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Abstract

The relational structure of the space for the child in order to ensure an efficient interaction with
its environment is crucial. A didactic approach has as base that motor game could improve sys-
temic and sensory-motor function of the body. The acquisition of a topological and spatial lan-
guage represents the perspective of this study, in particular based on the action of a game created
about it and we have called “Exchequer points”. The effects of this game on the topological rela-
tionships were studied among students (N = 44) of second primary school during the school year
2014-2015. The average age of the participants is 7.3 years. ANOVA model for repeated measures
was used for data analysis. Results showed that after the learning program based on the motor
game, the children of the experimental group (N = 22) significantly improved their topological re-
lationships assessment. On the contrary, the children of the control group (N = 22) did not show
significant differences between the pre- and post-measurement.
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1. Introduction

Space is the physical, perceptual, conceptual or representative in which real or represented objects, mobile or
immobile, animated ornot animated, are located and moved actively or passively, in a system of spatio-temporal
relations (Fayasse & Thibaut, 2003). For this purpose, whether in motor activities or even in the activities of
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daily life the child’s motor skills require precise knowledge of the position and orientation of the body and ob-
jects in the space where he acts. In a spatio-temporal reference system, dimensional and relational aspects of
space need to be accurately defined to promote motor cognition and so appropriate behaviour (Wade & Swan-
ston, 2001). Consequently, an essential role of spatial perception is to provide access to information for the or-
ganization of the action (Milner & Goodale, 1995). In this context, the surrounding world can only be under-
stood in the mode of a possible overall action (Gibson, 1979).

This process led to a functional definition of spatial perception (Previc, 1998). The perceived space is discon-
tinuous, particularly structured according to the body’s capacity for action that dependent on object properties
and perceived benchmarks that they defined it (Neggers & Bekkering, 2000).

In this study we have chosen to use the game in its functional spatial dimension, to arrive at a rational and ef-
ficient structuring of childhood environment. Indeed, the child’s actuation in a fun location space exploration
would be our interest. It is a complex situation that he has to find each time the suitable solution tailored to the
proposed variables through perceptual mechanisms of space navigation. This capacity is then based on complex
mechanisms which, if they do not develop properly, make complicated or impossible processing visuospatial
information, that joined what (Paoletti, 1999) was defined as motor education. So, there is an approach that em-
phasizes the use of driving experiences on a daily basis by the child as a key to self-knowledge and a move to-
wards the objective and rational thought. This educational approach is in line with the idea that the driving ex-
perience or well-structured games allow children to discover general and disciplinary concepts (Paoletti, 1999).

1.1. Visual Perception of Space

In the context of visual and spatial apprehension of space, the existence of several visual processing steps is
consistent with the model of Marr (1982), which proposes an organization of perception in several successive
stages building. The visual percept from the retinal image, very informative, to the object in three identified di-
mensions. This model is supported by the hierarchical and anatomical patterning visual cortical areas, which
carry out treatment of more complex visual information (Felleman & Van Essen, 1991; Young, 2000). The vis-
ual information mechanisms processing are described as being more likely inferential, based on Bayesian prin-
ciples of integration (Rao & Ballard, 1999). The most useful information would not be present at the retinal
level, but within the visual information processing system (Scannell & Young, 1999): internal knowledge about
how the world is structured contributes to process incoming visual signals. This framework allows considering
treatment of spatial information is also based on internal knowledge: representations of the body and the body’s
capacity for action. Computation approaches to motor intentional indeed postulate that the movement and its ef-
fects on the environment would be decisive for the structuring of sensory-motor invariants. The co-occurrence
of motor and sensory signals during motor production would indeed build internal representations of expected
sensory consequences of intentional acts engines (Mossio & Taraborelli, 2008). This knowledge allows later to
give a motor direction or a driving intention to intentional motor acts observed (Bidet-1ldéi, Orliaguet, & Coello,
2011). This sensory-motor knowledge would also perceive the space in relation to the organization of potentials
actions. Visual information would then be processed in the cortex by the dorsal route Ungerleider & Mishkin
(1982). This occipito-parietal pathway is specialized in visuospatial processing information (path of “where?”),
as opposed to the occipito-temporal channel (path “what?”). It is considered by Jeannerod (1994, 2003) as a
“path of action”. The processing of visuospatial information would be primarily located in the posterior parietal
regions of the right cerebral cortex (Aleman et al., 2002). It is therefore crucial to the spatial location and visual
guidance movement in space, and selectively responds to the spatial aspects of stimuli such as the direction or
speed (Ungerleider, Courtney, & Haxby, 1998). According to this view, the visual system would be divided into
two independent subsystems, one ventral, dedicated to the vision for the collection, and the other back, dedi-
cated to the vision for action (Goodale & Milner, 1992; Milner & Goodale, 1995).

1.2. Spatial Cognitive Map and Spatial Representation

Visual perception then alienates the skills and basic facilities necessary for an autonomous locomotion, effective
and safe in the physical and social environment. It allows us to become aware of our position and update infor-
mation from the environment. Indeed, according to many authors (Garling, 1995; Garling, Book, & Lindberg,
1984; Russell & Ward, 1982), an awareness of the acquired and stored environment plays an important role on
people accessing the skill to plan and accomplish their movements.
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A significant amount of research has been conducted on the spatial aspects of mental models. As a result of
this research, it was shown that individuals are able to build a spatial mental model that not only contains
benchmarks, but also information on the properties and geometric relationships of this space called a “cognitive
map” (Doré & Mercier, 1992). This connotation refers as defined by Tolman (1948), an internal representation
of the surrounding space. Thus, the spatial representation is then based on three prerequisites: Cognitive proc-
essing environment (individual knowledge of a specific environment), spatial abstraction (ability to manipulate
abstract concepts such as spatial topological relations) and the ability to represent space in the form of cognitive
maps (Pierre & Soppelsa, 1998). In fact, it glosses two distinct spatial representations: a general representation
(card type), and a representation paths (card road) illustrating that there are different strategies for knowledge of
space. The strategy used in the card type and card road has specific features whose origins are found in different
frames of reference used: egocentric (type road) and allocentric (card type).

1.3. The Spatial Egocentric and Allocentric References

The egocentric reference constitutes one of the bases of the organization of the oriented behaviour extracorpo-
real space (Jeannerod, 2006; Jeannerod & Biguer, 1987). In other words, the perception of the spatial position of
objects to which movements are directed can be determined with respect to some or all of our body. To this end,
locating the ability points of the body grows together with the ability to use his body to move and to guide. The
human body is a fundamental axis system in orientation phenomena. It will be noted that the lateral axis (or me-
dian) which refers to the symmetrical sides of the body, the front axle will be given by the different functions of
the body (the look direction in particular) and the vertical axis (cephalo-caudal) expressed by gravity, which
may be detected in a standing position. Different terminology in the literature can thus be used to state the origin
of egocentric coding. The egocentric encoding of an object can be retinoids—or eye-centered, cerebro-centered
(Karn et al., 1997), trunk-centered (Darling & Miller, 1995), referred to a specific body segment to the task as
requested shoulder (Soechting et al., 1990), or referred to the viewing direction. At each of these tasks corre-
sponds an egocentric reference frame with different origin body (Ghafouri et al., 2002).

Instead, the card type of representation is based on knowledge of the topographical properties of the environ-
ment, such as the location of objects relative to a fixed coordinate allocentric system. It is therefore an untied
representation of the position of the individual. His role is predominant in the browser's ability to determine the
direction of places outside of his field of vision or establish spatial relationships between places whose links
have not previously been explored physically. The provision of a card-type description is often hierarchical type,
that is to say, the space is divided into separate areas, and each area is described one after another. The card type,
unlike the typical representation road, addresses a reorganization of information such as detours, shortcuts, etc...
(O’Keefe & Nadel, 1976). Moreover, the superiority of the representation of the card type on the representation
of the road type is confirming at an experimental level. Certainly, much research has been aimed at finding
whether spatial representations built on the basics of navigation (e.g. from a road perspective type) have the
same metric properties that representations using a map token (card-type perspective). To this end, Noordzij &
Postma (2005) have established a bird flight distance comparison task. This experiment required participants to
adopt an aerial perspective in agreement with the card type description and not consistent with the description
type of road. The results show the superiority of the card type description on the type road description. This
methodology has been reused in subsequent research as Péruch, Chabanne, Nese, Thinus-Blanc & Denis (2006)
set up an experiment in which participants are asked to mentally compare the distances between different objects.
In a first experiment, the two distances compared have the same starting point, when in a second experiment the
starting points were different. In both cases, a greater number of correct answers and a shorter response time are
observed from a perspective map type. From these results it was reported that the estimation of distances is eas-
ier when spatial representations were constructed from a description type map that from a road description type
of a complex space.

The ability to use multiple reference systems and switch from one to another in accordance with the required
tasks and information, contained signs the acquisition of a stable reference system. According \Wohlwill (1981),
the kind of reference system used by an individual depends on various situational factors such as the presence or
absence of salient landmarks, the demand for a particular task and probably personal experience. The ability of
the child following the acquisition of a permanent referential to orient spatially relates to analytical skills and
understanding between the marks visually perceived, as well as the ability to stay focused after change of posi-
tion markers or his own body (Barisnikov & Pizzo, 2007). So it is right to point out the importance of the game
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engine in all situations and motor behaviour that could offer for the child to best explore its spatial potential. In
fact, it allows children to use their creativity while developing their imagination, dexterity, and physical, cogni-
tive and emotional potential. Education professionals and child development agree that the game provides the
child with movement experiences, creativity, and friendship in a way that emphasizes fun (Lester & Russell,
2011). In addition, the game is important for the harmonious development of the brain (Ginsburg, 2007). The
game also promotes a significant increase in physical activity (Tucker, 2008). A survey in the United States
(Healthy Schools for Healthy Kids) among 500 teachers and 800 parents’ indicates that 90% of teachers and 86%
of parents believe that active children learn better and behave better in class. Ginsburg (2007) points out that the
game is considered as a great way to increase the level of motor activities for children, and that is the joy of
childhood. In accordance with the theoretical basis presented above we have developed a quasi-experimental
research to explore the effect of a playful driving education program designed for the development of thematic
concepts related to topological representations of space and which are transverse to other academic skills with
potential positive influence on children.

2. Method

This study is about a game that we created and called “Exchequer points”. The game aimed the child’s motor
learning taking into account internal and external factors that influence the acquisition of actions and spatial dis-
placements representations, programming, organizing trips, place and time, retroactive and proactive feedback,
attention and memory. Certs, these skills could support following a transfer of learning, the development of
transversal skills useful in other educational tasks such as handwriting, geometry etc... The motor education fa-
cilitates, similarly, the development of school disciplinary skills including not only math, native language, but
also awakened in fine arts and music (Wauters-Krings, 2009).

The game is a grid drawn, on the floor in a primary school playground, with white paint, measured 12 meter
by 12 meter with49 black points on each intersection. It takes place on a large square divided into 36 squares
other form of chess. This game would mainly target the spatial organization through actuating the children's
ability to be in the area to determine the position one occupies in relation to benchmarks and a coordinate system
and matching correctly different movements for different topological possible relations and described by the
various proposed variants. Spatial orientation is associated with the perception and spatial structure is associated
with abstraction and reasoning.

Through the experiment on the principles of the game “points Exchequer” we will test, during the first term of
school year 2014-2015, the development of spatial relationships of the child regardless of the reference system.

2.1. Participants

Forty four students had voluntary participated in this study. They are schooled in both mixed classes of second
year of primary school each one containing twenty two student. The classes belong to the same public school
and with two different teachers. But we chose two teachers with the same basic training and with the same
number of years’ experience. To this end, we arrange to work with an experimental group and a control group.

The average age of the participants is 7.3 years. These children attend a public primary school. Their middle
parent socio-cultural level is defined by the father's job. All these participants are considered normal and well-
adjusted to schooling. They are all in the classes corresponding to their chronological age and are average stu-
dents for all school subjects. Their parents were informed and give their agreement signature about the partici-
pation of their children in the experiment research and they have the opportunity at any time to withdraw their
children from it. The results of this research guarantee anonymity and confidentiality and the parents may be
aware of their children’s skills assessment.

2.2. Procedure

This study is therefore divided into three parts. First, we conducted a pre-test on two groups of children (2" year
of primary school) to verify the homogeneity of the sample and a test assessing their topological relationships.
Secondly, and for 12 weeks, with two sessions of 50 minutes/week, we submitted on one hand, the experimental
group learning with a program based on the game and on the other, the control group with a conventional learn-
ing. The third and final section is devoted to a re-test evaluating the topological relations of the two groups of

students.
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The test done for the children to assess the topological relationships is: RTD (Topological and Directional
Relation Test by Barry (2010). In fact, for the test, the child is interviewed individually in a room of his school
in which he is sitting comfortably at a table facing the examiner. The child should then follow a presentation by
9 points initially listed on a sheet “refer” which is laid flat on the table and oriented in portrait, try to recognize
the place of a single item on a separate sheet “stimulus”. After passing reference to right over, the examiner in-
verts reference sheet and stimulus leaves and starts executing it, refer to the left.

3 types of responses are recorded:

-Correct answer

-Mirroring answer: the child shows the symmetrical point to the expected relative to a vertical axis passing
through the centre of the sheet.

-Error: any response not corresponding to a right answer or a mirror.

The correct answer is separated from the total number of errors and the number of mirrors depending on the
side of the sheet “referent” so it has 4 results, two for the referent right (total errors and total mirrors) and two
for the referent left (total errors and total mirrors). Using the calibration tables, the corrector converts the raw
results in cumulative percentages to compare the results of the participant with those of children in the same age.
Having collected the data obtained, we subject them to analysis of variance (ANOVA).

2.3. Data Analysis

For each measurements taken before and after training, ANOVA was performed with the factor “type of learn-
ing” (motor game learning and traditional learning) as a variable factor inter and “period” (pre-test and post-test)
as a variable intra. The factorial model was 2 x 2 (2 groups x 2 measurements). Post-hoc comparisons were
made with the Sidak test and the level of significance was set at a = 0.05.

3. Results

In general, the results shown in Table 1 indicate that the two groups were homogeneous for all parameters (no
significant difference between the two groups before learning).In addition, the experimental group shows sig-
nificant differences between the before and after training and for all tested parameters. Furthermore, significant
differences were recorded between the control group and the experimental group at the after training (except the
number of errors left and % Cumulative errors left). Moreover, the Table 1 specify that the progress (A = before
— After) recorded by the experimental group is significantly different from the control group at all settings (ex-
cept the number of errors left and % Cumulative errors left). The data obtained in the test assessment are ana-
lysed among the answers of the participants.

3.1. Number of Mirrors on the Right

As regarding the number of mirrors on the right in the results of the test assessment, Figure 1 showed on one

Table 1. Means and standard deviations of the parameters of the study before and after training for both groups.

Control Group (N = 22) Experimental Group (N = 22)
Parameters
Before After A (A%) Before After A (A%)
Number of mirrorR ~ 1.36+0.79 1.27+063  0.09 (6.67%)  1.32+0.84 0.45 +0.517"## 0.86 (65.52%)"
Number of mirror L 1+0.53 0.91+0.43  0.09 (9.09%) 1+0,62 0.36 + 0.49™ % 0.64 (63.64%)"
Number of errors R 1+0.98 0.86+0.89 0.14(13.64%) 1.05+1.21 0.14 £0.35""# 0.91 (86.96%)"
Number oferrorsL ~ 0.32+0.48 0.23+0.43  0.09 (28.57%) 05+0.8 0.05+0.21" 0.45 (90.91%)

% Cumulative mirror R 15.18 +19.02 1555+189 —0.36 (—2.4%)  15.32+19 60 + 44,857 —44.68 (—291.69%)**
% Cumulative mirror L 26.91 +29.76 27.27 +29.59 —0.36 (-1.35%) 27.05+29.7  69.45+41.36"™"*  —42.41 (-156.81%)"*
% Cumulative errors R 34.91 + 4552 39.23 +47.03 —4.32 (—12.37%) 39.14+47.1  87.05+33.37"""  —47.91 (-122.42%)"*
% Cumulative errors L 66.36 £42.91 74.55+38.6 —8.18 (—12.33%) 66.36 +42.91 90.91+19.19” —24.55 (—36.99%)

Note: Source: Own elaboration. “Significant difference compared to the prior learning p < 0.05; “p < 0.01; “p < 0.001. *Significantly different from

the control group at p < 0.05; *p < 0.01; **p < 0.001.
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Figure 1. Number of mirrors on the right before and after learning
among both groups. NS: not significant (p > 0.05); ***Signific-
antly different at p < 0.001.

hand, a significant group effect [F (1, 42) = 5.15; p = 0.028]; n* = 0.109 and on the other one, a significant
learning effect [F (1, 42) = 25.65; p < 0.001]; n* = 0.379. However, group learning interactionis significant [F (1,
42) = 16.81; p < 0.001]; n* = 0.286.

3.2. Number of Mirrors on the Left

As shown in Figure 2 a significant group effect is noted [F (1, 42) = 4.45; p = 0.041]; n* = 0.096 concerning the
number of mirrors on the left and also a significant learning effect too [F (1, 42) = 16.39; p < 0.001]; n* = 0.28.
As well as, an group learning interaction is significant [F (1, 42) = 9.22; p = 0.004]; n* = 0.18.

3.3. Number of Errors on the Right

As regarding the number of errors on the right, the Figure 3 although it showed a non-significant group effect [F
(1, 42) = 1.92; p = 0.173]; n* = 0.044, it presented a significant learning effect [F (1, 42) = 17.77; p < 0.001]; n*
= 0.297 and a significant group learning interaction [F (1, 42) = 9.71; p = 0.003]; n* = 0.188.

3.4. Number of Errors on the Left

As regarding the number of errors on the left in the results of the test assessment, Figure 4 showed a non-sig-
nificant group effect [F (1, 42) = 0; p = 1]; 1> = 0, but a significant learning effect [F (1, 42) = 9; p = 0.005]; 1 =
0.176 and an insignificant group learning interaction [F (1, 42) = 4; p = 0.052]; n* = 0.087.

3.5. Cumulative Percentage Mirrors on the Right

As shown as in the Figure 5, the percentage cumulative mirrors on the right present a significant Group effect
[F (1, 42) = 10.41; p = 0.002]; n* = 0.199. Also, a significant learning effect [F (1, 42) = 22.56; p < 0.001]; n* =
0.349 and a significant group learning interaction [F (1, 42) = 21.84; p < 0.001]; n* = 0.342.

3.6. Cumulative Percentage Mirrors on the Left

As shown in Figure 6 a significant group effect is noted [F (1, 42) = 5.75; p = 0.021]; n* = 0.12 for the percent-
age cumulative mirrors left, in addition of a significant learning effect [F (1, 42) = 21.68; p < 0.001]; n* = 0.34
and a significant group learning interaction [F (1, 42) = 20.95; p < 0.001]; n? = 0.333.

3.7. Cumulative Errors Percentage on the Right

Regarding the cumulative errors percentage on the right, the Figure 7 showed asignificant group effect [F (1, 42)
= 4.78; p = 0.034]; n* = 0.102. It presented, furthermore, a significant learning effect [F (1, 42) = 21.66; p <
0.001]; n* = 0.34 and a significant group learning interaction [F (1, 42) = 15.09; p < 0.001]; n* = 0.264.

3.8. Cumulative Errors Percentage on the Left

Figure 8 announced a non-significant effect group [F (1, 42) = 0.74; p = 0.393]; n* = 0.017 concerning the
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Figure 2. Number of mirrors on the left before and after learning the
control group and the experimental group. NS: not significant (p >
0.05); ***significantly different at p < 0.001.
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Figure 3. Number of errors on the right before and after learning the
control group and the experimental group. NS: not significant (p >
0.05); **Significant difference at p < 0.01; ***p < 0.001.
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Figure 6. Cumulative Percentage mirrors on the left before and after
learning the control group and the experimental group. NS: not
significant (p > 0.05); ***Significantly different at p < 0.001.
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Figure 7. Cumulative errors percentage on the right before and after
learning the control group and the experimental group. NS: not
significant (p > 0.05); ***Significantly different at p < 0.001.
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Figure 8. Cumulative errors percentage on the left before and after
learning the control group and the experimental group. NS: not
significant (p > 0.05); **Significant difference at p < 0.01.

cumulative percentage of errors in the left. Nevertheless it revealed a significant learning effect [F (1, 42) = 7.47,
p = 0.009]; n? = 0.151, contrary the group learning interaction is insignificantly shown [F (1, 42) = 1.87; p =
0.179]; n? = 0.043.

4. Discussion

This study aimed at evaluating the effects of the use of a motor education program based on the game and seek-
ing exploration and location of the space from predefined benchmarks on topological skills of the student.

The results of the study show that students mainly in the experimental group performed better than those who
followed a traditional learning. In fact, we found that the learning effect is significant and at all levels of the test
(number and percentage cumulative mirrors and errors right and left).

Consistent with many studies, moving is a motor and sensory experience in connection with the memory, for
understanding the spatial environment organization (Viader, Eustace, & Lechevalier, 2000; Bidet-lIdéi, Or-
liaguet, & Coello, 2011). To be represented, the space must be experienced as moving in us, we simultaneously
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change our perception of the environment. “The Exchequer points” offers for the student the opportunity to
navigate in the game space while seeking his sensory-motor system based in particular on building repositories
and egocentric allocentrics that working together or separately, conduct ongoing updating of its own “mapping”
extracorporeal and directional competence (left-right). The purpose of these systems is to allow the taking of
benchmarks and the construction of a “space of places” in which objects are identified and located as the target
of the action (Paillard, 1991).

Many other researches (Thommen & Rimbert, 2005; Pécheux, 1990; Pradet et al., 1982) were then agreed that
the spatial language can only develop through mental and cognitive representations related to the arrangement of
the environment. Spelke & Shusterman (2005) assume that the acquisition of a natural spatial language has to be
combined with some different areas of our knowledge of space.

However, the game changes the zone of proximal development. Apprenticeships located in this area are ori-
ented towards a level of cognitive development processes that the child has not yet acquired, but which becomes
accessible with a pair support, a parent or a teacher. Thus, among Vygotsky, learning by the game is a good
learning because it precedes the development (Riviére, 1990). In this perspective, it seems legitimate to ask once
again this question: A pedagogy which has the ambition to bring children beyond the game in their learning
shouldn’t be started particularly from the game?

The research findings, although of a limited validity and generalization due to the small size of the sample,
showed that motor game “exchequer points” can play an important role in the learning of fundamental concepts
relating to the topological structure of the relational space and which are also offered for cross thematic and in-
terdisciplinary teaching in school education skills like Mathematics, fine art education, handwriting and even-
tually other disciplines.
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