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What role for developmental theories in
mathematics study programmes in French-
speaking Belgium? An analysis of the geometry
curriculum’s aspects, framed by Van Hiele's model

Natacha Duroisin'* and Marc Demeuse!

Abstract: One possible way of evaluating set curricula is to examine the consistency
of study programmes with students’ psycho-cognitive development. Three theo-
ries were used to evaluate matching between developmental theories and content
proposed in the mathematics programmes (geometry section) for primary and

the beginning of secondary education. These were considered in the light of more
recent work. Qualitative analysis was performed on the basis of the geometrical
thinking model proposed by Van Hiele and this paper focuses on this model. The
results obtained can be used to identify gaps where the programmes fail to take
adequate account of child development. These results highlight the lack of precision
in the wording of programme items, which makes them hard to analyse on the basis
of scientific knowledge. The classifications performed revealed instances of lack

of coherence that raise doubts about the supposedly progressive nature of the set

content.
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1. Introduction

Study programmes may be evaluated from a variety of viewpoints, such as form, content coverage,
coherence of structure and progression, terminology used, pedagogical orientation, didactic approach
or consistency with learners’ psycho-cognitive development (Duroisin, Soetewey, & Demeuse, 2013). In
French-speaking Belgium, the use of large numbers of study programmes due to the complicated struc-
ture of the education system has led the research team to study curriculum coherence in previous work
(Demeuse, Duroaisin, & Soetewey, 2012), among other means through comparative analysis (Soetewey,
Duroisin, & Demeuse, 2011). In the present study, a different approach has been used, involving verify-
ing the internal consistency of programmes and the educational continuum proposed in the light of a
recognised developmental model.

In the context of research work that aims to understand how children and adolescents experience
space and how school sets about formalising spatial learning, this article compares the available
knowledge about students’ psycho-cognitive development with the treatment of knowledge relat-
ing to space in school study programmes. In order to investigate students’ understanding of space
(and identify their difficulties in understanding formalised space on the basis of sensory space), the
authors have chosen here to focus on geometry, as one aspect of formalising the understanding and
description of space.!

Focusing on a specific education network (the public network organised by the Federation Wallonia-
Brussels, Desoete, Roeyers, and De Clercq, 2004), a stream of education (transitional education) and a
given subject (mathematics), we analysed the study programmes for primary education (grades 1-6)
and the first three years of secondary education (grades 7-9). The Van Hiele’s model of geometrical
thinking, which was used as an interpretative key, enabled us to evaluate the integration and coherence
of developmental concepts across this set of programmes, which one would expect to be coherent,
which reflect the mathematics curriculum across the different education networks.

2. Curriculum and study programmes: particularities of French-speaking Belgium

The situation in Belgium with regard to the curriculum is an interesting one. Firstly, the country has three
highly autonomous systems (there is no common curriculum authority for the three systems, or even
a permanent forum for consultation between them), and secondly, within these systems, there are
numerous subsidised public and private structures with considerable room for manoeuvre, including in
the definition of study programmes.

This is because, since 1831, Article 24 of the Belgian Constitution has guaranteed freedom of educa-
tion. This applies to parents (in terms of choice of school), but also to schools, which enjoy consider-
able autonomy with regard to their educational approach. The so-called “School Pact Law” (1959)
enshrines three fundamental principles of the Belgian educational system: freedom of choice of
school for parents, an end to tensions between the networks and the provision of education free of
charge. This law was introduced before education was devolved to the Communities in 1989, with
powers in this area being handed to the parliaments of the country’s three linguistic communities (the
Flemish Community, the German-speaking Community and the French Community, now called the
“Federation Wallonia-Brussels”). Education is therefore no longer a competence of the federal State;
strictly speaking, there is no national curriculum, but rather three curricula, one per community. Under
the “School Pact Law”, two major categories were identified: the public networks and the subsidised
independent networks. Each of these networks has different school authorities, which have genuine
responsibility for organising teaching in one or more schools. Thus, in the case of the public networks,
the school authority is always a public law entity: “public” education is organised by the network of the
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Federation Wallonia-Brussels (FWB) or by the network of cities and provinces. For the subsidised inde-
pendent networks, the school authority is a person or entity under private law, and “independent”
education is organised within a faith-based network (mainly Catholic) and a non-denominational net-
work, consisting of schools that define their educational and teaching projects on non-religious bases
(mainly active learning approaches based on thinkers such as Decroly or Freinet). In addition to formal
education provided in schools belonging to a network and subsidised by the government (the
Federation Wallonia-Brussels for the purposes of this article), parents also have the right to educate
their children at home, under the supervision of the school inspectorate.

In northern Europe, the term “curriculum’ (...) is by tradition associated with formal documents
describing purposes, aims and content for what a particular group of students should be taught and
learn throughout their study course” (Westbury, 2007). These are “published by national authorities”
(Sivesind, 2013). Although the Belgian education system does in fact have a “curriculum” which “offers
a planned, structured and coherent overview of educational guidelines on organising and managing
learning in the light of the expected outcomes” (Demeuse & Strauven, 2006, p. 11), the compilation of
study programmes is left to the different educational networks. To compile their programmes, they must
take account of framework documents (such as the Missions decree) and ensure the attainment of the
requirements set out in the core skills at the end of the first stage of secondary education (grade 8), and
in the terminal attainment levels, at the end of the second and third stages of secondary education
(grades 9-12). As far as the authors are concerned, these framework documents constitute the French-
speaking Belgian curriculum. However, they are essentially a list of skills to be attained, whereas a cur-
riculum generally goes further than this (2006, p. 9). It is in fact the study programmes, specific to each
network, that specify, among other things, objectives, teaching methods, materials, evaluation process-
es for measuring the achievement of the objectives and so on (e.g. D’Hainaut, 1985; De Landsheere,
1979; Nadeau, 1988; Roegiers, 1997); these programmes are derived from the educational and peda-
gogical projects which are also specific to each educational network, or even to a school authority.
According to Article 5, 15° of the Missions decree of 24 July 1997, which establishes a framework for all
compulsory education in French-speaking Belgium, a study programme is “a repository of mandatory or
optional learning situations and learning content, and of methodological guidelines that a school
authority defines in order to attain the skills set by the government for a grade, stage or cycle”.2 Thus, the
network of the Federation Wallonia-Brussels has programmes that it sets, the network of cities and
provinces refers to the curricula of the Provinces and Municipalities, and the independent networks have
their own programmes. Specifically, in a given grade (in the same sector, form and option), the course
content is determined by programmes which differ from one another, being drawn up independently by
each network in accordance with the common attainment levels. The principle of educational freedom
thus inevitably leads to plurality in the approach to the prescribed themes, and hence results in a wide
variety of study programmes. As each network compiles its own study programmes for each level of
education (nursery education, primary education, transitional secondary education, qualifying second-
ary education and vocational secondary education) and for the different subjects (mathematics, French,
science, geography, physical education, etc.), the number of programmes available and in use for com-
pulsory education is high. The multitude of programmes is therefore an aspect that can be considered in
research by focusing on the evaluation of their consistency. As we have already shown in other articles
(e.g. Soetewey et al., 2011), some instances of failure at school (including in international surveys such
as PISA and external non-certificative evaluations conducted in French-speaking Belgium) may be due
to a series of inconsistencies in the implementation of the curriculum. This article emphasises a different
approach to the evaluation of the consistency of the curriculum, involving verifying the internal consist-
ency of study programmes and the educational continuum which is set out in the light of a given devel-
opmental model within a single network education, that organised by the Federation Wallonia-Brussels,
under the direct authority of the minister responsible for compulsory education. The authors postulate
that even within an educational network’s programmes, inconsistencies with child attainment levels can
be identified, and these may be a source of failure. This analysis was conducted in several subject areas,
but this paper covers the work in the field of geometry, through the successive programmes of the net-
work of the Federation Wallonia-Brussels covering the period of primary school and the beginning of the
secondary education and representing 9 of the 12 years of compulsory education.
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3. The development model of geometrical thinking according to Van Hiele

In order to verify the consistency of study programmes with learners’ psycho-cognitive development, it
was necessary to select appropriate development models. In the literature, two types of models can be
identified. First, there are general development models which relate in particular to learners’ psycho-
cognitive development, and second, there are specific models that focus on the development of a par-
ticular psycho-cognitive field. In this study, the chosen general development models provided pointers
for understanding how the transition is made from an intuitive knowledge of space to the formalism
taught in school. Thus, consideration was given to Piaget’s concepts relating to concrete thinking and
formal thinking (Piaget, 1947)—or, to use the terms of Chevallard and Julien (1991), sensory space
(space made accessible by the senses) and geometrical space (the theoretisation of space)—and those
of Vygotsky (1986) which present the model of conceptual thinking in three phases.

Although, as Houdé and Leroux indicate (2013, p. 155) “Piaget’s theory is the only one to describe,
if not explain, the genesis of the normative structures of human intelligence from a constructivist
perspective that links ontogenetic construction with the scientific genesis of logical and mathemati-
calknowledge”, Piaget’s work has been and still is today the subject of frequent criticism (Montangero,
2001). Among the objections raised are the fact that, through his research, Piaget attributed exces-
sive power to action, that he focused exclusively on the logical and mathematical structures of the
“epistemic’ subject—an excessively abstract and general concept [...] sometimes forgetting the ‘real
psychological’ subject” (Houdé & Leroux, 2013, p. 3), that he confined children to one particular
stage at any given time (the staircase model), and that these theories fail to take account of differ-
ential psychology by neglecting to explain the significant intra- and interindividual variability in sub-
jects’ performance. The Swiss researcher’s work should therefore be used with a little caution, taking
account of the results of the “new child psychology” (Houdé, 2011). However, recent studies (Barth,
2001; Duval, 2005; Emprin, Douaire, & Rajain, 2009) have emphasised that the transition from con-
crete thinking to abstract thinking is difficult for many students, and that practice in moving from
one kind of thinking to the other needs to start in primary education. Thus Mathé (2008) argues that
it is necessary to begin the work of abstraction in the third cycle of primary education, around the
age of 10 or 11 years, so that the process of conceptualisation can be implemented gradually, avoid-
ing an abrupt move from one stage to another with the change from primary to secondary.

The model of conceptual thinking originally developed by Vygotsky (1986, 2012) lists three main stag-
es of development. The first is “thinking based on unorganised groupings”. During this period, children
group objects together on the basis of “chance associations formed from what they perceive (grouping
by trial and error, organisation by visual field, reassembled congeries or ‘heaps’)” (Chaoued, 2006, p. 64).
At this stage, children can give a name to the grouping they have formed, but fail to collect similar objects
together. The second stage is that of “thinking based on grouping into complex sets”. At this point,
children manage to break away from their egocentric thinking to establish links between isolated and
concrete objects. As Chaoued mentions (2006, p. 64), “[...] the links between the various components are
‘concrete’ and ‘factual’ rather than abstract and logical. The final phase of this stage is pseudo-concep-
tual thinking, which ‘is a transitional passage between thinking in sets and thinking based on genuine
concepts™. To reach this stage, two developmental paths in thinking must converge: synthesising and
separation. “The primary function involved in complex thinking is the allocation into sets or synthesis of
phenomena with common features. The second path leading to conceptual thinking follows the process
of separation or analysis of phenomena by dissociating them or abstracting certain of their characteris-
tics” (Chaoued, 2006, p. 64).

The main model used in this article (Van Hiele, 1959) specifically considers the field of geometry. For
the development of learners’ geometrical thinking, this model focuses on language and the formation of
simple axioms for primary and lower secondary education. It is constructed hierarchically and reflects
five levels of understanding of geometrical concepts (Fuys, 1985). A description of Van Hiele’s model is
given in Table 1. The first level, “identification”, is achieved when students are able to recognise shapes
from their overall appearance. At this level, students do not need to list the properties of the given shape.
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Figure 1. Illustration of

the five successive phases

in Van Hiele’s model (free
representation based on Van
Hiele, 1959).

The second level, “analysis”, is achieved by students when they succeed in distinguishing and abstracting
some of the properties of a geometrical shape, though without establishing logical relationships between
them. The third level, “informal deduction”, is reached when learners are able to establish the logical
relationships between multiple properties of one or more shapes. When students are able to understand
what a theorem is or, for example, to construct a proof, this shows that they have reached the fourth
level, “formal deduction”. The final level relates to university education, and refers to different axiomatic
systems. These different levels are typically reflected in the school system (Belkhodja, 2007). In Van
Hiele’s view, education must reflect the levels of the model.

As Wirszup (1976) indicates, the different levels described by Van Hiele are inherent to the develop-
ment of thinking processes. The same author mentions that the transition from one level to another is
not a spontaneous process concurrent with students’ biological development and dependent purely on
age. This development is achieved on the basis of what has been learned, and hence of taught content
and recommended teaching methods. In this context, the differentiated instruction can be an important
element (Forsten, Grant, & Hollas, 2002). Tomlinson (2001) identifies different elements of the curricu-
lum that can be differentiated (contents, process and products). The transition from one level to another
is thus not spontaneous and does not depend on students’ maturity (or age) only; it may be accelerated
(Fuys, Geddes, & Tischler, 1988), according to Van Hiele, by education based on five successive phases
(inquiry/information; directed orientation; explanation; free orientation; integration) (Figure 1).

Table 1. Description of Van Hiele’s model (1959)

Level | Level of acquisition | Name of level Description
(Belkhodja, 2007)
1 Before school Identification - Visualisation | Recognising shapes without stat- Visual level
- Global perception ing properties
2 During primary educa- Analysis Distinguishing and abstracting Descriptive
tion some properties of a geometrical level
shape without relating them to
one another
3 During lower secondary | Informal deduction Relating properties of one or more | Logical
education shapes to one another level
4 During upper secondary | Formal deduction Constructing deductions and
education simple proofsUnderstanding a
theorem
5 Higher education - Rigour Comparing axiomatic systems-
university Producing theorems in different
axiomatic systems

Superior
Integration * izvel

Free
orientation

Explication

Directed
orientation

Inferior Inquiry
level Information
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According to Gutierrez (1992) and Usiskin (1982), the levels described by Van Hiele have several
characteristics, three of which are presented below:

 They are sequential and ordered (a higher level can only be attained if the lower level has been
acquired).

« They are continuous (the transition from one level to the next is performed continuously, as “acquisi-
tion of a thinking level by a student is gradual and it can be observed along the time” (Gutiérrez,
1992, p. 32).

 They have their own language (a term may have a different meaning depending on the level).

This last characteristic is a source of many problems in teaching and learning. Given the difference in the
level of educational attainment between students and teachers, they do not use the same language or
the same axioms and therefore do not approach the material in the same way. It is therefore necessary
for teachers to adapt their language to their students. Similarly, from the curriculum viewpoint, we will
see that an item may be attached to one or more levels in the model depending on how it is interpreted
(see Section 6.3).

Although the model proposed by Van Hiele builds on Piaget’s work (Colignatus, 2014), it is also
distinct from it. While Van Hiele (1986, p. 5) states that “an important part of the roots of my work
can be found in the theories of Piaget,” his theory departs from Piaget in two main ways. First, in their
theses, the Van Hiele test the idea, empirically defining and developing levels of abstraction in the
understanding of mathematics and defending the notion of a link that is independent of students’
chronological age (Colignatus, 2014): they do not think that the levels of understanding are related
to a particular chronological age. Second, they think that the development theory proposed by Piaget
fails to take account of learning, and fear that the developmental stages (the pre-operational and
concrete operational stages) are not enough to enable geometrical concepts to be understood.
Moreover, Van Hiele recognises the important role played by language, and in this sense also draws
inspiration from Vygotsky’s theory (Knight, 2006).

Besides the fact that the Van Hieles’ model was designed in the light of general development theories,
other reasons guided the choice of this model. First, we wanted to select a model that had already been
tested and/or validated by several authors (Crowley, 1987; Lunkenbein 1982; Marchand, 2009; Usiskin,
1982). Second, the chosen model needed to reflect the content covered in current study programmes
(Yildiz, Aydin, & Kogce, 2009). Third, it needed to determine the progress of teaching/learning with some
precision and illustrate the main phases through which students must pass in order to progress in geom-
etry (Marchand, 2009).

4. Research and methodology questions

As several authors mention (Hemmi, Lepik, & Viholainen, 2013; Saint-Pierre, Dalpé, Lefebvre, & Giroux,
2010), development models are useful for devising study programmes which are adapted to students’
educational level. However, the programmes that are the subject of our study provide no information
about the model on which they are based. We therefore decided to use a model that can be used to ana-
lyse the official documents. The aim of our study is therefore to evaluate the integration and coherence
of this development model. The choice was made of the model of geometrical thinking proposed by Van
Hiele, for the reasons set out above; this was compared with the geometry sections of mathematics
study programmes in primary education and the first three grades of secondary education (education
organised by the Federation Wallonia-Brussels). This analysis, focusing on the learning of geometry, is of
interest both with regard to the understanding of this particular field, but also as an approach that can
be replicated in other fields of study. Two issues are examined in particular. They can be formulated as
follows:

In the study programme sections devoted to geometry, can we identify levels of development of
geometrical thinking such as those proposed by Van Hiele?
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Are skills covered according to each level of development of geometrical thinking described by
Van Hiele?

To answer these questions, our research was conducted in two stages. In the first stage, a literature
review was conducted in order to identify the theoretical model (and underlying theories) that could
be used in order to compare the development of spatial understanding in students and the learning
prescribed during the period from the beginning of primary education to the end of the third year of
secondary education. In the second stage, comparative qualitative analysis was conducted between
the development model of geometrical thought proposed by Van Hiele and the learning planned in
the mathematics study programmes. Theoretical concepts from the work of Piaget and Vygotsky
were only used to add precision to certain critical points in the programmes (concrete and formal
thinking, the space dedicated to perception, observation... in primary and secondary education).

Specifically, each study programme includes a series of items corresponding to an entry point defined
in terms of knowledge, know-how or skill. The analysis was performed on the basis of the structure of
the programmes. An item is a phrase or sentence corresponding to a coding unit. Each of these units
was associated with one of the levels of the model proposed by Van Hiele (Table 2 shows the theoretical
elements used to perform the analysis of the programmes). Once assigned to one of the levels of the
model, the items were grouped according to the four cross-cutting skills described in the mathematics
section of the core skills. These four cross-cutting skills are (1) analysing and understanding a message;
(2) solving, reasoning and arguing; (3) applying; and (4) structuring and synthesising.

The coding was carried out in two stages. To start with, the work was carried out on a small number of
items by two researchers working independently who had a good knowledge of the study programmes
concerned and of Van Hiele’s model. Next, they compared their results. After agreeing on a common
approach, they then performed the coding of all the items in the programmes. According to the conven-
tional formula for the calculation of intercoder reliability (Clermont, Desbiens, Malo, Martineau, & Simard,
1997), the concordance rate was 94%. Although this percentage does not include the small number of

Table 2. Theoretical elements that were used to analyse the curricula

Theoretical elements from Van Hiele

Model of geometrical thinking in five levels

+ Identification/Visualisation Global perception
 Analysis

+ Informal deduction

+ Formal deduction

« Rigour

Table 3. Examples of item classification performed with reference to Van Hiele’s model

Items from the curricula (educational level expressed as a Level in Van Hiele’s model
grade and/or cycle)

Recognising regular polygons among other plane figures. Level 1

(primary cycles 2 and 3)

Comparing the rectangle and the square (in terms of sides and angles). Level 2

(primary cycle 3)

Recognising right angles, acute angles, obtuse angles, complementary angles, | Level 1
supplementary angles. (1st grade of secondary—cycle 1 S)

Determining the relative positions of vertices, edges and faces. (st grade of Level 2
secondary—cycle 1°5)

Comparing radius and diameter. (2nd grade of secondary—cycle 1 5) Level 3
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Figure 2. Excerpt from the study
programme for the third grade
of secondary education.

items that were used to define the coding principles, it does include a category called “unclassifiable
items”, which contains the items that could not be associated with a level of the model (we discuss this
at Section 6.4).

To perform this classification, the researchers confined themselves to the item as it appears in the
original text, without trying to interpret it. An example of item classification is given in Table 3.

5. Premises of the analysis, based on certain aspects of Piaget’s and Vygotsky’s

theories

When comparison is made between part of the set curriculum and the theoretical model proposed by
Piaget concerning concrete and formal thinking, it is noticeable that, overall, the study programmes
for primary (6-11 years) and secondary (12-13 years) education do take account of learners’ cognitive
development. Thus, reliance on concrete thinking is mainly observed at primary level, while abstract
thinking becomes more prominent in the second stage of secondary education (14-15 years). It is also
noticeable that the activities set during primary education relate almost exclusively to the perception,
observation and recognition of familiar objects, solids, plane figures, movements of objects, associa-
tions, comparisons and classifications of objects, plane figures and so on.

Study programme content for primary education is thus consistent with Piagetian theories, since it
encourages the development of concrete thinking. As mentioned earlier, recent studies have stressed
that the transition from concrete thinking to abstract thinking is a difficult one for many students,
and that practice in making this transition should be provided from primary school onwards. Mathé
(2008) recommends beginning the work of abstraction gradually in primary education, avoiding an
abrupt transition from one stage to the next coinciding with a change of school level. Yet, compared
with the model of conceptual thinking developed by Vygotsky, it is precisely in terms of progression
that the set study programme is problematic.

To illustrate this, the following example is taken from the study programme for the third grade of
secondary education, and concerns the trigonometry of the right-angled triangle (Figure 2).

Contrary to what is advocated by Vygotsky, no reference is made to progression. Only the key ele-
ments to be taught are identified. The study programme makes no mention of the links between the
theoretical concept presented and the right-angled triangle, which is only mentioned in the title, or
even of the link with the orthonormal coordinate system. Moreover, no illustration is provided to
enhance understanding of the subject matter to be taught, although, according to Article 5, Point 15
of the “Missions” decree of 24 July 1997, which governs all compulsory education in French-speaking
Belgium, a study programme is “a repository of learning situations, compulsory or optional learning
content and methodological guidelines defined by a school authority with a view to achieving the
competencies set by the government for a grade, stage or cycle”.

6. Results of the comparative analysis of Van Hiele’s development model of

geometrical thinking and the study programmes

Van Hiele’s model can be used to examine in more detail the development of geometrical thinking
from the viewpoint of the study programmes.

6.1. Do the educational cycles correspond to the levels of development of geometrical
thinking?

To answer this question, a graphical representation of the results in terms of cycles is given in Figure 3.
The first three cycles refer to primary education, while the last represents the first stage of secondary
education.

Trigorometry of the right-angled rectangle
Defmition of cosine, sine and tangertt of an acute angle. Use of the calculaor.
Basic formulae sind alpha + cos® alpha = 1, tan alpha = sinalpha/cas alpha
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Figure 3. Illustration of the
relationship of the curricula
with Van Hiele’s levels.

Mathematics curricula compared with the levels of development of
geometrical thinking (Van Hiele)
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Figure 3 highlights the ample space (67.9%) devoted to the first level of the model (Identification)
in the first cycle of primary education (Cycle 1-P). Less work is done on this level in the other cycles
(Cycle 2-P: 18.9%; Cycle 3-P: 21.6%; Cycle 1-S: 10.3%). Subsequently, there is more coverage of level
2 (Analysis): 75.7% of the items listed for primary cycles 2 and 3 refer to the model’s second level.
For the Cycle 2-P and Cycle 3-P, a start is made on level 3 (more in Cycle 2-P than Cycle 3-P). In the
first cycle of secondary education (Cycle 1-S), the main focus of work is on levels 2 and 3 (Informal
Deduction) (level 2: 44.1% and level 3: 44.3%). A start is made on level 4 in this cycle (1.3%). Overall,
the skill levels covered in the education cycles are consistent with the levels of development of geo-
metrical thinking described by Van Hiele.

6.2. Are skills properly covered according to each level of development of geometrical
thinking?

On the basis of the reflections of Belkhodja (2007, p. 140) who states that “when the focus is on devel-
oping skills in order to achieve basic learning at school, it becomes necessary to define the associated
levels of development”, we now need to consider how well the skills taught match the developmental
levels of geometrical thinking. To this end, two types of visual representation have been used.

In the section devoted to mathematical education, the core skills, it will be recalled, contain four
cross-disciplinary skills that need to be developed during primary education and the first stage of
secondary education. These four skills are: (1) analysing and understanding a message; (2) solving,
reasoning and arguing; (3) applying; and (4) structuring and synthesising. As mentioned earlier, the
items that appear in the study programmes were first assigned to one of the levels of the model;
they were then sorted into these four cross-disciplinary skills.

Figure 4 shows how the skills are distributed (across all study programmes) between the five levels
proposed by Van Hiele.

Examination of the results obtained reveals an uneven distribution of skills between the five levels
of the presented model: skill 1 only appears in the first two levels of the model, and very little work
is done on skills 2, 3 and 4 in the first level, although one might have expected the use of more visual
formats (tables or graphs). Moreover, skills 3 and 4 are largely worked in the second level but few
worked in the third level (<12% of items).

When one considers the differences in the distribution of skills as a function of educational cycle,
further conclusions can be drawn. Figure 5 describes the situation for each cross-disciplinary skill.
The educational cycles (cycles 1P, 2P and 3P for primary education and cycle 1S for secondary edu-
cation) are detailed in each figure for each skill.
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Figure 4. Distribution of
skills between the five levels
proposed by Van Hiele.

Figure 5. Distribution of

skills between the five levels
proposed by Van Hiele as a
function of educational cycle.

Skills in geometry compared with Van Hiele's levels of development of
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The skills are not all worked on in each level of the model in the different educational cycles. Thus, for
skill 1 (analysing and understanding), in the first cycle of primary education (Cycle 1-P), virtually all items
(87.5%) relate to the first level of the model. For skill 2 (solving, reasoning and arguing), in the second
(Cycle 2-P) and third (Cycle 3-P) cycles of primary education, there is a marked emphasis on the second
level of the model (Cycle 2-P: 80%; Cycle 3-P: 68.7%), but little work is done on the first level (Cycle 2-P:
13.3%; Cycle 3-P: 25%). For skill 3 (applying), there is considerable coverage of level 1 of the model during
the first cycle of primary education (Cycle 1-P: 66.7%) and relatively little during subsequent cycles (Cycle
2-P: 8.7%; Cycle 3-P: 7.7%,; Cycle 1-S: 10.7%). In these last three cycles, the level on which the most work
is done is level 2 (Cycle 2-P: 82.6%; Cycle 3-P: 88.5%; Cycle 1-S: 57.1%). For skill 4, the first and third levels
of the model are not worked on during primary education. In the first cycle of secondary education
(Cycle 1-S), this skill is covered in the same proportions (33.33%) as the first three levels of the model.

6.3. Limitations of the approach given the vagueness of the study programme items

One limitation of the approach used is the lack of precision in some items (see the example given in
Figure 6). This means that some cannot be assigned to one level rather than another. Depending on
the choices made by teachers during lessons—choices subject to very little guidance from vague
headings—the use of skills at very different levels can no doubt be observed.
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Figure 6. Excerpt from the study
programme for the third grade
of secondary education.

Thales’ triamgles - Ratios and proportiors

Construction ard calculation problems, mvestigation ard demorstration of properties.
The followmg problems will be covered at the minimum:

= (‘"):

- Sedtion of a prism or a pyramid by a plane parallel to a face.

The excerpt from the study programme of the third grade of secondary education illustrates the
difficulties faced by researchers when assigning items to one of the levels of Van Hiele’s model.
Reading the wording shown in bold, one wonders how teachers are supposed to understand it, and
hence how the researcher should classify it. Is the idea to encourage abstraction, or rather to rely on
concrete facts that lead to a better understanding of the concept? Should this exercise be done with
3D solid or a solid represented on a sheet of paper? In other words, should teachers get students to
visualise the section of a prism, or to construct the section of a prism? Should students calculate the
area of the section, as indicated at the start of the wording? Should Thales’ theorem be worked on
from a geometrical or an algebraic viewpoint?

6.4. Limitations of Van Hiele’s model as revealed by the study programmes analysed
Although Van Hiele’s model made it possible to analyse the study programmes and identify impor-
tant points for an in-depth examination of how effectively the development of students’ geometrical
thinking is taken into account, the model’s limitations were also revealed. The first of these is that it
is sometimes difficult to assign items relating to the activities that students must complete to one of
the given levels. This is the case for activities such as constructing and measuring. It may therefore
be useful when classifying items to refer to the work of Duval (2005). This author stresses the impor-
tant place of student’s activity, particularly the spatial visualization. He notes that “the way of seeing
a geometrical figure depends on the activity for what it is used” (p. 5) and he distinguishes four com-
mon entries in geometry (botanist/land surveyor/constructor/inventor-handyman). In the same way
that it was done using the model of Van Hiele in this paper, it might be interesting to use the Duval’s
model to classify items of programmes. The second limitation is that the model fails to consider geo-
metrical content that is close to the algebraic paradigm; for, as Duroisin (2013) and Duroisin,
Soetewey, and Canzittu (2013) emphasise, the sections dedicated to “geometry” in the mathematics
study programmes (formal education) sometimes fall within an algebraic paradigm.

7. Using developmental theories to assess the educational continuum set forth in

the study programmes

Chapter III of the decree defining the priority missions of elementary (primary) education and sec-
ondary education and organising the structures for accomplishing them (Ministére de la Communauté
francaise de Belgique, 1997) is entitled “Specific objectives common to elementary education and
the first stage of secondary education”. In section 1, Article 13, it is noted that “In mainstream edu-
cation, nursery school and the first eight grades of compulsory education represent an educational
continuum structured into three phases, aimed at giving all students the Core Skills necessary for
their social integration and the pursuit of their studies”. The reference to an “educational continu-
um” should be taken to mean that continuity of learning is intended and encouraged from nursery
school to the end of the first stage of secondary education (and even beyond that point, until the end
of compulsory education). Although the documents that define legal frameworks (decrees, the pol-
icy declaration known as the Contrat pour I’Ecole, etc.) advocate such an educational continuum, it
has to be concluded that in the study programmes, sufficient thought has not necessarily been given
to continuity of learning between primary and secondary education. Our use of development models
has brought to light a lack of coherence in the progression between the content supposed to be
taught in primary and in secondary education. Some examples of this incoherence in the study pro-
gramme sections on “solids and shapes” (for primary education), and “geometry” (for secondary
education) are listed in Tables 4 and 5.
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Table 4. Examples of incoherence taken from the curricula (primary and first grade of

secondary)

Primary ed., 8-10 years

Primary ed., 10-12 years

Secondary ed., 1st grade

Tracing foldable templates of
solids (cubes and cuboids) on paper
(squared or plain)

Tracing foldable templates of
solids (cubes and cuboids) on paper
(squared or plain)

Recognising foldable templates of
cubes, cuboids and right prisms

Table 5. Examples of incoherence taken from the curricula (primary and second grade of

secondary)

Primary ed., 8-10 years

Primary ed., 10-12 years

Secondary ed., 2nd grade

Using translation, rotation and
symmetry in concrete expressive
activities: physical education, paint-
ing, etc.

Moving plane figures and dis-
tinguishing translation, rotation,
orthogonal symmetry and central
symmetry

Discovering an axis of symmetry in
afigure

Comparing and classifying plane
figures using the following criteria:

Discovering symmetries and rota-
tions in regular polygons

Downloaded by [199.202.95.16] at 08:49 15 June 2015

the number of sides and angles;
relationships between the sides; re-
lationships between the angles; the
presence of axes of symmetry

It is clear from these tables that there are significant inconsistencies with regard to the primary/sec-
ondary transition. The content of secondary education study programmes appears to ignore learning
that has taken place in earlier grades.

8. Discussions and conclusions: towards the complementarity of development

models

Development models are an important reference tool for both designing and evaluating study pro-
grammes. This study relates to the second of these approaches.

Overall, the analysis conducted here highlights the fact that the programmes have little basis in spe-
cific developmental theories in the field of geometry. These programmes focus during primary education
almost exclusively on work on concrete objects, taking little account of recent research highlighting the
value of starting the process of abstraction in the third cycle of primary education. Similarly, they neglect
multi-modal and multi-sensory learning (hands-on learning) in secondary education. By creating repre-
sentations with hands-body-mind and multisensory experiences, appropriate material, language and
symbols adapted, the learning can allow for the process of abstracting the ideas from reality and can
help to represent it. For future study programmes, it would seem useful to give a priori consideration
at the design stage to integrating the findings of this new research (Duval, 2005; Mathé, 2008; Perrin-
Glorian, Mathé, & Leclercg, 2013).

Comparison of the current programmes with the model developed by Van Hiele shows that the
educational cycles do coincide with the levels of development of geometrical thinking. However,
there is insufficient emphasis on the intermediate stages that would allow students to master more
easily the skills targeted later on in the study programme.

Comparison with developmental theories also raised questions about the progression of learning
during the transition from primary to secondary. Although the attempt is made in numerous frame-
work documents (decrees, the Contrat pour I’Ecole, etc.) and much research to solve the problems
encountered during this transition, it would also seem necessary to rewrite the study programmes,
paying particular attention to learning previously acquired, and thus contributing to the development
of a coherent continuum. If the aim is to construct a true curriculum, this requirement is especially
important given that in French-speaking Belgium there is no official manual, common to all teachers,
nor even a common certification system besides those used at the end of primary education and after
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the first cycle of secondary education. Incidentally, the difference in results between these two tests
was the main factor that raised questions about the existence of a genuine, coherent curriculum in
geometry (Houdement, 2007; Usiskin, Andersen, & Zotto, 2010).

Moreover, this raises significant difficulties involved in allocating to a particular level a number of items
which are very vague and open to a wide range of interpretations. Although this difficulty of classification
raises doubts about the reproducibility of our study and about the overall results, more importantly it
leaves one wondering about the difficulties teachers must experience when they are preparing their les-
sons. The lack of precision in the drafting of the items and/or the lack of illustrations is likely to lead to
significant departures from the study programme, depending on the level of students, and significant
disparities of the kind observed between schools. This difficulty is even greater for secondary school
teachers, given that they are not necessarily trained to teach the subjects for which they are responsible
(which also raises the issue of teacher training). Furthermore, the lack of precision in the wording of pro-
gramme items can be also source of many problems for teachers who are not robust and uncomfortable
with mathematics. The lack of understanding about geometry knowledge makes more difficult the inter-
pretation of these curriculum statements. Given the constraints that teachers face, one solution is to
overhaul the study programmes, giving due consideration to the primary/secondary transition, avoiding
repetition, supporting the progression of learning and building on recent research in developmental

psychology.

Finally, it should be noted that this study only considered the study programmes produced by the net-
work organised by the Wallonia-Brussels Federation. Similar work could be carried out on the documents
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issued by the other educational networks to verify the programmes’ internal consistency.
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Notes

1. Although other spatial components are also treated
in the research (such as geography and physical
education), this article relates purely to geometrical
aspects.

2. The terms “cycle” and “level” are used interchangeably
here. In French-speaking Belgium, primary education is
made up of three cycles (Cycle 1-P: 6-7 years; Cycle 2-P:
8-9 years; Cycle 3-P: 10-11 years). Secondary education
is also composed of three cycles (Cycle 1-S: 12-13 years;
Cycle 2-S: 14-15 years; Cycle 3-S: 16-17 years). In this
article, the first four cycles of compulsory education are
considered (from the start of Cycle 1-P to the end of Cycle
1-5).
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