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The scientific literature suggests that following a healthy diet and maintaining a
healthy weight status are associated with multiple health benefits. However, the
cognitive and academic implications of these behaviours in schoolchildren require
further study. The aim of this study is to determine the predictive value of attention
on academic performance in primary school children observing the moderating
role of weight status and diet quality in this relationship. In this quantitative study
of 118 schoolchildren from Spain (M + SD: 10.84 £ 1.20 years), the Perception of
Similarities and Differences test (attention) and the KIDMED questionnaire (diet
quality) were used. For its part, academic performance was calculated through the
grade obtained in the subjects of the primary curriculum and nutritional status was
assessed through the Body Mass Index (kg/m2) adjusted for sex and age. The
linear regression test showed that higher values in attention correlated with higher
values in academic performance in core subjects (p < .05) and specific subjects (p
< .05) with the exception of Physical Education (p = .112). This relationship
became stronger after the model was adjusted for Normal Weight/Optimal DQ and
Overweight/Optimal DQ (p < .05). However, after the model was adjusted to
Normal Weight/improvable DQ and overweight/improvable DQ, this relationship
between attention and academic performance disappeared (p > .05). Based on
these results, it is concluded that there is a positive relationship between attention
and academic performance, with the exception of physical education, which is
enhanced when diet quality is optimal, regardless of weight status. The present
study contributes to the scientific literature investigating the moderating role of
healthy lifestyle habits, such as diet quality or weight status, between cognitive
processes (attention) and learning outcomes (academic performance).

Keywords: mediterranean  diet, obesity, academic performance, cognition,
schoolchildren

INTRODUCTION
Over the last decade, the term executive function has become a buzzword in the field of
education, as it is a fundamental term for understanding goal-directed behaviour,
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thoughts and emotions (Bureekhampun et al., 2021; Herrera et al., 2020). These
cognitive processes are especially important in novel or demanding situations, as they
require rapid and flexible adjustment of behaviour to the changing demands of the
environment. The development of executive function relies on the maturation of
associated brain regions, as well as stimulation in the schoolchild's social contexts,
especially at home and school (Huizinga et al., 2018).

Recent research highlights the importance of executive functions in improving academic
performance, understood as a profile of the skills, knowledge, attitudes and values that
students develop in the teaching and learning process (Agustin et al., 2021; Golub et al.,
2016; Lai et al., 2019).

For example, in a longitudinal study using latent growth curve models with structured
residuals created to test associations between two dimensions of executive function
(working memory and cognitive flexibility) and two domains of academic performance
(mathematics and reading) (Willoughby et al.,, 2019); they found significant
relationships (¢ = 0.55- 0.91; B = -0.10 - 0.25) and reflected the need to improve these
skills as a means of facilitating school outcomes. Similarly, an intervention study with
primary school children (aged 7-12 years) found that higher memory performance
without distractors was associated with higher academic scores in literacy (reading and
writing), mathematics and science for schoolchildren aged 7-9 years, while these
academic scores for schoolchildren aged 10-12 years were associated with memory
performance with visual distractors (Tsubomi & Watanabe, 2017).

On the other hand, a systematic review analysing the effect of executive functions on
academic performance concluded that they are a good component to take into account in
the school curriculum given their proven relationship with academic performance;
therefore, it is suggested that they should be strengthened across all subjects (Montes-
Miranda et al., 2020). Likewise, in a meta-analysis which analysed the relationship
between executive functions and academic performance (in the subjects of Language
and Mathematics) in primary schoolchildren (6-12 years) considering 21 studies (n =
7947), they demonstrated, for the subjects of Language and Mathematics, a moderately
significant weighted effect size (r = 0.350; r= 0.365, respectively), thus supporting the
theory that executive functions have a greater influence on mathematical performance,
especially in aspects such as encoding, organising and immediate retrieval of
information. This meta-analysis also demonstrated the moderating effect of variables
such as physical fitness and motor skills on these relationships (Cortés-Pascual et al.,
2019).

In this regard, Polverino et al., (2021) after conducting a literature review point out that
in the current research environment in the context of health, other lifestyle factors such
as diet quality or weight status may be intertwined in cognition and learning processes,
as brain functioning depends both on genes and their interactions with environmental
factors. In other words, the close link between genetics and environmental factors leads
to structural and functional brain changes early in life. Therefore, understanding the
weight of environmental factors in modulating neuroplasticity phenomena and cognitive
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functioning is relevant for possible educational interventions. Among these, nutrition
plays a key role.

However, Jirout et al., (2019) point out that there is little scientific literature that
provides important knowledge to increase the effectiveness of learning-focused
interventions. This review notes that, in a climate where childcare and school feeding
policies are continually discussed, this review aims to add impetus to the debate and call
for more holistic approaches to supporting school development. In turn, this study points
out that the learning process is a complex construct that can be described as a series of
compromises in information/memory processing and storage systems that ultimately
result in knowledge. In this sense, they underline the importance of attention, as it is the
first cognitive capacity that allows us to capture information from the outside, being a
posteriori, and the working memory that helps the brain to make sense of it (See Figure
1).

Learning: developing  or
Thinking: Using representations to changing representations.
do a task, solve problems.

Long-term

Working ; memory: mental
Sensory memory: Encoding representations
system: . Processing  of of  knowledge
information Attention information- and procedures.
received from “thinking”.
environment. Retrieval

Figure 1
Information processing model. Source: Jirout et al., (2019).

In this sense, it is clear from the scientific literature that attention is the first basic and
indispensable psychological process for the processing of information of any modality
(images, words, sounds, smells, etc.), defined as the ability to generate, direct and
maintain an adequate state of activation for the correct processing of information
(Thurstone & Yela (2019), which is linked to academic performance. However, it is
necessary to extend this relationship from predictive models considering performance in
all primary school subjects and observing the moderating role of such important factors
in primary school as diet quality and weight status, since primary school is a
transcendental stage where the acquisition of active life habits that last in later stages of
life begins.

Based on these precedents, the aim of this study is to determine the predictive value of
attention on academic performance in core subjects (Spanish Language and Literature,
Mathematics, Natural Sciences, Social Sciences and First Foreign Language (English))
and specific subjects (Art Education, Physical Education, Religion/VValues and Second
Foreign Language (French)) of the last cycle of Primary Education (Royal Decree
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126/2014, 28 February), observing the moderating role of weight status and diet quality
in this relationship.

METHOD
Type of study and participants

Prior to conducting this research, the sample size was calculated in order to ensure
robust results (Quispe et al., 2020). After jointly estimating the u (in reference to the
number of variables) and f 2 (effect size in linear regression models) statistics, it was
obtained that the minimum sample had to be a total of 98 subjects to be able to carry out
the linear regression technique, something that is fulfilled since we have a total sample
of 118 students.

In this respect, a total of 118 schoolchildren (62 boys and 56 girls) belonging to the
Autonomous Community of the Canary Islands (South of Tenerife), aged between 10
and 12 years (M = SD: 10.84 + 1.20 years) participated in this empirical descriptive and
cross-sectional ex post facto study. Sampling was non-probabilistic, non-random and
convenience sampling (access to the sample). A public school in the district of Adeje
was selected. This school has a medium-high socio-economic level. In previous
meetings held with the headmistress of the school and legal guardians of the
schoolchildren, they were informed of the study protocol and informed consent was
requested so that the schoolchildren could participate. Inclusion criteria were considered
to be between 10-12 years of age and regular school attendance (90% of classes during
the months of the current academic year). In addition, the following exclusion criteria
were considered: 1) Failure to provide informed consent to participate in the research.

Procedure

The work was carried out during the months of March and April of the 2020/2021
academic year, and the head of the school and the representatives of the parents'
associations were informed of the purpose and protocol of the research at a meeting.
The working team consisted of a principal researcher and two collaborating colleagues
(teachers specialising in Primary Education and Physical Education). A theoretical
session was held prior to the completion of the questionnaires with each study group in
order to ensure that all participants understood the questionnaires in this study. The
research team administered the test in the natural groups of the PE class. All
questionnaires were administered during the first school session in order to avoid the
possible fatigue of the school day and to interrupt the school dynamics as little as
possible.

The research was carried out in accordance with the deontological standards recognised
by the Declaration of Helsinki (2013 revision), following the recommendations of Good
Clinical Practice of the EEC (document 111/3976/88 of July 1990) and the current
Spanish legal regulations governing clinical research on humans (Royal Decree
561/1993 on clinical trials).
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Instruments

Academic performance was considered as the dependent variable in this study. This was
assessed by means of the grade obtained by fifth and sixth grade students in the first and
second assessment carried out in the subjects of the Primary Education curriculum;
Natural Sciences, Social Sciences, Spanish Language and Literature, Mathematics, First
Foreign Language: English, Physical Education, Religion/Values and Second Foreign
Language: French (Royal Decree 126/2014, of 28 February, establishing the basic
curriculum of Primary Education and Decree 89/2014, of 1 August, establishing the
organisation and curriculum of Primary Education in the Autonomous Community of the
Canary lIslands). The values of all variables ranged from one to ten points. The score
obtained in each subject derives from the total assessment of the learning established in
the assessment criteria described in the Resolution of 13 May 2015 establishing the
rubrics of the assessment criteria in Primary Education in the Autonomous Community
of the Canary Islands, which emanate directly from Royal Decree 126/2014, of 28
February. These criteria are the fundamental reference for the assessment and marking
of pupils throughout Spain.

The independent variables are:

I) attention assessed by means of the thirteenth version of Thurstone & Yela's (2019)
Test of Perception of Similarities and Differences (Faces-R). This test measures the
ability to perceive, with the highest processing speed, similarities, differences and
partially ordered stimulus patterns. It is used for subjects aged six to 18 years. It consists
of 60 graphic items, each consisting of three schematic drawings of faces with the
mouth, eyebrows and hair represented with elementary strokes. In each set of three
faces, two are the same, and the task is to determine which is different and cross it out.
This test has been widely used in education to assess perceptual and attentional aspects
in schoolchildren with and without attention deficit hyperactivity disorder (Soldatova &
Teslavskaia, 2017). When performing the test, the strategies adopted to discriminate
between the different items are inhibited. When the subject finds the different face,
he/she must cross it out and continue with the rest of the sets. There is no order in which
to complete the test. The subject has a total time of three minutes. The score is obtained
directly from the total number of correct answers, the maximum score being 60 points.
Test-retest reliability studies conducted by Thurstone & Yela (2019) with individuals
aged six years and older showed a test-retest reliability coefficient of 0.95. Based on the
CARAS-R test enneotype classification criteria (Thurstone & Yela, 2019), the variable
attention was created.

I1) The diet quality quantified using the KIDMED questionnaire (Serra et al., 2004).
This instrument is composed of 16 items that represent standards of the traditional
Mediterranean diet. Four of them are assessed with a negative score (-1 point) if
answered positively (items 6, 12, 14 and 16), while the remaining twelve items are
assessed with a positive score (+ 1) if answered positively. After summation, an overall
score between -4 and 12 is obtained, which describes a better or worse quality of the
diet. The value of the KIDMED index is: score < 3 indicating a very low quality diet;
score between 4 and 7 indicating the need to improve the dietary pattern to conform to
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the Mediterranean model; and finally, score > 8, showing an optimal Mediterranean diet.
Participants were categorised into two groups: improvable DQ (< 7) and optimal DQ (>
8).

I11) Weight and height were determined using an electronic scale (TANITA TBF 300A,
USA) and measuring rod (SECAA800, USA) with an accuracy of 100 g and 1 mm
respectively, following the protocol of the International Society for the Advancement of
Kynanthropometry (ISAK) with level | certified personnel. From these anthropometric
variables, the body mass index (kg/m?) was calculated. From this index, age- and sex-
adjusted nutritional status was diagnosed (Cole & Lobstein, 2012). Participants were
categorised into two groups: normal weight and overweight (overweight + obesity).

V) Based on weight status and diet quality, a new combined weight status/diet quality
variable was created resulting in four groups (Normal Weight/Optimal DQ, Normal
Weight/Improvable DQ, Overweight/Optimal DQ, and Overweight/Improvable DQ), as
has been done previously (Carrillo & Prieto, 2020).

Statistical analysis

The normality and homogeneity of variances were obtained through the Kolmogorov
Smirnov and Levene statistics, respectively. On observing a normal distribution of the
values recorded, a parametric analysis was chosen. The linear regression technique was
then carried out using the stepwise method in each of the subjects. A total of five
predictive models were estimated. Before interpreting the coefficients, goodness-of-fit
and model assumptions were assessed. To analyse the goodness-of-fit, the F-test was
used, which indicates whether the linear relationship being analysed is statistically
significant. It should be noted that in all models this statistic was significant, thus
confirming the relevance of the linear regression technique (Martinez et al., 2020). With
respect to the assumptions, as indicated by Pardo & San Martin (2010), the assumption
of non-collinearity, linearity, independence of the errors and the Breusch-Pagan test to
check the homogeneity of the residuals were checked, as well as the Breusch-Pagan test
to check the homogeneity of the residuals. These assumptions are met in all models. The
influence of outliers was also tested using Cook's distance. As the value obtained was
less than 1, it was concluded that there was no influential case. In turn, since it is
essential to determine the individual contribution of each predictor when conducting a
linear regression model, the R? statistic averaged according to the order in which the
predictors are entered into the model was used (Raschka & Mirjalili, 2019). R software
version 4.1.2 (R Core Team, 2020) was used for the analysis of all data, specifically the
pwr package (Champely et al., 2018) was used to calculate the sample size, with the
significance level set at 5% (p <.053).

FINDINGS

Table 1 shows the scores obtained in the different variables of the study according to
sex. It should be noted that no significant differences were obtained for any variable
according to sex (p > .05). However, a trend towards statistical significance was
obtained for the variable BMI (p <.05).
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Table 1
Scores obtained in the different variables of the study according to sex

Males Females F p d

M £ SD M = SD

(n=63) (n=54)
Natural Sciences (1-10)2 5.69 + 6.88 1.70+1.40 4132 .094 0.15
Social Sciences (1-10)2 6.07 £ 1.50 7.05+157 1.050 .823 0.07
Spanish Language and 5.76 £1.85 6.79 £ 1.69 1.793 .183 0.11
Literature (1-10)2
Mathematics (1-10) 2 573+1.99 6.48 £1.72 1457 230 0.10
English (1-10) 2 5.61+1.52 6.79 + 1.45 1591 443 0.09
Art Education (1-10) 2 587+1.18 6.74 £ .97 1928 .168 0.10
Physical Education (1-10)2 6.85+1.30 7.09+1.20 1.289 592 0.07
Religion/ Values (1-10) 2 6.30 £1.49 6.77 £1.57 1.041 947 0.05
French (1-10)2 5.79+£1.28 6.90 £ 1.05 4481 .064 0.15
Attention (1-9)P 5.88+1.10 541+155 1322 443 0.11
Age (years) 10.44+071  10.29+0.84 1.619 .365 0.10
Height (cm) 154.01 +8.41  153.51+8.28 1570 .758 0.09
Weight (kg) 52.19+13.25 48.11+12.53 1036 .218 0.12
BMI (kg/m?) © 21.84+4.22 22.28 + 4.09 1.968  .054 0.16
QD¢ 7.53 £2.07 7.84+2.62 2935 .877 0.07

M + SD = mean + standard deviation. @Mean score obtained in the subject. *Global
Attention Index calculated from the enneatypes score. ‘BMI = Body Mass Index. ¢
Quality diet expressed from the mean score of the KIDMED scale.

In order to determine the predictive power of attention on academic performance in core
curriculum subjects by looking at the moderating role of weight status and diet quality, a
linear regression test was applied (see Table 2). The crude model showed that higher
values in attention correlated with higher values in academic performance for all
subjects (p < .05). Specifically, the coefficient value indicated that, for each point that
students' attention increases, performance in Mathematics will increase by 0.334 points,
Language and Literature by 0.232 points, Natural Sciences by 0.288 points and Social
Sciences by 0.163 points. These relationships become stronger for all curricular
variables after the model is adjusted for Normal Weight/optimal DQ (p < .05) and
Overweight/optimal DQ (p < .05). In relation to the goodness of fit of attention adjusted
for the latter dimension, this model explains approximately 28.2% of the score obtained
in the area of Spanish Language and Literature or 25.7% of the score obtained in the
area of Social Sciences. However, after adjusting the model for Normal
Weight/improvable DQ and Overweight/improvable DQ, this relationship between
attention and academic performance disappears (p > .05).
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Table 2
Predictive value of attention on academic performance in core subjects considering
weight status and diet quality

Natural Sciences Spanish Mathematics English
Sciences Social Language
and
Literature
Model 12 B=0.288 B=0.163 B=0.232 B=0.334 B=0.258
t= 3.749 t= 2141 t= 2.644 t= 3.830 t= 3.439
R2=.108 R2=.038 R 2=.057 R2=.112 R2=.093
p =.001** p =.034* p =.009* p =.001** p=.001**
Model I1b B=0.370 B=0.201 B=.272 B =0.486 B=0.307
t= 3.023 t= 1734 t= 1.177 t= 3.359 t= 2.969
R2=.217 R 2=.084 R 2=.087 R2=.213 R2=.116
p = .005* p =.042* p =.045* p =.002* p = .006*
Model Il1¢ B=0.023 B =.803 B=0.384 B=0.023 B=0.104
t= .110 t= .203 t= .890 t= .041 t= .456
R2=.001 R2=.129 R2=.140 R2=.001 R 2=.009
p=.914 p=.085 p=.072 p =.967 p =.653
Model IV d B=0.331 B=0.364 B=0.438 B=0.440 B=0.320
t= 2.904 t= 3.004 t= 3.195 t= 3.886 t= 2.360
R2=.245 R?2=.257 R2=.282 R2=.243 R2=.211
p =.007* p = .006* p =.004* p =.008* p =.026*
Model V¢ B=0.212 B=0.116 B=0.256 B=0.193 B=0.288
t= 1115 t= .658 t= 1.249 t= .884 t= 1516
R 2=.040 R2=.015 R2=.051 R2=.026 R 2=.007
p=.281 p=.516 p=.222 p=.384 p=.140

Note. @Model I in crude; PModel Il after adjustment to Normal Weight/ Optimal DQ; ¢
Model 111 after adjustment to Normal Weight/ Improvable DQ; Model 1V after
adjustment to Overweight/ Optimal DQ and e Model V after adjustment to Overweight/
Improvable DQ.

On the other hand, after observing the predictive power of attention on academic
performance in the specific subjects of the curriculum by observing the moderating role
of weight status and diet quality (see Table 3), significant values were obtained in the
crude model for all subjects (p < .05) with the exception of Physical Education (p >
.05). These relationships become more pronounced in Art Education, Religion/Values
and French after the model was adjusted to Normal Weight/Optimal DQ (p < .05) and
Overweight/Optimal DQ (p < .05). However, after adjusting the model to Normal
Weight /improvable DQ and Overweight/improvable DQ, this relationship between
attention and academic performance disappears (p > .05).
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Table 3
Predictive value of attention on subject-specific academic performance considering
weight status and diet quality

Art Physical Religion/ French
Education Education Values
Model 12 B =0.164 B =0.197 B =0.165 B=0.171
t= 2.980 t= 1.603 t= 2.254 t= 2.801
R2=.071 R2=.022 R2=.042 R 2=.055
p = .004* p=.112 p =.026* p = .006*
Model I1b B =0.200 B =0.168 B =0.118 B =0.224
t= 2.244 t= 2.016 t= 1.084 t= 2284
R2=.132 R2=.110 R2=.023 R?2=.156
p =.032* p =.052 p =.038* p =.019*
Model Il ¢ B =0.078 B =212 B =10.234 B =0.198
t= 556 t= 0.698 t= 1.162 t= 1.328
R2=.014 R2=.115 R2=.001 R2=.074
p =.584 p=.104 p =.945 p=.198
Model IV d B =0.269 B =0.082 B =0.234 B =0.814
t= 3.313 t= 2.881 t= 2.162 t= 2.547
R2= 297 R2=.029 R2=,152 R 2=.200
p =.002* p=.385 p = .040* p=.017*
Model V¢ B =0.139 B=0.212 B =0.202 B =0.148
t=.919 t= 1.395 t= 1.022 t= 1.967
R2=.031 R 2=.065 R 2=.035 R2=.,031
p =.345 p=.173 p=.245 p=.342

Note. @Model I in crude; PModel Il after adjustment to Normal Weight/ Optimal DQ; ¢
Model 111 after adjustment to Normal Weight/ Improvable DQ; Model 1V after
adjustment to Overweight/ Optimal DQ and e Model V after adjustment to Overweight/
Improvable DQ.

DISCUSSION

The aim of this study was to determine the predictive value of attention on academic
performance in core subjects (Spanish Language and Literature, Mathematics, Natural
Sciences, Social Sciences and First Foreign Language (English)) and specific subjects
(Art Education, Physical Education, Religion/Values and Second Foreign Language
(French)) of the last cycle of Primary Education, observing the moderating role of
weight status and diet quality in this relationship. The main finding of the study reveals
that attention is a powerful predictor of academic performance in upper primary school
students in all subjects of the curriculum except Physical Education.

These results are similar to those found in other studies. For example, in 10-12 year-old
schoolchildren, they found that an attention intervention improved performance in a
musical aptitude test (Martin et al., 2007). Likewise, in 9-year-old (Reyes et al., 2015),
6-12-year-old (Fonseca-Estupifian et al., 2016), secondary (Ledn, 2008; Zorza et al.,
2016; Escolano-Pérez & Bestué, 2021) and high school (Manriquez-L6pez, 2019)
schoolchildren, they found a significant relationship between attention and academic
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performance in core curriculum subjects. Ison & Korzeniowski, (2016) found that
attention modulated performance in word reading and text comprehension in 10-11
year-old schoolchildren. Likewise, Kheirati et al., (2019) point to the effectiveness of
self-monitoring of attention on academic reading performance, concluding that primary
schools should increase attentional processes to improve students' educational
effectiveness. On the other hand, these results differ from those obtained in other
studies. For example, the study by Cardenas et al. (2018) with 9-year-old schoolchildren
did not find a statistically significant relationship between attention and academic
performance measured globally. Similarly, Diez-Reviriego et al., (2018) found that there
is no statistically significant combination between attention and mathematical problem
solving in sixth grade schoolchildren. In turn, Coneo et al. (2019) point out that the
visual attention process and academic performance classified as high or low in
secondary school students do not show a significant relationship.

It is worth highlighting the absence of a relationship between attention and academic
performance in the area of Physical Education. This result may be due to the fact that
the predominant methodology in the area of Physical Education is motor play and the
attention for understanding the game and playing is high in all students (Rosa et al.,
2018). In other words, in pedagogical terms, motor play is the means by which
schoolchildren express themselves, where work is just as important as it is for adults. In
this line of argument, motor play is an essential methodological resource for developing
a large part of the learning in the area. Through play, the activation of perception and
decision-making mechanisms is made possible, as well as the development of execution
capacities; the acquisition of new motor skills is made possible, concepts are contrasted
and the motivation of pupils to participate in activities and tasks which have an
eminently recreational character, typical of the use of play and the forms played, without
losing their priority function of training, is activated. In this sense, it has been described
that distraction directly influences the individual's ability to concentrate and correctly
grasp external stimuli. Therefore, it has a robust power to predict later academic success
(Rosa-Guillamon et al., 2020). Hence, as schoolchildren are not distracted by playing in
Physical Education, there may be an absence of a relationship between attention and
academic performance in this area.

On the other hand, this research has shown that this relationship between attention and
academic performance is intensified when the quality of the diet is optimal, regardless of
weight status. In this sense, Chacdn-Cuberos et al. (2018) found that a high degree of
adherence to the diet quality is positively related to elaboration strategies, organisational
strategies, critical thinking, self-regulation, time and study habits, self-regulation of
effort, and intrinsically oriented goals. On the other hand, it has been pointed out that
thoughts, emotional patterns and psychological dynamics are strongly interrelated with
learning. That is, if a person is aware of how they can influence and regulate their
situation, they acquire a sense of control and self-awareness, which can be extrapolated
to other contexts in their lives, such as academic performance (Ekman, 2021). In this
sense, in 10-14 year-old schoolchildren, it was found that eating breakfast just before a
cognitive demand, not skipping breakfast regularly and consuming a high quality
breakfast is related to higher cognitive performance than those who do not, regardless of
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weight status (Pefia-Jorquera et al., 2021). Nyaradi, (2013) points out that there is no
conclusive evidence regarding the association between obesity and learning as people
consume combinations of foods, therefore, they point out that it is necessary to study the
quality of the diet.

At the physiological level, Jirout et al. (2019) provide an example of the learning
process and the possible impact of nutrition, based on information processing theory.
That is, one of the most basic conditions for a schoolchild to complete academic tasks is
to have the necessary energy and no inhibiting discomfort factors (e.g. hunger or
fatigue). If the conditions are not optimal, the scholar experiences a lower level of
alertness, or caution, and thus a decreased attention to any information in the
environment. Therefore, the capacity of working memory will be restricted, limiting the
information that is encoded and retained in long-term memory, from which it can be
retrieved later.

Learning: developing  or
Thinking: Using representations to changing representations.
do a task, solve problems.

Long-term

Working ; memory: mental
Sensory memory: Encoding representations
system: . Processing ~ of A of  knowledge
information Attention information- : and procedures.
received from “thinking”. ! )
environment. 1 Retrieval
1
1
L
! S——
>3 : Potential nutritional impacts.
2ee Decrease in !
5 _c:“g alertness, increase
k] % 3 in_ wa_riness and Working memory capacity limited by lack of energy, or depleted
R distraction. by attention to discomfort: as a result, inhibits encoding of
-5 information.
Figure 2

Information processing model. Source: Jirout et al., (2019).

Godos et al. (2020) point out that diet quality is a major contributor to the prevalence of
non-communicable  diseases, including neurodegenerative disorders. Dietary
polyphenols, antioxidant components and anti-inflammatory agents in diets rich in plant-
based foods have been shown to modulate neuroinflammation, neurogenesis and brain
signalling, all of which are related to cognitive function. In this regard, Gabbianelli &
Damiani (2018) suggest that the link between nutrition and learning may derive from the
close interconnection between gut microbiota and cognitive mechanisms transiting the
gut-brain axis. That is, an unhealthy diet may modify the gut microbiota, leading to
altered intestinal permeability, with consequent absorption of toxic substances and
release of pro-inflammatory cytokines, which mediate inflammation and
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neuroinflammation. In this regard, Ceppa et al., (2019) note that the gut-brain axis is a
current area of research linking the food we eat to development and neurophysiological
functions. Some gut microorganisms have been shown in laboratory animals to alleviate
anxiety and depression, improve cognitive performance and play a role in early brain
development. However, further research is needed to investigate how interactions
between diet and microbes within the gut may affect the production of neurotransmitters
or their downstream biological effects within the nervous system and thus learning.

In this sense, these findings should be interpreted with caution due to the fact that this
study was not interventionist, but based on self-reported data, with unknown quality and
quantity of food consumed daily by schoolchildren. In addition, the low sample size is
undoubtedly another limitation. Similarly, it is difficult to infer a cause and effect
relationship between attention and academic performance, since, as we have seen, there
are confounding factors that are likely to influence these relationships and have not been
considered in this study (such as socio-economic status). Thus, these effects could be
related to environmental aspects and deserve to be further investigated in future studies.
Furthermore, teachers are also a fundamental factor of quality in the educational
process. Therefore, how teachers contribute to the acquisition of healthy lifestyle habits
needs to be analysed in more detail (Barattucci et al., 2021; Lujan, 2021).

CONCLUSION

The present study contributes to the scientific literature investigating the moderating
role of healthy lifestyle habits, such as diet quality or weight status, between cognitive
processes (attention) and learning outcomes (academic performance). Based on these
results, it is concluded that there is a positive relationship between attention and
academic performance, with the exception of physical education, which is enhanced
when diet quality is optimal, regardless of weight status. Future studies should shed
more light on this association. Mainly, intervention and longitudinal studies are needed
that take into account the variables described above and other confounding variables
such as socioeconomic status or other lifestyle indicators such as screen time or hours of
sleep. It is also recommended to include all executive functions. Meanwhile, health
promotion professionals in the school environment should consider the positive role that
diet can play in the attention-academic performance association and initiate programmes
to promote healthy eating among school children, as the promotion of healthy habits
could be a cost-effective strategy in promoting the development of learning, in terms of
attention and academic performance.
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