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Abstract

The writing skills, which are crucial for learning in school, develop as the
child gets older. They can be enhanced through various approaches. In this
study, we aimed to examine the effects of motor games, which is a didactic
approach, on learning how to spell Arabic numbers. Fifty-one pupils aged
between 5 and 6 years old (age = 6.17 £ 0.33 years) took part in this study.
They were divided into 3 different learning groups: 1) a control group that
followed a classical learning (CG: n = 17) using visual and auditory modali-
ties; 2) a second group that followed a multisensory learning modality (MSG:
n = 17); and 3) a third group that followed a motor learning modality (MLG:
n = 17). The digits spelling performances (from 0 to 9 in random orders)
were assessed before and after 10 learning sessions. The retained parameters
from the spelling test were the direction of the digits, the number of correct
digits out of 10, and the number of non-mirrored digits out of 8. The results
showed that the spelling test performance improved for all groups after the
three learning modalities. However, the MLG showed the highest gains in
plotting numbers performance (7.06 + 1.25) compared to the CG (0.65 *
2.32) and MSG (2.41 + 2.15) (P < 0.05). In addition, the other performance
parameters displayed similar gains. These results suggest that the motor learn-
ing method is the most effective for improving numbers spelling, particularly
for the digits spelling direction, compared to other learning methods.
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1. Introduction

Spelling is a complex activity that involves the acquisition of sensorimotor, in-
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tentional, cognitive, and linguistic skills at the same time (Viviani, 1994; Zesiger,
1995; Graham & Weintraub, 1996; Bara et al., 2006, 2010, 2011; Bara et al., 2007).
It also requires attention, simultaneous and sequential production, memoriza-
tion capacity, and language mastery (Levine, 1987). Likewise, motor and every-
day life activities constitute children’s first language while motor skills are among
the first essential literacy components. Thus, it is important to get children en-
gaged in play (Dugas & Point, 2012), which would naturally contribute to their
emotional, sensory-motor, cognitive, intellectual, and social development (Gaussot,
2002). Overall, children learn more effectively when they can experiment, live,
and manipulate (De Liévre & Staes, 2000). Consequently, motor learning has
been implemented in pre- and primary schools to teach different subjects since it
helps develop skills (Brougere, 2005; Wauters-Krings, 2009). In this context,
several studies incorporated physical activities in the classroom in various
areas of learning such as mathematics, history, art, music, or foreign languages
(Mabhar et al., 2006; Donnelly & Lambourne, 2011; Kibbe et al., 2011; Mahar,
2011; Tarp et al., 2016). For example, it has been observed that integrating mo-
vement into the primary math curriculum is effective for improving the level of
students (Riley et al., 2016; Singh et al., 2019) and for fun and engagement of
children without compromising the quality of learning (Riley et al., 2017). Phys-
ical activity has also beneficial effects on physical health, mental and cognitive
development (Institute of Medicine, 2013) and improves learning outcomes
(Donnelly & Lambourne, 2011). Through play, learners become active agents
of their own learning unlike those sitting passively in traditional classrooms.
Moreover, a study by the American National Research Council (2000) showed
that learners find themselves emotionally engaged in the game, which helps them
to imprint their actions and decisions into their memory. Thus, motor games
could be effectively used to facilitate the learning of certain skills differently from
traditional teaching methods (Federation of American Scientist, 2006; Mayo,
2007).

Likewise, previous works showed that pupils would engage more easily and
would be more motivated to learn through situations that reconcile play and
cognitive development (Kieff & Casbergue, 2000; Krings, 2009; Marinova, 2011).
In the child developmental approach “Motor actions must be understood as a
product of cognitive development and at the same time as a source of develop-
ment” (Lehalle & Mellier, 2013). In this context, Adolph (2005, 2008) suggested
that the child’s cognitive development is associated with the acquisition of walk-
ing and other gross and fine motor skills. Moreover, previous works on the links
between motor development and several cognitive skills confirmed the impor-
tance of motor skills in a theoretical approach like that of Piaget or in rehabilita-
tion specific programs for children with coordination acquisition disorder (Geuze,
2005) or attention deficit hyperactivity disorder (Schilling et al., 2003). Recently,
Pesce et al. (2019) has found important links between physical exercise and cog-

nition as well as motor development and motor learning.
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The need for spelling preparatory exercises is well-established. In fact, De Aju-
riaguerra and Augias (1960) emphasized the importance of developing children’s
motor abilities and perceptual skills so that they learn how to spell. They also
stated that the educational environment must set up specific educational situa-
tions for the development of both sensory and motor skills. This educational
approach aims at using the attractiveness and the commitment inherent in play
to boost students’ attention and engage them in learning (Dondlinger, 2007).

Physical activity seems to play an important role in the development of cogni-
tive functions and, in particular, executive ones. Hence, the child whose motor
skills have not reached a satisfactory state of development is likely to face learn-
ing difficulties from its earliest years of schooling (Connor-Kuntz & Dummer,
1996). Thus, the development of motor skills in children through interactive
motor education involving the construction of a positive self-image by integra-
tion into the group could remedy, in part, this problem.

This study aimed at assessing whether motor games, as a learning method,
could improve the spelling of numbers and the motor development of the child
given the fact that motor skills are important for learning, spelling acquisition,
and thus, academic success. We hypothesized that learning based on motor skills
could help children make fewer mistakes in the spelling of numbers. The motor
modality in learning to write numbers could also allow children to encounter

fewer difficulties during this apprenticeship.

2. Methods
2.1. Participants

Fifty-one Tunisian pupils (age = 6.17 £ 0.33 years) enrolled in the first year of
primary education took part in this study after getting their parents’ consent.
They were divided into 3 experimental groups (Classical group: n = 17; age =
6.18 £ 0.44 years; body-mass = 27.6 + 4.4 kg; height = 1.21 + 0.07 m; Multisen-
sory group: n = 17, age = 6.15 + 0.28 years; body-mass = 26 + 3.4 kg; height = 1.2
+ 0.06 m; Motor group: n = 17; age = 6.18 * 0.25 years; body-mass = 28.6 * 6.1
kg; height = 1.23 + 0.06 m) according to the following criteria: age, body-mass,
height, and writing skills.

2.2. Material and Procedure

This study was carried out in 3 phases including the pre-test evaluations, the
learning sessions, and the post-test assessments. During the pre-tests, the child-
ren were evaluated individually in order to obtain information about their writ-
ing skills. Then, in groups of 17, the students participated in 10 sessions lasting
20 minutes, at the rate of 2 sessions per week, during which they received the
apprenticeship assigned to them, led by the teacher. Here is the description of
each.

In classical learning, the session usually began with the discovery of the first

digit. The teacher presented this figure to the children and made its outline, with
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the forefinger on the board in front of them. Next, the children reproduced this
outline at least 5 times in the space; then on a table. Finally, they each wrote this
outline on the slate at least 5 times using their pens. The same approach was
adopted for all the presented digits (session 1: number 5, session 2: number 4,
session 3: number 2, session 4: number 3, session 5: number 1, session 6: number
7, session 7: number 6, session 8: number 8, session 9: number 9, and session 10:
number 0).

In multisensory learning, the session started with the presentation of the first
digit to be studied. A card was used as support with a digit written in relief, in
large. The children each received a copy of this card and were asked to explore it
freely with their dominant hand. Then, the teacher made the outline of this digit
in front of them, with the forefinger on the card. The students reproduced this
outline at least 5 times. Eventually, blindfolded, the pupils had to reproduce the
line of the digit on the card studied. The second digit studied was proceeded in
the same way as the first one (in session 1, the number 5 was studied; in session
2, the number 4; session 3, the number 2; session 4, the number 3; session 5, the
number 1; session 6, the number 7; session 7, the number 6; session 8, the num-
ber, 8; session 9, the number 9, and the number 0 in session 10).

In motor learning, the session usually started with the presentation of the
first digit studied, with a drawing on the ground, with a number drawn in large.
Children were invited to explore it freely by walking on this digit. Then, the
teacher followed the direction of the outline of this digit walking in front of
them, and then the pupils imitated the teacher in at least 5 times. The same was
done while playing with a wheel. Afterwards, blindfolded, the students had to
reproduce the outline of the studied digit by walking and playing with the wheel.
Finally, the second digit is proceeded with in the same way as the first (session 1I:
number 5, session 2: number 4, session 3: number 2, session 4: number 3, session
5: number 1, session 6: number 7, session 7: number 6, session 8: number 8, ses-
sion 9: number 9, and number 0: session 10).

The post-tests were identical to the pre-ones. For the pre- and post-tests, stu-
dents were dictated numbers from 0 to 9, one by one, in a random order, deter-
mined by a draw of cards face down. Each number was written on a different
piece of paper. A point was awarded to each digit if the written digit is correct
(recognizable, even if it is mirrored), a dot for the non-mirrored orientation of

that digit, and a dot for the correct direction of the line.

2.3. Data Analysis

Statistical analysis of the data was performed using Statistica software (Statsoft,
France). Data are presented as means and standard deviations in the text and as
means and standard errors in the figures. The Shapiro-Wilk test has revealed
that most of the studied variables were not normally distributed. Thus, non-pa-
rametric tests were used. The before-after learning comparison was performed

by the Wilcoxon test. Kruskal Wallis’ ANOVA was used to compare the progress
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(delta) of the three groups. Once the ANOVA showed a significant effect, Mann-
Whitney tests were used to compare the methods (groups) two by two. The Chi-
square (Khi-2) test was used to compare the percentages of progression, stagna-

tion, or regression recorded for each group.

3. Results

Number of correct digits (out 0f10)

Means of correct digits (out of 10) measured before and after the learning ses-
sions for the three groups are shown in Figure 1.

The Wilcoxon test showed significant differences between before and after
learning for the three experimental groups. On the other hand, Kruskal Wallis’
ANOVA did not reveal any significant difference concerning the progresses (del-
ta) of the three groups.

The percentages of pupils who showed progression, stagnation, or regression
in the number of correct digits (out of 10) for the three groups are shown in
Figure 2.

The Khi-2 test was not significant (X*> = 8.01; p = 0.0911), which means that
following the learning sessions, the three methods (groups) do not significantly
differ in terms of the number of correct digits (out of 10).

Number of digits not written in mirror (out of 8)

Means of digits not written in mirror (out of 8) measured before and after the
learning sessions for the three groups are shown in Figure 3.

The Wilcoxon test showed significant differences between before and after
learning for the three experimental groups. Furthermore, the ANOVA of Kruskal
Wallis did not display any significant difference between the progresses (delta)
of the three groups.

The percentages of students who showed progression, stagnation, or regres-

sion in the number of digits not written in mirror (out of 8) for the three groups
10.5

10 —*x— —* —*—/  DOBefore

'l' O After

9.5

8.5

Number of correct digits ( out of 10)
(s}
—
—

7.5 \

Classical group  Multisensory group Motor group

*: Significant difference at p < 0.05.

Figure 1. Number of correct digits (out of 10) recorded before and after the learning ses-
sions for the three groups.
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Figure 2. Percentages of students who showed progression, stagnation, or regression in
the number of correct digits (out of 10) for the three groups.
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Figure 3. Number of digits not written in mirror (out of 8) recorded before and after the
learning sessions for the three groups.

are presented in Figure 4.

The Khi-2 test was not significant (X*> = 7.28; p = 0.1215), which means that
following the learning sessions, the three methods (groups) do not significantly
differ in terms of the number of digits not written in mirror (out of 8).

Number of digits outlined in the correct direction (out 0f10)

Means of digits outlined in the correct direction (out of 10) measured before
and after the learning sessions for the three groups are shown in Figure 5.

A significant change was observed for the multisensory and motor groups be-
fore and after the training, while the classical group did not show any remarka-
ble modification. In addition, the ANOVA of Kruskal Wallis indicated how sig-
nificantly effective is the method (group) for the progress achieved. Peer com-

parisons (Mann-Whitney test) revealed that the multisensory group showed
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Figure 4. Percentages of students who showed progression, stagnation, or regression in
the number of digits not written in mirror (out of 8) for the three groups.
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Figure 5. Number of digits outlined in the correct direction (out of 10) recorded before
and after the learning sessions for the three groups.

statistically better progress than the classical group and that the motor group has
made more progress than the two other groups.

The percentages of students who showed progression, stagnation, or regres-
sion in the number of correct digits (out of 10) for the three groups are shown in
Figure 6.

The Khi-2 test was significant (X* = 14.23; p = 0.0065), which shows the close
relationship between learning and the method used. Peer comparisons showed
that the percentage of students who made progression was notably higher than
those who regressed and those who stagnated in both motor and multisensory
groups. Furthermore, the percentage of students who regressed and those who

stagnated in the classical group was significantly more important than in the
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Figure 6. Percentages of students who showed progression, stagnation, or regression in
the number of digits outlined in the correct direction (out of 10) for the three groups.

motor group.

4. Discussion

The present study revealed that the use of the motor modality in learning to spell
numbers from 0 to 9 helped 5 - 6-year-old students improve the outlines quality.
Indeed, the pupils having explored the numbers with motor games made fewer
errors in the outline direction of the numbers than the students in the classical
and multisensory groups. These results conform to those of Gimbert et al. (2013)
who indicated that the use of the haptic modality in training preparing for writ-
ing numbers from 0 to 9 enhanced 5 - 6-year-old children’s outline quality. In
fact, children who haptically explored the numbers made fewer errors in the di-
gits outline direction than the children of the classical group.

In addition, the current study demonstrated that the students having received
motor learning showed a better performance, mainly in the sense of the numbers
outline, between the pre-test and the post-test, than the pupils having received
classical and multisensory learning. These results suggest that motor learning
modality can be effective in reducing mirror writing produced when learning to
spell numbers. This supports the idea that motor learning allows children to
form a mental image of what they are working on, which will help engrave it in
their memory. So, memory is responsible for mirrored writing that does not de-
pend on perception (Corballis & Beale, 1976; Dehaene, 2007). Mirror writing
can be observed during dictation while it is almost non-existent during a copy-
ing exercise (Fischer, 2011).

Moreover, students showed a significant progress between before and after
learning for the three methods in terms of the number of non-mirrored digits as
well as the correct dictated ones. However, all three groups witnessed almost

similar progress, revealing that the motor modality addition did not bring any
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significant progress. Consistent with numerous studies, Ginsburg (2007) stated
that play allows children to use their creativity while developing their imagina-
tion, dexterities, and physical aptitudes, as well as cognitive and emotional skills.
Thus, motor games provide children with the experiences of movement and crea-
tivity as well as friendships in a context that promotes pleasure (Lester & Russel,
2010). Other studies focused on the relationship between games and mathemat-
ics. In fact, games are effective teaching tools in boosting math performance (Lee
et al., 2004; Kebritchi et al., 2010). Theorists (Beck et al., 2016; Riley et al., 2017)
also suggested that motor and movement-based learning increase children’s en-
gagement, thus their performance in mathematics. In addition, several studies
(e.g., Hardy et al., 2010; Riley et al., 2016) revealed that learning with the En-
couraging Activity to Stimulate Young (EASY) Minds movement-based pro-
gram is considerably beneficial thanks to the varied and interesting activities
used in the lesson. Added to that, the EASY Minds lessons are more innovative,
attractive, and enjoyable than the classical math lessons. Finally, the integration
of this approach based on movement enables learners to examine perceptions
and appreciate learning mathematics, increasing enjoyment and decreasing dis-
engagement (Martin et al., 2012). On the other hand, the use of traditional ap-
proaches in mathematics has deepened learners’ non-involvement and demoti-
vation (Attard, 2013). Furthermore, play and other informal activities provide
children with a convenient context in which they become interested in mathe-
matics, develop their skills, and broaden their conceptual understanding (Ginsburg
et al., 2008). So, learning through play can be enjoyable, motivating, and inter-
esting for students (Papastergiou, 2009).

Therefore, the present study shows the effect of motor games on learning to
write numbers by a transfer from practice to a cognitive activity. This transfer of
learning, also called transfer of practice, proves to be fruitful in the majority of
educational programs. Moreover, it is considered the ultimate goal of all effec-
tive education aimed at the development and the integral well-being of learners
(Nokes-Malach, 2009; De Palma & Ringer, 2011; Belenky & Nokes-Malach, 2012;
Lobato et al., 2012; Perkins & Solomon, 2012; Larsen-Freeman, 2013).

5. Conclusion

The results of the present study showed that the use of motor games in spelling
numbers improved the quality of their outline as a greater number of digits are

written in the correct direction.
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