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The aim of this study was to assess the predictive capacity of some of the most relevant
cognitive skills pertaining to the academic field as measured by the Spanish Primary
School Aptitude Test Battery. This psychometric tool was applied to all students who
were enrolled in the final year of Early Childhood Education (631 students) in the public
schools of the province of Alicante (in the South-East of Spain) and a follow-up of
their academic progress was carried out when they completed Primary Education (6
school years). The results obtained show that medium-high and high scores in Verbal
Aptitude and Numerical Aptitude tests in Early Childhood Education (5 years of age),
can predict academic success at the end of Primary Education (12 years of age) in
instrumental subjects such as: (1) Language (Verbal Aptitude Odds Ratio = 1.39 and
Numerical Aptitude Odds Ratio = 1.39) and (2) Mathematics (Verbal Aptitude Odds
Ratio = 1.47 and Numerical Aptitude Odds Ratio = 1.52). We have determined the
importance of developing pedagogical programs that stimulate the development of
these skills during Early Childhood Education, while implementing support strategies
during Primary Education, for those students who present underdeveloped aptitudes
in these areas. In this way, school difficulties would be prevented in the instrumental
subjects that provide access to other academic areas.

Keywords: cognitive skills, mathematics, language, learning difficulties, primary education

INTRODUCTION

The starting point for the present study was a certainty in the knowledge that academic difficulties
do not suddenly appear without warning, but that they develop throughout the early stages of
the teaching-learning process (Kern and Friedman, 2009; Garon-Carrier et al., 2018). From a
child’s first steps, differences in the level of progress of his/her different capacities begin to occur,
and in most cases individuals compensate possible deficiencies with motivation and a positive
attitude toward the task to be learned. However, a large number of situations are observed

Abbreviations: AEI, Spanish Primary School Aptitude Test; χ2, Chi-Square; R2, R2 Nagelkerke; B, Coefficient; p, probability;
OR, Odds Ratio; C.I., Confidence Interval.
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whereby these difficulties prevent children from acquiring, in a
reasonable period of time initial knowledge which is fundamental
in the construction of further and more extended knowledge
(Garon-Carrier et al., 2016).

In the body of literature on the field of educational research,
academic performance is presented as worthy of constant
concern. Over the years, it seems that there has been a change
in the focus of these studies and currently the emphasis is
on finding causal relationships between academic performance
and different variables that may be the subject of research on
intervention programs, such as math skills, language skills, spatial
orientation, memory, or cognitive and psychomotor maturity to
develop reading and writing skills (Risso et al., 2010; Alloway and
Passolunghi, 2011; Phillipson and Phillipson, 2012; Cheng and
Mix, 2014; Bonti and Tzouriadou, 2015; Geary and VanMarie,
2016; Hill et al., 2016; Park et al., 2016; Pitchford et al., 2016;
Serpell and Esposito, 2016; Cornu et al., 2017). Therefore, it is
evident that a special effort must be made in identifying and
defining the variables that can be manipulated, controlled or
modified in order to improve academic performance (Rohde
and Thompson, 2007; Gay, 2010; Carlson et al., 2013; Núñez
et al., 2014; Toll and Van Luit, 2014; Cerda et al., 2015; Puerta,
2015; Cassidy et al., 2016). At the same time, to our knowledge,
in the body of specialized literature the definition of academic
performance is understood to be the learning out come in the
student and generated by the pedagogical intervention of the
teacher, keeping in mind that this performance cannot be the
product of a single aptitude, but is the result of the symbiosis of
a sum of elements that act upon, and emanate from, the person
who learns (Córdoba et al., 2011; Miñano and Castejón, 2011;
Moliner et al., 2012; García-Fernández et al., 2013; Grivins, 2013;
Meneses-Botina et al., 2013; Duckworth and Yeager, 2015).

On the other hand, low academic performance affects a
large number of students and can pose a particular problem
in each case. Low academic performance should not be
understood as being associated to learning disorders, but rather
associated to slight difficulties in the ordinary acquisition
of curricular contents. A high percentage of students who
show underdevelopment in their performance during Primary
Education corresponds with children who have not presented
obvious problems in their school development during the
previous cycles (Pérez et al., 2005; Robles and Vázquez, 2014;
Navarro-Soria, 2016). The increase in curriculum demands as
the student advances, and the detection and late initiation of
classroom reinforcement systems, aggravates the difficulties and
increases the differences in levels of development in relation
to other students in the classroom. Although these differences
become more noticeable from around the mid-point of Primary
Education, the problem arises during Early Childhood Education
and can be noticed during the first stage of Primary Education,
when the students face complex learning processes, such as
the acquisition of reading and writing, numerical calculation or
problems solving (Prior et al., 2011; Ye et al., 2016).

Therefore, it would seem evident that there is a need
to detect whichever variables might act as determinants in
the development of students in relation to their academic
environment. In this way, a teaching team would be able to

detect the problem and intervene before it fully presents itself, by
applying measures that eliminate possible deficiencies in student
adaptation to the academic context (Grañeras et al., 2011; Prior
et al., 2011; Geary and VanMarie, 2016). For this purpose, these
objective indicators of learning difficulties should be detected
during the first years of schooling (Alloway and Alloway,
2010; Navarro-Soria and González-Gómez, 2010; Murray and
Harrison, 2011; Schmitt et al., 2012; Peng and Fuchs, 2016),
since it would facilitate an individualized intervention and the
initiation of those psycho-pedagogical resources, which currently
act on the problem from a welfare perspective (Rogowsky et al.,
2013), rather than from a preventive perspective (Bergman et al.,
2011; Raver et al., 2011; Blair and Raver, 2014; Blair et al., 2016;
Di Lieto et al., 2017).

From the documentation process involved in the present
study, it can be affirmed that intelligence and aptitude are
the most researched cognitive phenomena in the body of
literature pertaining to the field of psychology. Notwithstanding,
among the most prominent authors, there is no clear agreement
regarding what intelligent behavior is, whether its nature is
inherited or learned, whether it has a static or dynamic
capacity, how we can better evaluate it r, or in the case of a
psychoeducational intervention if this would allow us to enhance
its development (Nisbett et al., 2012; Sternberg, 2012; Richardson
and Norgate, 2014; Pietschnig and Voracek, 2015). However, a
greater consensus is reached when regarding that intelligence
and the differential abilities that compose it are the most
influential variables when predicting academic success (Sternberg
and Kaufman, 1998; Gagné and Père, 2001; Kuncel et al., 2004;
Fergusson et al., 2005; Strenze, 2007; Kytala and Lehto, 2008;
Taub et al., 2008). In fact, both classical and current research
emphasize that Verbal Aptitude is the best predictor of academic
performance, followed by Numerical Aptitude and Reasoning
Aptitude and lastly, Spatial Orientation (Smith, 1964; Maccoby
and Jacklin, 1974; Burnet and Lane, 1980; Cooper and Reagan,
1982; Kenney-Benson et al., 2006; Prior et al., 2011; Hawes et al.,
2015; Duffy et al., 2020). This aptitude hierarchy is modified
when it comes to predicting areas of academic performance that
require a specific knowledge such as Mathematics. In this case,
Numerical Aptitude takes first place in the hierarchy, displacing
Verbal Aptitude, which occupies a second position (Marrero
and Espino, 1988; Spinath et al., 2006). Similarly, when the
area to be predicted is closely related to language management,
Numerical Aptitude may be displaced to third position, with
Logical Reasoning Aptitude taking second place. The conclusions
reached by these previous investigations and other more current
investigations, is that an important part of the learning difficulties
in the academic context find their etiology in the cognitive
aptitudes that are required for the development of traditional
school activities (Bennett et al., 2000; Pérez et al., 2005; Miñano
and Castejón, 2008; Robles and Vázquez, 2014; Navarro-Soria,
2016; Navarro-Soria et al., 2020).

Based on the above description, we consider it important to
study which psychometric tools present, at an early age of the
evaluated student, an adequate predictive capacity for academic
performance, since the results of the implementation of these
tests could be the trigger for a whole series of pedagogical support
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measures that anticipate school failure. The main interest of this
research lies in analyzing the predictive capacity of one of the
most widespread tests at the school level, within the bounds of
the Spanish territory. Hence, the main objective of this research
was to verify that cognitive skills measured in Early Childhood
Education, using the Spanish Primary School Aptitude Test
(hereinafter termed AEI, Spanish acronym of Aptitudes en
Educación Infantil) Battery, have a greater predictive capacity
for academic performance throughout Primary Education. The
specific aims of the present study were: (a) to verify which
cognitive aptitudes have greater predictive capacity with respect
to the non-repetition of school years by the student at the
end of Primary Education; (b) to evaluate whether the use of
oral language (Verbal Aptitude) presents predictive capacity of
academic success in the instrumental subjects (Mathematics and
Language); (c) to determine whether the knowledge of basic
numerical concepts (Numerical Aptitude) presents a predictive
power of academic success in the instrumental subjects; (d) to
verify whether Spatial Orientation and Reading and Writing
Maturity have a predictive power of academic success in
the instrumental subjects; (e) to determine whether General
Intelligence presents a predictive power of academic success for
the instrumental subjects.

In relation to the proposed objectives, our research hypotheses
are: (Ha) Verbal Aptitude and Numeric Aptitude will have the
greatest predictive power for the non-repetition of the course by
the student at the end of Primary Education (a student repeats if
he fails math and language at the end of the course); (Hb) Verbal
Aptitude, which determines the correct use of language and its
different dimensions, will be the aptitude with greater predictive
capacity of future academic success for the Language discipline;
(Hc) Numerical Aptitudes will be decisive in explaining academic
success in Mathematics as in Language; (Hd) Reading-Writer
Maturity and Spatial Orientation will present a predictive power
of low academic achievement; (He) General Intelligence, contrary
to what many studies in the literature claim and despite having
some predictive power, will not be among the most powerful
aptitudes when it comes to predicting both non-repetition of a
school year throughout Primary Education, as with the academic
success for the instrumental subjects.

MATERIALS AND METHODS

Participants
In the present study, the sample consisted of the total number of
students enrolled in Early Childhood Education (5 years of age)
from the four public schools of the province of Alicante (Spain),
with a sum total of 631 students. In undertaking a longitudinal
study of the sample during the complete period of Primary
Education, at the end of the follow-up those students who did
not have continuity in their schooling in the municipality and
who were unable to complete their follow-up in terms of their
evolution have been excluded. Consequently, after the follow-up
the total sample was reduced to 512 students. Furthermore, the
inclusion criterion used was that students should maintain their
schooling in the same school, from Infant Education starting at

5 years of age until completion of the Primary Education stage
(12 years of age).

The experimental group of students consisted of 232 males
(45.4%) and 280 females (54.6%). The socioeconomic level of the
families was distributed among families with income in categories
of middle-high with 92 students (18%), middle with 220 students
(43%), middle-low with 122 students (24%), and low with 78
students (15%). With regard to the academic training of the
families of the students that made up the sample, 22% (113) had
undergone university studies, 28% (144) had chosen a vocational
training, 41% (209) had finished secondary school and 9% (46)
did not have neither an academic background nor qualified
training had an academic background or some qualified training.

Before initiating student evaluation and monitoring in this
research, the procedure was presented before the District
Education Board, which is the highest decision-making body of
an educational center in Spain. The District Education Board,
related to the four target schools from where the sample was to
be drawn, approved the research procedure for those schools.
In addition, the psychometric evaluation and the corresponding
analysis of the results of the evaluation were reported to all
families through mail. In the letter that the families received,
families were given the option for their children to not participate
in the investigation. None of the families of the total sample
exempted their children from participating in the evaluation
and subsequent follow-up. This research was conducted in
accordance with the 1964 Declaration of Helsinki and its later
amendments. Finally, approval was requested from the Ethics
Committee of the University of Alicante, which provides and
approves the methodology used, and the approval was assigned
the file number UA-2018-03-08.

Instruments
The Spanish Primary School Aptitude Test (AEI) was designed
with the objective of evaluating aptitudes that are essential for
school learning (Numerical Aptitude, Verbal Aptitude, Spatial
Orientation, Auditory Memory, Visomotricity, and Reading and
Writing Maturity). One of its great potentials lies in the fact
that it allows to measure transcendental cognitive aptitudes for
the academic field, long before students have started reading
and writing. The Verbal Aptitude and Numerical Aptitude
Scales are each composed of 21 items, while the Spatial
Orientation Scale consists of 9 items. In these three scales, the
student must mark with a cross the image that has the best
correspondence to the instruction provided by the evaluator
(Lakin and Gambrell, 2012; Lohman and Gambrell, 2012). The
Auditory Memory Scale consists of the student listening to the
names of a series of objects and then being presented with
a template that has a set of images, among which are the
aforementioned objects that must be marked with a cross. The
Visomotricity Scale consists of three sub-tests, which require
the student to draw different figures. All of the scales are
scored in relation to the successes or errors of each of the
items that compose it. This direct score can be transformed
into a percentile score. From the results of the different scales,
a Total Score Index and a Reading and Writing Maturity
Index are obtained.
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This is one of the most widespread tests within the Spanish
territory. At a professional level, school counselors use this
test to verify the maturity level of the student with respect to
acquiring reading and writing skills during the first year of
Primary Education, with the scale having a sample of more than
12.000 subjects nationwide. The purpose of the AEI tool is to
provide primary school teachers with basic information on the
maturity level of each student in order to adapt the rhythms and
contents of the program to the real needs of each student in
different academic areas. However, from the perspective of the
present study, the intention of the AEI tool is the early detection
of students with suspected deficiencies in their aptitudes which
should be the object of specific work that is aimed at maturation
(Navarro-Soria and González-Gómez, 2010).

To check internal consistency, the AEI Battery was subjected
to the Cronbach alpha coefficient, obtaining a total score of 0.90
for the data collected from the control sample while this same
coefficient was 0.87 for our study sample. In addition, reliability
studies were carried out on the AEI Battery using the split-half
method, with a result of 0.68 for the sample of 4 year olds and
0.90 for the group of 5 year olds.

Another important psychometric element is validity, in this
case the relationship between the different tests of the battery.
This data will indicate whether the variations in subject’s
performances are due to differences in aptitude. The data from
the correlations can be observed in Table 1, as well as the results
obtained by the 4 and 5 year olds through which the scale has
been elaborated.

Procedure
In order to verify that cognitive skills, as measured by the AEI
Battery, are more influential for academic development, the team
of school psychologists conducted an aptitude assessment at the
end of the final year of Early Childhood Education (5 years of
age), with the subsequent follow-up, at the level of achievement
of curricular objectives for the reference course (passed/failed)
and promotion to the next level (not failing the two instrumental
subjects),throughout 6 years of schooling, collecting information
annually on the performance of the sample during their
development in Primary Education. The follow-up consisted
of annual meetings in which information was collected on
regular school attendance, family involvement, changes in family
structure, and diagnosis of learning difficulties/disorders. In case
of any of these circumstances, and after assessing that this
situation could be affecting the performance of the student, the

research team decided upon the continuity of the participant in
the sample. Therefore, the exclusion criteria for the groups in
which the follow-up was carried out were: absenteeism, diagnosis
of a clinical disorder and/or family breakdown or negligence.

The evaluation of the students that made up the sample
was undertaken during the last quarter of the 5-year period of
Early Childhood Education, at which time the AEI psychometric
test was implemented (De la Cruz, 1999). The application
of this test is collective hence it was carried out by two
researchers, one providing instructions for its realization (“Cross
the drawing of the open hand, cross the one with hair, cross
the drawing of food”), while the other researcher supported
those students who presented some difficulties in understanding
the test. Its implementation takes approximately 60 min. The
student does not require reading and writing skills, since the
answering consists of the recognition of images following oral
instructions that the evaluator provides to the group during the
implementation of the test.

To verify the academic performance of the students, a
follow-up of the achievement of curricular objectives (observing
if students achieve a pass/fail) in the instrumental subjects
(Mathematics and Language) has been undertaken throughout
Primary Education, whether the curricular objectives have been
passed or not has been used to analyze the differences between
students. Taking into account their cognitive abilities (high,
medium or low) and based on their school results (pass or
fail), the influence of their aptitude differences in their academic
performance has been determined.

Statistical Analysis
To analyze the influence of the predictor variables, logistic
regression was used following the Forward Selection procedure
based on the Wald statistic. Logistic modeling allows estimation
of the probability of an event, a success, or a result occurring,
as opposed to not occurring, in the presence of one or more
predictors. This probability is estimated by using the odds ratio
(OR) statistic. If the OR is greater than one, for each time
the event occurs in the absence of the independent variable, it
will be given twice if that independent variable is present. On
the contrary, if the OR is less than one, the probability that
the event occurs in the absence of the independent variable
will be greater than if that independent variable were present
(De Maris, 2003). To analyze the adjustment of the proposed
models, two indicators were taken into account: (a) Nagelkerke’s
R2 (an adjusted version of the Cox and Snell R2 that adjusts

TABLE 1 | AEI Battery reliability (De la Cruz, 1999).

Verbal Quantitative Spatial O. Memory Viso. A + B + C Total Reading and writing mat.

Verbal aptitude 0.65 0.23 0.28 0.31 0.65 0.59

Numerical aptitude 0.41 0.34 0.27 0.47 0.73 0.61

Spatial orientation 0.24 0.39 -0.10 0.46 0.76 0.80

Auditive memory 0.23 0.23 0.15 0.17 0.31 0.29

Visomotricity 0.18 0.36 0.38 0.14 0.77 0.78

Total 0.53 0.70 0.79 0.39 0.71 0.98

Reading and writing maturity 0.49 0.54 0.82 0.39 0.72 0.97
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the scale of the statistic to cover the full range from 0 to 1),
which indicates the percentage of variance explained by the
model (Nagelkerke, 1991) and (b) the percentage of correctly
classified cases, which allows to determine to what extent the
predictor variable is useful for estimating the criterion variable
in the proposed model.

RESULTS

The data permitted the creation of the logistic regression models,
which make it possible to effect correct estimations regarding the
probability of passing the two instrumental subjects (Language
and Mathematics) and not repeating the school year, based on the
scores in Cognitive Maturity (Total Index Score) in the different
cognitive aptitudes evaluated: Verbal Aptitude (µ = 12.82;
SD = 3.27), Numerical Aptitude (µ = 13.07; SD = 2.98), Spatial
Orientation (µ = 13.89; SD = 6.38), Auditory Memory (µ = 3.62;
SD = 1.99), Visomotricity (µ = 16.37; SD = 4.56), and Total Score
(µ = 59.70; SD = 14.41).

Table 1 shows the steps followed by the model in the
introduction of explanatory variables that have been significant
for the probability of passing the instrumental language subject.
For the evaluation using the AEI of a child of 5 years of
age, the proposed model allows a correct estimation of 72%
of the cases in Verbal Aptitude, 71% in Numerical Aptitude,
74% in Spatial Orientation, 61.5% in Auditory Memory, 68.2%
in Visomotricity, 75% in Reading and Writing Maturity, and
75.4% in Total Score.

Nagelkerke’s R2 oscillates in the estimation of the adjustment
value between0.05 for Auditory Memory and0.40 for both
Reading and Writing Maturity and Total Score.

The odds ratio (OR) obtained for the elaborated models of
the sample oscillates between 1.11 for Total Score and 1.51 for
Numerical Aptitude (Table 2). Thus, during Primary Education

the probability that students do not fail the subject of Language,
is higher for each incremental point in the result obtained in the
following indices: Verbal Aptitude (39%), Numerical Aptitude
(47%), Spatial Orientation (20%), Auditory Memory by (23%),
Visomotricity (23%), Reading and Writing Maturity (13%), and
Total Score (11%), for the entire sample and by entering the
variables one by one.

In Table 3, the introduction of explanatory variables that have
been significant for the probability of not failing the instrumental
subject of Mathematics is shown. For the evaluation using AEI
of a child of 5 years of age, the proposed model allows a
correct estimation of 71.8% of cases in Verbal Aptitude, 69.6%
in Numerical Aptitude, 72.6% in Spatial Orientation, 62.4% in
Auditory Memory, 69.2% in Visomotricity, 76% in Reading and
Writing Maturity, and 75.8% in Total Score.

Nagelkerke’s R2 oscillates in the estimate of the adjustment
value between0.04 for Auditory Memory and 0.41 for Total Score.

The odds ratio (OR) that was obtained for the elaborated
models of the sample oscillates between 1.11 for Total Score and
1.52 for Numerical Aptitude. Thus, the probability that students
do not fail the instrumental subject of Mathematics during any
of the Primary Education courses, is greater for each incremental
point in the result obtained in the following indices: Verbal Skills
(39%), Numerical Aptitude (52%), Spatial Orientation (21%),
in Auditory Memory (20%), Visomotricity (22%), Reader and
Writing Maturity (13%), and Total Score (11%), for the entire
sample and by entering the variables one by one.

In Table 4 are the steps followed by the model in the
introduction of explanatory variables that have been significant
for the probability of not repeating a school year. For the
evaluation with AEI of a child of 5 years of age, the proposed
model allows a correct estimation of 89.2% of the cases in
Verbal Aptitude, 88% in Numerical Aptitude, 88.4% in Spatial
Orientation, 87.5% in Auditory Memory, 87.4% in Visomotricity,
90% in Reading and Writer Maturity, and 90.6% in Total Score.

TABLE 2 | Logistic regression for the predictive probability of each one of the cognitive aptitudes of the AEI Battery and non-failure of the Language instrument.

Language

Variable χ2 R2 B E.T. Wald p OR C.I. 95%

Verbal aptitude 109.73 0.26 0.33 0.03 81.60 <0.001 1.39 1.30–1.50

Constant −3.99 0.48 67.62 <0.001 0.01

Numerical aptitude 112.81 0.27 0.39 0.04 80.39 <0.001 1.47 1.35–1.61

Constant −4.79 0.57 69.52 <0.001 0.00

Spatial orientation 134.68 0.31 0.18 0.01 101.02 <0.001 1.20 1.16–1.25

Constant −2.29 0.27 67.19 <0.001 0.10

Auditive memory 21.36 0.05 0.21 0.04 20.55 <0.001 1.23 1.12–1.35

Constant −0.47 0.19 6.15 0.01 0.62

Visomotricity 88.74 0.21 0.21 0.02 70.21 <0.001 1.23 1.17–1.29

Constant −3.12 0.41 56.36 <0.001 0.04

Reading and writing maturity 179.57 0.40 0.12 0.01 110.56 <0.001 1.13 1.11–1.16

Constant −5.71 0.58 95.55 <0.001 0.00

Total score 181.56 0.40 0.11 0.01 112.34 <0.001 1.11 1.09–1.13

Constant −6.24 0.62 98.85 <0.001 0.00

χ2, Chi-Square; R2, R2 Nagelkerke; B, Coefficient; p, probability; OR, Odds Ratio; C.I., Confidence Interval.
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TABLE 3 | Logistic regression for the predictive probability of each one of the cognitive aptitudes of the AEI Battery and non-failure of the Mathematical instrument.

Mathematics

Variable χ2 R2 B E.T. Wald p OR C.I. 95%

Verbal aptitude 109.23 0.26 0.33 0.03 81.25 <0.001 1.39 1.30–1.50

Constant −4.01 0.48 68.03 <0.001 0.01

Numerical aptitude 124.13 0.29 0.41 0.04 85.80 <0.001 1.52 1.39–1.66

Constant −5.17 0.59 75.51 <0.001 -5.17

Spatial orientation 143.63 0.33 0.19 0.01 105.10 <0.001 1.21 1.17–1.26

Constant −2.44 0.28 72.06 <0.001 0.08

Auditive memory 16.45 0.04 0.18 0.04 15.97 <0.001 1.20 1.10–1.32

Constant −0.40 0.18 4.50 0.03 0.67

Visomotricity 85.60 0.21 0.20 0.02 68.26 <0.001 1.22 1.17–1.29

Constant −3.07 0.41 55.30 <0.001 0.46

Reading and writing maturity 180.63 0.40 0.13 0.01 110.78 <0.001 1.13 1.11–1.16

Constant −5.78 0.58 96.46 <0.001 0.00

Total score 183.62 0.41 0.11 0.01 112.89 <0.001 1.11 1.09–1.14

Constant −6.34 0.63 100.04 <0.001 0.00

χ2, Chi-Square; R2, R2 Nagelkerke; B, Coefficient; p, probability; OR, Odds Ratio; C.I., Confidence Interval.

TABLE 4 | Logistic regression for the predictive probability of each one of the cognitive aptitudes of the AEI Battery and non-repetition of a school year.

Repetition

Variable χ2 R2 B E.T. Wald p OR C.I. 95%

Verbal aptitude 71.73 0.25 0.35 0.04 57.86 <0.001 1.42 1.29–1.55

Constant −2.11 0.56 17.48 <0.001 0.12

Numerical aptitude 76.54 0.26 0.41 0.05 55.96 <0.001 1.51 1.35–1.68

Constant −3.00 0.63 22.52 <0.001 0.05

Spatial orientation 94.05 0.32 0.22 0.02 68.02 <0.001 1.24 1.18–1.31

Constant −0.40 0.26 2.42 0.11 0.66

Auditive memory 18.37 0.06 0.28 0.06 17.72 <0.001 1.33 1.16–1.53

Constant 1.01 0.23 18.81 <0.001 2.76

Visomotricity 66.57 0.23 0.26 0.03 52.18 <0.001 1.30 1.21–1.39

Constant −1.89 0.49 14.38 <0.001 0.15

Reading and writing maturity 126.83 0.42 0.13 0.01 77.04 <0.001 1.14 1.11–1.82

Constant −3.63 0.58 38.04 <0.001 0.02

Total score 124.38 0.41 0.11 0.01 75.43 <0.001 1.12 1.09–1.15

Constant −4.23 0.66 41.07 <0.001 0.01

χ2, Chi-Square; R2, R2 Nagelkerke; B, Coefficient; p, probability; OR, Odds Ratio; C.I., Confidence Interval.

Nagelkerke’s R2 oscillates in the estimation of the adjustment
value between 0.06 for Auditory Memory and 0.42 for Reading
and Writing Maturity.

The odds ratio (OR) that was obtained for the elaborated
models of the sample oscillates between 1.12 for Total Score
and 1.51 for Numerical Aptitude. Thus, the probability
that students do not repeat a school year during Primary
Education is greater for each incremental point in the result
obtained in the following indices: Verbal Aptitudes (42%),
in Numerical Aptitudes (51%), in Spatial Orientation a
(24%), in Auditory Memory (33%), in Visomotricity (30%),
in Reading and Writing Maturity (14%) and in Total
Score (12%), for the whole sample and introducing the
variables one by one.

DISCUSSION

From the analysis of the results, we conclude that Verbal and
Numerical Aptitudes are the variables with greater predictive
capacity respect to the development of the different competences
academic and probability of repeating a course. Thus, the results
confirm that the AEI tool has a good predictive capacity for
Early Childhood Education with respect to the appearance
of difficulties in overcoming the curricular objectives during
Primary Education, thus confirming the hypothesis Ha.

When evaluating student aptitude development using the
AEI battery prior to the start of Primary Education, it was
noted that for each incremental point in the results for Verbal
and Numerical Aptitudes, the probability that the student does
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not repeat an academic year oscillates between 42 and 51%,
respectively. These data reinforce the results of previous research
that also conclude that Verbal and Numerical Aptitudes are valid
predictors of learning difficulties (Burnet and Lane, 1980; Cooper
and Reagan, 1982; Bennett et al., 2000; Pérez et al., 2005; Robles
and Vázquez, 2014). This conclusion underlines the importance
of these skills being acquired through specific training to enhance
their development. Therefore, training in Verbal and Numerical
Aptitudes is considered an adequate academic response which
favors acquisition by students of the curricular objectives that
are proposed for the different disciplines in the first cycles of
Primary Education.

In the same line, when the results are analyzed with a
focus on which aptitudes present a greater predictive capacity,
with a possible failure of the instrumental subjects throughout
Primary Education, it was observed that in the AEI Battery
and for the instrumental subject of Language, it is Numerical
Aptitude which, with a slightly higher result (72.6%), is ahead
of Verbal Aptitude (69.6%) at the level of predictive capacity,
confirming the hypotheses Hb and Hc. These results, which
initially could seem inconsistent, are justified if one considers that
in the AEI test, Numerical Aptitude is measured by using the
knowledge of verbal concepts that are associated with learning
Mathematics (for example: more/less, bigger-number/smaller-
number, same/different, superior/inferior, first/last, equal/not
equal, etc.). This is a numerical vocabulary that is less used in
everyday conversations with children at this age, but it would
measure a deeper knowledge of Language. On the one hand,
different authors in the literature have highlighted Mathematical
Competence during the first school years as a powerful predictor
of academic success, not only for the discipline itself but also for
other domains such as Language (Aubrey et al., 2006; Duncan
et al., 2007; Jordan et al., 2010; Geary et al., 2013; Martin et al.,
2014; Park et al., 2016).

On the other hand, indices such as Spatial Orientation,
Reading and Writing Maturity and Visomotricity do not stand
out as predictors of academic success in the instrumental subject
of Language, which contrasts with the results obtained in other
investigations where these skills are understood to be crucial in
the acquisition of Reading and Writing skills (Frostig et al., 1964;
Smith, 1964; Mlodnosky, 1968; Bender, 1977; Koppitz, 1980;
Valett, 1989; Spitz, 2009), thus confirming the hypothesis Hd.
It is possible that these data could present a more significant
difference in relation to the other indices if, instead of making the
estimate by taking into account the whole of Primary Education,
the results would be isolated at the academic level during the
First Cycle of Primary Education in the subject of Language. In
that, the First Cycle of Primary Education is a particular period
when the acquisition of Reading and Writing skills is a priority
objective and they are academic competences that require
adequate maturity at the level of Spatial Orientation, Reading
and Writing Maturity, and Visomotricity. In the same way, the
Spatial Orientation Index, the Reading and Writing Maturity
Index and the Visomotricity Index do not present any significant
relevance at the level of predictive capacity of academic success in
Mathematics, which also contrasts with recent research, for which
the results highlight that the Visuospatial Skills Index, measured

between the ages 5 and 6 years, is a powerful predictor of success
in the field of mathematics (Cheng and Mix, 2014; Hawes et al.,
2015; Pitchford et al., 2016; Cornu et al., 2017, 2018).

A further notable result, that coincides with various
investigations in the body of literature, is that General
Intelligence is not a determining variable in predicting school
success (Edel, 2003; Laidra et al., 2006; Deary et al., 2007; Watkins
et al., 2007; Miñano and Castejón, 2008). While it is true that
this statement is controversial and has many defenders as well as
detractors, it is not difficult to find a diversity of research which
determines that General Intelligence can be considered as one
of the best predictors of academic success (Deary et al., 2007;
Kaufman et al., 2012; Roth et al., 2015; Schult and Sparfeldt,
2016; Gygi et al., 2017). However, for our sample and with the
aptitude being measured using the AEI tool, the fact of having
higher scores in this particular index has not been associated with
greater possibilities of non-repetition of school years. Therefore,
although General Intelligence has some influence over success
with respect to achieving the curricular objectives of the reference
course, it is not the most determining factor among the measured
aptitudes, thus confirming the hypothesis He.

Finally, if the results for the aptitudes that are measured with
the AEI tool and the instrumental subject of Mathematics are
observed and analyzed, the Numerical Aptitude Index stands
out as the best predictor of possible failure, over and above
the rest of the aptitudes/skills. This fact is indeed justified.
In that, if a student in the First Year of Primary Education
does not understand the concepts that are used to explain
the numerical operations, they will find great difficulties in
correctly executing exercises in Mathematics, due to the great
level of abstraction required by cognitive processes associated
with this type of activity at this educational level. These results
are in agreement with those obtained in recent investigations
(Matthews et al., 2015; Ye et al., 2016; Harvey and Miller, 2017),
whose conclusions highlight the importance of the development
of the language of Mathematics in Early Childhood Education
for the adequate acquisition of Mathematics in later stages of the
educational process.

In terms of study limitations, it is noteworthy that for future
investigations, the sample of both subjects and provinces in which
information was collected should be expanded, and this is among
the most important limitations of this study. In addition, it
would be advisable to not limit the study to a single evaluation
instrument, but to include different psychometric tests that allow
the collection of data from other variables beyond cognitive
aptitudes, in order to be able to assert in a more substantial
manner what academic successes and failures can be attributed to.

CONCLUSION

The most relevant conclusion of this study is the finding that
a psychometric tool such as AEI presents an adequate capacity
to predict academic success or failure in the instrumental
subjects of Mathematics and Language. In that, these two
instrumental subjects provide the basis for the remainder of
the required academic knowledge. This predictive capacity is
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available throughout 6 years of schooling before any difficulties
are evidenced. One can assume that this is an ample period of
time in which to be able to promote preventive actions that could
reduce the probability of academic failure.

Based on the obtained results, we propose that the AEI
tool can be considered effective in anticipating learning
difficulties when it is included in an early detection
program that aims to implement pedagogical strategies
which favor an adequate maturity at the student aptitude
level, thus avoiding any future academic failure. The AEI
tool should be linked to the development of models of
psychopedagogical intervention (Prior et al., 2011; Raver
et al., 2011; Geary and VanMarie, 2016) which are aimed
at reducing learning difficulties in the First Cycles of
Primary Education. At that stage, if student difficulties go
unnoticed or they do not receive the necessary focus or
importance, the first deficiencies will affect student learning
capacity, which in many cases will then accumulate in
each following school year. In fact, recent research (Serpell
and Esposito, 2016) highlights the importance of this type
of strategy being transferred from government institutions
through relevant legislation to educational programs that
are aimed at the early prevention of learning difficulties,
in order to reduce the worrying current rates of school
failure in Spain.

As a final conclusion and in agreement with other research
where by data were collected during Primary Education and
Secondary Education (Duncan et al., 2007; Murray and Harrison,
2011; Serpell and Esposito, 2016; Harvey and Miller, 2017),
we wish to emphasize that early academic performance is a
robust predictor of later academic ability. Children with greater
knowledge and understanding of Mathematics and Language
concepts at the beginning of compulsory schooling achieve
higher academic levels in later education than their less-prepared
peers. Regarding the relevance of this research and the data
obtained from it, the Spanish Primary School Aptitude Test
(AEI) Battery is an adequate prediction tool at an early age

which provides technical arguments and objectives for initiating
reinforcement measures at an initial level of schooling, in order
to avoid later learning difficulties that may arise.
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