.595
Mother depression 19 5. 79 (4.37) 23 522 (3.61) 0.157 0.694

Note.

¢ Sociodemographic information could not be obtained in some cases (this is the reason for differences in sample sizes).
b Risk factors include low birth weight, premature birth, exposure to risks during pregnancy (reported mother drugs/tobacco use, high blood pressure, anaemia or

infections that could have affect child nervous system development).
¢ Highest educational and occupational levels reached by parents.
4 Incomplete secondary school level.
€ Skilled worker (cadet, chauffeur, cook, waiter, maintenance).
f'Scale range: 3-12 points, with higher scores for better housing conditions.
& Scale range: 0-9 points, with higher scores for better conditions.

" Score composed adding parent's education and occupation score, dwelling and overcrowding score.

* Univariate ANOVA was performed for each variable.
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Cognitive performance by group and repeated measures analyses results.
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Test/dependent variable

Time 1

Time 2

Control group

Intervention group

Control group

Intervention group

Repeated measures analyses

n  Mean (SD) n  Mean (SD) n  Mean (SD) n  Mean (SD) gl F p
ANT
Total score 24 85.79 (8.17) 25 75.96 (21.94) 23 91.48 (4.41) 25 86.72 (12.12) 44 4.655 0.036
RT alerting 24 2119 (112.84) 24 63.23 (191.20) 23 3413 (119.19) 25 68.84 (160.02) 43 1.557 0.219
RT orienting 24 39.48 (121.46) 25 —41.96 (138.83) 23 —2.50(98.02) 25 8.60 (108.84) 44 2.066 0.158
RT executive attention 24 88.52 (113.62) 25 93.44 (205.11) 23 74.98 (56.07) 25 84.94 (66.23) 44 0.352 0.556
Stroop-like heart/flower
CCT (congruent) 24 10.33 (2.73) 25 10.28 (2.99) 23 40.65 (2.29) 25 11.64 (1.08) 44 0.335 0.556
CCT (incongruent) 22 7.36 (4.01) 23 8.65 (3.14) 23 9.13 (2.72) 25 10.40 (2.63) 40 2.651 0111
CCT (mixed) 24 7.92 (5.96) 25 6.84 (4.98) 23 11.78 (7.58) 25 10.36 (5.16) 44 0.334 0.566
RT congruent 24 857.03 (291.63) 25 1003.41(269.59) 23  958.14 (220.24) 25 904.41 (219.66) 44 0.718 0.401
RT incongruent 22 118137 (308.20) 23 1236.43 (336.77) 23 1114.66 (295.33) 25 1057.29 (213.90) 40 0.003 0.957
RT mixed 24 1362 (402.56) 25 1459.50 (320.27) 23 1370.80 (239.98) 25 1363.91 (255.95) 44 0.355 0.554
Tower of London
Correct trials per difficulty level 24 19.75 (15.23) 23 21.71 (12.76) 23 29.78 (13.86) 25 33.92 (1642) 42 0.454 0.504
Maximum level with 100% efficacy 24 1.46 (1.10) 23 1.04 (0.88) 23 1.52 (0.85) 25 1.80 (1.12) 42 0.736 0.396
Corsi blocks
Correct trials per difficulty level 24 11.38 (6.93) 22 8.09 (5.89) 23 1913 (13.86) 25 22.04 (14.46) 41 0.007 0.932
Maximum level with 100% efficacy 24 0.88 (0.68) 22 0.73 (0.70) 23 1.30 (0.97) 25 1.52 (0.87) 1 0.139 0.711
Self Ordered Search
Selections block 1 24 417 (0.76) 25 412 (0.83) 23 5.57 (0.51) 25 5.16 (0.55) 44 1.467 0.232
Selections block 2 24 3.67 (0.87) 25 3.84 (0.75) 23 4.74 (0.75) 25 4.76 (0.72) 44 0.456 0.503
Selections block 3 24 5.46 (1.10) 25 5.44 (1.04) 23 6.74 (0.69) 25 6.64 (0.86) 44 0.001 0.981
Selections block 4 24 4,58 (0.88) 25 5.00 (1.08) 23 6.35 (0.78) 25 5.96 (0.79) 44 0.246 0.623
K-ABC digits span
Total score 24 5.71 (2.01) 25 2.24 (1.96) 23 6.04 (1.77) 24 5.58 (1.82) 43 1.105 0.299
K-BIT matrix test
Total score 24 13.46 (4.10) 25 12.60 (4.40) 23 15.57 (3.92) 25 13.20 (3.49) 44 2.595 0.114

Note. RT=reaction time; CCT=consecutive correct trials; Time 1=pre-intervention cognitive assessment; Time 2=post-intervention cognitive assessment; bold text

indicates significant differences between groups (p < 0.05).

Table 6
Academic performance by study groups.

Subject Bimester Median Mann Whitney analyses r (effect size)
Control (n=11) Intervention (n=16) U VA p
Language st 3.00 4.00 48.00 —2.237 0.050 0.44
2nd 3.00 4.00 63.00 -1.330 0.231 0.26
3rd 3.00 4.00 63.50 —-1.306 0.231 0.26
4th 3.00 4.00 37.00 —2.634 0.011 0.52
Mathematics st 3.00 3.50 60.50 —1.538 0.178 0.30
2nd 3.00 4.00 37.50 —2.750 0.011 0.54
3rd 3.00 4.00 61.50 1.409 0.195 0.28
4th 3.00 4.00 44.00 —2.269 0.030 0.44
Collaboration in tasks Ist 3.00 3.00 57.50 —1.902 0.134 0.37
2nd 3.00 3.00 53.00 —2.097 0.089 041
3rd 3.00 4.00 59.00 —1.627 0.162 0.32
4th 3.00 4.00 57.50 -1.731 0.134 0.34
Autonomy 1st 3.00 4.00 36.00 —2.852 0.009 0.56
2nd 3.00 4.00 54.00 -1.799 0.099 0.35
3rd 3.00 4.00 72.50 -0.824 0.451 0.16
4th 3.00 4.00 60.50 —1.536 0.178 0.30
Acceptance of rules Ist 3.00 4.00 61.00 —1.432 0.195 0.28
2nd 3.00 4.00 58.00 —1.609 0.148 0.32
3rd 3.00 4.00 61.00 —1.432 0.195 0.28
4th 3.00 4.00 56.50 -1.769 0.121 0.35
Contact with peers Ist 3.00 4.00 49.00 —2.235 0.056 0.44
2nd 3.00 4.00 46.00 —2.406 0.039 047
3rd 3.00 4.00 54.00 —1.970 0.099 0.39
4th 3.00 4.00 48.00 —2.329 0.050 0.46

Note. Bold text indicates significant differences between groups (p < 0.05).

external control group A and the intervention group (both in the
same classroom evaluated by the same teacher). Since the same
teacher graded both groups, if the intervention group showed higher
grades than their classroom peers, results would suggest higher

academic achievement for intervention children, regardless of any
teacher tendency in grading. The results showed significantly higher
grades for children in the intervention group in the following
variables: Language 4th bimester (z=-2.826; p=0.005), and
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Table 7
Academic performance by intervention and external control groups.

Area Bimester Median Mann Whitney results r (effect size)
Intervention (n=16) External control group A (n=7) U Z p
Language 1st 4.00 3.00 43.00 —0.982 0.413 0.20
2nd 4.00 3.00 44.50 -0.829 0.452 0.17
3rd 4.00 3.00 27.00 -2119 0.055 044
4th 4.00 2.00 11.00 —2.826 0.005 0.59
Mathematics 1st 3.50 3.00 39.00 -1.302 0.278 0.27
2nd 4.00 3.00 33.50 —1.644 0.135 0.34
3rd 4.00 3.00 25.00 —2.236 0.039 0.47
4th 4.00 2.00 17.00 -2.399 0.021 0.50
Collaboration in tasks 1st 3.00 3.00 39.50 —-1.335 0.278 0.28
2nd 3.00 3.00 47.50 —0.671 0.579 0.14
3rd 4.00 3.00 48.50 -0.579 0.624 0.12
4th 4.00 3.50 32.50 —1.344 0.261 0.28
Autonomy 1st 4.00 3.00 37.00 -1.435 0.222 030
2nd 4.00 3.00 29.00 —2.005 0.076 0.42
3rd 4.00 3.00 36.50 —1.458 0.198 030
4th 4.00 3.00 23.00 —2.149 0.070 0.45
Acceptance of rules 1st 4.00 3.00 47.00 —0.651 0.579 0.14
2nd 4.00 3.00 44.00 -0.879 0.452 0.18
3rd 4.00 3.00 41.00 -1.076 0.341 0.22
4th 4.00 3.50 36.50 —1.034 0.407 0.22
Contact with peers 1st 4.00 3.00 37.00 —1.466 0.222 0.31
2nd 4.00 4.00 46.00 —0.838 0.535 0.17
3rd 4.00 4.00 54.00 -0.176 0.922 0.04
4th 4.00 4.00 41.00 -0.710 0.641 0.15

Note. Bold text indicates significant differences between groups (p < 0.05).

Mathematics 3rd bimester (z= —2.236; p=0.039) and 4th bimester
(z=—2399; p=0.021). In the other variables analysed, the interven-
tion group had similar grades than the external control group A
(Table 7).

Finally, the only difference between the control group and the
external control group B is in the variable Acceptance of rules 3rd
bimester, where the external control group B showed significantly
higher grades (Z=—2.411; p=0.024) than peers of their same
classroom (control group). There were no differences between
control group and external control group A.

4. Discussion

The main contribution of this study resides in the design and
methodology implemented. To the best of our knowledge there are
no previous intervention studies based on the integration of
perspectives from developmental psychology, cognitive neu-
roscience, and education, designed with education, cognitive
neuroscience and developmental psychology researchers, and
implemented by teachers. There were two levels of interdisciplin-
ary interaction among experts: first, the design of the intervention
came from the collaborative work of people from those disciplines.
Second, the adaptation of the activities to particular groups of
children derived from an active dialogue between intervention
classroom teachers, and researchers in cognitive neuroscience and
developmental psychology. That is, educational researchers cre-
ated the activities, intervention teachers adapted them, and
researchers in cognitive neuroscience and developmental psychol-
ogy participated in each phase (design and adaptation) ensuring in
each activity EF demand. While there is a claim that studies
developed in ecological contexts are integrative in this respect
[7], most studies aimed at integrating neuroscience and education
fields have been developed in laboratories [97] and were carried
out by experimenters, usually giving the teachers the only role of
applicators. In this regard, our work sets a precedent for future
joint work and represents a contribution for bridging the gap

between disciplines. In addition, in Argentina, as in other coun-
tries, education methods are nearly always based on traditions and
qualitative opinions [98]. Different teaching methods have been
used, but there is little empirical comparison of their efficacies [9].
Argentinean kindergarten curriculum and educational research is
more focused on the content than on the process of learning and
EF development [83]. In the search for best evidence-based
education methods, this study is a local precedent for scientific
comparisons of teaching approaches.

Contrary to the hypotheses outlined in the introduction, only the
variable ANT Total Score showed significant differences between
groups, suggesting a differential improvement on attention skills.
No other impacts of the intervention on cognitive performances were
verified, and given the number of variables for which we expected to
find strong impacts on academic achievement, we consider that the
gain was small. It is worth highlighting, however, that the academic
profiles during first grade suggested that these intervention children
had enhanced performance compared to the control and to the
external control groups. Specifically, five of the 24 variables analysed
regarding academic achievement showed differences between study
groups. In all of them, the intervention group had significantly higher
values than the control group. We found differences in 4 of the
6 academic areas where we expected to find an impact of the
intervention method (Language, Mathematics, Autonomy, and Con-
tact with peers). Those differences were observed in 1st, 2nd, and 4th
bimesters, and it remains unclear why those differences were spread
along the year and no concentrated in any particular time. Moreover,
when we observed the median grades for each subject, children in
the intervention group presented higher values than children in the
control group in 22 of 24 variables, that is, the intervention group
performed better than the control in all academic areas, although the
difference between groups did not always reach statistical signifi-
cance. Those results showed a general tendency of the intervention
group to increase academic achievement, even though it is not
possible to conclude that those differences were necessarily asso-
ciated to the intervention.
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As mentioned above, a question to be addressed is the possibility
of a “teacher effect” [10-12]. To control for this factor, two external
control groups (one for each classroom) were compared. We found
no differences between them, suggesting that both teachers evalu-
ated children based in similar criteria. Furthermore, children in the
intervention group and in the external control group A (both in the
same classroom with the same teacher) were compared to test the
same hypotheses. Results indicated differences in three of the 24
variables analysed, with children in the intervention group showing
higher grades than their control classrooms partners. Most impor-
tantly, 20 of the 24 variables analysed showed higher medians in the
intervention group compared with the control group. These results
emphasise the differences between control and intervention groups,
showing a tendency of children in the intervention group to have
higher grades.

Although we anticipated that the intervention would produce
impacts on cognitive achievement, this approach failed to attain
significant results, a result similar to that obtained by other interven-
tion programs [99,100]. Possible reasons for the absence of cognitive
effects of the intervention should be considered: for example, tasks
used for evaluation, timing, and conformation of study groups.

First, it is possible that the battery of tests used for cognitive
assessment was not the most adequate one to detect the impact of
this type of intervention put into practice by teachers in class,
while grades may be a more general and sensitive measure of
changes in achievement. Although the EF tests presented here had
been used in previous studies and proved to be useful in detecting
changes produced by other types of interventions [76], it is
possible that they failed to detect the effects of this broader
intervention whereas grades performed better. However, whether
the battery used had enough sensitivity remains an open question
and cannot be answered with the applied design.

Second, another explanation for the results obtained in this study
could be related to a timing effect. It is possible that the evaluation of
the cognitive impact was too close to the first cognitive assessment
and EF changes in the context of these types of interventions need
more time to be revealed in the tasks we used. In general, interven-
tions aimed at optimising EF (in laboratory or community settings)
usually show immediate intelligence quotient gains and subsequent
fade-outs, and many years later, a positive impact on ecological
variables (e.g., study, work, crime) [55]. In our study, the cognitive
gains have been lower (regarding only attention) than the ecological
gains (grades), which brings into the discussion the importance of a
further analysis of the research design, the intervention content, the
type of evaluation instrument, and the optimal time for impact
assessment. Another issue related with time is the frequency of the
activities: higher frequencies of activities have shown greater effects
in different intervention programs [67,69]. Therefore, the implemen-
ted schedule of two activities per week may have been a scheme of
insufficient intensity to generate substantial impacts. It is important
to consider and test different activity-schedules in the design of future
studies to determine the optimal number of activities, their duration
and frequency—aspects that represent a challenge for schools when
this type of studies competes with other school projects.

A final issue to consider is the sample conformation. Given ethical
standards and school norms, it was impossible to apply an experi-
mental design in which children would be assigned randomly to
intervention and control groups [101]. Likewise, the units of analysis
were classes and not individual children, due to the aims of the
study: the intervention was expected to work in common classes,
with their own dynamics. Additionally, as in the present study only
two classes were compared, we were unable to control for a number
of variables that could have influenced results (e.g., teacher's perso-
nal and pedagogical styles). In this sense, it would be important to
include more schools and classes in future studies to arrive to
broader conclusions. The current study included control for EF levels,

SES, maternal mental health, child temperament, and nutritional
condition. Also, as all children attended the same school, principals,
curriculum and modalities of the school, school schedule, and school
spatial location were controlled for (all factors that have been
suggested as a good practice for these types of studies [102]). To
increase the number of classes involved we would have had to
increase the controls for these and other variables. In addition, at
least in the city of Buenos Aires, there are no schools with more than
two classes per age, which would require running the intervention in
at least several different schools. Consequently, it would be impor-
tant to take into consideration all these potential sources of variation
in order to include an appropriate number of classrooms/schools but,
at the same time, keeping the number of variables under control as
high as possible.

Although the effects of the intervention developed by the
interdisciplinary team were not the expected ones, this is a first
attempt at working together in an educational project of this type.
It is important to continue working in this direction, in order to
increase the knowledge about how to improve these collabora-
tions, to have a lasting and positive impact on children's cognitive
and social development.

5. Conclusion

This study shows a way of conducting a true interdisciplinary
study between the fields of developmental psychology, cognitive
neuroscience, and education, which represents a contribution for
bridging the gap between these disciplines. Although we did not
find a significant impact of the intervention on the pre- to post-
training cognitive assessment, results showed significant differ-
ences in some academic areas during first grade. This study shows
that it is possible (a) to design work in concert between the fields
of developmental psychology, cognitive neuroscience, and educa-
tion, and (b) to generate pedagogic cognitive training approaches
that mix scientific and educational advances.
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