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ABSTRACT

The development of numerical abilities was examined in 59 children aged 5 years divided into three groups: one control
group (n = 15) and two experimental groups (pencil-and-paper mathematical training: n = 29: computerized mathematical
training: n = 15). The participants were assessed both before and after a battery of validated tests assessing numerical
abilities (BIN test) and fluid intelligence (CPM test). The three groups showed similar values in the pre-test assessment
regarding these two dimensions. A gain between post-test and pre-test scores was calculated; this result underlines
significant differences between experimental groups and the control group in the four areas evaluated by the BIN test.
This study shows the efficacy of both computer-assisted and pencil-and-paper training in enriching numerical
intelligence; pencil-and-paper mathematical training seems to be more effective in some areas. This aspect leads us to
reflect about this result and to deepen the research with subsequent experiments.
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1. INTRODUCTION

A wide literature has documented that the effect of developmental factors on numeracy competence (i.e. the
ability to use numerical information to perform different daily life activities, such as counting, seriation and
number comparison tasks) begins in early infancy and continues along the whole life span, predicting not
only academic achievements (e.g. Watt et al., 2014) but also some aspects of later life quality, such as mental
health (e.g. Fastame et al., 2019).

With the early life span, there is evidence that low kindergartner numeracy performance predicts later
mathematics achievement in primary school (e.g. Geary et al., 1999). Therefore, if it is crucial to identify the
contribution of the concurrent psychological processes underpinning number processing, such as visuospatial
working memory, processing speed and non-verbal reasoning (Jenks et al., 2012), in order to detect early
possible atypical developmental trajectories of these cognitive functions, then the development of specific
psychoeducational interventions enhancing numeracy skills in early childhood may favour later mathematics
achievement during formal schooling (Melhuish et al., 2008). Relative to the psychological interventions
designed to enrich cognitive processes in childhood, Holmes and Gathercole (2013) emphasize the
contribution of so-called brain training as an educational aid to enhance the cognitive processes underpinning
different academic achievements. Moreover, a further trend of research (e.g. Prins et al., 2011; Chen et al.,
2013) highlighted that using cognitive interventions based on the use of new technologies is more effective
than the traditional pencil-and-paper method for cognitive empowerment because videogame-like activities
enhanced both cognitive function efficiency and pupil motivation.

Relative to the Italian context, there is evidence for the effectiveness of combined pencil-and-paper and
computer-assisted interventions, including both visuospatial and numeracy tasks, for the empowerment of
mathematics skills in kindergartners (Agus et al., 2015). Moreover, Mascia et al. (2015) trained one group of
5-year-old children with a computer-assisted mathematical programme and a further group with the same
computerized intervention combined with a pencil-and-paper numeracy programme; a third group did not
receive any specific training (i.e. control group). After the end of training, compared with the control
participants both trained groups benefitted from the psychoeducational interventions; however, no significant
differences in terms of numeracy efficiency were found between the two trained groups. This suggests that
the combination of computer-assisted and pencil-and-paper mathematical training was not more effective.
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However, to our knowledge, no studies have been conducted to test the separate impacts of similar
pencil-and-paper and computerized interventions aimed at enriching mathematics skills in kindergartners.

This study was mainly aimed at examining the effect of the presentation modality (i.e. computer-assisted
versus pencil-and-paper) on the enhancement of numeracy skills in 5-year-old children. Therefore, one group
of kindergartners was presented with the computerized version of ‘Intelligenza numerica I’ training whereas
another group was trained using the pencil-and-paper version. A further group of 5-year-old children was
used as the control group.

It was hypothesized that pupils in the experimental groups might obtain higher scores in the assessment of
numerical abilities than pupils in the control group.

2. METHOD

2.1 Participants, Materials and Procedure

Fifty-nine pupils (29 males, 49.2%; mean age 65.8 + 4.03 months) attending the last year of kindergarten in
Italian schools (Sardinian area) were divided into three groups: the control group (n = 15) and two
experimental groups (pencil-and-paper mathematical training: n = 29; computerized mathematical training: n
= 15). The activities aiming to enrich numerical knowledge were developed collectively during 10 weekly
meetings that each lasted approximately 1 hour. The psychoeducational training consisted of activities
developed by Lucangeli and colleagues (Lucangeli, Poli & Molin 2003, 2010) in ‘Sviluppare ’intelligenza
numerica I’ and ‘L’intelligenza numerica I’. In the control group, pupils followed the classical activities
proposed by their teachers. Assessment was carried out by the presentation (at pre-test and post-test sessions)
of Raven’s Colored Progressive Matrices (CPM: Raven, 1958) and the BIN numerical intelligence scale
(Molin, Poli & Lucangeli, 2007) to achieve a measure of the pupils’ fluid intelligence and numerical
knowledge. The BIN test is used to investigate four principal areas: lexical, semantic, pre-syntactic and
counting. Each area is evaluated with specific activities, such as reading and writing.

2.2 Findings

These three groups showed similar values in the pre-test assessment regarding fluid intelligence and
numerical knowledge (lexical area: K-W 2 = 2.396, df = 2, p = .302; semantic area: K-W 32 =1.971, df =2
p = .373; counting area: K-W 32> = .381, df = 2, p = .827; pre-syntactic area: K-W 2 = 1.252, df = 2,
p = 5.35; CPM: K-W y? = 3.589, df = 2, p = .166). In order to assess the effect of training in numerical
abilities, the gain was computed by applying the [(Post-test score — Pre-test score) / Pre-test score] ratio.
Kruskal-Wallis (K-W) non-parametric statistical analyses were applied, using the training group as
independent variable and the gains computed for each scale of the BIN test as dependent variables. The
outcomes are shown in Table 1.

Results for the lexical area (i.e. assessing the ability to read and write Arabic numbers and the skill to join
the number-word to the exact digit) and the pre-syntactic area (i.e, appraising the capability to link numbers
to their number representation and to order several quantities) show an effective empowerment in both
experimental groups. Pupils engaged in the pencil-and-paper activities show higher scores in the semantic
area (i.e. evaluating the ability to associate numerical sizes, dots and Arabic digits) and the counting area (i.e.
assessing the ability to recite the number-word sequence forward and backward, as well as knowledge of the
order of Arabic digits from 1 to 5). This study shows the efficacy of both computer-assisted and
pencil-and-paper training for enriching numerical intelligence, highlighting some differences between the
experimental groups that use different training formats.
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Table 1
Pairwise comparison w p Mean Mean Mean
. K-W (SD) (SD) (SD)
Variable v atp Control Pencil-and- Computerized
paper
Control / Pencil-and- 3089 029 .060 514 591
paper
gain_ BIN Lexical 602 2 049 Controlv/ 3073030 (.303) (.717) (.750)
area Computerized
Penc1l-and-paper / 441 755
Computerized
Control / Pencil-and- 403 004 238 .887 387
paper
gam_BTN 921 2 010 Control./ 229 105 (.961) (1.470) (911)
Semantic area Computerized
Pencil-and-paper /
Computerized 219121
Control / Pencil-and- 363 010 .079 1.110 238
paper
gain_ BIN 657 2 037 Control./ 221 119 (.627) (1.870) (.464)
Counting area Computerized
Pencil-and-paper /
Computerized -1.07 431
Control / Pencil-and- 6.153 < 001 -.175 1.620 1.460
paper
gain_ BW Pre- 2112 2 <001 Control./ 5214 < 001 (.433) (2.460) (2.340)
syntactic area Computerized
Penml-and-paper / 386 785
Computerized

3. CONCLUSION

Literacy reflects the efficacy of our psychoeducational intervention in empowering the knowledge in
numeracy learning starting from preschool. Psychoeducational intervention can be carried out both by
pencil-and-paper and computerized formats (Agus, Mascia, Fastame e Penna, 2016; Mascia, Agus, Fastame e
Addis, 2016). The latter training format underlines the importance that educational technology has in society
today. Technology includes a set of electronic tools and applications that provide teaching materials and
support cognitive processes in order to improve learning goals (Geiger, Goos & Dole, 2015). It should be
emphasized that the choice of format must always be accompanied by a study of learning based on an
integrated design and usability that is functional and accessible (Penna & Stara, 2010). We can therefore
conclude that digital technology, as an indispensable presence in our society and in the life of all active users
of schools, is a reality that cannot be overlooked or underestimated. It is necessary to know its potential and
its criticality, and introduce it into everyday teaching in a conscious and responsible way (Sung, Chang
& Liu, 2016). However, in our study, it is necessary to underline how Italian schools are not yet prepared for
the use of educational technology; in particular, this is evident in the lack of adequate and recent digital tools.
Nowadays children use increasingly updated multimedia tools (Silverman, Kim, Hartranft, Nunn & McNeish,
2017); in future studies it would be interesting to let the child use not only the computer but also videogames
in order to enhance numeracy with greater interactivity. In this way we can also improve learning motivation
and performance, for example, by using the touch-screen tablet application (Kamaruzaman, Nor & Azahari,
2016).
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