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RESUMEN
El desarrollo reciente de la tecnologia educacional permite generar interacciones multi-
touch que han abierto nuevas fronteras en la educacion de las matematicas. La literatura
en el campo de la neurociencia, de la psicologia del desarrollo y de la educacion
matematica indica que el uso de los dedos para contar y representar nimeros y para
otras cosas mas basicas, puede tener un efecto positivo en el desarrollo de habilidades
numericas. El fin de este estudio piloto fue crear y probar, de manera cualitativa, un
protocolo de 30 horas que fue disefiado para nifios de 4 a 5 afios y que podria fomentar
el uso efectivo de sus dedos. Los resultados preliminares indican que el protocolo esta
bien estructurado y que, por medio de su aplicacién, los nifios mejoran sus interacciones

con las apps y desarrollan una representacion méas madura de sus manos y de sus dedos.

ABSTRACT
Recent developments of educational technology that allow multi-touch interactions have
opened new frontiers in the field of education, and in particular of mathematics
education. Literature from the fields of neuroscience, developmental psychology, and
mathematics education indicate that using fingers for counting and representing
numbers, but also using them in more basic ways, can have a positive effect on the
development of numerical abilities. The objective of this pilot study was to create and
qualitatively test a 30 hour protocol for 4-5 year old children, that might foster effective
use of their fingers. Preliminary results indicate that the protocol is well designed and
that throughout the intervention children improved their performances with the apps and

developed more mature representations of their hands and fingers.
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INTRODUCTION

Recent advances in the fields of technology and computer science have opened a great
number of possibilities for software developers in terms of the types of interactions that
users can have with the various available devices. It is enough to think of how the
desktop/laptop paradigm of technology use where the mouse and keyboard are essential
interfaces has been overcome by the possibility of acting directly on screens through
pens or simply fingers, thanks to the advent of interactive whiteboards, touch tables,
tablets, and smartphones (Sinclair & Baccaglini-Frank, in press). These devices
recognize as different inputs a variety of single-finger and multi-finger touch gestures,
and this may (and should) have implications for educators, from teachers to software
designers. In particular, literature from the fields of neuroscience, developmental
psychology, and mathematics education indicate that using fingers for counting and
representing numbers (Brissiaud, 1992), but also in more basic ways (Butterworth,
1999; 2005; Noél, 2005, Gracia-Bafalluy & Noél, 2008), can have a positive effect on
the development of numerical abilities, because of a neurofunctional link between
fingers and number processing. For example, Butterworth (1999; 2005) has
hypothesized that numerical representations and processes are supported by several
component abilities: the innate ability to recognize small numerosities without counting
(subitizing), fine motor ability (for example, finger tapping), and the ability to mentally
represent one’s fingers (finger gnosia). In a study by Penner-Wilger and colleagues,
(2007) each component ability was in fact found to be a significant unique predictor of
number system knowledge, which in turn was related to calculation skill. Noél has
obtained consistent results (2005), and she has also demonstrated how consistent use of
fingers positively affects the formation of number sense and thus also the development
of calculation skills (Gracia-Baffaluy & Noél 2008). Other researchers have suggested
that finger-based counting may facilitate the establishment of number practices (for
example, Andres, Seron, & Olivier 2007; Thompson, Abbott, Wheaton, Syngeniotis, &
Puce, 2004).

OBJECTIVE AND METHOD

Taking such literature into account, my first objective was to find software applications
for the iPad (apps) that yield a potential in fostering preschoolers’ development of
number sense by strengthening their component abilities (Baccaglini-Frank, 2013).
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Secondly, | intended to use three of these to design a 30 hour training protocol for
young children (4-5 y). The last objective of this pilot study was to test the applicability
of this protocol and describe some of its effects qualitatively.

18 preschool children, with an average age of 4y 8m, participated in the study. The apps
chosen were: Ladybug Count™ (in the finger mode), for subitizing, counting, and
sequential and simultaneous finger tapping; Fingu'* (Barendregt, Lindstrom, Rietz-
Leppanen, Holgersson, & Ottosson, 2012), for subitizing and simultaneous finger
tapping; and Little Writer™?, for tracing paths with different fingers. All training sessions
were video recorded and analyzed with respect to gestures and strategies (and their
development) used by the children in each digital environment. Each child’s
performance in Fingu was recorded, in order to monitor individual progress in that
activity. Children were also interviewed clinically to gain insight into their pre- and
post- number knowledge. Finally, children were asked to draw a picture of one of their
hand (without tracing it) both before and after the intervention. These drawings were

compared qualitatively.

RESULTS AND DISCUSSION

Overall the training sessions were successful and this showed that it is possible to
propose the designed protocol to small groups of 4-5 year olds. In general, children
found some difficulties in interacting with the apps, but no child was ever discouraged
or wanted to leave her group. In particular, from the analysis of the children’s statistics
in Fingu, the numbers that most children successfully recognized and could represent by
correctly placing that numerosity of fingers on the screen were 1, 2 and 4 (seen in its
symmetric configuration of 2 and 2, while when presented with 3 and 1 the number of
mistakes would increase). Overall, almost all children became more proficient in the
proposed tasks and their strategies matured throughout the intervention. The children
who initially were not able to recognize numerosities and place the right number of
fingers on the screen, became able to respond correctly for the numbers 1 and 2, both in
Ladybug Count and in Fingu; while the children who started off at higher levels of
performance, increased their numbers of correct answers and some even passed from

level 1 to level 2 in Fingu.

%See https://itunes.apple.com/us/app/ladybug-count/id443930696?mt=8

Usee https://itunes.apple.com/it/app/fingu/id449815506?mt=8

’See https://itunes.apple.com/us/app/little-writer-tracing-app/id515890480?mt=8
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Data from the interviews show that the children did not have trouble assigning correct
verbal tags to numbers from 1 to 5 (and sometimes to 10) before the intervention, and
could count small sets of objects (up to 5) using the one-to-one correspondence
principle correctly. However, most children did not use their fingers correctly to
represent numbers before the intervention, while afterwards many did, even exhibiting
different representations of a same number. This improved relationship between fingers
and numbers is reflected in many of the children’s drawings of their hand, as shown in

the table below.

Table 1: 3 examples of children’s drawings of their hand before and after the

intervention.

Drawing pre-intervention Drawing post-intervention

Child 1

Child 2

Child 3 WAV % \ %
e Q
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CONCLUSION

The study confirms that it is possible to use the designed protocol with 4-5 year old
children, and that indeed the abilities of subitizing and representing numbers through
simultaneous finger tapping do seem to be strengthened by the protocol, and lead to

improved association between fingers and numbers.
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