Instructional support system for teaching number sense1
Sistema instruccional de apoyo a la enseñanza del sentido
numérico
DOI: 10.4438/1988-592X-RE-2016-375-333

Estíbaliz Aragón Mendizábal
Manuel Aguilar Villagrán
José Ignacio Navarro Guzmán
Universidad de Cádiz

Abstract
Number sense is regarded as a strong predictor of mathematics achievement
at formal school. This paper describes the improvement of early math skills using
computer-assisted instruction and the effectiveness of an intervention program.
An experimental design with control and experimental groups, and pre- and postintervention measurement was used. Participants were 48 preschool students
(aged from 4.91 to 5.91; 21 were males and 27 were female), whose relational
and numeracy skills were assessed before and after training. Differences between
groups were analyzed. Participants were students from four schools (two public
and two private). Schools were in middle-class neighborhood, in 100.000
inhabitants towns. Descriptive analysis, discriminant analysis and hypothesis test
were calculated. Null hypothesis of equality between groups was rejected (Wilks’
Lambda = .468; X2 = 31.46; p < .001). Therefore, the difference between the
experimental and control groups was statistically significant. Also, discriminant
analysis indicated that 83.3% of students were classified correctly in their group.
Significant differences between control and experimental group in classifications
(p =.001), correspondence (p =.001), counting structured (p =.001) and resulting
(p =.000) skills, were found. Results supported the effectiveness of the
intervention program, and indicated math skills that were significantly improved
(1)
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by training: classifications and correspondence as relational skills, and counting
structured and resulting as numerical skills. Educational implications and future
lines of action are discussed.
Keywords: mathematics skills, remedial programs, preschool education,
numeracy, computer-assisted instruction, mathematical achievement.

Resumen
El sentido numérico es considerado como un fuerte predictor del rendimiento
matemático en la escuela formal. El presente trabajo plantea el perfeccionamiento
de las habilidades matemáticas tempranas mediante el uso de la enseñanza asistida
por ordenador. Se utilizó un diseño experimental, con grupo control y medidas
pre- y pos-intervención para estudiar la eficacia de la intervención en una muestra
de 48 alumnos de educación infantil, y las diferencias existentes en las habilidades
relacionales y numéricas tras la implementación del programa computerizado. Del
total de la muestra 21 alumnos fueron niños y 27 niñas, cuyas edades oscilaban
entre los 4.91 y los 5.91 años. Se emplearon análisis descriptivo, discriminante y
contrastes de hipótesis como técnicas de análisis de los datos. Los alumnos
pertenecían a cuatro centros educativos, dos de ellos públicos y dos concertados.
Los centros estaban situados en zonas urbanas de clase media en poblaciones de
unos 100.000 habitantes. Se rechazó la hipótesis de igualdad entre los grupos
(Lambda de Wilks = 0.468; X2 = 31.46; p < 0.001), pudiendo concluir que la
diferencia entre el grupo experimental y control era estadísticamente significativa.
Asimismo, el análisis discriminante confirmó que el 83.3% de los alumnos fueron
clasificados correctamente en su grupo. Se muestran diferencias significativas en
los resultados de clasificación (p < .001), correspondencia (p < .001), conteo
estructurado (p < .001) y resultante (p < .001) entre los grupos experimental y
control, avaladas por el tamaño del efecto. Los resultados obtenidos apoyan la
eficacia de la intervención e indican las habilidades que se ven favorecidas en
mayor medida por el entrenamiento: clasificaciones y correspondencia en el ámbito
relacional, y conteo estructurado y resultante en el ámbito numérico. Se discuten
las implicaciones educativas y las futuras líneas de actuación.
Palabras clave: habilidades matemáticas, programa de recuperación,
educación infantil, aritmética, enseñanza asistida por ordenador, logro
matemático.

Introduction
Early math skills, frequently grouped together under the construct,
«number sense» (Berch, 1998; Hannula, Lepola, & Lehtinen, 2010), are
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developed earlier than formal mathematical abilities. They are a
cornerstone which more complex mathematical knowledge is built upon.
An example of this is preverbal number sense, which refers to features
such as subitizing (Le Corre, Van de Walle, Brannon, & Carey, 2006) and
which comes before counting, or the development of an estimated
representation of magnitude. This comes about before numerical
representations (Lipton & Spelke, 2005). Number sense allows children
to recognize different quantities and estimate quantities, allowing them
to not only succeed in school, but also solve problems in everyday life.
Despite the importance of this concept and its significance, there is
no general agreement at present on the conceptualization and
operationalization of number sense (Gersten, Jordan, & Flojo, 2005).
Researchers agree that it involves a set of related number and operations
skills from the age of 3 to 6 years old. Therefore, this developmental
period is held up as a key stage in acquiring those skills identified as
predictors of school performance. These precursors can be differentiated
into two categories: domain-general and domain-specific (Passolunghi &
Lanfranchi, 2012). On the one hand, precursors of domain-general ability
refer to general cognitive skills that predict performance in school topics,
not in one particular field. Examples include short-term memory, working
memory and general intelligence (Aragón, Navarro, Aguilar, & Cerda,
2015).
On the other hand, domain-specific precursors refer to those skills that
are able to predict subsequent performance in a particular area of school
knowledge. Such precursors include phonological awareness as a
predictor of literacy skills, and skills related to number sense acquisition
and counting which are critical in mathematical skills achievement (De
Smedt, Verschaffel, & Ghesquiere, 2009).
Acquiring number sense is completed through a gradual process. Four
different stages in the development of number sense can be identified
(Von Aster & Shalev, 2007). First, the child achieves non-symbolic
representation. Secondly, non-symbolic representation leads to symbolic
representation of quantity. Thirdly, verbal symbolic representation is
acquired through Arabic numerals, and finally, the previous three
components are integrated into a mental number line, i.e., when it is
assumed that numbers listed after in a counting sequence are bigger
numbers than those listed before. Therefore, at the age of 6, after reaching
the fourth stage of number sense development, most children incorporate
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notions of quantity and counting schemes within mental number lines
(Siegler & Booth, 2004).
This linear representation of numerical magnitude is significant to the
development of counting skills, as it helps children learn the positional
value of numbers and do mental calculations. Consequently, number
sense remains as a strong predictor of achievement in math in early
school years (Duncan et al 2007; Jordan, Kaplan, Locuniak, & Ramineni,
2007; Jordan, Kaplan, Ramineni, & Locuniak, 2009).
On the opposite, problems in different developmental stages of
number sense, identified by Von Aster & Shalev (2007), may explain the
emergence of learning difficulties in mathematics (Mazzocco, Feigenson
& Halberda, 2011; Van Viersen, Slot, Kroesbergen, Van’t Noordende, &
Leseman, 2013). Therefore, shortfalls in number sense can make formal
math instruction difficult (Baroody & Rosu, 2006). It can be considered a
determining factor in the onset of dyscalculia (Butterworth, 2010; Piazza
et al, 2010), and explains the disparity in math performance in the early
grades of primary education (Xenidou-Dervou, De Smedt, van der Schoot,
& van Lieshout, 2013). It is therefore critical to pay attention to the several
aspects of numeric in the early school years, as well as the previous
processes, which according to Piaget (Piaget & Szeminska, 1941)
contribute to constructing the number concept. Therefore, to successfully
meet the demands of formal schooling, it is necessary to acquire and
coordinate beforehand, relational logic skills.
A key aim is to prevent mathematical learning difficulties (MLD) and
teach early math skills. This goal can be achieved through training
programs that contribute to the student’s progress and help not only for
academic purposes, but also provide strategies to meet the demands of
the social world in which the student is immersed. There are a wide range
of tools and teaching methods that can help achieve the proposed goals,
including computer-assisted instruction (CAI). Research supports the role
of CAI as a mediator tool in improving higher order capacities (Ayvaci &
Devecioglu, 2010; Döst, Saglam, & Ugur Altay, 2011; Halpern, Millis,
Graesser, Butler, Forsyth, & Cai, 2012 ), critical to achieving effective
competency in several school subjects. For more than a decade, research
has supported the value of this CAI teaching method in specific school
skills such as mathematics (Clements & Sarama, 2007, 2008, 2011; Griffin,
2004; Sarama, Clements, Starkey, Klein, & Wakeley, 2008).
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In order to study the effectiveness of an intervention program based
on computer-assisted instruction, the following objectives were
established: First, to analyze the differences between control and
experimental group scores after the intervention process, in both
relational and numeric mathematics tasks, and the total test score which
assesses early math skills. A detailed study of several math subtests
activities was also proposed. On the one hand, differences in relational
tasks were analyzed: comparisons, classifications, correspondence and
seriation tasks. On the other, the differences found in numeric tasks were
studied: verbal counting, structured counting, resulting counting, general
knowledge of numbers and estimation.

Method
An experimental design was used, with experimental and control groups,
and pre- and post-intervention measures. The SPSS.22 version was used
for data analysis. Through this software, descriptive statistics of the
sample were calculated and an inferential analysis was carried out
through the Mann Whitney U test for two independent samples and
discriminant analysis. The researchers obtained the permits and ethical
recommendations required for these type of studies. Parents, teachers and
school board granted permission for the study. After the intervention, the
school teachers that had participated in the study were guided to improve
student performance, using the material implemented in the research in
order to increase the skills of students.

Participants
The sample of students came from four schools located in the Cadiz
province (Spain). Two schools were public, and two were semi-private.
The schools had a standard middle class socio-economic level. There were
a total of 48 students from the final grade of Early Childhood Education,
whose ages ranged between 4.91 and 5.91 years, (M = 5.4; SD = .29). 27
participants were girls, aged between 4.91 and 5.83 months (M = 5.37,
SD = .27) and 21 participants were boys, aged between 4.91 and 5.91
months (M = 5.43, SD = .32). Students who had special educational needs
were excluded.
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Instruments
The Early Numeracy Test-R (Van Luit and Van de Rijt, 2009) in its
computerized and standardized version translated into Spanish (Van Luit
et al., 2015) was used to evaluate the participating students’ math skills.
Based on the students results, they were selected to develop early math
skills through «Playing with Numbers 2» (Navarro, Ruiz, Alcalde, Aguilar,
& Marchena, 2007)

Playing with Numbers 2
The software «Playing with Numbers 2« (Navarro et al., 2007) is a training
program aimed at learning, developing and strengthening mathematical
thinking skills. Its aim is to contribute to the student’s logicalmathematical acquisition in an attractive and motivating way, using the
computer as a learning facilitator. Specifically, «Playing with Numbers 2»
was carried out with Flash Professional Adobe software, which uses
standard internet files (SWF) and vector graphics so that different scale
applications can be used without losing visual quality.
The software consists of different tasks to develop number sense. This
computerized training program offers students activities that help them
learn concepts related to certain basic math skills such as: seriation,
comparison, classification, easy arithmetic problems, distribution, size
discrimination, and a series of activities aimed at mastering numbering.
«Playing with numbers 2» is aimed at students of the first year of primary
school. This software has different levels of difficulty and has the
possibility of being used with younger students, or students with special
educational needs.

Early Numeracy Test (ENT-R)
A computerized version of Early Numeracy Test Revised (ENT-R) was used
in this research, standardized for the Spanish population (Van Luit et al.,
2015). The original tool was developed by Van Luit and Van de Rijt (2009)
to evaluate early numerical knowledge, and detect students at risk of
MLD. This tool is especially useful in the transition from pre-school to
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elementary education, in order to confirm which students need support
to cope with the new mathematical learning, promoting the
implementation of early intervention to remedy these shortfalls.
The test assesses concepts of comparison, classification, one to one
correspondence, seriation, verbal counting, structured counting, counting
(without pointing), general knowledge of numbers and estimation. It is
aimed at students between 4 and 7 years, and has three parallel versions
of 45 items each. It takes an average of around 30 minutes and is
individually administrated. The Cronbach’s alpha reliability index was .92.

Procedure
First, parental permission to participate in this research was obtained for
the student sample selected. Then, an individual evaluation session was
carried out at the beginning of the school year. In this first assessment
phase, the ENT-R (version A) test was applied to assess early math skills.
The individual evaluation session took between 30 and 35 minutes.
The second phase of the study focused on the implementation of the
computerized intervention program «Playing with Numbers 2». The
training program was carried out during the months of February, March
and April. A total of 30 sessions were used, taking between 30 and 45
minutes each. They were held three times a week. Each training session
involved 6 students working independently with a computer, solving the
different computer activities. All sessions were supervised by two
specialized psychologists.
Finally, we proceeded to perform the post-test evaluation by the ENTR (version B) in order to verify the effectiveness of the intervention.

Results
The Mann Whitney U nonparametric test was used on independent
samples before and after the intervention, in order to verify the existence
of significant differences between the control and experimental groups
before and after the intervention.
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TABLE I. Results of Mann Whitney U test for two independent samples for complete test, relational
and numerical subtests and task groups.

*p< 0.01

Table I shows the results obtained from the Mann Whitney U
contrasting test. In the pretest assessment, no significant differences were
found in the complete test, nor were they found in the subtests or the
different components of early numerical knowledge. There was statistical
equivalence between the control and experimental groups. In the posttest,
after the intervention, significant differences in ENT-R total test score and
relational and numerical subtests were found. With regard to the diverse
subtest components, significant differences between control and
experimental group were found in some of the elements evaluated. On
the one hand, with respect to the relational subtest, there were significant
differences in classifications and correspondence (p < .001) but
differences in comparison and seriation were not significant. Furthermore,
the differences were statistically significant in structured counting (p <
.001) and resulting counting (p < .001). However no statistically significant
differences were found in verbal counting or the general knowledge of
numbers and estimation.
A detailed descriptive statistics analysis generated some more
significant information (see Table II). The descriptive results regarding
the score obtained in all subtests and the increase achieved after the
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intervention program, are shown in Table III. Table IV shows descriptive
statistical results obtained on the different components of early numerical
knowledge.

TABLE II. Means and Standard Deviations obtained in the total score on the Early Numeracy TestR by experimental and control groups, and the increase achieved after the intervention program.

Results in Table II confirmed that despite the experimental group
being initially higher in the pretest than the control group (although these
differences between groups were not significant), the control group
performed less well than the experimental group after the intervention
program.
In addition, gains obtained by the experimental group were 6.7 points
significantly higher than those in the control group.

TABLE III. Results obtained in relational and numerical subtests of the Early Numeracy Test-R
by experimental and control groups, and the increase achieved after the intervention program.

On the other hand, Table III shows the absence of pretest significant
differences between experimental and control groups (see Table I).
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Pretest scores were comparable and both groups considered equivalent.
After the program implementation, the experimental group score emerged
as higher than the control group. Differences were statistically significant.
With regard to the increase of both groups, the experimental group had
a three points higher advantage than the control group. These results
endorsed the effectiveness of intervention beyond developmental changes
and school instruction.
Table IV shows results obtained in the different critical components
involved in comprising the ENT-R. The increase was higher in all tasks
for the experimental group compared to the control group. These
differences supported the role of the computerized intervention. As
shown in Table I, the differences were statistically significant in
correspondence and relational classification tasks. Similarly, the increasing
was greater in the experimental group. The size effect was also more
significant for the experimental group (Table IV).

TABLE IV. Results obtained for experimental and control groups on the ENT-R different tasks.

Next, the impact of the effect on both groups was measured. Aside
from normal maturing processes, the control group increased its score as
a result of traditional school curriculum instruction whilst the
experimental group improved from both types of instruction, i.e.,
traditional curriculum and computer instruction using the software
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«Playing with numbers 2». According to Table IV the impact on
classification skills was higher in the experimental group (d = 1.44),
compared to the control group (d = .53). In addition, the impact in the
correspondence task was also higher in the experimental group (d = 1.69)
than in the control group (d = .23).
On the other hand, with respect to results in ENT-R numerical subtests,
the experimental group displayed a greater impact (d = 2.57) than the
control group (d = .79) in structured counting task. Similarly, the
experimental group (d = 1.69) also displayed a greater effect than the
control group (d = 1.44) in the resulting counting task.
With regard to the increase achieved on the posttests, it is noteworthy
that both the experimental and control groups had higher scores in
numerical tasks than in relational tasks, except in estimation where gains
were not as high as in the other types of numerical tasks.
Finally a discriminant analysis was conducted in order to establish
differences between groups and obtain a mathematical function able to
classify students based on the scores obtained in the discriminating
variables. This statistical technique allows a supervised classification of
data vector (numerical) into two or more categories: in this case, control
or experimental group. This classification is based on an achieved hyper
plane able to distinguish the experimental and control groups. This
distribution was compared with the real results giving a classification
matrix where the diagonal represented the total or percentage of well
classified individuals and where extradiagonal elements represented the
false positive and false negative classification process (Table V).
TABLE V. Results of discriminant analysis to predict students belonging to the control and
experimental group.

The results in Table V show that 83.3% of students in the control group
were correctly classified in their group. The same percentage was also
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obtained for the experimental group. As a result, it was possible to
conclude that the intervention program produced a statistically robust
differentiation between both groups.
Additionally, an equal groups statistical contrast based on the Wilks’
Lambda, and determined by a Chi-square approximation was calculated.
Results rejected the hypothesis of equality between the groups (Wilks’
Lambda = .468; X2 = 31.46; p < .0001). The conclusion was that
differences between experimental and control groups were statistically
significant.

Discussion
This paper provides a complementary tool to traditional math instruction,
efficient in developing early math skills using new technologies. It also
studied which cognitive skills were improved by the intervention
program.
According to the results, blending traditional instruction with new
ways of teaching mathematics at an early age contributes to number sense
acquisition. Number sense is defined as a set of related knowledge of
number and operational skills. These skills are specific ability precursors
of mathematical performance in subsequent years and are a key element
in Mathematics Learning Disabilities ( Jordan, Glutting, & Ramineni, 2008;
Jordan et al, 2009; Passolunghi et al., 2012). One way to prevent these
potential difficulties and contribute to improving early skills is to provide
tasks to enhance number sense as the milestone of mathematical learning
in early years (Aunio, Hautamäki, & Van Luit, 2005; Geary, 2004).
According to the Piagetian model (Piaget & Szeminska, 1941), logicrelational early math skills are meaningful to achieve number
understanding. Therefore, insisting on providing activities based on
serialization, correspondence, comparison and classification, contributes
to developing numerical knowledge and, eventually, to an encouraging
prognosis of students’ math skills in higher school grades (Aunio &
Niemivirta, 2010). This is especially remarkable in exploring new
instructional methods such as computer assisted teaching. Advantages
derived from research suggest that this procedure has the ability to adapt
contents to the students’ learning needs, individually adjusting and
personalizing curriculum ( Judge, Puckett, & Cabuk, 2014).
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With respect to the results after the intervention applied in this study,
students in the experimental group showed significant differences from
the control group in relational, classification and correspondence tasks.
However, no differences were found in comparison and seriation tasks.
It is possible that students had already mastered this ability through
developmental maturation at the time this was first tested. Actually after
intervention program, increases in this task score were just 0.5 point
between both groups.
The rationale for this lack of difference should be based on results of
an exploratory study to adapt the ENT-R test (Araújo, Aragón, Aguilar,
Navarro, & Ruiz, 2014). Comparison tasks in 5 year old children were
those that yielded more positive results, compared to all other tasks.
Furthermore, items corresponding to comparisons were less difficult for
students, as we found in the current study. From a theoretical point of
view and after the statements by Resnick (1989, 1992), the protoquantitative comparison scheme would conduct the first steps of quantity,
with no numerical precision. Students should assign linguistic labels
without any measurement process. It is therefore known that these
comparison skills are acquired before age 5, the stage at which it is in
the consolidation process.
On the other hand, with respect to seriation concepts, it is known that
together with classification, both are progressively coordinated to master
numbers as serial categories. Number conservation is intrinsically linked
to the process of integrating these logical abilities (Piaget & Szeminska,
1941). For that reason, its acquisition is essential for the development of
early math skills. As Fuson (1991) pointed out, seriation skills are reached
at the last stage of numerical sequence development. It is characterized
by being two-way and staggered. That is why most students despite
having worked more or less on this ability, are not able to master this
skill that -along with the inclusion of classes-, represents the last basic
maturational step in mastering the numerical sequence. This idea is also
supported by Fernandez and Ortiz (2008) who identify several stages for
acquiring the logical ordinal-number sequence and whose improvement
is achieved after the age of 5.
In addition to the development of logical-relational thinking, it is
essential to learn the conventional numbering system derived from
contextualized and meaningful school learning (Berch, 2005; Bryant &
Nunes, 2002). This learning also predicts subsequent achievement in
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student performance (Gersten et al., 2005; Aunio & Niemvirta, 2010).
Therefore, insisting on complementary instructional school work with
tasks that polish the skills acquired in the classroom can be beneficial for
student performance in math.
The results of the intervention program in relation to the numerical
tasks showed significant differences for the experimental group in
resulting, structured and counting tasks. However, there were not
significant differences in verbal counting or general knowledge of
numbers and estimation. Five year old children are easily able to properly
recite the number sequence. But it is more difficult to solve counting (and
without pointing) tasks. These tasks could be improved with specific
training. On the other hand, general knowledge of the number tasks
requires a certain generalization of everyday life mathematical basic
knowledge. This is regularly more complex to reach at an early age.
Nevertheless, the intervention program demonstrated that participants in
the experimental group with lower scores in the pretest assessment,
achieved higher scores than the control group in general knowledge of
number tasks, without reaching statistically significant differences.
Finally, with respect to estimation tasks, it is necessary to consider that
providing meaning to the numbers’ magnitude on a number-line
continues to be one of the most complex mathematical components for
students at five years of age (Araújo et al., 2014). Several studies (Booth
& Siegler, 2008; Siegler & Booth, 2004) have focused on estimation using
a number-line for nursery and primary education students. Results found
that estimation errors significantly decreased when children finished preprimary education and were also much more accurate when students
estimated numbers that correspond to a hundred rather than a thousand
(Siegler & Opfer, 2003). All these results suggested that despite the
training program, it is necessary for students to develop further basic
math concepts such as verbal-number string, which supports the
subsequent acquisition of a more complex knowledge, such as estimation.
From a more overall approach, we find higher gains in relational tasks
than numerical tasks in the experimental group. Also, trained students
obtained more than three points in both relational and numerical aspects.
According to Resnick (1989, 1992), self-intuitive knowledge of logical
tasks represents a cornerstone in future math skills acquisition.
Consequently, it is necessary that this non-instructional and relational
previous knowledge, be integrated with the representational knowledge

Revista de Educación, 375. January-March 2017, pp. 14-33
Received: 11-05-2015 Accepted: 11-08-2016

27

Aragón Mendizábal, E., Aguilar Villagrán, M., Navarro Guzmán, J. I. INSTRUCTIONAL SUPPORT SYSTEM FOR TEACHING NUMBER SENSE

led by counting, in order to cope with cognitive conflicts as they come
up. It is therefore rational that at 5 years of age training gains are focused
on strengthening these intuitive features and increasing the development
of skills required through instruction and active learning.
Regarding methodological limitations in the study, we can mention
that the study shows characteristic limitations of research in education.
In this case, we can highlight issues related to randomness in the sample,
and therefore, the realization of a type of quasi-experimental design, for
example, the ecological variables in schools, such as the influence of the
characteristics of teachers in the teaching of mathematics, along with the
reduced number of participants in the study due to the need of resources
that must be taken into account for intervention.
In conclusion, the implementation of a mathematics training program
in early years based on computer assisted instruction was helpful to
enhance complementary math skills to school teaching. Results supported
the usefulness of training considering child developmental and math
instruction received at school. The use of the software «Playing with
numbers 2» by the experimental group as extra training to traditional
instruction, was efficient for early math learning skills.
The follow up of all participants and the analysis of its progress is a
new target for future research as is how to maintain the impact and how
to respond to the intervention in subsequent school years. Likewise, there
is the option of introducing the software «Playing with numbers 2» in
classrooms integrated as a standard tool, together with other traditional
math teaching approaches, enhancing benefits of computerized
intervention to all students without disrupting the class dynamic.
On the other hand, with respect to the piece of software, it is necessary
to review tasks with a potential ceiling effect at these ages, and whether
or not to introduce or modify tasks, which are not beneficial due to their
complexity.

References
Aragón, E., Navarro, J. I., Aguilar, M., & Cerda, G. (2015). Cognitive
predictors of 5-year-old students’ Early Number Sense. Journal of
Psychodidactics, 20(1), 83-97. doi: 10.1387/RevPsicodidact.11088

28

Revista de Educación, 375. January-March 2017, pp. 14-33
Received: 11-05-2015 Accepted: 11-08-2016

Aragón Mendizábal, E., Aguilar Villagrán, M., Navarro Guzmán, J. I. INSTRUCTIONAL SUPPORT SYSTEM FOR TEACHING NUMBER SENSE

Araujo, A., Aragon, E., Aguilar, M., Navarro, J.I. & Ruiz, G. (2014). Un
estudio exploratorio para la adaptación de la versión española revisada
del «Early Numeracy Test-R» para evaluar el aprendizaje matemático
temprano. [An exploratory study for the standardization of the Spanish
version of «Early Numeracy Test-R» to mathematical learning
assessment]. European Journal of Education and Psychology, 7(2), 8393. doi: http://dx.doi.org/10.1989/ejep.v7i2.181.
Aunio, P. & Niemvirta, M. (2010). Predicting children´s mathematical
performance in grade one by early numeracy. Learning and Individual
Differences,
20,
427-435.
doi:
http://dx.doi.org/10.1016/
j.lindif.2010.06.004
Aunio, P., Hautamäki, J., & Van Luit, J. E. H. (2005). Mathematical thinking
intervention programmes for preschool children with normal and low
number sense. European Journal of Special Needs Education, 20(2),
131-146. doi:10.1080/08856250500055578
Ayvaci, H. S. & Devecioglu, Y. (2010). Computer-assisted instruction to
teach concepts in pre-school education. Procedia. Social and
Behavioral Sciences, 2, 2083-2087. doi:10.1016/j.sbspro.2010.03.285
Baroody, A. J., & Rosu, L. (2006). Adaptive expertise with basic addition
and subtraction combinations: The number sense view. In Baroody A.
J., Torbeyns T. chairs. Developing Adaptive Expertise in Elementary
School Arithmetic. Symposium conducted at the annual meeting of the
American Educational Research Association.
Berch, D. B. (1998). Mathematical cognition: From numerical thinking
to mathematics education. National Institute of Child Health and
Human Development Conference. Bethesda, MD.
Berch, D. B. (2005) Making sense of number sense: Implications for
children with mathematical disabilities. Journal of Learning
Disabilities, 38, 333–339. doi:10.1177/00222194050380040901
Booth, J.L., & Siegler, R.S. (2008). Numerical magnitude representations
influence arithmetic learning. Child Development, 79, 1016-1031. doi:
10.1111/j.1467-8624.2008.01173.x
Bryant, P. & Nunes, T. (2002). Children’s understanding of mathematics
(pp. 412-439). In U. Goswami (Ed.). Blackwell handbook of childhood
cognitive development. Sussex, UK: Blackwell.
Butterworth, B. (2010). Foundational numerical capacities and the origins
of dyscalculia. Trends in Cognitive Sciences, 14(12), 534-541. doi:
10.1016/j.tics.2010.09.007

Revista de Educación, 375. January-March 2017, pp. 14-33
Received: 11-05-2015 Accepted: 11-08-2016

29

Aragón Mendizábal, E., Aguilar Villagrán, M., Navarro Guzmán, J. I. INSTRUCTIONAL SUPPORT SYSTEM FOR TEACHING NUMBER SENSE

Clements, D. H., & Sarama, J. (2007). Effects of a preschool mathematics
curriculum: Summative research on the Building Blocks project.
Journal for Research in Mathematics Education, 38, 136–163. doi:
10.3102/0002831207312908
Clements, D. H., & Sarama, J. (2008). Experimental evaluation of the
effects of a research-based preschool mathematics curriculum.
American
Educational
Research
Journal,
45,
443–494.
doi:10.3102/0002831207312908
Clements, D. H., & Sarama, J. (2011). Early childhood mathematics
intervention. Science, 333(6045), 968–970. doi:10.1126/science.
1204537
De Smedt, B., Verschaffel, L., & Ghesquière, P. (2009). The predictive value
of numerical magnitude comparison for individual differences in
mathematics achievement. Journal of Experimental Child Psychology,
103, 469-479
Döst, S., Saglam, Y. & Ugur Altay, A. (2011). Use of computer algebra
systems in mathematics teaching at university: a teaching experiment.
H. U. Journal of Education, 40, 140-151
Duncan, G. J., Claessens, A., Huston, A. C., Pagani, L., Engel, M., Sexton,
H., ... & Japel, C. (2007). School readiness and later achievement.
Developmental Psychology, 43(6), 1428-1446. doi:10.1037/00121649.43.6.1428
Fernández, C., & Ortiz, A. (2008). La evolución del pensamiento ordinal
en los escolares de 3 a 6 años. [The evolution of logical-ordinal
relationships in 3 to 6 year old school children]. Infancia y
Aprendizaje, 31(1), 107-130. doi:10.1174/021037008783487066
Fuson, K. (1991). Children’s early counting: Saying the number word
sequence, counting objects and understanding cardinality. In K.
Durkin, & B. Shire (Eds.), Language in mathematical education:
Research and practice (pp. 27-40). Buckingham, UK: Open University
Press.
Geary, D. C. (2004). Mathematics and learning disabilities. Journal of
Learning Disabilities, 37, 4-15. doi:10.1177/00222194040370010201
Gersten, R., Jordan, N. C., & Flojo, J. R. (2005). Early identi?cation and
interventions for students with mathematics dif?culties. Journal of
Learning Disabilities, 38, 293–304. doi:10.1177/0022219405038
0040301

30

Revista de Educación, 375. January-March 2017, pp. 14-33
Received: 11-05-2015 Accepted: 11-08-2016

Aragón Mendizábal, E., Aguilar Villagrán, M., Navarro Guzmán, J. I. INSTRUCTIONAL SUPPORT SYSTEM FOR TEACHING NUMBER SENSE

Griffin, S. (2004). Building number sense with Number Worlds: A
mathematics program for young children. Early Childhood Research
Quarterly, 19, 173–180. doi:10.1016/j.ecresq.2004.01.012
Halpern, D. F., Millis, K., Graesser, A. C., Butler, H., Forsyth, C. & Cai, Z.
(2012). Operation ARA: A computerized learning game that teaches
critical thinking and scientific reasoning. Thinking Skills and
Creativity, 7(2), 93-100. doi: 10.1116.j.tsc.2012.03.00
Hannula, M. M., Lepola, J. & Lehtinen, E. (2010). Spontaneous focusing
on numerosity as a domain-specific predictor of arithmetical skills.
Journal of Experimental Child Psychology, 107, 394-406.
doi:10.1016/j.jecp.2010.06.004
Jordan, N. C., Kaplan, D., Locuniak, M. N., & Ramineni, C. (2007).
Predicting first-grade math achievement from developmental number
sense trajectories. Learning Disabilities Research & Practice, 22(1), 3646. doi:10.1111/j.1540-5826.2007.00229.x
Jordan, N. C., Glutting, J., & Ramineni, C. (2008). A number sense
assessment tool for identifying children at risk for mathematical
difficulties. In A. Dowker (Ed.), Mathematical difficulties: Psychology
and intervention (pp. 45-58). San Diego, CA: Academic Press.
doi:10.1016/B978-012373629-1.50005-8
Jordan, N. C., Kaplan, D., Ramineni, C., & Locuniak, M. N. (2009). Early
math matters: Kindergarten number competence and later mathematics
outcomes.
Developmental
Psychology,
45(3),
850-867.
doi:10.1037/a0014939
Judge, S., Puckett, K., & Cabuk, B. (2004). Digital Equity: New findings
from the early childhood longitudinal study. Journal of Research on
Technology in Education, 36(4), 383-396. doi: http://dx.doi.org/
10.1080/15391523.2004.10782421
Le Corre, M., Van de Walle, G., Brannon, E. M., & Carey, S. (2006). Revisiting the competence/performance debate in the acquisition of
counting as a representation of the positive integers. Cognitive
Psychology, 52 (2), 130-169. doi: http://dx.doi.org/10.1016/
j.cogpsych.2005.07.002
Lipton, J. S., & Spelke, E. S. (2005). Discrimination of large and small
numerosities
by
human
infants.
Infancy, 5,
271–290.
doi:10.1207/s15327078in0503_2
Mazzocco, M. M. M., Feigenson, L., & Halberda, J. (2011). Preschoolers’
Precision of the approximate number system predicts later school

Revista de Educación, 375. January-March 2017, pp. 14-33
Received: 11-05-2015 Accepted: 11-08-2016

31

Aragón Mendizábal, E., Aguilar Villagrán, M., Navarro Guzmán, J. I. INSTRUCTIONAL SUPPORT SYSTEM FOR TEACHING NUMBER SENSE

mathematics performance. PLoS ONE, 6(9), e23749. doi:10.1371/
journal.pone.0023749
Navarro, J. I., Ruiz, G., Alcalde, C., Aguilar, M. & Marchena, E. (2007).
Jugando con números. Cd-rom problemas matemáticos para niños.
[Playing with numbers. CD rom of math problems for children]. Cadiz,
Spain: Departamento de Psicología.
Passolunghi, M. C., & Lanfranchi, S. (2012). Domain-specific and domaingeneral precursors of mathematical achievement: A longitudinal study
from kindergarten to first grade. British Journal of Educational
Psychology, 82, 42–63. doi:10.1111/j.2044-8279.2011.02039.x
Piaget, J., & Szeminska, A. (1941). Génesis del número en el niño.[The
development of the number concept in the child.] Buenos Aires:
Guadalupe.
Piazza, M., Facoetti, A., Trussardi, A.N., Berletti, I., Conte, S., Lucangeli,
D., Dehaene, S., & Zorzi, M. (2010). Developmental trajectory of
number acuity reveals a severe impairment in developmental
dyscalculia. Cognition, 116(1), 33-41. doi:10.1016/j.cognition.
2010.03.012.
Resnick, L. B. (1989). Developing mathematical knowledge. American
Psychologist 44(2), 69-162. doi:10.1037//0003-066X.44.2.162
Resnick, L. B. (1992). From protoquantities to operators: Building
mathematical competence on a foundation of everyday knowledge. In
G. Leinhardt, R. Putnam, & R. A. Hattrup (Eds.), Analyses of arithmetic
for mathematics teaching (pp. 373-429). Hillsdale, NJ: Erlbaum.
Sarama, J., Clements, D. H., Starkey, P., Klein, A., & Wakeley, A. (2008).
Scaling up the implementation of a pre-kindergarten mathematics
curriculum: Teaching for understanding with trajectories and
technologies. Journal of Research on Educational Effectiveness, 1, 89–
119. doi:10.1080/19345740801941332
Siegler, R. S., & Booth, J. L. (2004). Development of numerical estimation
in young children. Child Development, 75, 428-444. doi:10.1111/j.14678624.2004.00684.x
Siegler, R. S., & Opfer, J. E. (2003). The development of numerical
estimation: evidence for multiple representations of numerical quantity.
Psychological Science, 14, 237–243. doi:10.1111/1467-9280.02438
Van Luit, J. E. H., & Van de Rijt, B. A. M. (2009). The Early Numeracy Test
Revised. Graviant, Doetinchem: The Netherlands.

32

Revista de Educación, 375. January-March 2017, pp. 14-33
Received: 11-05-2015 Accepted: 11-08-2016

Aragón Mendizábal, E., Aguilar Villagrán, M., Navarro Guzmán, J. I. INSTRUCTIONAL SUPPORT SYSTEM FOR TEACHING NUMBER SENSE

Van Luit, J. E. H., Van de Rijt, B. A. M., Araújo, A., Aguilar, M., Aragón, E.,
… & García-Sedeño, M. (2015). Test de evaluación de la competencia
matemática temprana-informatizado (TEMT-i). Madrid: EOS.
Van Viersen, S., Slot, E. M., Kroesbergen, E. H., van’t Noordende, J. E., &
Leseman, P. M. (2013). The added value of eye-tracking in diagnosing
dyscalculia: a case study. Frontiers in Psichology, 4(679). doi:
10.3389/fpsyg.2013.00679
Von Aster, M. G., & Shalev, R. S. (2007). Number development and
developmental dyscalculia. Developmental Medicine and Child
Neurology, 49, 868–873. doi:10.1111/j.1469-8749.2007.00868.x
Xenidou-Dervou, I., De Smedt, B., van der Schoot, M., & van Lieshout, E.
C. (2013). Individual differences in kindergarten math achievement:
The integrative roles of approximation skills and working memory.
Learning and Individual Differences, 28, 119-129. doi:
10.1016/j.lindif.2013.09.012

Contact address: Estíbaliz Aragón Mendizábal, Universidad de Cádiz, Facultad
de Ciencias de la Educación, Departamento de Psicología. Avenida República
Saharaui, s/n. CP. 11.510, Puerto Real- Cádiz. E-mail: estivaliz.aragon@uca.es

Revista de Educación, 375. January-March 2017, pp. 14-33
Received: 11-05-2015 Accepted: 11-08-2016

33

