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Titulo: El estrés psicolégico y psicobiolégico en la relacién entre funcio-
namiento cognitivo basico y rendimiento académico.

Resumen: Este estudio analiza el papel desempefiado por el estrés coti-
diano, evaluado a través de auto-informe y de los niveles psicobiolégicos,
en relacién con la funcién cognitiva bésica a la hora de predecir el rendi-
miento académico. L.a muestra esta compuesta por 100 alumnos (55 nifias y
nifios de 45, con un rango de edad de 8 a 11 afios) de una escuela publica
de Malaga capital (Espafia). El estrés diario se evalué mediante el Inventario
de estresores cotidianos en nifios (IIEC; Trianes et al, 2009). El estrés psi-
cobiolégico se midi6 a través de la ratio cortisol / DHEA, detivado de va-
rias muestras de saliva tomadas por la mafana en dos dias consecutivos.
Las habilidades cognitivas basicas se evaluaron por medio del sistema de
evaluaciéon cognitiva computarizada (baterfa CDR; Wesnes et al, 2003,
2000). Por dltimo, el rendimiento académico se evalud a través del valor
medio de las calificaciones finales registradas en el informe de la escuela del
niflo. Ademads de los analisis estadisticos descriptivos y correlacionales, se
realizaron andlisis de regresion multiple con el fin de evaluar el modelo. Los
resultados muestran que el estrés diario autopercibido por los nifios, actda
pronosticando el rendimiento académico con mayor peso que el funciona-
miento cognitivo basico. Por lo tanto, a fin de lograr el buen rendimiento
escolar, un alumno no sélo requiere una buena funcién cognitiva basica,
sino que también debe presentar bajos niveles de estrés cotidiano auto-
percibido. Estos hallazgos sugieren una nueva forma de explicar y predecir
el fracaso escolar.

Palabras clave: Funcionamiento cognitivo basico; rendimiento académico;
estrés cotidiano; ratio cortisol/dheas; infancia.

Abstract: This study analyses the role played by daily stress, assessed
through self-report and at the psychobiological level, in relation to basic
cognitive function when predicting school performance. The sample com-
prised 100 schoolchildren (55 girls and 45 boys, age range 8 to 11 years)
from a state school in the city of Malaga (Spain). Daily stress was assessed
through the Children’s Daily Stress Inventory (IIEC in Spanish; Trianes et
al, 2009). Psychobiological stress was measured through the corti-
sol/DHEAS ratio, derived from saliva samples taken in the morning on
two consecutive days. Basic cognitive skills were assessed by means of the
Computerized Cognitive Assessment System (CDR battery; Wesnes et al.,
2003, 2000). Finally, the measure of school performance was the mean val-
ue of the final grades recorded in the child’s school report. In addition to
descriptive and correlational statistical analyses, multiple regression analyses
were conducted in order to assess the model. The results show that chil-
dren’s daily stress self-reported contributes to predict school performance,
and has proven to be more influential than basic cognitive function when it
comes to predict school performance. Therefore, in order to achieve good
school performance, a pupil not only requires good basic cognitive func-
tion, but must also present low levels of self-reported daily stress. These
findings suggest a new way of explaining and predicting school failure.

Key words: Basic cognitive function; school performance; daily stress; cor-
tisol/dheas ratio; children.

Introduction

School performance is a variable of great interest to both the
teaching community and the media. School failure affects
18% of European primary school children (Garcia, 2010),
and it is therefore essential to reduce its incidence so as to
produce societies with the high levels of knowledge and
technology that are required to ensure employment and so-
cial welfare. In the context of current research aimed at re-
ducing school failure the purpose of the present study was
to describe new variables that may help explain poor school
performance, thereby suggesting ways of improving preven-
tion and reducing the impact of this problem.

School performance is, by definition, a complex variable
that may depend on a variety of factors, even though it is
based on tasks that are mainly cognitive (Fragoso & Alcanta-
ra, 2003; Gutiérrez, 1996). However, recent research has also
considered the role played by emotional variables such as
anxiety (Ezpeleta et al.,, 2005; Margalit & Shulman, 1996),
school stress or daily stress (Lindau et al., 2007) and academ-
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ic motivation (Baker, 2003; Kaminski et al., 1999) in relation
to children’s academic grades.

The relationship between basic cognitive function, com-
posed of attention and memory variables, and children’s
basic learning in primary school has been well documented
(Echevarry, Godoy & Olaz, 2007; Wesnes et al., 2009;
Wesnes, Pincock, Richardson, Helm & Halis, 2003; Wesnes,
Ward, McGinty & Petrini, 2000). However, although the di-
rect relationship between cognition and performance is now
widely accepted, research has yet to elucidate fully the varia-
bles that affect this relationship and which mediate or modi-
fy the effect of cognitive skills on school performance. The
present research assesses the role played by daily stress in re-
lation to school performance, both directly and in terms of
its influence on the relationship between basic cognitive
function and school performance.

Children’s daily stress is understood here as the sum of
small daily hassles, a form of low-intensity but high-
frequency stress that is produced by unexpected changes,
events or everyday problems which a child feels cannot be
resolved by using his/hetr usual resoutces (Kanner et al.,
1981; Lazarus, 1981, 1984). Daily stress has been shown to
have an emotional impact on school performance (Fragoso
et al., 2003; Lindau et al., 2007), reducing it among primary
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school children (Mirowsky & Ross, 2007). In this context, it
is now widely accepted that a child’s experience of daily
stressors can be revealed through self-reports (Grant et al.,
2004, 2006; Kouzma & Kennedy, 2002), even with children
as young as six (Gerbot & Barumandzadeh, 2005). The pre-
sent research chose to use the self-report method to assess
the frequency with which children suffer daily problems that
cause them emotional disturbance, or even lead to psycho-
pathology or maladjustment (Baker, 2006; Chamberlain et
al., 1990; Compas et al., 1993; Fierro, 2002; Ingram & Lux-
ton, 2005; Kanner et al., 1981; Lazarus, 1984; Wolf et al.,
1989).

The stress response is expressed cognitively and emo-
tionally, as well as through a series of hormonal changes
(Carvajal, 2005; Nacer, 2004; Nater & Rohleder, 2009; Pinel,
2001; Rohleder & Nater, 2009). In addition to the emotional
changes reported by children themselves, recent research on
children’s stress has included the non-invasive assessment of
endocrine changes associated with this response (Carvajal,
2005; Nacer, 2004; Pinel, 2001). In this context, dehydroepi-
androsterone sulphate (DHEAS), an androgen secreted
from the reticular layer of the adrenal cortex and which can
be detected in saliva samples, has been shown to play a role
in the stress mechanisms of both adults and children
(Kellner et al., 2009; Zatuska & Janota, 2009). Specifically,
DHEAS levels tend to diminish in stressed subjects (Jollin et
al., 2009; Katsumata, Hirata, Inagaki, Hirata & Kawada,
2009), in contrast to the levels of cortisol (a steroid hormone
synthesized in the fascicular layer of the adrenal cortex),
which are raised in such subjects (Wright et al., 2005). As a
result, the use and measurement of the cortisol/DHEAS ra-
tio derived from morning saliva samples has been argued to
be a more reliable and precise stress indicator than either of
the two methods in isolation (Michael, Jenaway, Paykel &
Herbert, 2000; Parker, 1999; Van Niekerk, Huppert & Her-
bert, 2001). In this regard, several recent studies have re-
ported an increase of this ratio (an increase in the concentra-
tion of cortisol in relation to the concentration of DHEAS)
in participants suffering from high levels of stress which did
not reach clinical intensity (Michael, Jenaway, Paykel & Her-
bert, 2000; Parker, 1999; Van Niekerk, Huppert & Herbert,
2001). However, comparable research with children remains
scarce (Steptoe, 2007).

Given the above, the aim of the present study was to analyse
the predictive role of basic cognitive function (attention and
memoty), subjective daily stress and hormonal changes (cor-
tisol/DHEAS ratio) as regards school petformance. Specifi-
cally, we sought to isolate an optimal subset of variables in
order to develop a predictive model of school performance.
The approach used is based on certain models that enabled
us to analyse not only direct relationships between variables
but also more complex relationships that may include the
presence of moderating variables (Allison, 1977; Baron &
Kenny, 1986; Stone & Hollenbeck, 1989). More specifically,
multiple regression was applied to predict school perfor-
mance on the basis of basic cognitive function, while intro-

ducing the degree of self-reported daily stress and the corti-
sol/DHEAS ratio as potential effect modifiers. The specific
aims of the study can be summarized as follows: (1) to ex-
amine and describe the relationship between this physiologi-
cal indicator and the cognitive and emotional aspects stud-
ied, while controlling for the effect of differences in sex, age
and body mass index (BMI), where applicable; and (2) to ex-
plore the extent to which children’s daily stress (assessed
through a subjective and/or physiological response) medi-
ates the predictive value of basic cognitive function with re-
spect to school performance.

Method

Participants

The sample, drawn from a non-clinical population, com-
prised 100 primary school children recruited from a random-
ly-selected state school in the city of Malaga (Spain). Parental
and school consent were obtained. Incidental sampling was
carried out to complete the sample, which included 55 girls
and 45 boys, aged 8-11 (41% aged 8; 16% aged 9; 23% aged
10; and 20% aged 11). Their mean age was 9.21 years (5§D =
1.22) and they were drawn from primary years 3, 4, 5 and 0.
The sample did not include students with the following di-
agnoses: learning difficulties, a deficient 1.QQ. and a low SES.
This was achieved by means of a personal history test and
the psychological evaluations given by the school; as well as
by administering the TRF test (Achenbach, 2001) to sample
children prior to the study in order to obtain information
about psychopathological symptoms. Additionally, parents
were asked their level of study, occupation and monthly in-
come in order to find out their socioeconomic level.

Psychological assessment instruments

Daily stress was assessed by the Children’s Daily Stress
Inventory (IIEC in Spanish; Trianes et al.,, 2009). This is a
self-report instrument that focuses on children’s subjective
experience of a problem or difficulty that worries them. This
subjective aspect is the most important when it comes to de-
fining the experience of stress (Lazarus & Folkman, 1984-
1986), given that different children may experience the same
stressor in different ways (Gerbot & Barumandzadeh, 2005).

The children’s basic cognitive function was assessed by
means of the Cognitive Drug Research (CDR) battery
(Wesnes et al., 2003, 2000), a computerized assessment sys-
tem that includes neuropsychological tests of attention and
memory (Wesnes, Pincock, Richardson, Helm & Halis,
2003; Wesnes, Ward, McGinty & Petrini, 2000).

The measure of school performance was derived from
children’s school reports. The procedure used, i.e. taking the
mean value of their final grades, is acknowledged to be relia-
ble, as grades are public and validated by the school system.
It is also one of the most widely used ways of assessing
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school performance (Fragoso & Alcantara, 2003; Gémez,
1976; Gutiérrez, 19906).

Specifically, the tests and variables employed in this
study were as follows:
- The Children’s Daily Stress Inventory 1IEC in Spanish; Tri-
anes et al., 2009). This self-report inventory comprises 25
dichotomous items organized into three dimensions: 1)
Health (12 items), for example, “I get frightened easily” or
“My parents often take me to the doctor”; 2) School (7
items), for example, “I usually get bad grades” or “My
teachers are very strict with me”; and 3) Family (7 items),
for example, “My parents ask me to do more things than I
feel able to” or “I spend a lot of time home alone”.

Responses are dichotomous and the total score is ob-

tained by summing the frequency of the annoying, upset-
ting and irritating events that the child has experienced
over the last few months (i.e. the sum of all affirmative re-
sponses). High scores on this inventory therefore indicate
high levels of self-reported daily stress in childhood. Far
from constituting an objective piece of information, the
frequency of the stressor estimated by the child refers to
the subjective importance that the boy or gitl gives the
stressor. The instrument has an internal consistency
(Cronbach’s o) of 0.81 and its psychometric properties are
reported in Trianes et al. (2011). The instrument correlates
with the scores reported by parents in intra- and extra-
family stressors (FILE) at » = 0.55; and with health prob-
lems reported by parents at » =0.23; as well as with other
variables.
The CDR Computerized Assessment System (Wesnes et al.,
2003, 2000). Participants’ basic cognitive function (atten-
tion and memory) was evaluated by means of the Cogni-
tive Drug Research (CDR) battery (Wesnes, Pincock,
Richardson, Helm & Halis, 2003; Wesnes, Ward, McGinty
& Petrini, 2000), a specialized system that provides a com-
puterized assessment of cognitive function (Haskell, Ken-
nedy, Wesnes & Scholey, 2005; Kennedy, Haskell, Wesnes
& Scholey, 2004; Scholey & Kennedy, 2004; Wesnes et al.,
2000). This battery has previously been used in research
with children and has shown excellent reliability (Wesnes
et al., 2003) when measuring variables such as attention
and episodic working memory (Wesnes et al., 2009).

The version of the CDR battery used here consists of 11
tasks administered in the following order: word presenta-
tion, immediate word recall, picture presentation, simple
reaction time, digit vigilance, choice reaction time, spatial
working memory, numerical working memory, delayed
word recall, word recognition and picture recognition
(Wesnes, Ward, McGinty & Petrini, 2000). The functions
of attention, working memory and episodic memory are
CDR-specific, with attention and working memory being
the instrument’s main measures (Keith, Stanislav &
Wesnes, 1998: Wesnes, Ward, McGinty & Petrini, 2000).
The battery has a keyboard command connected to a lap-
top, allowing participants to respond via YES/NO buttons
to the information presented on the screen. All the tests
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and instructions were presented here in Spanish. Between
25 and 45 minutes are required per person to complete the
battery (Ingwersen, Defeyter, Kennedy, Wesnes &
Scholey, 2007), although this will depend on the individu-
al’s speed in responding to the items presented on the
CDR screen. The present study used a single variable de-
rived from summing the scores obtained on the attention
and memory tests included in the CDR battery.

- Academic grades obtained via the pupil’s school report. In order to
obtain a measure of school performance we calculated the
mean grade for the main subjects (environmental studies,
art, Spanish, English and mathematics) featured in each
pupil’s school report at the end of the first semester of the
academic year.

Determination of salivary cortisol and DHEAS lev-
els

Four saliva samples were collected from each child in
order to determine the salivary cortisol/ DHEAS ratio. This
strategy improves the reliability and accuracy of the initial
indicator (cortisol). The dehydroepiandrosterone-sulfate
(DHEA) is an androgen produced by the reticular layer of
the adrenal cortex. It has proven to be influential in stress
mechanisms both in adulthood and childhood (Kellner et al.,
2009; Zatuska and Janota, 2009). It shows a circadian
rhythm similar to that of cortisol (Parker, 1999). DHEAs
levels are usually low in individuals who are subject to stress
(Jollin et al., 2009; Katsumata, Hirata, Inagaki, Hirata, Ka-
wada, 2009). In this sense, the morning salivary corti-
sol/DHEAS ratio has proven to be a reliable and accurate
indicator of stress in healthy individuals, as a number of re-
search studies have observed an increase of such ratio (an
increase in the cortisol concentration/decrease in the
DHEAS concentration) in participants with high levels of
stress which did not reach clinical intensity (Michael, Je-
naway, Paykel and Herbert, 2000; Parker, 1999; Van
Niekerk, Huppert and Herbert, 2001). The first was collect-
ed upon waking and the second 30 minutes later, the same
procedure being repeated the following day. This procedure
attempts to capture the increase in cortisol levels that occurs
during the first half an hour after waking; these levels then
decrease over the following 30 minutes and continue to fall
as the day progresses (Steptoe, 2007; Wright & Steptoe,
2005). Therefore, we carried out four different determina-
tions on the same hormone.

In order to improve the reliability of this salivary marker
we also analysed DHEAS levels in the second saliva sample
from the first day (Goodyear et al., 2001; Jollin et al., 2009;
Katsumata, Hirata, Inagaki, Hirata & Kawada, 2009; Kellner
et al., 2009; Zaltuska & Janota, 2009), thereby enabling us to
calculate a cortisol/DHEAS ratio.

Samples were thawed and centrifuged at 3000 rpm for 5
minutes in order to obtain a clear and watery supernatant of
low viscosity. Free cortisol levels were determined by using
20 pl of saliva in a chemiluminiscence immunoassay with
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temporal resolution (Test Elecsys for Cortisol). The lower
detection limit of this assay was 0.5 nmol/L, with inter-assay
coefficients and intra-assay variation coefficients of less than
10%. To determine DHEAS levels, 50 pul of saliva was used
in an ELISA immunoassay (DeMeditec®). The analytic sen-
sitivity of this assay was 2.186 pg/ml, with intra-assay vatia-
tion coefficients of less than 7% across the whole of the ex-
pected range of DHEAS levels. Values for the corti-
sol/DHEAS ratio are expressed in nmol/L.

Procedure

After contacting the randomly-selected primary school
and obtaining the relevant written approval from teachers
and families, we proceeded to collect the data. Confidentiali-
ty was ensured at all times and the pupils’ rights were always
protected.

The IIEC (Trianes et al., 2011) was applied during the
usual class timetable in a room equipped for such a purpose.
Children were asked to think of potential stressors during a
school term, then their school performance during that term
was taken for analysis. Children aged 9 and over took the
test as a group, whereas those aged 8 did so in small groups
of 2-3 pupils. The CDR battery (Wesnes et al., 2003) was
administered individually, with each pupil taking approxi-
mately 40 minutes to complete it. This was done in the
afore-mentioned room.

The CDR battery was administered individually. To do
so, an assessor sat with each child in front of a computer,
and an answer-sheet was collected from each child.

As regards saliva sampling, parents or relatives were first
given detailed instructions about the procedure and their
role in it. They were told that they had to supervise the saliva
sampling protocol to be followed by their children, and were
given the necessary materials to do so, namely: four 10 ml
sterile sample tubes, labelled by date and time, a document
in which the saliva sampling protocol was explained in detail,
and a questionnaire designed to increase the reliability of the
cortisol/DHEAS ratio. The questionnaire — which included
questions related to the control of saliva samples - required
them to record the exact times at which samples were taken,
the time at which their children went to bed on the two
nights prior to the sampling, what they had for supper that
night, what time they got up, whether they had slept well or
not, how they were feeling when they got up, and the quality
of their sleep. These additional control variables were taken
into account in order to increase the reliability of the collec-
tion of saliva samples.

The specific saliva sampling procedure was as follows:
children, supervised by a parent who had previously been in-
structed by the research staff, placed their saliva sample in
the corresponding tube, firstly upon waking up and then
again 30 minutes later. This procedure was then repeated the
following day. Such procedure was strictly controlled by
means of registering the exact hour and minute the samples
wete taken. Additionally, there were multiple telephone and

written reminders, in order to exhaustively control parents
who were responsible for the correct collection of saliva
samples and who voluntarily committed to do so. On both
days they were required to respect and follow the instruc-
tions given, i.c. they were not to eat, drink (except for water)
or brush their teeth throughout the entire process of saliva
sampling, which was not complete until the second sample
had been collected. The children’s samples were handed in
upon arrival at school and were immediately placed in a
freezer at -20 °C, before being sent to a specialist laboratory
for analysis.

Finally, and as mentioned above, school performance
was measured according to the mean value of the grades
recorded in each pupil’s school report at the end of the first
semester of the academic year.

Risk factors were controlled as explained above, in the
section where the sample is described. This was done in oz-
der for such factors not to affect the endocrine regulation,
and to ensure the data was valid and reliable.

Statistical analysis

Several statistical analyses were performed in order to
meet the objectives of the present study: a) a descriptive and
exploratory analysis in order to determine the sample char-
acteristics and distribution with respect to the different study
variables; b) a bivariate analysis of the relationships between
variables, by means of Pearson’s r coefficient; and ¢) multi-
ple regression, in order to construct models and analyse the
relationships among constructs.

Results

The descriptive analyses (based on means and standard devi-
ations) showed that the sample was normative, as the means
reached approximately the halfway point of the interval be-
tween the highest and lowest scores, excluding extreme val-
ues for the means and SD of the variables included: basic
cognitive function, self-reported and hormonal daily stress,
and school performance (Table 1).

Table 1. Descriptive statistics of children’s daily stress, basic cognitive func-
tion, global school petformance and morning salivary cortisol/ DHEAS

Variable Min — max M SD

Daily stress 0-17 635 3.87
Cognitive function 38.25—-208.96 108.73 31.98
School performance 4.00—9.00 648 1.23
Salivary cortisol/ DHEAS 0.01 —0.67 012  0.12

Cotrelation analyses of these variables revealed an in-
verse and statistically significant relationship between basic
cognitive skills and both self-reported daily stress levels (r =
-.25; p <.01) and hormonal stress markers (r = -.22; p <.03).
There was also a direct correlation between basic cognitive
skills and school performance (r = .40; p < .000). By con-
trast, self-reported daily stress showed an inverse relation-
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ship with school performance (r = -.29; p < .003) (Table 2).
As required in order to assess the correlations with the corti-
sol/DHEAS ratio we controlled for the effect of gender, age
and body mass index (BMI) in each pupil by means of partial
correlations.

Table 2. Pearson’s correlation coefficients and level of significance among
the studied variables.

Control IIEC Cortisol/ CDR School
variables DHEAS perfor-
mance
BMI, 1IEC 1
gender  Cortisol/ DHEAS 19 1
& age .06
CDR =25 =22 1
01%* .03*
School performance -.29 -.07 .40 1
.003%** 47 .000**

** Correlation is significant at the .01 level (bilateral)
* Correlation is significant at the .05 level (bilateral)

Taking all the selected variables, the Bayesian infor-
mation criterion (BIC) was used to select the model that best
predicted academic performance, with multiple logistic re-
gression analysis being applied to identify the model with the
lowest BIC value among all the possible regression models
(including interactions). The best model was the one based
on self-reported daily stress, basic cognitive function and
age-adjusted gender. This model, obtained by means of the
ENTER method, had an adjusted coefficient of determina-
tion of .22. Basic cognitive function showed a direct and
significant association with academic petformance (r = .02, p
< .001), whereas the interaction of daily stress was indirectly
related with academic performance (r = -.07, p = .02), the
goodness of fit being 17.3%.

The analysis of the other models, which included the
cortisol/DHEAS ratio, showed that this variable did not
have any statistically significant effects.

As a result, daily stress contributes to predict school per-
formance, in relation to which an inverse relationship can be
observed: high levels of daily stress predict a low school pet-
formance. Therefore, daily stress has proven to be more in-
fluential than basic cognitive function when it comes to pre-
dict school performance.

Discussion and conclusions

The present research has tested a new model for the predic-
tion of school performance. This model involves predicting
performance based not only on cognitive variables (basic
cognitive function) but also in relation to daily stress. The
results indicate that the suggested predictive variables are
successful in predicting performance, although they play dif-
ferent roles. The most relevant predictive variable is basic
cognitive function, which correlated significantly with per-
formance (40) and, to a lesser degree, with both self-
reported stress (-.25) and psychophysiological stress (-.22).

anales de psicologia, 2015, vol. 31, n° 1 (enero)

In relation to the latter two variables, self-reported stress
predicts academic performance (-.29), while the corti-
sol/DHEA ratio does not cotrrelate. However, the psycho-
physiological stress variable correlated with basic cognitive
function (-.22). The role of both stress variables is enhanced
and their effects are linked in the interaction between both
variables.

The resulting model includes basic cognitive function,
gender, age and daily stress in the prediction of school per-
formance. This means that in order to perform well at
school, a pupil not only requires good basic cognitive func-
tion, but must also present low levels of daily stress. This is
relevant in terms of explaining school failure in those pupils
who, despite having a good cognitive level, obtain poor
grades. One could demonstrate in these cases that the pupils
in question are exposed to high levels of daily stress.

The observed interaction between the variables studied
indicates that this is an interesting model for the prediction
of school performance, not least because research to date
has not studied the relationship between stress and cognitive
variables when it comes to predicting such performance
(Kaplan, Liu & Kaplan, 2005; Lupien & Maheu, 2007; Sand-
berg, 2007). There are many studies which could be consid-
ered as providing a background to the present findings, since
they have shown that basic cognitive variables (attention and
memory) can predict performance (Echevarry, Godoy &
Olaz, 2007; Wesnes et al., 2009; Wesnes, Pincock, Richard-
son, Helm & Halis, 2003; Wesnes, Ward, McGinty & Petrini,
2000). However, there is very little research relating psycho-
logical and psychophysiological stress to school performance
(Lupien & Maheu, 2007; Sandberg, 2007; Steptoe, 2007).
The present study has attempted to fill this gap by including
psychological and psychophysiological stress in the analysis,
together with basic cognitive function, in order to predict
performance. It should be noted, however, that this psycho-
physiological variable did not have a statistically significant
effect, a fact that proves the need for a higher number of bi-
ological measurements to be applied along a future longitu-
dinal study.

These results make sense intuitively, in that it seems
plausible that good school performance requires not only
good cognitive skills, but also peace of mind and a lack of
daily stress. The next step will be to test the present model
in a larger sample, although it is worth noting that the
current sample size is acceptable, as it refers to a study
where saliva samples were taken for hormonal analysis (Li &
Gleeson, 2004; Nater, Rohleder, Schlotz, Ehlert &
Kitschbaum, 2007; Rohleder, Nater, Wolf, Ehlert &
Kirschbaum, 2004), something which is inherently difficult.
The present study suggests that future research should also
consider the possibility of a longitudinal analysis, with
repeated measurements of daily stress and stress biological
markers, which would enable estimates to be made of the
differences due to children’s development, and also help to
define more precisely the role played by the model’s
variables. Likewise, it would be interesting to study this
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relationship in selected groups with different types of
difficulties, for example, problems with reading and writing,
in order to determine whether these circumstances modify
the model obtained here with pupils without particular
difficulties.

In conclusion, the present study demonstrates that
stress, measured by means of the IIEC, interacts inversely
with basic cognitive function, assessed by the CDR system,
and with school performance. This result suggests a new
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