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- 1 - 

 

Introduction: The Treasures of Schematising  

 

 

 

The purpose of this dissertation is to examine schematising activities in early 

childhood mathematics education and to determine the possible benefits for 

children’s mathematical understanding in later stages of development. A 

schematising activity is every cognitive activity whose purpose is to construct 

and improve symbolic representations of the physical and the sociocultural 

reality. In educational practices we conceive of schematising if children represent 

activities and situations by means of drawings, figures, symbols etc. These 

representations include, but are not limited to, schemes, models, graphs, tables, 

drawings and narratives. Despite their apparent differences, they share a 

fundamental referential function that enables people to understand relationships 

between objects through symbolic substitutes. 

All representations have a visual, concrete aspect that can be transformed and 

transmitted and a potentially meaningful core. The concrete aspect of the 

representation is often called ‘inscription’ (see Latour, 1990). However, the 

transmission or exchange of inscriptions between one person and another does 

not guarantee that a shared meaning is simultaneously transmitted. Meanings 

are retrieved from memory or reconstructed in unfamiliar situations. From an 

early age, children encounter various inscriptions and must determine their 

meaning within the context of their daily activities. The complexity of this 

process justifies the careful guidance of young children through this 

developmental phase.  

The goal of this research project was to establish that teaching children how to 

construct meaningful schematic representations in early childhood aids in the 

development of mathematical understanding in later stages of education.  

The development of mathematical understanding in education is currently 

fraught with many difficulties. It seems that existing educational strategies shift 

their child-centred focus in early childhood education to a method–centred 

approach in the years following. Children between the ages of five and six are 

encouraged to engage in a significant amount of ‘learning through play’ when 

compared to the more structured education they normally experience in the third 

grade from the age of seven and upwards. In the third grade, children have to 

learn how to read, write, and participate in mathematical activities. They 

suddenly have to learn two different formalised notation systems, namely writing 

and arithmetic. Teachers are more accustomed to teaching these systems using 

standardised methods. There is a tendency to use more method-centred 

strategies as a child ages assuming the child can progress without difficulty. This 
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often ignores the fact that the gap between informal and formal learning is too 

wide for many children to bridge (Hughes, 1986). Consequently, we need to find 

a suitable method to help children bridge this gap, beginning in early childhood. 

The research conducted for this dissertation was approached through a 

sociocultural perspective that is based on the ideas of Vygotsky (Vygotsky, 1978; 

see also Wertsch, 1987). Central to Vygotsky’s theory is the idea that human 

beings can develop towards intellectually autonomous cultural identities by 

participating in cultural activities and subsequently appropriating the constituting 

meanings of that particular activity (Wertsch, 1987). Following from this view, 

Vygotsky provided criteria necessary to ensure effective learning. The first 

criterion is giving children appropriate assistance. This assistance will be most 

effective if it is provided in ‘the zone of proximal development’. The zone of 

proximal development is considered the distance between what a child can do on 

his own and what a child can do with a little help or stimulation from an adult, 

another child or a teacher in the context of a meaningful activity. The second 

criterion is the realisation that learning should be based on meaningful 

transformations of the child’s own actions. Learning will only be meaningful and 

engaging for the child if we take the child’s own development, interests, and 

activities as a starting point for further development (see van Parreren, 1987). 

The aptitudes of the child should always be taken into account when planning 

interventions. Examining the child’s aptitudes makes it possible to determine 

their interests and talents. Children question because they are curious and want 

to explore the world and define it themselves. Insight into the ways children act 

and think can be foundational in providing them with new instruments or tools 

that can help them to progress.  

Vygotsky cautioned that educators cannot provide pupils with just any 

cognitive tool at any given moment. For the tool to become meaningful to a 

child, the tools must be appropriate for the specific developmental stage of the 

child and it must correspond to what he called the ‘leading activity.’ El’konin 

further elaborated on Vygotsky’s theory of leading activity (El’konin, 1972) by 

proposing that, at different stages in a child’s development, children relate 

differently to the world. Hence, different abilities and interests are characteristic 

for a child in each stage. These different ‘stages’, involving different abilities and 

motivations, are ‘the leading activities’. Therefore, Vygotsky and El’konin 

recommend embedding educational activities (including tools) in the current 

leading activity of the pupil.  

 

The participants in our research programme were children between five 

and seven years of age. The research was conducted in schools that based their 

educational practices on the Vygotskian approach to development and learning. 

This educational perspective has been present in Dutch schools since the 1970s 

and is referred to as ‘Developmental Education’ (Ontwikkelingsgericht 

Onderwijs). According to this perspective, the leading activity of children 
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between the ages of five and eight is ‘play.’ Play activities provide endless 

possibilities for children to allow their imagination to run free and experiment 

with meanings and symbols (see Vygotsky, 1978, ch. 7). A sheet of paper can be 

folded to create a paper airplane or it can be used to make a drawing. Paper can 

also be used to write a story, make a list of ‘things to do’, or make schemes or 

diagrams to structure and organise ideas. A child can frequently change the 

meaning of an object. They verify their understanding of the meaning of an 

object or a representation by communicating with adults or other (older) 

children. In the course of this communication in ‘the zone of proximal 

development’, children start to understand the consequences of changing the 

form of a representation of their thoughts and ideas. Thus, a child is 

“appropriating shared meanings by ‘negotiating’ them in the context of social 

activities” (Van Oers, 1994, p. 23). This form of reflectively constructing meaning 

is called ‘semiotic activity’. Dijk et al. define semiotic activity as follows: 

 

“The cognitive activity of reflecting on the relationships between sign and 

meaning, or more particularly, reflecting on the mutual relationship between the 

change of signs and the change of meanings” (Dijk, Van Oers, Terwel, 2004, p. 

74). 

 

The use of symbolic representations is often part of a semiotic activity. 

Children are busy giving meaning to signs that relate to their world. As soon as 

young children start making drawings or illustrations, it can be assumed that 

they are trying to create meaning. They are essentially trying to invent symbols 

to express meaning and to represent their thoughts. Children want to make their 

views of reality understandable to other children and adults. To achieve this end, 

children create representations of their thoughts and ideas about the world. 

These representations are constructions. People build knowledge through 

impressions, learning processes and life experiences. People acquire different 

kinds of knowledge in many ways. While acquiring knowledge and experience, 

people construct their own ideas and conceptualisations of the knowledge and 

representations. Knowledge is constructed by structuring ideas, thoughts and 

feelings and by integrating them with pre-existing knowledge.  

The ability to structure thoughts is necessary for the development of 

mathematical understanding. Mathematics education researchers (see Nelissen, 

1998) have argued that an effective way of organising thoughts and impressions 

is through participating in schematising activities in mathematics education. 

When children are given the opportunity to invent their own strategies, schemes 

or notations to solve problems and to make their own representations of 

mathematical problems, they presumably will be more accepting of conventional 

symbols when they are introduced later in mathematics education (Dijk, van 

Oers en Terwel, 2004; Munn, 2006). If we want children to learn through 

understanding, we have to encourage them to create meaning and appropriate 
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symbolisations. Creating meaning and constructing symbolic representations 

refer to semiotic activity.  

This dissertation proposes that mathematics is a semiotic activity. The 

following definition of mathematics is used throughout the analyses: 

 

 “Mathematics is an activity of systematically organizing a concrete or mental 

domain in terms of quantitative and/or spatial relationships, constructing 

methods for problem solving related to that activity, as well as finding good 

reasons for this method” (Van Oers, 1996, p. 75). 

 

Many primary school children have difficulties performing mathematical 

operations. “Mathematical insight is widely recognised as an important 

educational goal. Mathematics education should promote learning for 

understanding. However, it has been clearly demonstrated in numerous studies 

that students experience difficulty when applying their mathematical knowledge 

to formal mathematics” (Keijzer & Terwel, 2001, p. 54). For many pupils in 

primary education, mathematics appears to be comprised of meaningless tasks 

that serve no purpose. Mathematical activities often seem to require the 

mechanical application of rules to achieve meaningless results. Children thus 

have trouble communicating in the language of mathematics. Hughes explains 

the reason for this difficulty as follows: 

 

“Many children experience difficulty in learning school mathematics because its 

abstract and formal nature is much different from the intuitive and informal 

mathematics the children acquire. Much of school mathematics involves 

representing ideas with symbols and manipulating the symbols according to the 

prescribed rules. Formalisation is essential, but it also presents a serious learning 

and instructional problem. Many children do not connect the mathematical 

concepts and skills they possess with the symbols and rules they are taught in 

school. It is the absence of these connections that induces the shift from intuitive 

and meaningful problem solving approaches to mechanical and meaningless 

ones” (Hughes, 1986, p. 174-5).  

 

Countless educators have tried to explain the difficulties experienced by children 

in mathematics. According to Bakker (2004, 2005), the obstacle to 

understanding mathematical concepts is that mathematical representations often 

refer to invisible objects and relations. Mathematics is not restricted to the 

immediacy of the physical world. It includes intangible mental objects and 

mental activities. This is what Freudenthal (1991) calls “expanding reality”. Most 

explanations for the problems encountered by children in mathematics education 

emphasise the problematic relation between signs (representations, inscriptions) 

and their meanings.  
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Creating meaning and using symbols are two important features of 

mathematics and mathematical thinking. Obviously, children are better able to 

use representations such as symbols when they understand their meaning and 

when they are used in a meaningful context. If young children have to be taught 

something about mathematics; we have to make sure that the mathematical 

concepts are presented in a way that contributes to a child’s current activities. 

Teachers should synchronise mathematical concepts with the children’s own 

interests through active interaction. If teachers are able to participate in the 

children’s activities, they can use this opportunity to try to present children with 

some new tools, ideas, questions or activities. Furthermore, educators must 

ensure that these new learning processes are pro-actively correlated to the 

child’s next stage of development. It is only when learning processes are 

harmonised with the child’s stage of development that a child can be expected to 

use appropriate concepts and progress to the next stage of development. In the 

context of mathematics, the use of tools, instruments and symbols could be 

encouraged by the teacher through demonstrations or by providing clues that 

encourage the child to discover them on their own. If, for example, a child is 

building a racetrack and he wants to show it to his friend in another school, he 

has to find a means of doing so. The teacher could advise him to make a drawing 

of the racetrack. By making a drawing and using symbols to represent the parts 

of his racetrack, the child can visually communicate the form, proportion and 

shape of his racetrack to another child. In this way, the child practices 

constructing symbols and reflects on the relationships between his symbols and 

his intended meaning. This reflective activity is very important for mathematical 

understanding. Once again, a mathematical activity is described as a form of 

semiotic activity. While participating in play activities, children often use signs, 

such as words or drawings. These signs can be objects that the child must divine 

the meaning of, particularly when words or symbols function as a means to 

regulate an activity. Children come to make sense of abstract symbols through 

using their own illustrations and constructing their own meanings within 

meaningful (play) activities (Carruthers & Worthington, 2003). Children debate 

the meaning of certain aspects of the objects within their play activity. These 

negotiations do not have to be verbal. Children can make use of drawings or 

schemes to negotiate their meanings. Schemes and diagrams can help children 

give structure to what they want to express to other children or adults. People 

need representations and signs to structure and organise thoughts and new 

information that has been presented to them (Bakker, 2005). 

Several authors have argued that semiotic activity appears in early 

childhood play activities with the production of schemes (for example, van Oers, 

1994). It has been demonstrated that there is significant theoretical support for 

introducing schematising activities in early childhood. What remains is finding 

objective support for their use.  
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Our investigation sought to determine if pupils were more successful at 

mathematics in later stages of their development (age seven) when they were 

exposed and familiarised with schematising activities between the ages of five 

and six in the context of a classroom environment.  

Children often have difficulties illustrating and organising their ideas, 

thoughts and activities. It is necessary to teach children this skill because they 

will not master it on their own without any direction or practice. 

As Bruner (1964) already pointed out, young children employ an enactive, 

perceptual mode of thought. This stage of development is followed by the 

adoption of iconic modes of thought. These modes are the intuitive, practical 

modes of thought. However, as children progress, they are expected to acquire a 

symbolic, logical mode of thought. There appears to be a large gap between the 

practical and the logical mode of thought. Children first need to learn some 

practical mathematical concepts (informal mathematics) before they can 

understand higher concepts (formal mathematics). If we want children to solve 

mathematical problems, we have to help them make fluent reciprocal 

translations between formal and concrete representations of the same problem. 

Everyday classroom practices have shown that this translation is very difficult for 

young children (Hughes, 1986). Hughes gave his impression of this difficulty with 

the following statement: 

 

“We want children to do more than simply carry out computations: we want 

them to understand what they are doing, and to apply their knowledge 

appropriately to practical problems. These problems do not usually present 

themselves in the appropriate mathematical form, but need to be translated into 

a formal representation before they can be solved” (Hughes, 1986, p. 169).  

 

Before children are able to make formal representations of problems, they 

have to be taught how to approach these problems. Children have to be shown 

how they can translate real–life problems into mathematical problems and 

mathematical problems into real life situations. Children should be able to 

translate mathematical language to ‘everyday’ language. In order to promote 

this ability, mathematics should be a meaningful activity, embedded in a 

meaningful context. If mathematical activities emerge from meaningful activities, 

children are able to understand how to organise their experiences arising from 

their play activities. Children thus need tools to organise their field of 

experiences. Organising a field of experiences is what Freudenthal (1973) means 

by mathematising. According to Gravemeijer and Terwel (2000), mathematising 

literally stands for ‘making it more mathematical.’ “To clarify what ‘more 

mathematical’ means, one may think of such characteristics of mathematics as: 

1) generalizing (looking for analogies, classifying, structuring); 

2) certainty (reflecting, justifying, proving [using a systematic approach, 

elaborating and testing conjectures]); 



 15 

3) accuracy (modelling, symbolising, defining); 

4) brevity (symbolizing and schematising)” (Gravemeijer & Terwel, 2000, p. 

781).  

Tools to organise the field of experiences include schemes, symbols, drawings or 

diagrams. These tools are constructed by a process that Freudenthal (1973) has 

denoted as ‘guided reinvention’. 

Again, there is a large gap between the children’s concrete numerical 

understanding and their use of formal written symbolism (Hughes, 1986). The 

goal of this present research project was to confirm that children are more able 

to translate the language of their play activities to mathematical language using 

guided schematising activities. Bridging the ‘gap’ between these two levels of 

understanding and two ‘languages’ is an important undertaking. The best way to 

build this bridge is to introduce schematising in early childhood in the context of 

play (see Venger in van Oers, 1996).  

It appears that children’s invented notations are more useful in the early 

stages of acquiring schematising skills than the conventional symbolism of 

arithmetic (Hughes, 1986). If a four year old is asked to find the solution to ‘4 + 

3 = ...’ most of them will be unable to do so. However, if four year olds are 

instead directed to draw 4 apples followed by 3 apples and are then asked how 

many apples are in the drawing, they recognise that there are a total of 7 apples.  

We should build on children’s own thinking strategies to help them solve 

mathematical problems (Hughes, 1986) because their strategies have meaning 

for them. This approach should be the foundation for early childhood 

mathematics education. After building on a child’s own reasoning system and 

exploring different problem solving options, the idea that it can be easier to solve 

problems using mathematical symbols should be demonstrated. Children have to 

be exposed to and experience situations in which using appropriate symbols 

makes problem solving easier (Hughes, 1986). Carruthers & Worthington (2003) 

argue that it is through exploring mathematical graphics on their own terms that 

young children come to understand the abstract symbolism of mathematics, such 

as the concept of number value as represented on a number line or the part-

whole relationship in percentages and fractions. 

Through their (guided) invention of meaningful symbolic representations, 

and their subsequent reflection and discussion, children learn mathematics. If 

young children are asked to make a drawing of their home without purpose or 

justification, children will not be able to understand what they have to do and, 

more importantly, why they have to do it. If a child says that he is going to move 

into a big house with a beautiful new bedroom, the instructor can use this 

opportunity to ask several questions in order to determine the child’s interests 

and thus develop a meaningful activity. The child can be asked to describe his 

new house. After verbally describing his house, he can be asked to make a 

drawing of his new home, which is, in effect, a schematisation. Using his 

illustration, he can be directed to think about the relative sises of objects and 
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measurements. The child will be motivated to explore these concepts because, 

otherwise, he will not be able to show other children a precise drawing of his new 

house.  

Carruthers and Worthington (2003, p.38, 52) provide another argument to 

support the importance of introducing schematising in early childhood education. 

A summary of the key points regarding the importance of mathematical schemes 

is as follows:  

 

- the majority of schemes Carruthers et al. identified are mathematical; 

- through observations of children’s schemes we can see the early 

development of mathematical concepts; 

- we can support this mathematical development; 

- mathematics can be seen in its broadest sense through children’s 

schemes; 

- they may also help the practitioner understand the mathematics through 

the children’s schemes; 

- schemes highlight the mathematics in the world; 

- schemes can emerge from the child’s own self–interest; and 

- schematic thinking can be represented in drawings. 

 

Schematisations, filled with symbols, provide insight into children’s 

thoughts, experiences, abilities and interests. They demonstrate if children are 

able to understand the language of mathematics and if they need additional help 

to ‘bridge the gap’ between concrete thinking and formal mathematical thinking. 

Introducing schematising may improve the rate of success in performing realistic 

mathematical activities in later stages of development. 

 

Research question 

This thesis explores the hypothesis that a teacher can contribute to the 

development of mathematical thinking by introducing schematising to children 

between the ages of five and six. When the teacher makes pupils aware of 

possible ways to enrich their play activity by introducing schematisations, it can 

be expected that their participation in realistic mathematical activities in later 

stages of development will be enhanced. The main research question posed by 

this study is:  

What are the effects of introducing schematising to five and six year old 

children in an experimental setting on their mathematical understanding at 

age seven, compared to the learning outcomes of pupils in a control group 

where children did not practice schematising activities? 

 

Hypothesis 

Mathematical thinking is an activity in which dynamic relationships such as 

equations and functions play an essential role. (Dynamic schematisations are 
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schemes which show relations such as processes or changes, see Chapter 3). 

Therefore, learning to construct and use dynamic schematisations is supposed to 

facilitate the appropriation of mathematical rules and models. The dynamic form 

of schematising asks for increased understanding and reflection. We propose that 

our experimental group will be better able to work with dynamic schematisations 

than our control group due to the effect of a schematising program implemented 

in the experimental group. The experimental pupils should perform better at 

solving dynamic assignments such as sums with arrows and number lines. 

However, their results when solving ‘normal’ sums may not differ from the 

results of the control pupils because solving ‘normal’ sums (with symbols as + 

and -) do not necessarily require sophisticated mathematical understanding and 

can be solved using routines. 

In the experiment, the teacher and pupils attempted to undertake 

schematisation activities in the context of the pupil’s play activities. By doing so, 

the teacher stimulated these pupils to progress to their next stage of 

development. Through practice using schematising, we expected the pupils to be 

better able to bridge the gap between formal and informal mathematics. 

Schematisations are functional tools to organise experiences and thoughts. 

The central hypothesis of this research project is that the pupils in the 

experimental group perform better on schematising activities (see Chapter 3 and 

4) than the pupils in the control group. We also hypothesise that the 

experimental group children have better mathematical learning outcomes (see 

Chapter 5) in later stages of their development because they practised 

schematising throughout one year. We contend that the children gain confidence 

with the functions of schematisations as they are taught to explain their thoughts 

using their own representations by means of schematising. 

 

Research Design, Sampling and Situation 

This project focuses on the symbolic representations of language and the early 

precursors of model–based thinking and learning in grades two and three 

(primary school) in the context of children’s play activities.  

The overall design of the study can be described as a ‘design-experiment’ 

(see Chapter 3) involving a case study and a longitudinal study with an 

experimental and a control group. The case study examines the stumbling blocks 

of children who participate in schematising activities. The main study is a 

longitudinal study (two years), of the mathematical development of young 

children. This study must initially demonstrate that schematising can be a 

substantial part of the early childhood curriculum. Secondly, it must also 

demonstrate that this addition to the curriculum is effective by measuring the 

learning outcomes of the experimental group and comparing them to the 

outcomes of the control group. 

Our research followed 133 students spread over six classes. The 

experimental group comprised 75 children, while 58 pupils participated in the 
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control group. Three classes were assigned to the control condition while the 

other three classes participated in the experimental condition. The schools are all 

situated in the northern part of the Netherlands, near Amsterdam. 

 

Table 1.1  

 

Comparison between experimental and control setting 

 

Experimental Condition    Control Condition 

 

3 schools      3 schools 

7 classes      6 classes 

9 teachers      7 teachers 

N=75       N=58 

Schematising systematic    Schematising incidentally 

Schematising complete    Schematising incomplete 

Schematising static and dynamic   Schematising static (if even) 

Attention for reflection on schemes   No attention for reflection 

Specific role teacher-trainer    No specific role teacher-trainer 

 

See Chapter 3 for characteristics of the research population. 

 

Conceptual Model Guiding the Study 

The main variables in the study and their relationships (and hypothetical 

relationships) are represented in figure 1.1. 

 

 
Figure 1.1: Basic conceptual model guiding the study. 

 

Figure 1.1 can be read as follows. The slanting line refers to the direct, main 

effect of the teaching and learning processes on the learning outcomes. The 

horizontal arrow above represents the transformation of pre-knowledge into 

learning outcomes. The vertical arrow represents the interaction effect of the 

teaching and learning processes on the relationship between pre-knowledge and 

learning outcomes. The dotted line represents the intended effect of the program 

Pre-knowledge 
Learning outcomes 

Teaching and 
learning process 
exp/control 

Program: 
 
Exp/control 
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on the teaching and learning processes (see Holmbeck, 1997). This model refers 

to both our quantitative and qualitative study.   

 

The Experimental Program  

The project began in September of 2002 and, in October of 2002, the 

intervention process was initiated. As schematising in schools is not a common 

practice, a teacher-trainer supported the teachers in the experimental group. 

This teacher trainer helped the teachers identify opportunities to introduce the 

children to schematising activities. The children in the experimental group 

worked with schematising for a year in their second grade of primary school 

when they were between the ages of five and six. More details about this 

program is explained in Chapters 3, 4 and 5.  

 

Methods and instruments 

During our research project, we performed five evaluations divided between the 

intervention and post intervention period. Before the intervention period began, 

we evaluated the children’s basic mathematical skills and their number sense, 

using the Utrechts Getal Begrip test (hereafter termed UGT–test) before they 

were exposed to schematising in October, 2002 (see Chapter 5). This test was 

administered to obtain information regarding the children’s ability to classify, 

organise and conserve numbers as well as their number-sense and related skills 

and concepts.  

During the experimental year, a curriculum specific test ‘Schematiseren’ 

(schematising) was administered in June, 2003 in order to determine if 

schematising could be taught to children and if significant differences in 

mastering schematising skills appeared between both conditions (see Chapter 3). 

In addition, a standardised test was administered in the middle of our 

intervention process, both in January and June of 2003. A CITO norm–referenced 

standardised test that is used in primary education in the Netherlands was used. 

These tests were administered to determine whether differences in learning 

outcomes had already presented themselves by the end of grade two. These 

tests were also administered in the post-intervention period in order to discover 

whether our intervention was successful (February, 2004) and if retention rates 

were affected (June, 2004) (see Chapter 5). In the post-intervention period we 

also administered the ‘Pijlentaal’ or Arrow Language Test, which is an arithmetic 

test designed to measure children’s problem solving abilities (see Chapter 3).  

In addition, the children in both conditions were videotaped as they 

participated in mathematical activities. As well, we collected a substantial 

number of drawings created by the children in schematisations of their activities 

(see Chapters 4 and 6). 
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Outline of the thesis 

The results of this experiment provide several indications that support the 

contention that schematising is an appropriate method for guiding children in 

solving mathematical problems and that it is an effective means to achieve 

success in later stages of mathematical development.  

Chapter 2 begins with a literature review of the pertinent research that 

formed the foundation of this research project. Research that had been 

previously done in the area of schematising are summarised in this chapter and 

our theoretical approach is presented. 

In the third chapter, we explore the differences between the experimental 

and the control group with regard to children’s schematising skills and children’s 

learning outcomes on two tests created for the study, namely the Schematiseren 

Test (‘Schematising Test’) by van Oers and the ‘Pijlentaal’ (Arrow language Test). 

We determined if schematising skills develop naturally or if they are a learned 

skill. We also looked closely at differences in schematisations. We expected our 

experimental group to master schematising skills, participate actively in 

schematising activities and use a more sophisticated means of problem solving in 

early mathematical understanding. The main dependent variable of the study 

that was used to estimate the effects of the intervention was the Schematising 

Test.  

In Chapter 4, we describe the influence of introducing schematising on 

learning processes and the quality of the schematisations. This chapter examines 

whether schematising had become part of the ‘classroom culture’ in the 

experimental condition when compared to classroom culture of the control group.  

In Chapter 5, we examine and discuss the learning outcomes of both 

conditions on the pre- and post-test. We also compare the children’s learning 

outcomes before and after the intervention process in all the schools and discuss 

the differences in learning outcomes between both groups on these tests.  

Chapter 6 consists of a case study. One experimental class was followed 

and an in-depth to analysis was made in an effort to detail the obstacles to 

schematising in mathematics education.  

The final chapter brings together the information presented in the 

preceding chapters, followed by a general discussion of the research project. The 

summaries of this dissertation are available in Dutch and English. 

Since individual chapters have been submitted as stand-alone articles to 

various international journals, there is some repetition between chapters.  
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A Review of Selected Research Outcomes: 

The Introduction of Schematising in Early Development and Their Effects 

on Learning Outcomes in Later Mathematical Development 

 

 

 

Abstract 

Recent literature contends that the identification and development of a child’s 

informal mathematical understanding is crucial as this can enable children to 

translate informal knowledge into abstract symbolism. Educational strategies for 

teaching mathematics and developing the mathematical understanding needed to 

master problem-solving activities have been the subject of numerous educational 

research studies. A review of the recent literature surrounding these issues was 

used to develop the foundation for our research project on the effects of 

schematising in early childhood (ages five to six) and on the learning outcomes 

in later development of mathematical understanding (age seven). Significant 

research has been conducted in the area of mathematics education and on 

children’s ability to use their own symbolic representations to express their 

conceptual understanding of mathematical concepts. This chapter provides an 

overview of the most relevant articles identified by our literature review and 

thereby sheds some light on our basic research question, namely ‘Does 

schematising enhance the development of mathematical understanding?’ 

 

A Treasure Chest  

Because children frequently struggle with mathematical concepts and have 

difficulty participating in mathematical activities, researchers have long been 

seeking the most effective strategies for teaching primary school children 

mathematics (see Hughes, 1986). Skemp (1989) discusses the unique difficulties 

surrounding the acquisition of mathematical understanding with his observation 

that people experience more problems with the comprehension of mathematical 

concepts than with understanding historical concepts or acquiring a foreign 

language (p. 22, p. 29). Identifying practical strategies for improving the 

development of mathematical understanding in children is an integral part of our 

research. 

Perhaps the most significant question to be examined through our 

research program is whether schematising should be introduced in early 

childhood (ages five to six) in order to build confidence in the use of schemes 

and symbols etc. This may enrich play activity and initiate the shift from informal 

to formal mathematics. The shift from informal to formal mathematics can be 
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considered a shift from unstructured mathematical knowledge towards 

mathematical understanding that is structured and organised using unfamiliar 

and strongly formed tools.  

In early mathematical instruction, education activities attempt to provide 

young children with the tools to help them to succeed in mathematics further on 

in their development. In early childhood, children become accustomed to using 

visible objects and relations to understand mathematical concepts. Later in their 

development, children are expected to deal with invisible objects and relations. 

Freudenthal (1991) described this shift in perception as the difference between 

common sense and mathematics: “Common sense takes things for granted, 

while mathematics asks for good reasons” (Freudenthal, 1991, p. 14). 

 

Mathematics asks for good reasons and therefore asks for good 

understanding. Good understanding in mathematics education assumes a fluent 

translation between mathematical schematisations and real life contexts. Since 

many children are unfamiliar with the functions of the symbols and 

schematisations commonly used in mathematics education, the translation 

between mathematical schematisations and real life contexts is often 

accompanied by comprehension difficulties. Children are unaccustomed to 

translating real–life contexts into symbolic representations in order to structure 

their thoughts in a mathematical way. Mathematical problems are often 

approached using difficult and unfamiliar symbols that do not seem to have any 

relevance to a child’s real life experiences or personal framework. For many 

children, the whole exercise becomes truly meaningless. Without knowing why 

they have to deal with mathematical problems, children are nevertheless 

expected to work out, with limited methodology, the meaning of these, for them, 

meaningless problems. Our research hypothesis is that if we introduce a 

methodology or strategy for children to schematise a mathematical activity (or 

any activity) in early childhood, they will be more successful in undertaking 

realistic mathematical activities and will thus demonstrate better learning 

outcomes in their later development. 

Freudenthal (1991) contended that mathematical understanding must be 

developed as a human activity. According to Freudenthal, people use 

mathematics more often than they are aware of because they cannot do without 

it in their daily lives. Mathematics is an activity by which concepts are discovered 

and organised in an interplay of content and form (Freudenthal, 1991). 

Therefore, people have to do mathematics. Freudenthal further contends that we 

should not speak of mathematics, but rather of mathematising. Mathematising is 

the activity of organising a field of experiences (Freudenthal, 1973). Although 

control of this activity is not necessary in early childhood, the older children get, 

the more they need to organise knowledge and thoughts using mathematical 

means. Consequently, it is important that children learn which tools they can use 
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to organise their experiences. Tools to organise mathematical experiences are 

symbolic representations. These tools are all part of schematising activities.  

A schematising activity in this context is every cognitive activity directed 

towards the construction and improvement of symbolic representations of an 

element of the physical and the sociocultural reality. “Schematisations form the 

bridge between the concrete practical thinking of young children and logical–

symbolical thinking in later development. This bridging function attributed to 

schematising is an important argument in favour of schematising in early 

childhood” (Dijk, van Oers & Terwel, 2004, p. 75). 

Unfortunately, most children in grade three (ages six to seven) are not 

accustomed to employing diagramming tools as a part of schematising. In grade 

one and two (ages four to five), children are encouraged to play and to interact 

with visual objects and relations such as drawings and pictures. However, in 

grade three, children are suddenly confronted with arithmetic and mathematics. 

They are then required to deal with formal representations of relations and 

objects, which are, for these children, new concepts. The form these 

representations of a certain reality take is conveyed through an unfamiliar 

instrument for children of that age (six to seven years), namely mathematical 

symbols. Before children are able to understand mathematical symbols, they 

have to be able to make formal representations of problems themselves. 

Consequently, we contend that teaching children to create symbolic 

representations of their mathematical thoughts is imperative. Children must be 

shown how they can a) translate real life problems into mathematical problems; 

and b) translate mathematical language into daily life experiences, language and 

contexts.  

Tools, like schemes, can be introduced in children’s play activities so that a 

bridge between vernacular and mathematical language can be built. In addition, 

allowing children to not only invent their own methods of notating and 

representing their thoughts but also explore the limits and potentials of these 

methods is valuable. After all, according to Carruthers and Worthington (2003), 

children are able to think of their own symbols and notational systems for 

mathematical problems. In this way, children can learn the function of tools like 

schemes and symbols. We propose that success in using these tools will result in 

a subsequent improvement of their mathematical learning processes and 

outcomes. If this is the case, we may be able to provide support for a potentially 

successful strategy for use in mathematics education. 

Freudenthal (1991) also writes about “treasures.” He describes 

mathematics as “a precious treasure–chest of tools, precious that is for those 

who can put them to good use” (p. 14). We suggest that there is a specific 

“jewel” waiting to be discovered inside this mathematics treasure chest and that 

schematising can be a precious gem for children facing difficulties in 

mathematics. 
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A number of researchers have investigated children’s use of symbolic 

representations or children’s interpretations of notational systems. Research has 

been, and continues to be, conducted on the effects of  ‘schematising in 

mathematical activities’, on children’s use of inscriptions, symbols and schemes 

and on children’s capacities to make representations of what they see and 

understand. We sought to find empirical evidence that supports our assumptions 

concerning the significance and advantages of ‘schematising’ on children’s later 

mathematical development. Therefore, we provide, in the following paragraphs, 

an overview of the research literature on schematising. 

 

Research Methods 

A literature review was conducted using ERIC (journal articles and full–text), 

online contents, and the university’s online journal database. The following 

keywords, in various combinations, were considered relevant: SCHEMAS, 

SCHEMATISING, SCHEMATISING ACTIVITIES, MATHEMATICS, MATHEMATICAL 

ACTIVITIES, MATHEMATICAL EDUCATION, MATHEMATICAL COMPETENCE, EARLY 

CHILDHOOD, SYMBOLIZING, INSCRIPTIONS, REPRESENTATIONS. The literature 

culled from these sources was further evaluated to determine the degree to 

which the literature contributed to answering the main question of our research 

project, namely: 

 

What are the effects of introducing schematising to five and six year old 

children in an experimental setting on their mathematical understanding at 

age seven, compared to the learning outcomes of pupils in a control group 

where children did not practice schematising activities? 

 

The bibliographical notations of the selected literature were also examined, 

especially when an article appeared to be of particular relevance. The relevant 

articles were then analysed using specific criteria since no literature showing 

quantitative empirical data and/or the use of a control group to examine the 

effects of schematising in early childhood on mathematical learning outcomes in 

later development were found. Our literature search resulted in four relevant 

articles. The articles that did not provide any significant insight on our specific 

research question were excluded. Additionally, articles were excluded because:   

 

- The article discussed only mathematics education but not in relation to 

tools such as schemes; 

- The article discussed only inscriptions or schemes, etc., but not in 

relation to mathematics education; 

- The sample comprised older children (age >9); 

- The article did not report on the importance of children’s own graphic 

representations and the ways they can represent their thoughts; and 

-    The sample size was too small (<75). 
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In our literature search, the concept of ‘schematising’ appeared to be 

uncommon. Only a few articles defined the term ‘schematising activity’ similarly 

to our definition, which is as follows: 

 

A schematising activity is every cognitive activity aimed at the construction and 

the improvement of symbolic representations of a part of the physical and the 

sociocultural reality (see Van Oers, 1994, 1996). 

 

In cases where researchers similarly defined schematising activities, children’s 

learning outcomes were not investigated. These studies were limited to either a) 

a description of the importance of introducing schematising to children; or b) a 

demonstration of some qualitative research outcomes. As a result, we were 

required to broaden the scope of our search.   

First, the articles were described in terms of their research question and 

then compared to our own research question. We then acquired details regarding 

the design of the study, the research group investigated and the results of the 

study. After this, we concluded that that no published studies had investigated 

the same research question we had adopted. Despite this shortfall, each of the 

selected articles further encouraged us to undertake our own research project. 

The reason why these articles stimulated our interest will be explained further in 

the following paragraphs as the four relevant articles selected by our literature 

reviews are summarised.  

  

Opening the Treasure Chest of Schematising Activities   

 

Young Children’s Graphical Representations 

 

There has been little research on children’s own informal marks     

(mathematical graphics) in mathematics, but most studies have 

concentrated on the analysis of children’s number representations in 

clinically set up tasks (Carruthers & Worthington, 2005). 

 

In an ethnographic and qualitative research study, Carruthers and 

Worthington (2005) studied children’s number representations in various 

settings, including their homes, nurseries and classroom contexts. This study 

thus examined a group of children as they made drawings in their naturalistic 

surroundings. Seven hundred mathematical graphics created by children, aged 

three to eight, were analysed over a period of 12 years. The goal of the study 

was to highlight very young children’s ability to create and develop their own 

graphical representations of quantities.  

Carruthers and Worthington (2005) endeavoured to uncover whether 

children were able to create their own ways of representing mathematical 

concepts, through drawings, graphics, diagrams, etc. Carruthers and 
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Worthington (2005) also suggested that, by encouraging children to undertake 

these types of activities at the age of three or four, understanding of 

mathematics in early elementary school grades could be enhanced. The kinds of 

activities examined by Carruthers and Worthington (2005) correspond with what 

we defined as ‘schematising activities’. 

While analysing the graphics created during children’s play activities, such 

as marks on paper, counting and own written methods, Carruthers and 

Worthington (2005) identified five common forms of graphic-based activities: 1) 

early play with objects and own marks; 2) early written numerals; 3) numerals 

as labels; 4) representation of quantity; and 5) early operations. According to 

the authors, mathematical graphics can also be:  

 

- dynamic (marks that are lively and suggestive of action, characterised 

by change or activity);  

- pictographic (marks that represent some aspect of an object);  

- iconic (an exact representation of an object);  

- written (words or letter–like marks which are read as words and 

sentences);  

- symbolic (standard forms of numerals) (2003, p. 64-65). 

  

By analysing children’s mathematical graphic representations in this way, 

the researchers were able to show how the full range of children’s responses 

could provide important feedback about the ways in which children think. 

According to Carruthers and Worthington (2005), the features of the graphics 

can be considered significant aspects of children’s mathematical development. 

Additionally, these graphics could play a positive role in their development. They 

further concluded that: 

 

“The essential reason for teachers to encourage children to represent their 

mathematical understanding on paper, in their own terms, is that children will 

come to understand the abstract symbolism of mathematics at a deep level. By 

doing this, children should be able to bridge the gap between home mathematics 

to school mathematics” (p. 77). 

    

Unfortunately, Carruthers and Worthington’s (2005) study did not show 

whether children who practiced schematising activities in early childhood also 

demonstrate better learning outcomes in later mathematical development. 

Rather, they merely attempted to demonstrate the level of challenge and 

thinking children experience when working with less restriction and more 

freedom with respect to the use of their own written methods. 

 In summary, this article shed some light on our research question because 

it investigated children’s ability to make their own graphics and representations 

of their mathematical thoughts. The study further demonstrated, in accordance 
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with Van Oers (1994), that schematising is an activity that is accessible to young 

children. In our own research, we attempted to go beyond merely investigating 

children’s representational abilities. Not only were we interested in children’s 

representational abilities, we also sought to evaluate the effects of this kind of 

learning.  

The study summarised above differs in several respects from our research 

question. Firstly, Carruthers and Worthington (2005) conducted a qualitative 

study to analyse drawings and graphics created by children. Our study was not 

only qualitative but also quantitative, which means we were not only interested 

in children’s ability to make symbolic representations, but also in the effects 

these activities have on the mathematical learning outcomes in later 

development. Carruthers and Worthington (2005) suggest that the activities of 

the children in their project may prove their worth in later development. 

However, they did not demonstrate this using either quantitative or qualitative 

data. 

The research population in Carruthers and Worthington’s (2005) research 

study comprised 700 ‘objects’ over the course of 12 years. Our research 

population consisted of 133 pupils. Carruthers and Worthington (2005) analysed 

drawings while we focused on analysing learning processes and outcomes. 

However, despite differences in focus size and duration of the research project, 

Carruthers and Worthington’s (2005) study provided us with some data relevant 

to our field of study. The children in their research population were of the same 

age as the children in our project.  Additionally, in our study, children were 

encouraged to participate in schematising activities and thus made 

representations of their own mathematical thoughts. Lastly, and in accordance 

with our findings, Carruthers and Worthington (2005) concluded that 

mathematical thinking could be stimulated by introducing schematising in early 

childhood. 

 

Making Maps in Mathematical Education 

 

“Geometry in the primary grades – including the mathematics of 

shape and space, drawing, and measure, is an important 

cornerstone for developing understanding of central conceptual 

structures in mathematics, like form and dimension, and for 

developing mathematical habits of mind, like visualization, 

conjecture, and proof. Past and contemporary investigations of 

children’s development indicate that young children’s everyday 

understanding of shape, form, and space are solid foundations for 

children’s geometry” (Lehrer and Pritchard, 2002, p. 59). 

 

Lehrer and Pritchard’s (2002) study focused on how children deal with the 

mathematics of shape and space, drawing and measurement. This was done in 
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the context of observing how children made maps of their school playground. In 

their study, Lehrer and Pritchard (2002) built upon children’s informal 

understandings to conduct a ‘design’ or ‘teaching experiment’ in which they 

explored “the feasibility of introducing third–grade children (8-9 years of age) to 

the prospect of geometry as a tool for modelling” (p. 59). They “conducted a 

design experiment to introduce children to the mathematics of position direction 

by successively inscribing and symbolizing a large–scale space – their school 

playground” (p. 59).  

Children of eight to nine years of age ‘mathematised’ their familiar space 

and, as the students created a map of their playground, the researchers 

presented a specific form of notation, namely polar coordinates. Before 

introducing this form of notation, the researchers determined if the children were 

able to understand the function of a compass. The children developed these 

forms of mathematical notation by modelling objects relative to their location in 

the world. 

The goal of the study was to support and document the emergence of a 

progressive symbolisation and mathematisation of space. To realise this goal, the 

researchers conducted a qualitative study. They videotaped the lessons in which 

the children made maps and explored ways to represent what they saw and 

experienced on the school playground. The researchers also made field notes to 

supplement the videos. Lehrer and Pritchard (2002) concluded that: 

  

“Over the course of a month, students’ understanding of their playground 

changed markedly. This change was promoted by representational re-description 

of familiar activities like walking, and also by re–rendering the space of the 

playground as a map” (Lehrer & Pritchard, 2002, p. 83). 

 

Lehrer and Pritchard (2002) indicated that a notational system appeared to be 

helpful for children struggling with establishing a correlation between the worlds 

of perception and inscription. This aspect served as the main contribution of 

Lehrer and Pritchard’s study to our research question, in that it supports the 

hypothesis that schematising supports the development of mathematical 

understanding in early childhood. In Lehrer and Pritchard’s article, strategies to 

stimulate children’s mathematical thinking by making mathematical notations 

and symbols are promoted in ways that are useful and meaningful for children. 

Unfortunately, this study failed to indicate whether this new way of mathematical 

thinking also has positive effects on problem solving in later mathematical 

development. This is an important difference between their study and ours.  

 

Stimulating Early Mathematical Competence 

 

“Research has shown that arithmetic difficulties later in life can be 

explained by an insufficient development of early mathematical 
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competence: i.e. different aspects of early mathematical 

competence” (van Luit & van de Rijt, 1997, p. 215). 

 

It is obvious that there exists a strong relation between the form of 

instruction and the way children learn and that the different ways 

instruction can be given each have their own advantages. 

“Literature shows that little research has been done on the effects of 

different forms of instruction in mathematical education” (van Luit & 

van de Rijt, 1997, p. 223).  

 

In their article ‘Stimulation of early mathematical competence’, van Luit 

and van de Rijt (1997) presented the results of a study on the development of 

early mathematical competence among young low arithmetic achievers in the 

age range four to seven years. In their project, they investigated the possibility 

of stimulating the development of eight aspects of early mathematical 

competence among low arithmetic achievers. Van Luit and van de Rijt (1997) 

claimed that children that experience difficulties with mathematical problems 

require extra help and that an appropriate program should be developed. They 

also suggested that children can be stimulated to think actively and learn 

together with other children if they are offered different situations and materials 

in a learning program, such as those used in ‘Realistic Mathematical Education’ 

(van Luit and van de Rijt, 1997). Realistic mathematical education rests upon the 

notion that mathematics should take place in a real and theme-based context in 

which different mathematical skills are presented in an integrated way. In this 

way, skills are more meaningful for children. Additionally, this means of teaching 

allows children to recognise that there is more than one way to approach and 

solve mathematical problems. 

Van Luit and van de Rijt (1997) selected 136 children to participate in their 

research project. The children were selected based on performance score on a 

Dutch number understanding tests called the Utrechtse Getalbegrip Toets 

(hereafter referred to as UGT test) as this test can be used “to select young 

children with a possible developmental lag in early mathematical competence.” 

Children with below-criterion scores were included. The UGT test scales consist of 

eight aspects, namely concepts of comparison, classification, correlation, 

seriation, using counting words, structured counting, resultant counting and 

general knowledge of numbers (1997, p. 226). Based on the results of their pilot 

studies, it appeared that 25% of the children between the ages of four and seven 

can be considered low arithmetic performers. 

After the initial selection process, the experiment attempted to assess the 

effects of two types of instruction on the low achievers in mathematical 

education. The two forms of instruction were guiding and structuring instruction. 

The children were presented with an additional program consisting of activities 

embedded in real life themes. In this program, particular attention was given to 
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the different aspects of early mathematical competence. The children (N = 136) 

were divided into four groups. Two of the four groups were experimental and 

differed only in the kind of instruction used in the program. The two control 

groups differed in the way mathematics was presented. All participants were 

matched for pre–test score, age and sex. One group was instructed using one of 

the common Dutch mathematics methods while the other group was taught 

without a prescribed method. The children were tested twice during the research 

program. At the end of the program, van Luit en van de Rijt (1997) concluded 

that: 

 

 The experimental program had a positive influence on the development of 

early mathematical competence, consisted of the eight different aspects. The 

children learned to apply different strategies and skills which lead to well–

developed early mathematical competence (van Luit and van de Rijt, 1997).  

 

The results of van Luit and van de Rijt’s (1997) study resulted in two noteworthy 

findings. Firstly, they concluded that it is indeed possible to stimulate the early 

mathematical competence development of young low arithmetic achievers. More 

importantly, this study demonstrated that the kind of instruction used – guiding 

or structuring – does not influence the results. Consequently, van Luit and van 

de Rijt (1997) were unable to determine what kind of instruction is most 

successful for low performers in early childhood mathematics education. 

However, the findings do suggest that stimulating mathematical development of 

children during early childhood is necessary to enhance problem solving skills 

and mathematical thinking in their later development.  

This article demonstrated researchers’ interest in uncovering the ways in 

which children can be helped to not only build a bridge between common 

language and mathematical language but also to discover the tools that can help 

children deal with mathematical problems.    

However, Hughes (1986) has demonstrated that, in some cases, direct 

instruction of mathematical skills might cause difficulties in mathematics learning 

when children are not given opportunities to translate their own mathematical 

notions or notations into more sophisticated mathematical ones. In order to 

support this translation process, Hughes argues for an approach in which children 

invent their own notations and learn how to improve these according to 

mathematical conventions. Van Luit and van de Rijt (1997) did not discuss the 

production of self-invented notations in their instructional programs. We assume 

that schematising activities may very well constitute a precursor for notational 

activities and improvements, which belongs to the operation of mathematising 

rather than the accomplishment of arithmetical operations. We thus endeavoured 

to assist children in schematising. 

In short, van Luit & van de Rijt’s (1997) study is relevant to our research 

hypothesis as it shows that young children’s mathematical abilities can indeed be 
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developed. For our purposes, however, we think the approach put forth by van 

Luit and van de Rijt (1997) should be broadened to include additional focus on 

mathematising.  

 

Early Training in Mathematical Education 

 

“Mathematics is known to be hard to teach and difficult to learn. It is 

well known that many students never get real insight into important 

aspects of the subject” (Stern, 1997, p. 239).  

 

Stern (1997) investigated the relationship between performance in 

quantities estimation at ages five and six and word problem solving in grade two. 

She states:  

 

“Early understanding of number conservation facilitates the acquisition of 

extended mathematical competencies in elementary school time, based on 

understanding mathematical symbols as instruments for representing static set 

relations. Children who lack basic numerical skills in preschool time can be 

expected to have difficulties with school mathematics” (Stern, 1997, p. 248).  

 

Stern (1997) sought to determine the kind of instructional support that should be 

given to children. She thus discussed some longitudinal studies that investigated 

the impact of number conservation in preschool time on elementary school 

children’s competencies in dealing with quantitative comparison. These studies 

investigated the effects and knowledge gained in elementary school and the 

impact of elementary school knowledge on middle grade knowledge. 

Stern (1997) also studied the longitudinal development of mathematical 

competencies. In her investigation on the impact of preschool performance on 

later mathematical competencies, data from 95 children who participated in the 

logic sample as well as in the scholastic sample of the research program were 

presented. Between the ages of three and four and between the ages of five and 

six, children were presented with number conservation programs. They were also 

presented with the test on estimating quantities. This test measures efficiency in 

transforming visual information into mathematical symbols. Children, ages five to 

six, were also presented twice yearly with mathematical word problems differing 

in complexity and in the underlying situational model. The results of this study 

were as follows:  

 

For each school year the sum of score of correctly solved word problems was 

raised. The results proved high stability of performance in word problem solving 

during preschool time…This indicates that the sources of individual differences in 

word problem solving are already established in second grade.  
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According to this study, we can expect that children who lack basic numerical 

skills in preschool time will have difficulties with school mathematics. Stern 

(1997) states, “Understanding the quantitative comparison might be a first step 

in understanding that numbers are not only used as cardinal numbers, but also 

as relational numbers. Therefore, word problems dealing with the comparison of 

sets might bridge the gap between understanding natural and non–natural 

numbers” (p. 248). Performance on comparison problems by children in grade 

two turned out to be the best predictor of mathematical understanding. The 

results thus suggested that children who extend their knowledge about numbers 

from cardinal use to relational use at an early age are more likely to apply their 

number knowledge in a way that allows for an understanding of rational numbers 

(Stern, 1997).  

The conclusion of Stern’s (1997) study was that, before children receive 

structured mathematical instruction in grade one, they already differ 

considerably in mathematical competencies and these differences are stable. 

Children’s difficulty with mathematics in the middle grades may thus be linked to 

deficits already apparent in preschool. Therefore, Stern (1997) pleads for 

training components that can enhance mathematical achievement. However, 

training studies regarding conservation and other Piagetian requisites for number 

development occasionally show little effect on mathematical development (see 

Kingma, 1981). This suggests that the effects of early training on isolated 

abilities, like conservation, should not be overestimated. Hughes (1986) 

demonstrated that the development of number abilities or the prerequisites of 

number development have to be integrated into activities that make sense to 

children. Moreover, children likely require as much assistance in the process of 

mathematising and with respect to translating situations into formal symbolism. 

This is what we proposed in our own research studies. We thus suggested 

additional research on meaningful mathematising in its early stages related to 

premature forms of schematising. We hypothesised that this will help children to 

achieve higher levels of success in mathematics education and to demonstrate 

appropriate well-developed mathematising abilities. 

 

Conclusion  

In our research, we endeavoured to determine the effects of early schematising 

in young children’s education on the development of mathematising in the later 

grades of primary school. A literature review demonstrated that there are a 

number of studies that provide qualitative analyses of children’s schematising 

activities (Carruthers & Worthington, 2005; van Oers, 1994, 1996) but none that 

provide quantitative empirical evidence concerning the presumed effects of 

schematising on mathematical development. In this review, we attempted to 

provide an overview of the current knowledge using research reports with 

research questions similar to our own. We started each summary of the literature 

with a statement, an important impression of the article reviewed or an 
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important line of thought put forth by the author(s) that could add something to 

our own examination of schematising in early childhood mathematics education.  

 We also attempted to unlock the treasure chest of schematising by 

summarising several articles that might enrich our research question. By 

reviewing these articles, we found support for the importance of schematising 

activities. Hereby, we provide a summary of what we learned from each article in 

relation to our research question. 

 

1) Carruthers and Worthington (2005) demonstrated that schematising is 

an activity that is accessible for young children. 

2) Lehrer and Pritchard (2002) demonstrated that a notational system 

seemed to be helpful for children struggling with establishing correlations 

between the worlds of perception and inscription. They support the possible 

benefits of schematising activities in early childhood.  

3) Van Luit and van de Rijt (1997) demonstrated that it is possible to 

influence the development of young children’s mathematical abilities. 

4) Stern (1997) demonstrated that children need as much assistance as 

possible in the process of mathematising and with translating situations into 

formal symbolism. 

 

 As a result of this literature review, we can conclude that even very young 

children are able to make representations of their mathematical thoughts. This 

confirms the accessibility of schematising in early childhood. We also discovered 

the importance of early intervention in mathematics education. Van Luit and van 

de Rijt (1997) as well as Stern (1997) demonstrated that their early intervention 

are indeed valuable. Lastly, the literature review confirmed that we need to pay 

more attention to longitudinal studies. 

As stated above, none of the articles investigated a research question 

similar to our own. However, each article suggested, in one way or another, that 

further research on children’s mathematical thinking and the ways by which 

children can be helped to succeed in problem solving is necessary. Evidently, 

researchers are seeking ways to make mathematics meaningful and useful for 

children. It is obvious that researchers see treasures in intervention programs in 

mathematical education. However, to date, no agreement has been reached 

about when and how these treasures should be presented. We agree with 

Carruthers and Worthington (2005) as well as Stern (1997) that understanding 

how mathematical thinking develops in early childhood is important. In our 

research project, we proposed to introduce schematising activities in meaningful 

ways in early childhood for better mathematical development. To date, too little 

research has been conducted on the effects of this kind of intervention in 

mathematical education with children between the ages of five and eight.  
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- 3 -  

 

Schematising in Early Childhood Education1 

 

 

 

Abstract 

The purpose of this study was to determine the importance of introducing 

schematising to children in early childhood and to ascertain if schematising 

benefits children so as to create better learning outcomes later in mathematics. 

This was done using a longitudinal, quantitative study with a quasi–experimental 

design. In this study, we taught the use of schematising to an experimental 

group of children to determine if it is possible to realise significantly improved 

results in schematising tasks for an experimental group in comparison to a 

control group of children who were not taught schematising. 

 With the help of teachers and a teacher-trainer, pupils in the experimental 

group of our research study were exposed to, and participated actively in, 

schematising activities over the course of a year during their early childhood. In 

grade two at three Dutch primary schools (ages five to six), children practiced 

schematising activities emerging from play activities. We familiarised children 

with the use of tools such as schemes, models, and drawings, to enrich their play 

activity and build confidence with the tools. In the control group, children were 

not ‘trained’ nor did they participate in schematising activities. We hypothesised 

that the experimental group would demonstrate an enhanced ability when 

participating in realistic mathematical activities. In this chapter, the research 

outcomes of a quantitative study on the differences in the performance of 

schematising between both groups are presented. We conclude that pupils in the 

experimental group demonstrated significantly better results on mathematical 

tasks that required dynamic schematisation.  

 

Background of the Study  

In this chapter, the results of a longitudinal study on the representational 

activities of young children as a stepping-stone for the development of 

mathematical understanding are presented. It was particularly important to 

determine if young children are able to learn schematising skills by means of 

educational strategies. This was first measured 

                                                 

1 Poland, M., van Oers, B., & Terwel, J. (submitted). Schematising in Early Childhood Education. 
Educational Research and Evaluation. 
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using two tests and then followed by an investigation of whether schematising 

can have a positive influence on children’s mathematical understanding in later 

years. 

As a first step in our study, we undertook a literature review of the 

existing research on schematising in early childhood and the mathematical 

learning outcomes in later development. This review revealed that a number of 

researchers have investigated children’s use of symbolic representations or 

children’s interpretations of notational systems. It was also noted that more 

extensive research is being done on the subject of ‘schematising in mathematical 

activities’, on children’s use of inscriptions, symbols and schemes and on the 

capacity of children to make symbolic representations of what they see. Despite 

an extensive literature search, we concluded that our specific research question 

and hypothesis remained unexplored. As a result, we initiated our own research 

project on the effects of schematising in early childhood (ages five to six) and on 

the subsequent effects of schematising on the mathematical learning processes 

and outcomes in these children’s later development (age seven).  

To illustrate why it is important to improve mathematics education, we 

refer to a quotation by Stern (1997): 

 

“Mathematics is known to be hard to teach and difficult to learn. It is well 

known many students never get real insight into important aspects of the 

subject” (Stern, 1997, p. 239).  

 

Stern (1997) is not the only researcher who has come to this conclusion. 

Carruthers and Worthington (2003) have described the problem with learning 

mathematics as a translation problem between children’s own informal 

representational graphics and later abstract symbolism. They claim that it is 

crucial for teachers to recognise and develop children’s own representations 

because, in doing so, teachers will be able to help children to make the 

translation to formal mathematical symbolism (Carruthers and Worthington, 

2003). With these findings as a basis for our approach, we decided that it was 

reasonable to introduce schematising strategies to children to help them build 

this bridge between informal and formal mathematics.  

Every symbol should acquire meaning. Young children encounter 

potentially meaningful symbols in their everyday life, conversations and stories 

that are told. Children have to build some idea about the meaning of symbols 

before they can participate successfully in mathematical activities. However, 

many young children are not properly assisted to construe meaning and symbols 

from their practices and stories. 

Our overall hypothesis was that, if children are provided assistance with 

respect to finding an appropriate means of dealing with mathematical problems 

and if they are given the relevant tools, children will achieve greater success in 
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realistic mathematical activities and will also have better learning outcomes in 

later development. 

 To test this hypothesis, a quasi-experimental study was conducted with a 

control and an experimental group. In the experimental group, a teacher-trainer 

assisted teachers and pupils with schematising. Special attention was given to 

both the schematisation of dynamic processes and reflection on the 

schematisations. In the control group, no special attention was given to dynamic 

schematisation and reflection during mathematical activities. 

As we now come to the first study in our research project, we will split up 

our research question as posed on page 16 into two questions, in order to be 

more specific. 

 

(1) How do mathematical activities in later development proceed in cases were 

children have practiced schematising in early childhood as compared to children 

who have little or no experience with schematising in early childhood? 

 

(2) Are there differences in the mathematical learning outcomes for both groups 

(experimental or control)? 

 

The study described here was the first step in our research project. It was 

believed that this could expand our understanding of schematising and its 

potential benefits. We expected to find differences between the results of 

students who participated and were successful using schematising as compared 

to the children in the control group. As well, the experimental group was 

expected to demonstrate to have more enhanced abilities to solve mathematical 

problems due to their ability to use dynamic representations when solving 

problems. Moreover, the students in the experimental group were expected to 

have a better understanding of mathematical concepts, as evidenced by their 

results on mathematics assessments, especially when the assignments require 

transformation of already acquired knowledge.  

 However, although van Oers (1994, 1996) has demonstrated that 

schematising activities are accessible to young children, it is not clear if this can 

be improved by education. Venger (1986) found evidence to support the theory 

that such a semiotic activity can be taught. However, in his study, control groups 

were not used. As a result, we initially did not exclude the possibility that 

schematising is a product of general cognitive development. In order to 

determine if learning to schematise impacts mathematical development, we 

endeavoured to find a group of children that distinguished itself positively from 

another group. As we did not expect to find such a group, we invested a year in 

creating experimental groups which were likely to perform significantly better on 

schematising. In essence, we attempted to teach this in early childhood 

education in the context of play activities. The current chapter describes this part 

of our research project in which we determined if it is possible to create a 
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schematising group through educational strategies. Through this process, we 

demonstrated that schematising can be taught. By using a control group, we 

were able to ascertain that the improvement demonstrated was not due to 

spontaneous cognitive development. The research question (in this chapter) 

developed from this reasoning was: 

 

Is it possible to teach children in early childhood education schematising 

skills in the context of their play activities? 

 

Theoretical Framework  

 

A Short Review 

Following the literature review presented in chapter 2, we concluded that a 

significant amount of work still had to be done before our hypotheses and our 

research questions could be answered. The studies included in our literature 

review involved various research groups with different age groups, sizes, etc. 

Many also failed to investigate the learning outcomes of children in later 

development and were therefore unable to determine if children’s performance 

was indeed affected by the use of schematising. Many articles argued for the use 

of interesting, motivating mathematical activities and meaningful activities. 

However, the articles reviewed did not investigate the effects of these activities 

on future learning outcomes in mathematics. They focused mainly on how to 

teach mathematics and the importance of interaction in mathematical activities. 

They also focused on the ability of children to use schematisations to express 

their mathematical thoughts. While these are all worthwhile topics, very little 

attention has been paid to long-term outcomes.  

Carruthers and Worthington (2005) and Lehrer and Pritchard (2002) 

qualitatively researched schematising but failed to generate quantitative data on 

how intervention programs in early childhood impact mathematical learning 

outcomes in later development. Van Luit and van de Rijt (1997) did investigate 

the effects of an intervention program in early mathematical development but 

their study targeted low achievers in mathematical education. Additionally, they 

did not stimulate the production of children’s self-invented representations. From 

the results of our literature review, we concluded that there is still very little 

empirical evidence for the value of schematising activities and their impact on 

mathematical learning. We thus contend that more experimental research has to 

be conducted to determine if introducing schematising, as a means of helping 

children with their mathematical problems, can indeed result in improved 

mathematical understanding later in their development. 

What follows is an explanation of the theoretical framework we adopted to 

support our contention that schematising activities in early childhood are 

valuable precursors to later development. This explanation is followed by a 

detailed description of various ‘schematising activities’ in order to better support 
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our theory that there are significant potential advantages of introducing these 

types of activities in early childhood.  

 

The Vygotskian Treasures  

The theory and research described in this chapter are based on the Vygotskian 

approach to human development. We start by explaining the Vygotskian theory 

as it applies to mathematics education. 

Many children have difficulties with mathematical thinking. These problems 

usually manifest themselves as soon as children reach grade three (age six to 

seven) in primary school, because, at that point, there is a qualitative change in 

children’s activities, both in the way they are taught and how they learn. In early 

childhood, children do not necessarily need to organise their knowledge and 

thoughts in the way they organise them in later development. According to El’ 

konin (1972), as children age, different interests and capacities emerge. He 

theorises that development can be classified into five periods spread over the 

years from birth to sixteen years of age. At different stages in a child’s 

development, a child relates differently to his environment. Additionally, he 

contends that specific capabilities and interests are characteristic for a child in a 

certain stage. A stage is defined as a specific collection of functions like thinking, 

memory, emotions and language. As a result of this collection of functions, each 

child has his or her own characteristic relationship with the cultural environment. 

Within these stages, certain tensions exist because, at a certain point, a child 

becomes ready to develop new skills which are not characteristic to the stage of 

development he or she is in at that moment. The tensions result from the desire 

to use the skills that are characteristic to the next stage of development. In 

essence, there are tensions between what a child wants to do and what he or she 

is able to do on his or her own. The characteristic form that a child uses to 

interact with his or her environment at a certain stage in his or her development 

is what is called the ‘leading activity’.  

For children between the ages of three and seven, the leading activity is 

play. When they reach approximately seven years of age, a discrepancy arises 

between the things a child wants to do and the things he can do. This 

discrepancy can only be solved by introducing elements from the next stage of 

development. “This crisis is the psychological motor of development” (Van Oers 

and Wardekker, 1997, p.193). After play as the leading activity around seven 

years of age, it develops itselves into the learning activity as the leading activity. 

In this period, a foundation for later constructive learning is formed. This is a 

type of directed learning that is based on the use of models and schemes and on 

discussions regarding their meaning. In this phase, children are motivated 

enough to get involved in a form of ‘learning to know’ (Van Oers and Wardekker, 

1997) and also conceptualise concrete reality in terms of abstract models. In the 

words of Davydov (quoted in van Oers and van Dijk, 2004), “In this period 

children are trying to ascend from the abstract to the concrete.” According to 
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Davydov, symbolic models are the best means of moving from the abstract to 

the concrete.  

According to the theory of leading activities, finding strategies for 

promoting new learning processes in early childhood education that can promote 

the emergence of the next leading activity is imperative (Van Oers, 1994). The 

roots of learning processes that will play a leading role in later development are 

found in the context of play. In play activities, children also learn to 

communicate and coordinate their own activities. In this phase, children can 

learn to deal with symbolic representations of an element of reality, such as 

schemes, diagrams, drawings or symbols. In this period, it is possible to lay a 

foundation for later conscious, constructive learning (Van Oers and Wardekker, 

1997, p. 192-193), i.e. learning activity. The acquisition of strategies to 

incorporate symbolic representations into mathematical thinking is presumably 

an important element of this foundation. 

Promoting development is an important aspect of Vygotsky’s theory of 

education. The zone of proximal development includes the tendency to move 

from one stage of development to the next stage. Children should therefore be 

assisted in acquiring the necessary qualities to make these transitions in a 

smooth and timely fashion. For educational purposes, at least three criteria for 

such transition follow from the Vygotskian theory: 

 

1) “Education for young children must take into serious 

consideration the current capacities and motives of the children 

and try to elaborate these into improved or new forms; 

2) During the process of education for young children new cognitive 

instruments must be introduced; 

3) The introduction of new instruments is allowed, if and only if, it 

can be reasonably supposed that they contribute to the current 

lives of children and they enhance the child’s abilities to 

participate in new developmental activities and as such prepare 

for a new developmental stage” (Van Oers, 1994, p. 21). 

 

Vygotsky emphasised the fact that a teacher should build on a child’s own 

interests and capabilities as a starting point for further development and, in 

doing so, try to convert these elements into a new form. Therefore, 

developmental instruction should slightly exceed a child’s development (see 

Vygotsky, 1978). It should offer children the tools needed to create new and 

familiar ways of thinking and communicating. This so-called ‘Developmental 

Education’ attempts to stimulate a child’s development by enriching their 

activities and by starting from their own capabilities, especially with regard to 

their ability to use symbols and language. To enhance their symbolic capabilities, 

we can encourage children to invent graphic representations to communicate 

their thoughts and ideas. As Carruthers and Worthington (2003) state, 
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“children’s own mathematical graphics supports children in developing their 

competences” (p. 78). Early childhood education should therefore assist children 

to improve these schematisations (including notations and schemes). The use of 

symbolic representations could be a very important strategy for improving this 

process. As early as the play stage of development, we should attempt to enrich 

their play activity with schematisations. This can provide children with a rough 

understanding of the function of symbols and schemes so that they can be used 

when children encounter formal mathematical symbols in the later stages of 

mathematical understanding. Consequently, early childhood education can be 

improved by introducing the use of symbolic representations. This conclusion is 

further explained in the second section of this paper in which we discuss our 

theoretical foundation. 

 Vygotsky has provided us with useful tools to broaden our own 

understanding of education. He has demonstrated an approach to education that 

does justice to a child’s individual development and a child’s individual 

capabilities, as well as to that child’s inherent cultural values. He has suggested 

that children learn and develop by imitating other people such as their peers, 

older children, and/or adults (Wertsch, 1987). Children see others doing things 

they cannot yet do by themselves and, naturally, they want to be able to 

participate in these activities as well. However, to accomplish these tasks, they 

need to seek assistance from other people, such as a teacher. When a child 

indicates that he or she wants to do something which he or she cannot yet do by 

himself or herself, this opportunity to learn can be seen as part of ‘the zone of 

proximal development’. Thus, this meaningfully imitated activity can bridge the 

distance between the things a child can do on his or her own and the things he 

or she wants to achieve. An example of this is as follows: Imagine a play activity 

where a child is building a racetrack out of blocks. Another child has already built 

his own racetrack and proceeds to draw a map of his racetrack to show his little 

brother and re-create his racetrack at home. The first child is very interested in 

the second child’s schematising activity and wonders if, and how, he could map 

his racetrack too. Unfortunately, he does not know how to start and therefore 

asks the teacher for help him with his problem. The teacher in turn asks him how 

he planned and executed his own racetrack, how many blocks he used and so 

on. By doing this, the child can learn to reflect on his activity and also learns how 

his play can be enriched by introducing a schematising activity. By asking for 

help, the child indicates that he is ready to develop some new skills, and that he 

is motivated to learn because he participated in a meaningful activity. By 

enriching this activity through the introduction of a new tool, the child can learn 

how to give more meaning to what he has done or wants to do. He thus also 

learns how to create a graphical representation of his meaningful activity in his 

own unique way. 

 Making symbolic representations is an important feature of mathematics 

education. Using self-made representations, children can learn how to reflect on 
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what they have done and what they were meant to do. They therefore learn to 

represent relationships between objects (things, numbers, variables, etc.) using 

schematisations. These schematisations give structure to their thoughts and 

provide a means for the child to communicate his mathematical understanding. 

Vygotsky emphasised and defended the idea that legitimacy has to be given to a 

child’s own motives, interests, thoughts and talents and that we can build on 

these indicators for development to improve a child’s capabilities. However, he 

also indicates that the cultural tools and assistance needed to improve those 

tools have to be accessible.  

 

The Importance of Schematising Activities 

One of the capabilities that a five year old child demonstrates is giving meaning 

through drawing (Matthews, 1999). This is a prime example of a schematising 

activity (Van Oers and Wardekker, 1997). A schematising activity is every 

cognitive activity aimed at the construction and improvement of the symbolic 

representations of an element of the physical and sociocultural reality. 

“Schematisations form the bridge between the concrete practical thinking of 

young children and logical–symbolical thinking in later development. This 

bridging function as attributed to schematising is an important argument in 

favour of schematising in early childhood” (Dijk e.a., 2004, p. 75). By using 

schematisations, children can be provided with the opportunity to make a 

symbolic representation of their view of reality and bridge the gap we mentioned 

earlier.  

Reflecting on the relationship between drawings and their meanings is a 

‘thinking activity’ (Van Oers and Wardekker, 1997, p. 196). This reflection, 

however, is not as simple as it appears. It is not simply a matter of telling a child 

to ‘just explain what you saw or drew’. The process is slightly more complex. One 

must know what kind of schematisations can be used to demonstrate what one 

wants to portray. Additionally, a child must be able to reflect on whether the 

symbols he or she has chosen really express his or her intended message.  

By creating self–invented representations, children construct meaning 

(Matthews, 1999). This way of reflectively constructing meaning is called 

‘semiotic activity’. Dijk et al. (2004) define semiotic activity as follows: 

“The cognitive activity of reflecting on the relationships between sign and 

meaning, or more particularly, reflecting on the mutual relationship between the 

change of signs and the change of meanings” (Dijk e.a., 2004 p. 74) or: 

“thinking about the correspondence between sign and meaning. For example it’s 

important for pupils to think about if what they have been drawing reflects what 

was meant to be reflected” (Dijk e.a., 2004). 

 

In early childhood, children rarely use written symbols or schemes, etc. to 

represent their thoughts. However, as they grow older, they are required to use 

this form of notation more frequently, especially with respect to mathematics 
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activities. This notating is what Pimm (1987) calls ‘recording’. Pimm (1987) 

recognises children’s problems in mathematics education and mathematical 

understanding. He wrote, “Pupils frequently fail to have a clear idea of why they 

are recording and, without any feeling for the purpose, it is difficult to discover 

what, for example, is ambiguous or insufficient in some way” (Pimm, 1987, p. 

137). Children often do not understand why they have to use this mathematical 

language full of difficult symbols and imperceptible relationships. They are thus 

unaware of the multiple functions of symbols. According to Pimm (1987), we can 

attribute at least two main functions to symbols: 

 

- Communication: through symbols we can communicate 

- Thinking device: symbols support ‘problem–solving’. By reinterpreting a 

symbol, or by notating it in another more familiar way, we can make the 

problem recognisable. 

 

Evidently, we are able to reflect through the use of symbols. “It is largely 

by the use of symbols that we achieve voluntary control over our thoughts” 

(Skemp, cited in Ruckstuhl, 1999, p. 15). It is desirable that children learn to 

manage their thoughts in later development (from the age of seven onward) but 

this is not an easy process. Children in early childhood are familiar with working 

with visible objects and relationships. However, in mathematical education, they 

suddenly have to work with invisible objects and relationships. These objects and 

relationships have to be represented by symbols. Thus, pupils need to learn to 

work with representations using symbols and schemes. Pape and Tchoshanov 

(2001) propose that representations are an important feature of mathematics. 

They state: 

 

 “Within the domain of mathematics, representations may be thought of as 

internal abstractions of mathematical ideas or cognitive schemata that are 

developed by a learner through experience. On the other hand, representations 

such as numerals, algebraic equations, graphs, tables, diagrams, and charts are 

external manifestations of mathematical concepts that act as stimuli on the 

senses and help us understand these concepts” (Pape & Tchoshanov, 2001, p. 

119).  

 

Several authors have taken this stance regarding the relevance of 

symbolic representation for the improvement of mathematical understanding, 

reasoning and communication (Abrantes, 2002, Hughes, 1986; Ginsburg, 1977; 

McPherson & Payne; 1997; Skemp, 1989). 

Giving meaning to signs that represent our world implies a dialectical 

process, as sign and meaning co-develop. When a child wants to create meaning, 

he has to express it in symbols. This leads to a series of modifications and 

alternative interpretations. As a result, a new sign develops. When form and 
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meaning are finally synthesised, the child can understand the exact meaning of 

the sign that enables the development of new meaning. This new meaning asks 

for new symbolism in a continuously evolving process. To use another analogy, 

we can contend that this process is like walking. To walk, people need two legs. 

First they step forward with the right leg and then the left one is brought forward 

to make the step complete. Legs need each other to walk. To create meaning, 

people need sign and meaning: they co-develop.  

Schematisations are an example of a means by which we can create 

meaning. Schematisations are tools for representations.They are materially 

expressed symbols that come into being through the co-development of sign and 

meaning. In older theories, such as the one proposed by Pimm (1987), it was 

assumed that meaning is represented by signs or ‘recording’ as Pimm (1987) 

terms it. However, this is only one component of semiotic activity. We instead 

propose a process based on the co-development of sign and meaning. 

 

Schematising: Static or Dynamic? 

According to the Vygotskian point of view, it is important to teach children 

mathematics with an appreciation for their own capabilities and interests. Using 

this appreciation as a starting point, the next step is to introduce the tools that 

will enrich their activities and allow them to take the subsequent step to further 

improve their learning outcomes. As demonstrated, we have a strong theoretical 

basis for our assumption that the introduction of schematising is a good way to 

help children with the difficulties of mathematics and to improve their learning 

processes and learning outcomes. 

 In order to ensure that the research results, following from the video 

analysis of the ‘schematising test’ and the results of the ‘arrow language test’ are 

clearly understood in subsequent sections, we hereby shift the focus to the 

‘features of schematising activities.’ In doing so, we separate the concept of 

schematising into two dimensions, namely static schematisation and dynamic 

schematisation.  

Both these aspects of schematisation should be given consideration. 

However, we suppose that dynamic schematisation should be particularly 

emphasised in early childhood because it presumes a higher level of 

understanding of relationships. This understanding is necessary to create 

symbolic representations of action, change, transformation, etc., and because 

most mathematical activities are based on the use and construction of such 

dynamic schematisations. Carruthers and Worthington (2003) underscore this 

assumption as well.  

According to Pape et al. (2002), a dynamic schematisation is a scheme 

which can be used as a vehicle for discussion to help establish a relationship or 

to form a justification within a social context. A dynamic scheme is a tool that 

can be used to translate abstract problems into a new contextual problem. Again, 
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we see the bridge between formal and informal mathematics and the need for 

children to acquire the tools to build this bridge themselves.  

Very little published literature differentiates between static and dynamic 

schemes. Carruthers and Worthington (2003) have drawn upon Hughes (1986) 

to establish their taxonomy of schematisations. They distinguish different types 

of schematisations on the basis of the forms the schematisations take (graphic 

representations, approximations, mathematical symbols, etc.) and the functions 

of the schematisations (envelopment, trajectory, enclosure, transportation, 

connection, rotation, transcending a boundary, oblique trajectory, containment, 

transformation) (Carruthers & Worthington, 2003). We believe that these two 

types of schematisations can be classified in a more generic way. Some of these 

schematisations represent a status quo or state of equilibrium and thus do not 

attempt to be anything more than that, while others represent translations, like 

movement, or transformations, like change or growth, and thus attempt to 

reflect changes in form or position. Hence, we use a dichotomy of possible 

scheme types whereby we distinguish between static and dynamic schemes.  

Figure 3.1 shows dynamic schematisations. An example of static schematisation 

is shown on page 62 (Figure 3.6). 

 

    
Figure 3.1: Dynamic Schematisation. Two children graphically represent the exchange of 

a red marble for a green marble in a pot. 

 

In these pictures, it becomes clear that these children were able to graphically 

represent their observations schematically. (The researcher showed the child a 

little pot with a red marble in it. Next to the pot, lay a green marble. The 

researcher asked the child to watch and see what happens. The researcher then 

took the red marble out of the pot and put the green one in the pot. Then he 

asked the child to draw what he or she saw). 

Although numerous examples of schematising images can be provided, we 

have chosen to use a table, rather than additional drawings, to demonstrate the 

differences between the dynamic and static schematisation. 
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Table 3.1 

  

Differences between static and dynamic schematisation 

 

Dimension            Static schematisation          Dynamic schematisation 

 

Transformation  Similarity between image  Drawings representing 

    and object    action; change,  

           processes, movement, 

     transformation 

 

Use of words and letters   Drawings representing a 

                                         referring to individual                  line of thought/reasoning 

                                         objects    of other process symbols 

     

Being able to explain or               Being able to explain or 

                                      carry out the relationship            carry out the relationship 

                                      between drawing and              between drawing and 

                                      object, sign and meaning     object, sign and 

in terms of equivalence                 meaning in terms of 

transformation 

 

Association   One symbol per counted  Drawings representing 

object movement or 

modifications of the 

objects involved 

 

Narrative structure  Narratives as descriptions  Narratives with a ‘plot’ 

    of states 

 

Use of operators  Use of numerals and symbols Making use of operators 

    referring to individual objects  as productive symbols 

 

Meaningfulness  Mechanically associating   Synthesising in a 

    symbols (reproducing, rote  meaningful way  

    learning, copying)   different meanings 

         associated with the sign 

         (relating, arguing) 

 

Conclusion 

The present partial study should be viewed in the context of our theoretical 

framework. The foremost question was, ‘Are children able to make use of 

schematising and would static or dynamic schematisation be used in early 

childhood?’ In the experimental group, pupils engaged in activities where they 

were guided in the construction and use of different types of schematisations. In 

the control group, no such explicit manipulation was introduced. As a result of 

the schematising experiences, we expected the children in the experimental 

group to: 

 

- use a more advanced form of problem solving; 
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- be better able to deal with dynamic schematisation;  

- perform better on arithmetic problems that require transfer of earlier 

acquired mathematical procedures. 

 

The outcomes of the administered tests provide us with an impression of 

how well children dealt with mathematical problems. In this chapter, the 

outcomes of our video–recorded ‘schematising test’, which measures 

schematising abilities, and the outcomes on an arithmetic test called the ‘arrow 

language test’, which measures children’s problem solving abilities (see section 

on ‘Instruments’), are discussed. 

 

Methods  

Our methodology was as follows: The teachers and children in our experimental 

group, in contrast to the control condition, were ‘trained’ to participate in 

schematising activities. An important aspect of this training was an emphasis on 

dynamic schematisation. As a result of this emphasis, we expected our 

experimental group to show more dynamic schematisation than the control 

group.  

 

Design 

We used the design-based research approach for our research project. This 

approach is discussed in more detail below. A design experiment is characterised 

by the interaction between thought experiments and teaching experiments (Cobb 

et al., 2003). This means that, throughout the intervention process, we 

developed, in cooperation with teachers, the study’s design. 

 Although our total research project utilised more measures than the 

‘schematising test’ and the ‘arrow language test’, in this chapter, only these two 

tests are discussed. We administered the ‘schematising test’ at the end of the 

intervention process in the first school year of our research project. At the end of 

the intervention process, in the second school year of our research study, we 

administered the ‘arrow language test’. The content of these tests is explained in 

the section entitled ‘Instruments’. 

 

Research Setting and Participants 

Three schools, all using a Vygotsky–based approach to education, introduced 

schematising in their early childhood education for one school year. The 

experimental group comprised 75 pupils. Three other schools, also committed to 

the Vygotskian developmental education approach, functioned as the control 

group and therefore did not introduce schematising in early childhood education. 

This group comprised 58 pupils.  

The schools were selected on the basis of on previous contacts, their 

willingness to participate in the experiment, their approach to education, and 

their contact with a teacher–trainer involved in our project. The six schools were 
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divided among three research pairs. The pairs were matched according to the 

amount of time a teacher has worked using the Vygotskian view of education, 

their student population, the number of students participating, and their location 

(urban or rural). All schools that participated were public schools. Two of the 

schools are situated in a large city (Amsterdam), two of them were located in 

medium to large-sized cities and the remainder were situated in villages close to 

one of the larger cities. Two of the schools (one in the experimental group and 

one in the control group) were comprised predominantly of children from a non-

Dutch background. As a result, the descriptions provided here cannot be 

generalised to all Dutch schools. However, we considered the comparison 

between the two groups to be sufficiently valid given the similarity between the 

two groups with respect to the school population, the degree to which teachers 

were prepared for this project, the use of curriculum materials and the length of 

time the teachers had worked with Developmental Education.  

 In this chapter, we present the results of two tests. The differences 

between the results of the two groups were investigated by analysing a 

videotaped test (the ‘schematising test’) and by comparing learning outcomes on 

an arithmetic test (the ‘arrow language test’) we created. We analysed if and 

how children were able to deal with schematisation and particularly dynamic 

schematisation. We developed a set of criteria by which we analysed the 

children’s results (see Instruments). The videos were also analysed by another 

researcher. The purpose of this portion of the study was to gain a better 

understanding of the two different forms of schematisation that were produced 

by the two groups and then to compare these to the children’s learning 

outcomes. To adequately compare the results of the children’s learning 

outcomes, their test scores were analysed using an independent samples t-test. 

This test measures the difference in mean scores between two groups and 

determines if this difference is significant. 

 

The Intervention Process 

Our intervention process was not part of a fixed program since that would be 

contrary to the concept of Developmental Education and the related concept of 

innovation processes. From our point of view, the innovation process is a 

collaborative process. Researchers, scientists, teachers and students work in 

cooperation with one another to develop innovation processes. They join their 

ideas in active discussions and create meaning together. This method is a core 

characteristic of our intervention process modelled on the ‘design research 

approach’. Bakker and colleagues (2003) stated, “Each design research study 

consists of research cycles in which thought experiments and teaching 

experiments alternate” (p. 1). Additionally, Cobb et al. (2003) contend that 

“prototypically, design experiments entail both ‘engineering’ particular forms of 

learning and systematically studying those forms of learning within the context is 

subject to test and revision. Design experiments are conducted to develop 
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theories, not merely to empirically tune ‘what works’” (p. 9). It is important to 

note that design experiments are both prospective and reflective. The 

intervention process starts with a design and, as the research project progresses, 

reflection is necessary in order to determine not only if the design is appropriate 

but also what the next cycle or step in innovation or development should be: “A 

primary goal for a design experiment is to improve the initial design by testing 

and revising conjectures as informed by ongoing analysis of both the students’ 

reasoning and the learning environment” (Cobb et al., 2003, p. 11). Dedicated 

involvement by the leaders of the research team is thus essential (Cobb, 2003). 

“Design experiments are extended, interventionist, and theory-oriented 

enterprises whose ‘theories’ do real work in practical educational contexts” (Cobb 

et al., 2003, p. 13). 

Evidently, our theory had to do ‘real work’ in Developmental Education 

practices. For our research project, we requested the help of a teacher–trainer 

whose work is also based on the Vygotskian concept of development and 

education. Instead of imposing a ready-made program on the curriculum, we 

introduced the teacher-trainer to the teachers in the study as part of the 

experiment. It was the teacher-trainer’s job to guide teachers’ activities towards 

the inclusion of schematisation. In this sense, the teacher-trainer functioned as 

an ‘interpreter.’ He was able to translate the theoretical concepts of the research 

project into practical strategies for the introduction of schematising in the 

classroom. Because of his work, we were able to alternate between thought 

experiments and teaching experiments.  

The teachers involved in our research groups adopted the concept of 

Developmental Education as a basis for their own teaching. We endeavoured to 

ensure that the different treatment conditions resulted in a difference between 

the experimental group and the control group as doing so could determine if 

introducing schematising in early childhood does indeed have a positive effect on 

later learning outcomes. The teachers involved in our experimental setting had 

received earlier instruction from our teacher–trainer. However, prior to the start 

of our research project, the teachers had not been specifically trained to use 

schematising activities with pupils. After the intervention period, activities were 

organised so that they were interesting to the pupils and contained relevant 

cultural meanings. The teacher participated in these activities as a partner in the 

negotiation of meaning and also identified or created teaching opportunities to 

help children further develop their actions and abilities. The teacher also 

provided insight into children’s development and linked this to hypotheses on an 

adequate follow–up (Fijma, 2003). Because the teachers and the teacher–trainer 

were familiar with working on these qualities and underscored the Vygotskian 

way of teaching, we felt this was the best way to give structure to the 

experimental setting. Training in the introduction of schematising in the 

classroom was an additional option on the list of teacher–training courses in that 

school year for the grade two teacher.  
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The teacher–trainer visited the three experimental schools several times in 

the experimental year of our research project. He also visited the control schools 

during the first year of our research project when the children were in grade two 

(age five to six). After each visit, the researcher and the teacher-trainer reflected 

on their experiences in the classroom. After this reflection, they were able to 

improve upon the experimental design. Both the researcher and teacher-trainer 

observed several activities the children participated in and looked for ways to 

transform these activities with the help of schematising. The teacher-trainer 

assisted the teacher and pupils to create relevant schematising activities based 

on play activities. He also encouraged them how to participate in schematising 

activities. When children were participating in activities, he encouraged the 

teacher to transform the activities into schematising activities. It took time to 

develop the best way to teach this transformation to the teachers but it also took 

time for the teachers to master new skills. An example is as follows: While 

children construct a building, the teacher could encourage the students to make 

a design of the building. The design of the building could then become a dynamic 

schematisation if the teacher suggests that the children describe the steps 

required to make the building. However, the teacher would first have to become 

accustomed to the idea that you can enrich a simple ‘building’ activity by 

encouraging children to create a design of the building. The next step would be 

to teach the children how to transform a static schematisation into a dynamic 

schematisation. In our study, teachers required help from the teacher-trainer in 

order to learn how they could enrich children’s activities and, like every 

worthwhile innovation, this took time. Nonetheless, we contend that the design 

research approach was the best approach for our experimental intervention 

process for two reasons: 1) we were able to ensure that the experimental 

innovation became meaningful for the teachers; and 2) we were able to take the 

complexities of schematising with the pupils into account. 

 Our teacher-trainer also visited the control schools. However, there was a 

marked difference in his interventions in the control group classrooms as 

compared to the experimental group classrooms. Unlike the experimental 

groups, where the teacher-trainer placed emphasis on dynamic schematisation 

and reflection, no such activity was conducted with the control group. In short, 

while the teacher-trainer attempted to make the learning process of 

schematising as complete as possible in the experimental group, this was 

omitted with the control group.  

 

Instruments 

 

a) The Schematising Test 

At the end of grade two, we administered the researcher created ‘schematising 

test’ that was intended to measure how schematising activities proceeded at the 

end of our intervention period. One of the researchers videotaped the 
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‘schematising tests’. In this test, the children were asked, one by one, to solve 

three schematisation problems. The questions were as follows: 

 

Question 1: 

The researcher showed the child a little pot with a red marble in it. Next to the 

pot, lay a green marble. The researcher asked the child to watch and see what 

happens. The researcher then took the red marble out of the pot and put the 

green one in the pot. Then he asked the child to draw what he or she saw.  

  

The resulting graphical representations was expected to resemble the 

following illustrations (Figure 3.2). 

 
Figure 3.2: Answer to question 1 of the ‘schematising test’. 

 

Question 2: 

The researcher explained that, in this drawing, the child would be able to see a 

triangle made of three little bars. Then the child was given three bars. Following 

this, the child was asked to look at the drawing and show the researcher what 

should be done with the bars. 

 

The child’s drawing was expected to looked like this: 

 

 
Figure 3.3: Question 2 in Schematising. 

 

The child should have noted the purpose of the two arrows, which illustrate that 

the two sides of the triangle should be moved to the bottom of the diagram.  

 

Question 3:  

The researcher told the child about a little mouse which had been walking around 

the classroom. The mouse had been following the route illustrated by the picture 

below. The researcher asked the child to describe the route the mouse took and 

asks if the child can walk the same route in the classroom.  

 

or 
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Figure 3.4: Question 3 in Schematising. 

 

b) The Arrow Language Test 

By grade three, all the experimental groups were ‘trained’ to use schematising 

activities. After this year of intervention, both groups started working with ‘Arrow 

Language’ (Van den Brink, 1989). This is a method for teaching mathematics to 

grade three students in the Dutch school system. It is based on the theory of 

Realistic Mathematics Education (RME, see Gravemeijer & Doorman, 1999). In 

this second year of our study, all the schools were working with this method of 

teaching mathematics. In February of this school year, we administered the 

‘arrow language test’ in order to, firstly, measure the degree to which children 

were able to deal with dynamic sums and, secondly, to assess the children’s 

mathematical learning outcomes. In the ‘arrow language test’, children were 

asked to complete different mathematical tasks. Some of these sums were 

presented in a fashion that differed from how sums are normally presented. The 

‘arrow language test’ consists of five components: 

 

The first section of the test consists of 20 sums resembling: 

 

      + 6 

         8                  …                                                      

 

The second section contains 20 sums using standard mathematical formatting: 

 

6 + 2 = … 

 

The third section consists of eight sums portrayed using circles: 

                            

                                      11                               

 

The fourth section consists of 20 sums where one addend was missing: 

 

… + 3 = 8 

 

 

 

3 8 
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The fifth section consists of 12 sums using a number line: 

Which equation is correct? 

 

                                              8 

 l  l  l  l  l   

 

O   9 – 2 = 7  O   8 + 1 = 9  O   7 + 2 = 9 

 

What number comes after the arrow? 

 

l l l l l l l l l   

0 1 2 3 

 

 

 

                          

                        

 

Figure 3.5: The different sections of Arrow Language. 

 

Because the children in the experimental setting had already practiced 

schematising, they were expected to perform better when solving sums like 

those shown in the fifth section of the test. These children were experienced with 

using several ways of representing problems or contextual situations with 

graphics, diagrams, symbols and drawings. We thus expected them to be familiar 

with creating and employing dynamic schemes. We further expected them to be 

aware that multiple strategies can be used to create notations in different 

situations. In short, our expectation was that these children were conscious of 

the need to organise their thoughts using tools such schematisations, preferably 

dynamic schematisations.  

 

The procedure for the ‘arrow language test’ was as follows: The children 

sat at their own desks in the classroom. First, the researcher put the children at 

ease. The researcher then said, “You will all get a little book with several 

assignments. Some of them are very easy to solve. Others are a little more 

difficult. It does not matter if there is something you don’t know but you have to 

try as hard as you can! We will all start together and you will have a couple of 

minutes to solve the sums. If you are not finished when I give the sign, it does 

not matter but we will continue on to the next page. Are there any questions? I 

will now give you the books.” The researcher then asked the children to look at 

the first page and gave an example of a completed sum. The children were 

warned to watch for the different kinds of symbols used in the sums. After seven 

minutes, everyone was directed to move on to the next page. Seven minutes 

2 
+ 4 
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later, the children were instructed to move on to the third page. The children 

were given an additional three minutes, to complete the fourth page of sums 

because the sums on that page were more difficult than the previous sums. The 

last page of the test consisted of questions using a ‘number-line’. Below the 

number line were three possible equations to explain the number line. The 

children were asked to choose the equation that most closely represented the 

expression illustrated by the number line. Prior to starting this section, the 

students were provided with an example. The children then had five minutes to 

solve the last six sums. 

 

We expected the experimental group to perform better on the two tests 

because they had been previously exposed to dynamic schematisation. As 

mentioned earlier, mathematical thinking is an activity in which dynamic 

relationships (equations, functions) play an essential role. Therefore, we 

assumed that learning to construct and use dynamic schematisations would 

facilitate the learning of mathematical rules and models. The dynamic form of 

schematising demands deeper understanding and reflection. The experimental 

participants were thus expected to perform better with respect to solving 

dynamic sums (sums with arrows and number lines). However, we did not expect 

the experimental group’s results on ‘normal’ sums to differ significantly from the 

results of the control participants because solving ‘normal’ and static sums (with 

symbols such as + and -) does not require as complete a understanding of 

mathematics as dynamic sums do. Static sums can be easily solved using 

memorisation. 

 

Sampling, Data Collection and Analyses 

The ‘schematising test’ consisted of three questions. The results of this test were 

evaluated by determining the differences between the scores of both groups. 

After the data was collected, it became evident that there was a considerable 

amount of missing information. Therefore, only the collected data from this test 

were included in the analyses (N=54). 

 To analyse the ‘schematising test’, a list of criteria, or rubric, was 

developed by the researchers to score the answers on the test. The test 

consisted of three questions and children could obtain either zero, one or two 

points for each question. Two points were given for correct answers; 1 point was 

awarded to questions that showed some part of the answer while a zero was 

awarded if a child demonstrated no understanding of the question. The maximum 

score was six points if each of the three questions was answered correctly. Once 

this data was collected, the mean scores of each school were compared.  These 

scores were then analysed using the independent samples t-test. The Levene’s 

test for equality of variances was also performed. Because we expected our 

experimental group to perform better than our control group, we tested for one-

tailed-significance. 
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Results   

 

Effects on Processes: Schematising 

The ‘schematising test’ is actually an instrument that is best evaluated through 

observation. Therefore, a second observer was asked to analyse the videos in 

order to establish observer agreement with regard to this test. We also 

determined the Cohen’s Kappa, which was 0.93, meaning that there was 

sufficient agreement for the test to be trustworthy. 

Table 3.2 displays the results of the ‘schematising test’. An overview of the 

total experimental group compared to the total control group is demonstrated in 

the table. 

 

Table 3.2  

 

The results of the experimental group (N = 35) compared to the results of the control 

group (N = 19) on the Schematising test 

 

 

Condition  Mean   SD     df  F    t       p 

 

 

Experimental  3.43   1.481    52  1.054    4.558     0.00 

 

Control   1.74   1.195    44.258 

 

 

Based on the data presented in table 3.2, we can conclude that there is a 

significant difference between the total experimental group and the total control 

group with respect to the results on the schematising test and the mean scores 

of the groups. The size of the effect is 1.4, which is a large effect (see Cohen, 

1988) in favour of the experimental group.  

In order to clarify the differences between the test results relating to both 

groups, some illustrations and descriptions of the way the children dealt with the 

questions are in order. While watching the videos, we noticed some remarkable 

differences between the two groups. Notably, none of the children in the control 

groups were able to solve the first question on the test. It seemed to be a 

difficult question for the experimental group as well. However, in contrast to the 

control group, a number of children from the experimental group were able to 

solve the first mathematical problem. The most interesting part of the test was 

that the children only described the final product, not the process. The following 

is one example of the interaction between a child and the researcher.  

 

Researcher: Can you tell me what I just did? 

Child:  You switched the marbles! 

Researcher: Can you also draw what happened? 

Child:   Yes, I can do that! 
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 The child then drew and usually produced an image similar to the one 

below. 

 

 

 

Figure 3.6: An example of static schematisation. 

 

Researcher: Did you draw what I showed you? 

Child:  Yeah… 

Researcher: And was this all that happened? 

Child:  Yes, you threw the red marble out of the pot and put the green one in and 

that is what I drew. 

Researcher: Ok. 

 

This example represents about 80% of all the interactions on the videos. Most of 

the children only drew the outcome of the process and were not able to draw the 

process itself. They were meant to use arrows to show movement or action but 

that concept seemed very unfamiliar to most of the pupils in the control group. 

The second question was also very difficult for control group subjects. 

Children who did solve this problem, which were very few (only one), needed a 

significant amount of time to process the question and, only after some further 

interaction with the researcher, they were able to come up with the correct 

answer. For instance, in contrast to the experimental participants, control group 

participants did not recognise the arrows in the drawing and, if they did, they did 

not know the function of the arrows. The experimental group did not appear to 

have much difficulty solving this problem. It is also important to note that the 

interactions during these questions were very interesting interactions, as 

illustrated in the example below:  

 

Researcher: Do you see this drawing? 

Child:  Yes. 

Researcher: And do you see these bars? 

Child:  Yes… 

Researcher: Now, can you show me what is happening in this picture, by using these 

bars? 
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Child: Yes. 

Researcher: Ok, well show me. 

Child: The roof is falling down. 

Researcher: Can you show that? 

Child:  The child moves the bars - all the bars  

Researcher: And how did you see that? What on the picture makes you think you had to 

do this? 

Child: Pointing to the arrows. This one is falling down and this one is falling 

diagonally and the other one moves away 

Researcher: Why is the other one moving away? 

Child: Because the roof is collapsing! 

Researcher: But how did you know the roof was going to collapse? 

Child: Because he is going this way… 

Researcher: And did you see something else besides the roof? 

Child: It is going diagonally. 

Researcher: And do you see something else in the picture? 

Child: That it is going a little bit wrong. 

Researcher: Yes, you see the roof, but you also see something else don’t you? 

Child: Arrows! 

Researcher: Yes! And what do those arrows mean? 

Child: That the roof is falling down! 

Researcher: Exactly! 

 

This example shows that the child recognised the arrows and that he knew 

what the function of arrows can be. However, in this case, the child only thought 

of a collapsing roof. The child knew what the arrows signified but he was not able 

to describe the process.  

We considered the third question to be the easiest of the three problems 

and therefore expected both groups to be able to complete it correctly. However, 

surprisingly enough, only a few (five) of the control participants succeeded in 

answering this question and most of the experimental group subjects did 

eventually manage to solve it. It was remarkable that all the children were able 

to indicate which way the mouse walked but occasionally, the children thought 

abstractly and could not translate the solution into the classroom context. They 

thus described the correct route while they walked the opposite route. 

In the next section, the participants’ results of the answers to the ‘arrow 

language test’ are presented. 

 

Effects on Learning Outcomes: Arrow Language 

The ‘Arrow language test’ consisted of seventy-one questions. This test was 

analysed by determining the differences in scores between both groups (N=101). 

On this test, a reliability analysis was also conducted. This resulted in an alpha of 

0.80, which indicated that our test was consistent and trustworthy.  

No significant difference was found between the mean score of the 

experimental group and the mean score of the control group. The difference in 
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mean score was small (experimental: 71.34 and control: 70.83). To further 

understand the test results, we examined the scores to see if there were any 

differences between the results on individual sections of the test. The test 

consisted of five parts. Parts 1 to 4 asked the students to use static schematising 

to solve the arithmetic problems. The sums in part five were more typical of 

dynamic schematising. We endeavoured to determine if there were any 

significant differences between the results generated by the experimental and 

the control groups. 

 

Table 3.3  

 

The difference in mean score on part 5 of the Arrow Language test between the 

experimental group (N = 61) and the control group (N = 40) 

 

Condition  Mean  SD     df     F       t         p 

 

 

Experimental  1.36    1.426     99      5.221   2.867    0.00 

 

Control  0.63    0.952     98.952 

 
Note. The Alpha of this part of the test was 0,604. This part consisted of 8 items. 

 

In the section titled ‘instruments’, the kinds of sums presented in ‘the 

arrow language test’ is explained. The most crucial part of this test was section 

five, because this section was designed to demonstrate differences in 

performance on dynamic schematisation between the experimental and the 

control groups. As expected, we found a significant difference in mean score 

between the two groups on this section of the test. Children in the experimental 

group performed better on the dynamic schematisation section. Because the 

differences between the mean scores of the two groups on the other sections of 

the test were not significant, we can conclude that both groups performed 

comparably on these sections. This finding was not surprising because, in these 

four sections of the test, the questions did not require higher mathematical 

understanding. 

 

Conclusions  

The goal of this study was to demonstrate the importance of introducing 

schematising in early childhood and to investigate if children could learn 

schematising skills through educational experiences. We attempted to provide 

support for our hypothesis using a Vygotskian perspective and by providing an 

overview of the results of our empirical study. 

With regard to the ‘Schematising test’, we found that the pupils in the 

experimental group had a mean score that was almost two points higher than 

the mean score of the pupils in the control group. This difference is significant 

and relevant. This outcome cannot be a result of ‘spontaneous’ cognitive 



 65 

development, as the performances of the control group on the schematising test 

were considerably poorer. 

An analysis of the results of the ‘arrow language test’ demonstrated that 

there were no significant differences between the control and the experimental 

group with respect to the mean scores of the entire test. However, after taking a 

closer look at the various sections of the test, we determined that the 

experimental group had a significantly higher score on the section that required 

dynamic schematisation. 

The children who where involved in schematising activities during their 

early years outperformed their counterparts in activities which required the use 

of, or understanding of, dynamic schematisation such as those problems 

presented to the students in the ‘schematising test’ and in section five of the 

‘arrow language test’. 

We therefore conclude that there is a significant difference between the 

way the experimental participants dealt with mathematical activities and the way 

the control participants did. The control group did not seem to be able to 

represent action or movement in their graphical representations, nor were they 

able to interpret dynamic schemes or solve ‘dynamic sums’. The experimental 

subjects, however, were more successful at these activities. In short, we 

conclude that 1) schematising, both static and dynamic can be taught; 2) these 

skills do not develop spontaneously; and 3) both groups differed with regard to 

semiotic skills at the start of grade three.  

As a result of our study, we also conclude that children do indeed profit 

from the introduction of schematising activities in early childhood. We expected 

our experimental group to achieve better results on our tests and to be more 

successful in performing dynamic schematisations. This hypothesis has been 

supported by the results of our study presented in this chapter. Nonetheless, it is 

important that further research be conducted on the long-term effects of 

schematising in the follow-up of this study (see chapter 5). 

 

Discussion 

The confirmation of our hypothesis may seem self-evident because we ‘trained’ 

the experimental group to perform well on our tests. To put it more precisely, we 

were teaching towards the test. This is true, but absolutely not a trivial outcome. 

It demonstrates that young children can indeed profit from this type of semiotic 

activity. Obviously, this ability does not develop spontaneously at the age of the 

pupils we tested.  

Testing young children at the age of five and six years old, has some 

restrictions. For instance, these children are not able to read or write and 

therefore tests have to be administered individually or in small groups. Moreover, 

tests have to be oral tests and may not take too long. Therefore, a test can only 

consist of a few items and observation instruments have to be developed. 

Analyses by means of observation asks for a second observer to score the 
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results. The individual oral test was videotaped and the inter observer agreement 

was more than sufficient.  

In this study we found that we were able to create a group which 

distinguishes itself from other children (control group) with regard to semiotic 

activity. We predict that this could have a positive influence on children’s future 

mathematical learning outcomes. 
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Schematising as a Collective Activity in the Classroom 

 

 

 

Abstract 

The purpose of this study was to acquire a deeper understanding of the nature of 

schemes and to demonstrate that schematising activities can be a collective 

undertaking in a classroom setting. Previous research has concluded that five 

and six year old children who learned and practised using symbolical 

representations to solve mathematical problems had better learning outcomes 

when they were evaluated at age seven (Poland et al., 2006). The introduction of 

schematising in early childhood thus seems to promote later mathematical 

understanding. In this chapter, we will focus on the reasoning processes that 

occur during schematising activities in five and six year olds. It was hypothesised 

that, when compared to the control condition, the schematisations produced by 

the children in the experimental condition would be more constructive. Further, it 

was hypothesised that schematising would become an integral component of the 

classroom community in the experimental condition but not in the control 

condition. A qualitative study was conducted where the schematising activities of 

the children participating in the first year of our research program were 

videotaped and then analysed to investigate the quality of the schemes they 

produced and the reasoning processes involved. The results of our analyses 

supported our hypotheses that the schemes produced by our experimental group 

were of higher quality and that schematising became a significant problem 

solving strategy in the experimental classroom. 

 

Theoretical Background 

In this section, the basis for choosing the Vygotskian theoretical approach as the 

foundation of our research is discussed. The longitudinal research project studied 

five to seven year old children in primary school classrooms as they were 

introduced to schematising and as they practiced using symbolic representations 

(schematisations) in their problem solving activities. The classrooms were 

selected from schools that were committed to using a Vygotskian approach to 

education and, as a result, the pupils were already familiar with meaningful 

activity settings, collaborative learning strategies, reflective learning, and teacher 

facilitation. We considered the classrooms distinct communities in which the 

members shared a discrete culture comprised of basic social rules and shared 

meanings and values (see for example Tharp et al., 2002). A unique 
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characteristic of classroom communities is that their members not only share 

goals or assignments, but basic cognitive values, tools and working strategies. 

 The research project sought to determine whether the intensive 

engagement of pupils in schematising would result in the recognition that 

schematising strategies could be used in collective activities where groups used 

the strategy for addressing problems. 

 

Schematising as an Integral Part of the Classroom Culture 

An interesting phenomenon was noted in the analyses of the videotapes of the 

children recorded during our study. Several sessions demonstrated dialogues and 

actions that were produced during schematising activities, which suggested that 

schematising is a self-evident process for them and an integral part of this 

particular classroom culture. The following example illustrates this phenomenon.  

   

 Larissa and Neva built a boat with wooden blocks. The teacher then 

encouraged them to make a drawing of their boat. They accomplished this 

without difficulty. The teacher, in cooperation with the children, confirmed that 

their drawing was an accurate depiction of their boat. The teacher then asked the 

children if they wanted to describe the building of their boat. Within a reasonably 

short period of time, and without any prompting by the teacher, the girls 

indicated on their drawing the order of the steps they followed to build their boat 

using arrows and number order.  

 

 
Figure 4.1: The building design of the boat. 

 

The girls in this activity did not require extensive deliberation to respond to the 

teachers’ suggestion. The use of symbols, such as numbers and arrows, to show 

the steps used to build their boat seemed to come naturally to the girls. We can 

assume from this example that the girls used specific mathematical tools and 

skills (the proper use of numbers and arrows) spontaneously. The girls used tools 

that were common to this classroom culture in a similar fashion during the 

process of schematising. 
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 Following this example, the reasoning behind our conclusion that some 

schematising skills arise self-evidently will be discussed. The next section briefly 

describes how communities are defined and how this definition applies to our 

classrooms.  

 

What Is a Community? 

According to sociologists, communities perform different functions. For their own 

survival, communities must ensure that their culture is reproduced and, to this 

end, they perform an educational function (Durkheim, 1956; Bourdieu, 1977). 

Following from Vygotsky’s theory, Wells provides several features of a classroom 

community that are also recognised by other theorists such by Bartolini Bussi 

(1998, p. 27). Wells states that Vygotskian theory suggests that the principal 

goal of education is to provide an environment in which students engage 

collaboratively in productive, purposeful activities that “enable them to: 

 

• Take over the culture’s tools (most importantly, language) skills, 

knowledge and values so that they are able to participate effectively in the 

larger society; 

• Develop the propensity to act creatively, responsibly and reflectively while 

achieving their own potential and constructing a personal identity” (Wells, 

1999, p. 335). 

 

A community is a group of people that shares certain norms and values 

(see Wenger, 1998, Tharp et al., 2000). It is the task of the teacher to introduce 

traditionally accepted beliefs to students as they mediate the norms and values 

they will assume and to try to direct the students to reconstruct the culturally 

shared meanings (Van Oers, 1996). The teacher’s prompts, coupled with an 

exploratory classroom environment, facilitate the development of an 

investigative process and create a community of learners that explores learning 

tasks actively (Drier, 2000). As members of this community, students are in a 

comfortable, familiar environment in which they know how to operate. They 

know how to engage with others. They understand the purpose of their actions, 

because they understand the tasks for which they are responsible.  

A community can be defined by the meanings, attitudes, values, 

behaviours and beliefs the members of the community share in common (Wells’ 

tools). Children are able to engage by exchanging ideas and thoughts. 

Communities are formed through the process of engagement (Wenger, 1998). “It 

[community building] requires the ability to take part in meaningful activities and 

interactions, in the production of sharable artifacts, in community-building 

conversations, and in the negotiation of new situations” (Wenger, 1998, p. 184). 

 Ideally, a classroom should be viewed as a community because, in a 

classroom, the children appropriate the community’s tools, knowledge, and skills. 
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Additionally, they develop the disposition to act creatively. A classroom shares 

something normative.  

 

Communities and Culture 

Culture, according to Geertz is “an ordered system of meaning and of symbols” 

or “a system of inherited conceptions,” (cited by Trouwborst in Bakker et al., 

1987, p. 19; Geertz, 1993). Geertz thinks of culture as a ‘thinking system’, which 

is a social activity with a public character that is observable. Geertz also uses the 

metaphor ‘model’ for culture in which culture is not only a model of reality but 

also a model for reality (Tennekes, 1987). Every culture has its own 

characteristic features that can be observed and that can be used to define the 

culture. Because culture is not a constant (empirically speaking), it is not easy to 

measure or establish a clear methodology for describing a culture. Culture 

expresses itself in concrete social behaviours and in institutions such as 

marriage, education, government, and technology. However, in this dissertation, 

we will limit ourselves to defining culture as social behaviours. Therefore, 

examining a culture requires analysing the behaviours of members of the culture 

or, in this case, the classroom community. Cultural change can be determined by 

observing the tendencies exhibited by the culture.  

To determine to what degree schematising is appropriated by a classroom 

culture, we must observe the classroom community and analyse the participants’ 

activities through fieldwork and, according to Geertz, ‘thick descriptions’ (Bakker 

et al., 1987, p. 33; Geertz, 1993). By ‘thick descriptions,’ Geertz means that the 

context of practices and discourses that take place within a certain culture (or 

classroom) must be explained using interpretative descriptions. Description 

becomes interpretative by deriving the ‘said’ of a discourse from its context and 

fixing it in perusable terms. We must describe the meanings driving the 

behaviours and discourses to make them meaningful to an ‘outsider’. Therefore, 

observation is essential. Due to the strong connection between culture and 

observable behaviour, observing collective actions is an important approach to 

analysing culture.  

 Culture is inextricably linked with community. Every community has a 

distinct culture. Every community inherits certain concepts, such as the concept 

of schematising explored by our study. If schematising is a collective activity in 

the classroom culture, certain behaviours should be observable when children are 

participating in schematising activities. If, like Geertz, we conceive of culture as a 

reasoning system and also a social activity with an observable public character, it 

is clear that an element from this culture (like schematising) is a social activity 

too, with functions in the shared reasoning process. We will demonstrate the 

validity of this conclusion by demonstrating that mathematics is a social activity 

and that schematising is a form of mathematising.  
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Mathematics as a Social Activity in a Community 

Mathematics requires mathematising. According to Freudenthal (1973), 

mathematising means being able to organise the field of experience. During a 

real math activity, children try to structure data, ideas or thoughts using several 

methods for organising thoughts, including schemes. To be able to participate in 

a real mathematics activity, children have to learn to, firstly, organise their 

(mathematical) thoughts and experiences and, secondly, communicate them to 

others. 

The following statements made by Paul Cobb illustrate the way in which 

mathematics is considered a social activity. 

 

“Mathematical activity in the classroom occurs against a background of 

mathematical practices that have been institutionalized by the classroom 

community and are taken as self-evident by its members. Thus, the 

background for mathematical activity and dialogue is constituted by the 

results of prior negotiations of mathematical meanings as well as by 

current social norms” (Cobb et al., 1993, p. 112). 

 

“Students’ mathematical learning is influenced by both the mathematical 

practices and the social norms negotiated and institutionalized by the 

classroom community. In Vygotsky’s terms, these practices and norms 

constitute the immediate social situation of development” (Cobb et al., 

1993, p. 114).  

 

“Mathematics does not consist of timeless, ahistorical facts, rules, or 

structures, but is continually negotiated and institutionalized by a 

community of knowers” (Cobb et al., 1993, p. 112).  

 

Mathematical activities seem to develop best through interaction between 

members of a community that includes both experts and novices. It is through 

this interaction and negotiation that students are motivated to discuss and learn 

about rules, strategies, symbolism and other math concepts. These classroom 

conversations stimulate students’ mathematical thinking and encourage them to 

ask questions like, “What does this problem mean?”, “Why do I have to use this 

strategy?”, and “What is this symbol for?”  

As mentioned earlier in chapter 3, children are motivated to learn if they 

know why they have to learn something. It is increasingly believed that 

mathematics education should be taught in ways that make it meaningful to 

children (see Gravemeijer, 2002). Mathematics should be ‘real’ to children. Thus, 

mathematical activities need to be real in order to teach children mathematical 

skills in a meaningful way.  

According to Van Oers, a real mathematical activity can be defined as “the 

activity that is accomplished when one legitimately participates in a 
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mathematical practice, either by acting mathematically in an acceptable way, or 

by discussing mathematical or discursive mathematical actions” (2001, p. 71). 

Real mathematical activities require two elements, namely the development of 

technology and reflection on the socio-mathematical norms (Van Oers, 2001, p. 

72). We will examine these two elements with regard to the role they play in 

mathematical activities (i.e. schematising) in a classroom community.  

Inherent to the concept of realistic mathematics (Freudenthal, 1973) is the 

notion that a group shares something; in this case, certain mathematical rules, 

tools, and meanings. Students under the direction of the teacher try to imitate 

the authentic practices of actual mathematicians. To participate in a 

mathematical activity, children have to develop certain skills not only as 

individuals but also as participants in their community. Without the ability to 

communicate or discuss ideas with others, children are not able to cooperate and 

negotiations and agreements will not be made.  

 As demonstrated earlier, schematising is a form of mathematical thinking 

and a social activity. The next section clarifies when schematising can be 

considered a collective activity. 

 

Schematising as a Collective Activity  

Using schematising, people try to structure their experiences with the help of 

symbolic representations and thereby create a means for communicating these 

experiences to others. When seen in this light, schematising can become a form 

of mathematising wherein our field of experiences are organised according to the 

rules of mathematical practices. We learn to mathematise by observing, talking, 

listening, cooperating and by asking for help from others. Successful cooperation 

teaches us that others may have different rules, ideas, norms, beliefs and 

talents, and that we can progress developmentally with their help. 

Consistent with this line of reasoning, a community that is conducive for 

mathematical learning shares certain tools and values and one of these tools is 

almost certainly the ability to schematise. Hence, a classroom community in 

which schematising is an integral part of the classroom culture is expected to 

promote the development of mathematical understanding more effectively than a 

classroom where no, or only incidental, schematising occurs. It is for this reason 

that this study sought to determine if schematising was indeed a part of the 

classroom culture in our experimental group. We expect that no such culture 

would emerge in the control groups.  

Our sociocultural perspective assumes that the promotion of schematising 

will result in higher quality schematisations in those classrooms where 

schematising is part of the culture. According to Rogoff, “communication and 

coordination with other members of the community stretches the understanding 

of all participants, as they seek a common ground of understanding in order to 

proceed with the activities at hand” (Rogoff, 1995, p. 148). The degree to which 
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schematising is an integral part of the classroom community will be referred to 

as its ‘collectivity’.  

This definition of collectivity, in our case, is the degree to which children 

spontaneously use certain schematising rules and tools. At the beginning of this 

chapter, we described the case of Larissa and Neva. When asked to describe the 

steps they took to construct their boat, they did not hesitate or require 

prompting to complete their task effectively. Because the children demonstrated 

an interest in boats, the teacher directed them to a boat making activity. 

Because the teacher initiated the activity as a result of the interest expressed by 

the children, this activity became a meaningful activity. The teacher further 

enriched the activity and asked the children to draw their boat. Within this type 

of meaningful activity, children are able to discuss each other’s work, ways of 

drawing and notating, and thereby share meanings and styles of working. They 

practiced their individual notation systems. Through these cooperative efforts, 

they were able to come to agreements on how to schematise. When the teacher 

enriched the static schematising activity by asking for dynamic schematisation, 

the children did not require help or further interaction. While the teacher knew 

how to develop meaningful activities and how to transform them into 

schematising activities, it was the children who improved their mathematical 

understanding by means of dynamic schematising activities. As the participants 

interacted, the children and the teacher negotiated meaning and reached 

agreement about mathematical norms to be observed in meaningful activities.  

From the activity described above, it can be presumed that the shared 

rules or models must have been previously developed through participation in 

prior meaningful activities that formed the basis of the children’s actions. There 

seemed to be a certain style and quality of work already present in this 

classroom culture with regard to schematising. The schematising activities have 

a certain quality and there seem to be shared mathematical norms in this 

classroom culture. The definition of quality in this instance concerns an 

evaluation of the complexity of schematising as simple and more sophisticated 

forms of schematising (see also Chapter 3). The quality of a schematisation 

refers to the extent to which a symbolic representation illuminates the basic 

structure of an object and the principles by which it works. However, we must 

ask if there is a connection between quality and collectivity?  

As we mentioned earlier, people need to interact with others to develop. 

As people operate in each other’s zone of proximal development, they can 

reciprocally promote each other’s development. It seems like a dialectical 

process where two elements need each other to progress, just as two legs need 

each other to move forward. The same goes for quality and collectivity. In order 

to develop collectivity with regard to schematising in a classroom community, the 

classroom community also needs to promote the quality of schematising 

activities. Likewise, collectivity can improve quality and the reverse. In order to 

attain a thorough understanding of the degree to which schematising is an 
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integral part of the classroom culture, we have to observe both the quality and 

collectivity of schematising.  

 

Summary 

For all the reasons stated above, we view classrooms as communities. 

Communities always develop a distinct culture and build something collectively. 

In this study, we hypothesised that our experimental group would develop a 

schematising culture in which the schematising activities are more constructive 

and complex than those of the control group. In the following sections, the 

methods used in the study are outlined. 

 

Methods 

The following section describes the framework and methods used in our 

investigation of schematising in grade two classrooms. We were particularly 

interested in finding out if schematising was indeed integrated into the 

classroom’s shared culture as we had expected based on our theoretical 

construct. We also sought to determine how schematisations emerge in a 

classroom culture. Subsequently, we sought to establish how they develop after 

their initial emergence. On the basis of our theoretical investigation, we 

hypothesised that a sustained and intensive involvement in schematising and 

multiple negotiations concerning the content, form and meaning of 

schematisations would cause schematising strategies to become habitual. We 

also hypothesised that this would create an environment that favours critical 

reflection of symbolically represented structures, such as those used in 

mathematics curriculum. Through repeatedly experiencing successful 

schematising activities, schematising would become a routine strategy used by 

the group and thus an integral part of the classroom culture. Based on our 

research, we saw this development as a favourable condition that sharpened the 

distinctions between our experimental and control groups and possibly enhanced 

the positive effects of schematising. As a result, we sought to determine if 

schematising activities could produce a shared schematising classroom culture 

that enhances the effects of schematising activities on the development of 

mathematising.  

In this chapter, however, we primarily consider the connection between 

schematising activities per se and schematising as a part of the classroom 

culture. Therefore, we addressed the following research questions: 

 

- What are the characteristics that determine the relative quality of 

schematising in the classroom in the intervention period (grade two)? 

- When compared to the culture of the control group, are schematising 

activities a more integral aspect of the classroom culture in the 

experimental group? 
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To answer these questions, we analysed the videotapes of schematising activities 

taken of both the experimental and control conditions during the first year of our 

research project. Through these analyses, we endeavoured to determine if 

significant differences in the quality and collectivity of schematising were evident 

between the two conditions. It was expected that schematising would become an 

integral problem solving strategy for the classroom community in the 

experimental group much more so than was displayed in the control condition.  

 

The (Experimental) Program Design 

During the intervention period, we arranged to visit all six schools, both 

experimental and control groups, in order to film activities that were expected to 

become schematising activities. We recorded the entire activity from beginning 

to end. In most cases, the teachers in the experimental group created the 

activities themselves but they were assisted in doing so by the teacher–trainer. 

The control group received no encouragement or assistance to introduce 

schematising activities to their classes. The teacher-trainer had visited these 

schools previously and had assisted the teachers with the general principles of 

the implementation of Developmental Education. The teachers in the control 

group had to recognise when and where possible schematising activities could be 

introduced and developed without direction from the teacher-trainer, despite the 

fact that the teacher-trainer was present in the classroom. Some schematising 

activities occurred in these classrooms but these schematisations more often 

turned out to be of the occasional, unreflective and static type, such as 

representing a status quo situation like a map, or a construction (see Chapter 3). 

The activities in the control group were also regularly videotaped by the 

researcher to ensure that the treatments of the two conditions were equivalent. 

In doing so, the researcher was able to ensure that the comparisons of the 

classroom activities and processes in the two conditions were valid. 

After careful analyses, we can conclude that the experimental and control 

groups differed greatly with regard to schematising. In the experimental 

condition, schematising occurred more frequently, was consistently embedded in 

the classroom’s everyday activities, and displayed characteristics of both static 

and dynamic design. Conversely, schematising in the control condition occurred 

only occasionally and, of those few produced, most were isolated assignments 

and always unreflective. Further, among this group, only static schematising took 

place.  

 

Instruments and Analyses 

Video recordings of all the participating classrooms were used in this qualitative 

study. The frequency of the video recording sessions and classroom visits by the 

teacher-trainer was the same for both groups. Lessons that were expected or 

likely to become schematising activities were videotaped from beginning to end 

during the experimental year of our research program for both conditions. In 
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these lessons, children participated in schematising activities or in activities that 

the teacher expected to result in schematising. We made use of event-sampling 

methods as we tallied the activities. All activities were analysed using an 

observation and scoring list. We also made ‘thick descriptions’ in the form of a 

rating scale (see van der Sande, 1986). The scoring list was derived from the 

observation list that we present and further explain in this section.  

The number of schematising activities produced differed between all the 

participating classrooms. Although the same number of lessons was videotaped 

for both conditions, the experimental condition produced significantly more 

schematising activities. Since we were interested in the quality of schematising 

and the extent to which schematising was integrated in the classroom culture, 

we also analysed each activity separately and rated how intensively (frequency, 

quality and collectivity) schematising occurred within that activity. We analysed 

each activity with the help of the observation/scoring instrument (see page 96). 

Based on our literature review for this dissertation, we constructed a list of 

characteristics that we then used to analyse each of the activities. The total score 

on this list was tallied for each school. By dividing the total score by the number 

of activities catalogued in that school. we calculated the average value of 

schematising in that school. This average is an expression of the schematisation 

score for the school involved. The scoring list consisted of 39 items. These items 

are divided over two sub-categories (quality and collectivity) within six categories 

(see below). The mean score of each school and each group were calculated and 

compared using the independent samples T-test. 

The observation/scoring list was used to analyse the videos of 

schematising activities for all our research groups. However, in order to examine 

the extent to which schematising became an integral part of the classroom 

community, we had to formulate special criteria. From the information provided 

by our literature search and information developed throughout this dissertation, 

we determined a number of important features that we feel are characteristic for 

a classroom in which schematising is an integral part of the community. These 

characteristics are organised in subcategories, indicated by one word of which 

the letter(s) in bold were used in the scoring–list. The characteristics that were 

used to evaluate the relative acceptance of schematising by the classroom 

culture include: 

 

o Quality of schematising: 

• Schematisations: Schematisations are dynamic; 

• Capabilities: Schematising activities are related to children’s own 

capabilities and interests; 

• Improvement: Schematisations enrich play activities and stimulate 

mathematical thinking; 
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• Appropriateness: Children are participating in meaningful activities 

that are appropriate for dynamic schematisation (i.e. activities 

including change, movement etc.); 

• Reflection: There is reflective thought on schematising activities (on 

the relationships between sign and meaning); 

 

o Collectivity in the schematising classroom  

• Collectivity: The classroom forms a community in which 

collaborative exploration of meaning is present, shared specific rules 

with regard to the representation of several mathematical thoughts 

are observable, children know which symbol can be used for a 

particular representation, and children control and stimulate each 

other’s involvement. The use of schematic tools is self-evident for 

them. Children also spontaneously and automatically reach for 

schematising tools or strategies and respond to each other’s 

schemes. 

 

We represent the criteria used to analyse the videotapes in Tables 4.1a and 4.1b 

(see appendix). We also attributed a score-value to each criterion so that we 

could weight them differently with respect to their relevance in a given 

community. Theoretically,  dynamic schematisations require a deeper and more 

complex understanding than static schematisations. In a dynamic 

schematisation, children have to represent the process of transformation from 

the start (situation 1) to the middle (situation 2) and then to the completion of 

the process or end (situation 3). The second situation may not be visible but, 

nevertheless, it too has to be represented in order to illustrate what happened. A 

static schematisation does not reflect the process. Rather, it reflects only the 

conclusion of the process or completion of the event. Consequently, due to their 

complexity, dynamic schematisations are given more weight in our evaluations. 

Using this measure, we constructed a means of comparing the two research 

conditions that is elaborated on in the next section. 

Table 4.1a (see appendix) demonstrates that a schematisation can be 

dynamic over different levels as there are simple and more complex forms of 

dynamic schematisation. Pupils could schematise movement using a simple 

drawing that suggests movement. They could also choose to demonstrate the 

beginning and end positions of the event on a map using coordinates. This type 

of schematisation represents a more advanced form of schematisation.  

In Table 4.2, below Table 4.1 (see appendix), the criteria, their 

explanations, examples and scores are summarised. The combined criteria are 

believed to be a valid indicator of the extent to which schematising activities 

occur in the classroom. The maximum possible score per schematising activity is 

63, whereby 37 points are assigned for quality and 26 for collectivity. The higher 

the collectivity score, the more certain we can be that genuine schematising 
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activities are characteristic of the classroom community. In the last column of 

the table, the designations for the sub–categories are presented. We also review 

them in Table 4.2, which provides a complete description and the maximum 

number of points available for each category. 

A high total score indicates that dynamic schematisations can be 

considered a communal quality in the group. We interpret this communality as 

an indicator of the extent to which schematising has been integrated into in a 

classroom culture and has  thereby become characteristic for this community. 

For brevity and clarity, we refer to this score as the ‘schematisation score’.  

 

Reliability of the Instrument  

In order to verify the reliability of our analyses and our conclusions, we used 

inter-observer agreement and solicited another researcher to analyse the 

schematising activities. This researcher analysed 33% percent of the activities. 

Cohen’s Kappa of the total instrument was 0.94, which indicates that the 

agreement value is satisfactory and that the instrument is reliable.  

 

Results  

 

Control Condition 

We begin this section with a transcription of an interaction that occurred between 

Beau and Rhea (two children from one of the control schools), and their teacher 

as they participated in a schematising activity. This event is presented to 

demonstrate the nature of the activities in the control groups. This incident is 

representative for the control schools schematisations because it received an 

average score for both collectivity and quality. In this activity, the children used 

blocks to build a sleigh pulled by a reindeer. The teacher then asked them to 

draw their construction and the design of it. The teacher also asked the two 

children to schematise the construction of a sleigh and a reindeer built by 

another child. Although Santa was not part of this construction, the children 

wondered if he should be. 

 

Beau: Is Santa actually in the horse-sleigh? 

Rhea: No. 

Beau: No, so we don’t have to draw him! 

Rhea: Well, we can build further? 

Beau: I don’t know, because then you have to, then you make his hat and then one of 

the blocks is laying slanting and then it falls like this. 

Rhea: No! Shall I do it? 

Beau: No, we had to draw a building design, we are not allowed to build anymore. 

 

After they finished their drawing, the teacher came in. These are the drawings 

produced by the children: 
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Figure 4.4: The Schematisations of the Sleigh and the Reindeer. 

 

Teacher: And where are the two legs of the reindeer? Also represented by two 

blocks? I think it’s wonderful, yes! How many layers is the horse-sleigh? 

How many blocks are upon each other? 

Children: Two. 

Teacher: Two, and did you think of that? 

Children: They are not upon each other. 

Teacher: Can you still do that, you think? 

Rhea: No, it is not possible for me. 

Teacher: Is it not necessary? Did you already draw two blocks upon each other? It is 

not necessary, is it? You only had to draw blocks. And Rhea, how many 

blocks are on the side, did you count that? Or did you draw the front? Yes, 

how many are there? 

Children: Three. 

Teacher: And all about the same size? 

Rhea: Except for that one. 

Teacher: What about that one? 

Rhea: That one is smaller, but it fits. 

Teacher: All right, you think you are ready? 

Children: Yes. 

 

In this conversation, it is apparent that these children were not involved in 

a meaningful activity. There are several reasons supporting this conclusion. The 

children did not invent this drawing activity themselves nor was it based on their 

own interests. The purpose of the activity was never made apparent to the 

children and the representation did not follow from the previous activities of 

these two children. Moreover, Beau and Rhea did not feel encouraged to attach 
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their own meaning to this activity as was demonstrated when Rhea asked Beau 

to draw Santa in their diagram even though Santa was not actually a part of 

their construction, Beau replied, “No, we have to draw a building design. We are 

not allowed to build anymore.” When children are not permitted to attach their 

own meaning to activities, it is unlikely that the activity will be meaningful for 

them. The teacher and another child in the class conceived the task and the 

children were not able to add meaningful representations and things that were 

interesting to them to this schematising activity because they were only 

permitted to represent the sleigh and the deer. Although this activity was 

appropriate for schematising, it was not suitable for dynamic schematisation. The 

children did not have to represent any action, movement, direction or process. 

They were simply required to make a map of the sleigh and the reindeer and 

were not encouraged by the teacher to make a proper schematisation as 

evidenced by the reflection on the activity. The correlation between the drawing 

and their construction was not an issue. The activity was appropriate for 

negotiating meaning but it appeared that the children were not aware of this. 

Reflection by the children on the activity was minimal as the teacher did not try 

very hard to enrich this activity. She only considered some static aspects of the 

drawing. 

In the tables that follow, the mean scores of the control condition’s 

schematisation score are presented.  

 

Table 4.3  

 

Mean score of Schematisation Scores in the Control Condition (N (schematising activities) 

=9). 

 

Condition  Mean  SD  Min Max 

 

Control  17.67  6.576  11 32 

 

 

Table 4.3 shows the mean score for the control condition. The next table (4.4) 

provides more information as it displays the scores of each sub-category. 

 

Table 4.4  

 

Overview of the Mean Scores on Quality and Collectivity in the Control Condition (N=9). 

 

Condition Subcategory  Mean  SD  Min Max 

 

 

Control Quality 12.78  3.528  7 19 

  Collectivity 4.89  3.951  0 13 
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From the information provided by Tables 4.3 and 4.4, we can conclude that only 

nine schematising activities could be catalogued in the control condition. Their 

mean schematisation score was 17.67 points out of a possible 63 points. On 

quality, only 12.78 points were scored out of a possible 37 points and, on 

collectivity, the control condition scored 4.89 points out of a possible 26 points. 

 

Experimental Condition 

This section details an interaction that occurred during a schematising activity in 

one of the experimental schools. This activity was selected because Danil, one of 

the children’s classmates, had been involved in an accident and the whole class 

visited the location of the accident after the pupil’s recovery. All the children 

were deeply affected by what had happened. The teacher decided to create an 

activity around this incident due to the strong impressions it made on the pupils. 

The class visited the location of the accident and the children attempted to make 

a map of it during the visit. The teacher noticed that although mapmaking was a 

meaningful activity for the children, it was also very difficult. Therefore, the 

teacher decided to enrich the activity by taking several photographs of the 

accident location, after which she discussed them with the children and directed 

them to make new maps. We describe the interaction that occurred during this 

activity below. It begins as the teacher presents one of the photographs she took 

of the accident’s location. Each child in the class appeared in one of the 

photographs. The teacher wanted the children to look for the photograph in 

which they appeared.  

 

Teacher:  This is about the place of Danil’s accident. 

Children:  Yes. 

Teacher: Well, I have been making photos and I want you to look for a photograph 

in which you are busy making a map of the place of the accident. 

 

The children looked at the pictures and after a moment, the teacher continued. 

She wanted the children to interpret the photographs. The children were 

expected to determine where the teacher was standing on the map of the 

location when she took that particular photograph. 

 

Teacher: Now, we are going to do something else, did everybody find a picture of 

himself? 

Teacher: I first want you to take a look at your photo. ... Look, what kind of photo 

do I have here? What do you see in this photograph? Damian? What is 

Danil doing? 

Damian: Points at the place where Danil is standing, in the photograph.  

Teacher: He is pointing at the place of the accident. Well, shall we get the map?  

 

After this, the teacher got a map that one of the children drew when the class 

was at the accident’s location. 
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Figure 4.5: The map: The schematisation of the accident location. This was discussed 

with the teacher. The schematisation shows how the accident happened. 

 

Teacher: This schematisation was not very good, was it? But we are going to make a 

new one in a minute. The place where the accident actually happened was 

represented clearly. If you look at his picture, can you see where Danil is 

standing with his wheelchair? Can you point it out in the map, Jake? 

Jake: Does not point at the right place. The teacher tells him so and explains 

which place Jake was pointing at. Nigel points at the road. The teacher asks 

him to have a closer look at it. They decide that Danil was standing at the 

pavement.  

Teacher: Danice? 

Danice: Points at the right place. 

Teacher: Yes, he is standing here, isn’t he? Yes, over here and he points at the place 

of the accident, you see? 

 Ok, I will look further. This one, look, what is going on in this picture? 

Jake: A car, you cannot see the car! 

Teacher: Yes, and where is the car, can you show that on the map? 

Jake: Somewhere over here. (he does not know exactly) 

Teacher: We were standing here, because we were going to cross the street at the 

place of the accident and where was the red car standing, Damian? Point it 

out on the map. 

Damian: Points at the right place. 

Teacher: Yes, and he was standing here, so if the red car was over here, he was 

standing here and he wanted to cross the street and then? 

Jake: He did not see it! 

Teacher: No, you see that very clearly in this picture. What does it mean if you can’t 

see anything if you want to cross a street, Merijn? 

Merijn: That you have to look very carefully! 
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Teacher: It is a very dangerous place! 

Teacher: And when I made this picture, where was I standing at that moment? First 

you have to look. Just think about it. You look at the picture and then you 

think about Thursday, where were we? And then you look at the map and 

you think about where I made this picture. Merijn? 

Merijn: Points at a wrong place. 

Teacher: What do you see in this picture? Where is this building you see? Merijn 

points out wrong again. Merijn tells what she sees and points at the map 

but all the children take the wrong perspective. 

 

After discussing that particular picture and others, the teacher got out the other 

maps drawn by the children when they were at the accident location. She then 

asked them to redraw the maps because their spatial understanding of the 

location was then much better. Merijn and Yasmin cooperated on this activity. 

Their map is shown below.  

 

 
Figure 4.6: Another Schematisation of the Accident Location. 

 

Merijn: Wait a minute, now the water. 

Yasmin: You can do that. It should be little, shouldn’t it? 

Merijn: Yes, the last time, it was too big. You can make the circle. (the circle is 

representing a parking place which is called the ‘fish market’; the children 

represent this by drawing a little fish). 

Merijn: Now, the pavement. 

Yasmin: Yes. I won’t draw the circle very big. 

Merijn: Yes, it is all right like this, that’s the right way! 

Merijn: Now the car, that ran over Danil (she gets a pencil). 

Yasmin: No, a red one! 

Merijn: No, look, Damian also has this, there was a little white in it! 
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Merijn: Here the car should be, no, that is the place of the ambulance and there 

the car should be. Do you draw Danil? But not too big! 

Yasmin: Look, teacher Femke is always doing it like this (she is drawing the car). 

And there should also be a dent in it, doesn’t it? 

Merijn: And also a window, otherwise he can’t watch. 

Yasmin: You should draw Danil over there. 

Yasmin:  Now, the ambulance is coming from here. And there should be a cross on 

it. 

Teacher: How do I know which direction the ambulance is going? How can I see 

that? 

Merijn: Draws a long arrow and says: Arrow! 

Teacher: That is smart! 

Merijn: Also draws an arrow in front of the car. 

Teacher: Well, this is going great! Are we also able to see from which direction Danil 

is coming? 

Merijn: Yes, from this direction. (draws an arrow behind Danil). 

Teacher: Yes, and where did he want to go to? 

Merijn: Here. 

Teacher: Yes, and did that he succeed? 

Merijn: No. 

Teacher: Why not? 

Merijn: Because, he is run over. 

Teacher: Can you draw a cross where he was run over? 

Merijn: Yes, that’s easy. 

Teacher: You should discuss that with each other. Where do you think that has 

happened? Then you have to think about where we were, because he 

showed it, didn’t he? 

Yasmin: Yes, because he was rolling further with the car. 

Teacher: He did roll further with the car. 

Yasmin: So, it should have been somewhere here. (draws a cross) 

Teacher: So, that is the place where the cross is drawn where everything went 

wrong actually. 

Yasmin: That is where he was run over. 

Teacher: Well I think you did a wonderful job girls! Well done! 

 

 This activity clearly shows that teacher and students worked cooperatively 

and that the teacher also participated in the activity. The teacher discussed the 

schematising activity with the students. She also stimulated the children by 

providing feedback, answering questions and reflecting with the children on the 

purpose of the activity. The activity was meaningful for the children because they 

were all deeply affected by the accident that involved their classmate. It was 

interesting for the children to map the accident’s location because it allowed the 

children to learn several notation systems for making their own representations 

of the location. Children were able to demonstrate their own abilities in this 

activity which appropriately classifies it as a dynamic schematisation. Yasmin and 

Merijn were prompted to use arrows in their map by the teacher who asked, 
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“How do I know which direction the ambulance went?” No further explanation 

was necessary for the children to apply arrows to their representation. As a 

result of this activity, the children learned how to represent action, movement 

and direction. They also had the opportunity to negotiate ways to notate objects 

and actions in their illustrations.  

 In the following tables, the mean scores of the experimental schools on 

the degree to which schematising had turned into a self-evident part of the 

classroom community are presented.  

 

Table 4.5  

 

Mean Score of Schematisation Scores in the Experimental Condition (N=23). 

 

Condition  Mean  SD  Min Max 

 

Experimental  32.26  8.582  21 50 

 

 

Table 4.5 shows the mean score of the experimental condition. Table 4.6, 

provides more information as it shows the scores in each sub-category. 

 

Table 4.6  

 

Overview of the Mean Scores on Quality and Collectivity in the Experimental Condition 

(N=23). 

 

Condition  Subcategory  Mean  SD   Min Max 

 

 

Experimental  Quality 23.87  6.218  14 34  

   Collectivity 8.39  3.677  2 17  

 

From Tables 4.5 and 4.6, we can conclude that 23 schematising activities were 

demonstrated by the experimental condition. Their mean community score was 

32.26 points out of a possible 63 points. On quality, 23.87 points were achieved 

out of a possible 37, and on collectivity, the experimental group scored 8.39 

points out of a total of 26. 

 

Outcomes 

In this section, we summarise the mean scores of the three pairs participating in 

our research project (see Table 4.7). For each sub-category of the criteria list, 

we provide the mean score and the significance of the difference between the 

scores of the two conditions. The correlation between quality and collectivity was 

.58 which is significant. This means that a higher score on quality was correlated 

to a higher score on collectivity and vice versa. 
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Table 4.7  

 

Experimental versus Control 

 

Subject Condition  Mean    SD     df       F        t            p 

   

Quality Control  12.78     3.53    30.00    4.623    5.013     0.000   

  Experimental  23.87     6.22 

Collectivity Control  4.89    3.95    13.77    0.023    2.298     0.019    

  Experimental  8.39    3.68 

Total score Control  17.67    6.58    19.13    1.376    5.157     0.000  

  Experimental  32.26    8.58  

 

Table 4.7 illustrates that a comparison of the total scores of the experimental 

group to the total scores of the control group shows that the experimental 

schools had a mean score on schematisation of 32.26 points and that the control 

schools had a mean score of 17.67 points. This is a difference of almost 15 

points, which makes the experimental condition’s score 54% higher score than 

the score attained by the control condition. Moreover, the differences on the total 

mean score as well as all the differences between the two specific categories are 

statistically significant. 

 

Interaction Effects 

In Chapter 1, we presented the following conceptual model (Figure 4.7): 

 

 
Figure 4.7: Basic conceptual model guiding the study. 

 

The following hypothetical relationship was demonstrated in this figure by the 

vertical line. The vertical arrow represents the interaction effect of the teaching 

and learning processes on the relationship between pre-knowledge and learning 

outcomes. However, the results presented by this chapter found no evidence of 

interaction effects.  

 

 

Pre-knowledge 
Learning outcomes 

Teaching and 
learning process 
exp/control 

Program: 
 
Exp/control 



 91 

Conclusion  

The purpose of this study was to, firstly, acquire a deeper understanding of the 

quality and status of schematising activities in the two classroom conditions and, 

secondly, demonstrate that, when compared to the control condition, 

schematising is a much larger part of the classroom culture in the experimental 

condition. We endeavoured to support this argument by describing the 

theoretical framework for our research project and by the conducted in-depth 

analyses of all the videotaped schematising activities that took place at all of the 

schools included in this study. The principal questions of this study were: 

 

- What are the characteristics that determine the relative quality of 

schematising in the classroom in the intervention period (grade two)? 

- When compared to the culture of the control group, are schematising 

activities a more integral aspect of the classroom culture in the 

experimental group? 

 

We expected schematising to be a more essential aspect of the classroom 

communities in the experimental condition than in the control condition. The 

characteristics used to evaluate the schematising activities in early childhood 

were determined by our literature review and through intensive observation.  

With respect to our first question, namely, “What are the characteristics that 

determine the relative quality of schematising in the classroom in the 

intervention period (grade two)”, the following characteristics were established to 

define and differentiate schematising activities. 

 

• Schematisations were both static and dynamic; 

• Schematising activities were based on children’s own abilities and 

interests; 

• Activities were meant to enrich play activities and to stimulate 

mathematical thinking; 

• Children participated in meaningful activities which are appropriate for 

dynamic schematisation; 

• There was reflection on schematising activities; 

 

The following aspects were evidenced by our control condition: 

 

• Schematisations were mainly static; 

• Schematisations were, compared to the experimental group, rarely based 

on children’s own abilities and interests; 

• Activities did not enrich play activities or evoke mathematical thinking, 

when compared to the experimental group; 

• Activities were rarely appropriate for dynamic schematisation; 

• There was less reflection on schematising than in the experimental group; 
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The second research question of our study was, “When compared to the 

culture of the control group, are schematising activities a more integral aspect of 

the classroom culture in the experimental group?”  

We found a significant difference in the amount of schematising activities 

demonstrated by the two conditions. In the control condition, few activities were 

available for analyses, because many of the activities the children participated in 

could not be categorised as schematising activities. However, in the experimental 

condition, almost all the activities recorded generated schematising activities. 

The results of our study thus demonstrate that schematising became an integral 

aspect of the experimental condition’s classroom community. A significant 

difference was found in mean score on schematisation between the control and 

the experimental condition. The differences in the scores for each sub–category 

of the schematisation ‘test’ were also remarkable. The mean score of the 

experimental condition was significantly higher than the scores attained by the 

control condition. These results demonstrate that schematising activities were 

indeed a more integral aspect of the classroom culture in the experimental 

condition.  

The results of the qualitative study presented here confirm our hypothesis 

that schematising would become a more integral part of the classroom culture in 

the experimental condition. This finding is significant for the development of 

future research in mathematics education because we now know that if we ‘train’ 

children to participate in schematising activities, the schematising strategies can 

become an integral part of the classroom culture. If these activities become an 

established part of the community, this can serve as a condition that better 

supports the development of pupils’ mathematical skills. 
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Appendix 

 

Table 4.1a   

 

The scoring–list for quality 

 

Criteria   Explanation  Examples   Score Cate- 

            gory 

             

Nature of the 

Schematisation 

 

Static    A representative There is a resemblance 1 S 

    Schematisation between schema and 

       object like a portray 

 

       A drawing of what the  1 S 

       Child is looking at: like a 

       map/building 

 

      An iconic   Represent every object 1 S 

    Schematisation  you see 

 

    An idiosyncratic A meaningless drawing 1 S 

    Schematisation (at least for someone 

       who did not make it) 

 

    A pictographic A representation of shape, 1 S 

    Schematisation colour, place, shadow 

 

  Dynamic   A process  Schematisation of  3 S 

       Development 

 

    Action/movement Schematisation of   3 S 

       Narratives, songs, melo- 

       dies, noises, maps with 

       routes to follow 

 

    Change  Change is pointed out 3 S 

between what 

                happened first and last 

 

    Relations  Cause-effect   3 S 

 

    Reasoning/  First this, second that… 3 S 

    Thought line   

  

  Form of the eventual Drawing      1 S 

  schematisations   Diagram      2 

    Graph       2 

    Map   Like a construction plan 2 

       of a building 
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Criteria   Explanation  Examples   Score Cate- 

            gory 

  

Narrative      1 

    Table       1 

    List       1 

    Symbols  Linking words   1 

       Linking letters 

Linking lines 

Using words to make 

       clear what is drawn 

        

Numerals,+, -, =, x, etc. 

 

Capacities and  Is the activity      1 C 

Interests as a   meaningful for 

Starting point   everybody? 

 

    Is everybody  Is it a stimulating activity 1 C 

    interested in this (the process of schematising) 

    activity? 

   

    Teachers do justice  An activity starts because 2 C 

    to children’s capa- of children’s own need 

    cities, interests etc. (the start of the activity)   

 

    Teacher stimulates  Designing new symbols  1 C 

    Further thinking  and schemes 

    and children’s ideas 

     

Improve mathematical Tasks invented by Such as solving  1 I 

thinking: enrich play  the teacher  sums 

activities by:   

    

    An activity inven- Several ideas are inte- 1 I 

    ted by teacher grated into one 

    and students 

 

    Emerging from Like making a design as  I 

    earlier activities a result of a building 

       - static    1  

       - dynamic   3 

 

    Teacher creates a Stimulating new activities 1 I 

    meaningful  and schematisations 

    context 

     

    Representing  Represent children’s   1 I 

       thoughts and ideas 

       symbolically 
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Criteria   Explanation  Examples   Score Cate- 

            gory 

  

    Students practice      2 I 

    with own notation 

    systems 

 

Are Activities appropriate  An activity   Static: a drawing of what 1 A 

for schematisation  appropriate for you have been building 

    schematisation 

       Dynamic: a drawing of  3  

       what happened in a story 

 

Is schematisation Is it meaningful to make a 3  A 

    of the activity  design of a building 

    meaningful 

 

    Introducing  For example: a notating  A 

    another way of system to notate the  

    thinking: intro- activity: 

    duction of tools  

    to regulate an  static    1 

    activity or stimu-  

    late schematising dynamic   3 

 

Reflection on the  Teacher makes clear     1 R 

schematising   what the sub- 

activity or schemati-  goals are  

sation        

    Teacher revoices Regulate children’s  1 R

    language  

 

    By discussion      1 R 

   

    By giving feedback     1 R 

         

 By reflection on  ‘Is this what you meant 3 R 

    the relation   to do?’ 

    between sign and 

    meaning 

 

    By working on In translation of represen- 1 R 

    difficulties  tations of concrete into 

       written or drawn or the 

       the other way around 

 

       Making clear the value of 1 

       symbols and math 

 

    Children reflect on     1 R 

    own work 
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Table 4.1b  

 

The scoring –list for collectivity 

 

Criteria  Explanation   Examples   Score Sub 

            scale 

             

Collectivity  Teacher acts as member     1 CC 

 

   Asking questions      1        CC

   (Teacher or children) 

     

   Children introduce rules     1 CC

  

 

Children follow a model     1 CC 

     

   Teacher stimulates   Ask children to discuss 3 CC 

   Children’s interaction in  about the activity or 

   Order to share meanings plans 

   (with regard to 

   schematising 

   activities 

     

   Control each       1 CC 

   Others work  

   

   Solve each others      1 CC 

   Conflicts 

 

   Stimulation of   Ask stimulating questions 1 CC 

   each others  

   involvement 

 

   Negotiation of    Are meanings being   3 CC 

   meaning   shared? Is there discussion 

       about several ways of  

       notating or schematising 

 

   Specific rules of  Like an arrow to point out 2 CC 

   notation are    direction or movement 

   followed by  

   everybody 

   

   By reminding each  Rules, agreements…  1 CC 

   other of… 

 

   A schematising  Reading maps  1 I 

   activity emerging 

  from schema- 

   tisation showing  Reading building designs 1 

   that the schema-  or designing an own plan 
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Criteria  Explanation   Examples   Score Sub 

            scale 

  

   tisation was   emerging from an own 

   understood   building 

 

Enrichment of the  By the teacher  1 I 

   (play) activity 

   through schemati-  By the children  3 I 

   sations; this is a 

   base of further  

   development 

 

   Adding an object  By the teacher  1 I 

   to the activity to  

   work out its    By the children  3  

   meaning 

 

Children introduce own     1 I 

   tools    

 

 

 

Table 4.2  

 

Overview 

 

Sub-category  Subscale    Designation     Maximum Score 

 

 

Quality       Q    37 

Nature of the schematisation S   5 

Activity based on children’s own  C   5 

capacities and interests   

       

 

Improve mathematical thinking  I   9 

and enrich activities 

 

Are activities appropriate for  A   9 

schematisation   

 

Reflection on the schemati-  R   9 

   sing activity  

 

Collectivity       CC   26 

 

Total score          63 
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- 5 - 

 

Effects of an Experimental Schematising Program in Early Childhood 

Mathematics Education: A Longitudinal Analysis 

 

 

 

Abstract 

This study examined the effect of an experimental program in early childhood 

(ages five to six) on children’s learning outcomes in later development (age 

seven) by means of a longitudinal study (N=133). In the experimental group, 75 

children participated in a program that included dynamic and reflective 

schematising. The control group comprised 58 children who were not presented 

with schematising. The experimental group was expected to perform better on 

mathematical tests in their later development because they had been able to 

practice schematising activities for one year in early childhood. We expected that 

this experience with schematising would lead to better mathematical 

understanding in the experimental group. The results of our study indicate that 

schematising does benefit mathematical understanding. After controlling for 

initial differences in pre-knowledge, pupils in the experimental program 

outperformed their counterparts in control group on the posttest. Later in time, 

however, these learning gains faded on the retention test. Additional interesting 

findings, worthy of further attention, are also discussed. 

  

Schematising and Mathematical Development 

Many children have difficulties with mathematics upon reaching grade three 

(approximately age six) (see Hughes, 1986). The most important goals of 

education in grade three include teaching children to read, to write, and to 

develop mathematical skills. In that school year, children are taught many new 

skills. These skills often have to be learned using different methods than the 

methods children became accustomed to in their previous years of schooling. In 

early childhood, many skills are taught using play activities. However, in grade 

three, knowledge and skills are taught using more structured methods. As a 

result, a gap arises between the way children learned and reasoned in early 

childhood education and the way they have to do this in grade three. In this 

study, we endeavour to close this gap in mathematical development by exploring 

a specific strategy for bridging the gap. In this chapter, the term schematising 

and its potential benefits for mathematical development and understanding will 

be established. This is followed by an investigation of whether participating in 

schematising activities in early childhood has a positive effect on children’s 

mathematical learning results in their later development. 
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The Concept of Schematising 

The concept of schematising in young children’s mathematics education is 

receiving more attention than ever before (see Carruthers & Worthington, 2003). 

There appears to be a gap between the concrete practical understanding of 

young children and the logical-symbolic reasoning expected in later mathematical 

development. Investigating the possible benefits of schematising seems to be an 

important step towards bridging this gap (Dijk, van Oers and Terwel, 2004).  

 A schematisation can be described as a symbolic representation of reality, 

by which one can make statements about that reality. By means of symbolic 

representations, people can organise their knowledge and thoughts. In this 

study, a schematising activity is considered to be  every cognitive activity aimed 

at the construction and the improvement of symbolic representations of an 

element of the physical and sociocultural reality. An example of this is as follows: 

Imagine a child is singing a song. Every syllable of every word in a song has a 

certain tone, sound and accent. One syllable has to be sung very loud, very low 

and very long, whereas another syllable has to be sung a little quieter, higher 

and shorter. The teacher can ask the child to picture the melody and, in doing 

so, the teacher asks the child to schematise the song. In fact, what the teacher 

asks the child to do is to represent the child’s reality symbolically. This requires 

the child to think about the function of symbols and schemes and the relationship 

between the symbols and the song. By making a staff (which is a scheme), the 

child can organise the sounds in the song. Additionally, by means of symbols in 

the staff, the child can represent the way the syllable, and the song, has to be 

sung. 

This type of a schematisation is a dynamic schematisation because of the 

possible transformations this scheme represents. Static schematisations do not 

represent transformations or translations. They only describe a status quo or a 

state of equilibrium.  Dynamic schematisations require more extensive 

understanding in comparison to static schematisations. Dynamic schematisation 

presumes a higher level of understanding of relationships. This understanding is 

necessary to create representations of action, activities of change, 

transformation, etc. Most mathematical activities are based on the use and 

construction of such dynamic schematisations (Carruthers & Worthington, 2003; 

van Oers, 2002). 

 

Why Schematising Could Promote Mathematical Understanding 

Mathematical understanding requires mathematising. Mathematising is, 

according to Freudenthal (1973), the ability to organise one’s own field of 

experiences. In mathematics education, children are often asked to organise 

quantitative or spatial data in order to solve mathematical problems. Moreover, 

children are often required to interpret symbols in order to organise the data. 

This means that children have to reorganise, translate or transform functionally 

related data into new forms or configurations. Consequently, a mathematical 
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activity, or mathematising, is basically a dynamic activity. The dynamic aspect of 

such activities refers to the transformation and translation of connections, 

functions, symbols and variables. Children are required to transform data or 

thoughts into symbolic representations and then translate symbols back into data 

or statements. This process is very difficult for young children because, in early 

childhood, children tend to lack familiarity with organising and structuring data 

using mathematical thinking and symbols. According to Cobb et al. (1997), “the 

struggle for mathematical meaning can be seen in large part as a struggle for 

means of symbolizing” (p. 161). In our view, this struggle for meaning occurs 

schematically in mathematising. 

 Schematising may prove to be an effective strategy to facilitate 

mathematical understanding given that schematising activities are aimed at the 

construction and improvement of symbolic representations of a child’s 

mathematical reality. If children are confronted with a mathematical task, they 

have to interpret the task: What is it about, what does it ask for, what is the 

purpose of the task, and lastly what does this mean to me? To solve the task, 

children have to invent ways to not only structure the steps required to complete 

the task but also to determine the meaning of the symbols being used. They may 

even design new symbols. Schematisations are a good way to structure thoughts 

as they allow people to show connections, transformations and translations of 

the initial data. By clarifying the steps in their line of thought, people can reflect 

on their own thinking process and inform other people about it. The practice of 

creating graphic representations of thoughts and lines of thought and the use of 

one’s own notational systems is expected to improve mathematical 

understanding since these strategies can help children understand the function of 

mathematical symbols, schemes and relations. If children understand the 

function of symbols, they can develop ways to solve problems. This means that, 

if they are given a mathematical task, they will know how to organise the 

information provided and how to translate or transform it into a meaningful 

solution. 

   

Does Schematising Influence Learning Outcomes? 

In our study that investigated the effects of an experimental schematising 

program on children’s mathematical learning processes in chapter 4, we 

discovered that our experimental intervention had significant positive effects on 

children’s learning processes in mathematics education. Therefore, we 

hypothesised that this positive effect might also be translated into improved 

learning outcomes.  

During grade two of primary school education, schematising was 

introduced to an experimental group in three schools. Children between the ages 

of five and six practised and participated in schematising activities with help of 

their teacher. Building on children’s own capabilities, interests and play activities, 

the teacher attempted to transform the children’s activities into schematising 
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activities. In this way, schematising became interesting and meaningful to the 

children. Moreover, the children were able to learn about the function of 

schematisations in their activities. It is important to examine if the children who 

learned about the function of schematisations and how to work with 

schematisations also performed better on mathematical tests. The demonstration 

of an improvement in children’s learning outcomes could function as a substantial 

argument to support the use of schematising activities in early childhood 

education.  

It is likely that, if children know how to perform mathematical tasks, and if 

they know how to use schematisations, their mathematical learning results will 

reflect this enhanced ability. After all, if children are, in early childhood, already 

used to mathematising and schematising the data presented in a certain task 

and if they are also able to translate and transform the symbols used in the 

tasks, we expect that they should be able to deal with mathematical tasks in 

later development with greater ease than children who have little or no 

experience with schematising data. The assumption underlying the development 

of schematising is that schematisations emerge as a model of a child’s informal 

thinking that subsequently becomes a model for abstract yet personally 

meaningful activity (Cobb et al., 1997; van Oers & van Dijk, 2004). A 

prerequisite for this development is that the schematising activities are activities 

in which children are able to create and elaborate symbolic models of their 

informal mathematical activity. “This modeling activity might involve making 

drawings, diagrams, or tables, or it could involve developing informal notations 

or using conventional mathematical notations. This tenet is based on the 

psychological conjecture that, with the teacher’s guidance, students’ models of 

their informal mathematical activity can evolve into models for increasingly 

abstract mathematical reasoning (Cobb et al., 1997, p. 160-161).  

   

Research Question and Hypothesis 

The aim of this research project was to establish whether a positive effect 

resulting from our experimental schematising program in early childhood can be 

seen in children’s later mathematical learning outcomes. The following research 

question was addressed: 

 

What are the effects of an experimental schematising program in early 

childhood on children’s mathematical learning outcomes in later 

development? 

 

Our subsequent hypothesis was that, because we introduced schematising to the 

experimental group during the first year of our research project (the intervention 

period), results on mathematical tests would differ between the experimental 

group and the control group, with better results being found among pupils of the 

experimental group.  
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Conceptual Model Guiding the Study 

Against this background the basic conceptual model guiding the study – as 

already has been presented in chapter 1 - can now be depicted. The main 

variables and their hypothetical relationships are represented in Figure 5.1. 

 
 

Figure 5.1: Basic conceptual model guiding the study. 

 

Figure 5.1 can be read as follows. The slant line refers tot the direct, main effect 

of the Teaching and learning processes on the Learning outcomes. The horizontal 

arrow represents the transformation of Pre-knowledge into Learning outcomes. 

The vertical arrow represents the interaction effect which is the impact of the 

Teaching learning process on this transformation. The dotted line represents the 

intended effect of the Program on the Teaching and learning processes (see also 

Holmbeck, 1997).  

 

Methods 

 

Participants 

Initially, 133 children participated in our research project. The experimental 

group comprised 75 pupils from three schools and the control group comprised 

58 pupils from three other schools. The six schools were similar in terms of their 

views on education and were selected and matched based on the amount of time 

the teacher had been working from a Vygotskian view of education, the student 

population, the number of students, and the location of the school (urban or 

rural). At the start of our research project, the children were approximately five 

to six years of age and were enrolled in grade two of the Dutch school system. At 

the end of our research project, the children were approximately seven years old 

and were enrolled in grade three of the Dutch school system. 

 

 

Pre-knowledge 
Learning outcomes 

Teaching and 
learning process 
Exp/control 

Program: 
 
Exp/control 
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Research Design, Instruments and Procedures 

We began the research project in September, 2002, using a longitudinal pre-

test/repeated post-test) design with an experimental group and a control group. 

In order to determine the children’s understanding of elementary mathematical 

skills and their understanding of numbers, the Utrechts Getalbegrip Test (UGT) 

(van Luit et al., 1998) was administered. This test served as a pre-test to 

determine if there were differences in prerequisite mathematical understanding. 

The alpha of this test was >.80 (van de Rijt, 1996). It is one of the very few 

tests that can be administered in early childhood. The test does not measure 

other mathematical skills (like working with symbols and mathematical problem 

solving) since these abilities are taught in grade three and not earlier.  

At the beginning of our intervention period, we also used a National 

standardised CITO test to determine the learning outcomes of children in both 

groups. The CITO test was conducted in January, 2003 during the first stage of 

the intervention period. The CITO tests are always administered in January or 

February and June. CITO is a Dutch norm–referenced standardised test used in 

primary education. It should be noted that the alpha of the standardised test is 

based on oral reports of the Dutch National Institute (CITO) that developed the 

tests and that, to date, no publications are available. This test is highly reliable 

with alpha’s ranging from .85 - .96. In addition, the high correlations between 

the subsequent CITO-measures indicate also the reliability and internal validity of 

the tests. The CITO test intends to measure children’s mathematical abilities by 

comparing results to the average test score in the Netherlands. During the 

experimental year, the experimental group practiced with, and participated in, 

schematising activities. The teacher was supported by a teacher-trainer in order 

to ensure that the interventions were introduced properly. The teacher-trainer 

visited the schools several times during the year to aid teachers in developing 

good methods for introducing schematising. The research design was based on a 

methodology that is characterised by interaction between practice and theory. 

The research started with a theory about how to introduce schematising in early 

childhood education and, by means of applying the theory to practice, a new 

theory evolved. The control groups did not work with schematising activities 

during the intervention period. They were, however, asked to take the same 

mathematical tests during our research period. The teachers of the control group 

participants did not receive teacher training on schematising. During our study, 

the CITO test was administered several times. The following figures illustrate our 

design in detail: 
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Intervention period 

l               l                                     l 

September-October, 2002: January, 2003:   June, 2003: 

Start research project  CITO test     CITO test 

(Number Sense)   (mathematical   and end of  

   achievement)   intervention    

         period 

 

           

Test moment 1 (pre-test) Test moment 2                   Test moment 3 

 

Figure 5.2: Intervention period. 

 

 

            Post-intervention period 

              

September, 2003:   February, 2004   June, 2004: 

Start post-     CITO test    CITO test and  

intervention period        end   

          post-intervention 

          period 

      

     Test moment 4 (post-test) Test moment 5 

 

Figure 5.3: Post-intervention period. 

 

During the intervention period, the experimental groups participated in 

schematising activities (see chapter 3 and 4). This intensive application was 

aimed at static and dynamic schematisation and at frequent, systematic and 

reflective schematising. To illustrate this, we provide an example of how a 

schematising activity was introduced: A child builds a castle. He asks his teacher 

how he could show his dad, who never visits school, his castle and how he built 

it. Using guiding questions, the teacher suggests ways he could show his father 

what he did. The child realises that he could make a drawing of his castle. The 

teacher then helps the child to transform the drawing into a schematisation. She 

shows the child how to count the blocks and how to graphically represent the 

same number of blocks in the scheme. This schematising activity emerged from 

a child’s meaningful play activity. Throughout the experimental year, the 

teachers, teacher-trainer and researcher endeavoured to only introduce 

schematising activities in meaningful contexts. In the post-intervention period, 

regular mathematics education was taught to both groups without emphasising 

schematising activities. After all, we sought to determine the extent to which 

early schematising influenced mathematical learning in grade three. In this 
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grade, children are first confronted with mathematics instruction and begin 

mathematical problem solving. Therefore, the most valuable test for our research 

questions was the CITO test February 2004 at test moment 4. We contended 

that, at that moment, the possible differences in learning outcomes would be 

most evident. We expected that, if schematising does indeed have positive 

effects on children’s learning outcomes, the children in the test group would have 

fewer problems with mathematics in grade three and would thus have better 

learning outcomes than the children in the control group. 

During the intervention period, the CITO test was administered. This test 

was administered four times -, twice in the intervention period and twice in the 

post-intervention period. We were primarily interested in differences in learning 

outcomes between both groups for the test moment in February, 2004. At the 

time of the test, the children had completed half a year of instruction in the 

grade three (test moment 4). We expected that, if any positive effects from our 

experiment manifest, they would do so at that moment. If schematising can 

bridge the gap we mentioned earlier, the experimental group would demonstrate 

higher learning outcomes than the control group. The test administered in June, 

2004 (test moment 5) was done to determine if positive effects demonstrated for 

the experimental group would be retained.  

 

Results 

In this section, participants’ learning outcomes on the CITO test are discussed. In 

order to determine the effects of our intervention, a one-way analysis of variance 

(ANOVA) and regression analysis were conducted.  

 

Number Sense (Pre-Test) 

Children’s elementary understanding of numbers was tested by administering the 

UGT test at the start of our research project. According to van Luit and van de 

Rijt (1998), this is a prerequisite for mathematical development. 

 

Table 5.1 

 

Scores on the pre-test (UGT) for the experimental group (N=75) and the control group 

(N= 58). 

 

     Mean score SD  Min Max  

 

Control program   

Pre-test:     19.12  7.472  4 33 

                  

Experimental program  

Pre-test:    15.92  7.805  3 33  

      

Table 5.1 indicates that, on the UGT test, the control group had a higher 

score than the experimental group. In a one-way analysis of variance, a 
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significant difference on the pre-test between the two groups was found. The 

difference on the pre-test between the two groups (3.2) was significant (F = 

5.679, p = .019).  

  

Mathematical Achievement (CITO) 

In this section we discuss the learning outcomes for the four test occasions on 

which the CITO test was administered. Figure 5.4 indicates the development of 

mean scores of both groups from the first moment of testing until the final 

moment of testing. To evaluate the outcomes of our experimental intervention, 

the focus is placed primarily on test moment 4. 

A remarkable downturn in the mean score of the control group on the 

CITO test can be seen between test moment 3 and test moment 4 as is shown in 

Table 5.2 and Figure 5.4. We initially thought that this was due to a 

measurement error but this explanation was quickly discarded. It turned out that 

measurement errors could be ruled out in this case. Our second potential 

explanation was related to the timing of the measurements. Test moment 3 was 

conducted in June of 2003, thus at the end of the intervention period and also at 

the end of early childhood education. Test moment 4 was conducted in February 

of 2004, during the post intervention period, which took place when the children 

were in grade three. This is the first year that children are given formal 

mathematics education and thus is also the first year in which children are 

confronted with mathematical tasks. The precise mean scores are presented in 

Table 5.2.  

 

 



 110 

Table 5.2 

 

Learning outcomes (in percentages of the maximum score) on the CITO test for the 

experimental group (N=75) and the control group (N= 58). 

 

     Mean score SD   Min  Max 

  

Control program 

Test moment 2   48.20  9.45  23.30  66.99 

  

   (Cito January, 2003) 

Test moment 3   56.33  15.59  25.24  100 

  

   (Cito June, 2003) 

Test moment 4   50.06  17.89  7.79  84.42 

  

   (Cito February, 2004) 

Test moment 5   59.12  15.82  23.91  86.96 

  

   (Cito June, 2004) 

 

Experimental program 

Test moment 2   43.76  13.27  19.42  76.70 

  

   (Cito January, 2003) 

Test moment 3   51.32  15.89  27.18  100 

  

   (Cito June, 2003) 

Test moment 4   55.26  19.45  19.48  100 

  

   (Cito February, 2004) 

Test moment 5    57.22  16.36  20.65  100 

  

   (Cito June, 2004) 
Note: It is well known that longitudinal research is vulnerable concerning missing values and 

consequently that N has decreased in time. 
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Figure 5.4: Children’s learning outcomes on the four test moments. 

 

The difference in scores on test moment 2 (CITO January 2003) is 4.44% 

in favour of the control group. However, the experimental group displayed a 

better mean score than the control group on test moment 4. What is important 

to note is that the mean score of the experimental group improved, whereas the 

mean score of the control group did not. In order to determine whether the 

difference between the groups was significant on this test moment (4), a 

variance-covariance analysis was conducted. The dependent variable was test 

moment 4 with test moment 1 (see Table 5.1) as a covariate. A significant 

difference (p = .000) in favour of the experimental condition was found. The 

effect size was .29. In educational environments, effect sizes between  +.20 and  

-.25 are considered meaningful (Slavin, 1996).  

From the results presented above, we can conclude that the experimental 

group had a significantly better score on the CITO test February 2004 (the post 

test) in the post intervention period when compared to the control group. On the 

basis of this finding, we can claim that our experiment did indeed have a positive 

effect on children’s learning outcomes. The children in our experimental group 

were already prepared for participation in mathematical tasks since they had 

previous experience with schematising. These children were already familiar with 

mathematical thinking and therefore had fewer difficulties with the mathematical 

tasks and tests in grade three. The children in the control group were not 

systematically exposed to schematising in early childhood and the results show 

that these children had more difficulty with mathematical tasks.  
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Correlations and Regression Analyses 

In order to conduct a regression analysis we use in this section the original 

scores on CITO. In the foregoing sections the scores were expressed as 

standardised percentage-scores according to the national CITO-guidelines. These 

percentage scores make a (visual) presentation of the descriptives easier to 

comprehend. However, for statistical reasons we prefer the original scores for 

the correlations and regressions. 

To give a first impression about the bivariate relations between the main 

variables in the regression analysis, we now present the correlations in Table 5.3   

 

Table 5.3  

 

Correlations between the variables to be included in the regression analysis 

         

        UGT  CITO  CITO  CITO      CITO 

           September January         June              February        June  

           2002  2003             2003             2004             2004 

UGT                      

 September, 2002    .774  .800  .686          .699 

CITO  

 January, 2003      .795  .620          .701 

CITO  

 June, 2003         .655          .699 

CITO  

 February, 2004                  .753 

CITO  

 June, 2004                   

 

In the previous section, we found an improvement in the mathematical learning 

outcomes of the experimental group using the CITO test that was administered 

in February, 2004 (test moment 4). The focus of our further analysis is centred 

on this test moment too.  

We then choose to consider the effects of the variables ‘UGT September, 

2002’, ‘CITO January, 2003’, ‘CITO June, 2003’ and ‘condition’ on the learning 

outcomes generated in February, 2004. A multiple linear regression analysis was 

conducted, in which a dummy variable was created for ‘condition’ (0 stands for 

the control group and 1 for the experimental group). The variables ‘UGT 

September, 2002’ (pre-test), ‘CITO January, 2003’, ‘CITO June, 2003’ (test 

moment 2 and 3, respectively) and ‘condition’ were subsequently included in the 

equation. No interactions were found. The outcomes are presented in Table 5.4. 
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Table 5.4 

 

Summary of Multiple Linear Regression Analysis for variables predicting the scores on the 

CITO test administered in February, 2004 (post-test). 

 

Variable      R² R² change Fchange SigFch     B         SE B     SigB.  β 

 

UGT September, 2002 .473  .473      86.324 .000      .454    .121     .000  .407 

(pre-test) 

CITO January, 2003    .497  .024      4.446 .038     .199    .133     .137 .175 

CITO June, 2003    .518   .021      4.180 .044     .332    .146     .025 .263 

Condition     .598  .080      18.527 .000    4.996   1.161    .000 .291 

 

 

By referring to Table 5.4, we can conclude that the variable ‘UGT September, 

2002’ explained 47.3% of the variance for the fourth moment of testing (CITO 

February, 2004 in the post intervention period). The variable ‘CITO January, 

2003’ contributed with another 2.4%. Additionally, the variable ‘CITO June, 

2003’ explained 2.1% and the variable ‘condition’ explained another 8% over 

and above the variance already explained by the previous variables. Thus, in this 

study we were able to explain 60% of the post-test variance. Inspection of the 

beta’s revealed that the Beta of the CITO January 2003 was not significant. 

Therefore this variable was removed from our initial model. The regression 

analysis based on our final model is presented in Table 5.5. 

 

Table 5.5 

 

Summary of Multiple Linear Regression Analysis for variables predicting the scores on the 

CITO test administered in February, 2004 (post-test). 

 

Variable   R² R² change Fchange SigFch     B        SE B     SigB.     β 

 

UGT September, .473 .473      86.324 .000      .524   .112     .000      .470 

2002 (pre-test) 

CITO June, 2003 .515 .042      8.161 .005     .442   .127     .001      .351 

Condition  .589 .074      16.820 .000    4.740  1.156   .000      .276 

 

 

From Table 5.5 it can be concluded that after controlling for initial differences in 

pre-knowledge - as was measured by both the UGT and CITO June 2003 - pupils 

in the experimental program outperformed their counterparts in control group on 

the posttest. In terms of variance components, the intervention explained 7.4 

percent of the variance over and above the variance already explained by the 

previous variables. This effect of condition can be considered as a significant and 

practical relevant learning gain in favour of the experimental pupils. The 

outcomes of our final analysis in Table 5.5. can be depicted as follows. 
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Figure 5.5: Final outcomes of the analysis. 

 

In the following section we will analyse whether these learning gains can be 

retained in time after. 

 

Retention of the Effect 

In June, 2004, the CITO test was administered for the last time. This test was 

performed to ascertain if the positive effects of our experiment were retained. By 

referring to Figure 5.4, we can see that the control group experienced a 

downturn between test moments 4 and 5. This downturn occurred between the 

end early childhood education and the start of grade three. In accordance with 

our theory explained above, this period is marked by a change in the way 

children’ learn. The experimental group appeared to benefit from our 

experimental program in the intervention period. In fact, we contend that, by 

introducing schematising in the intervention period, children were offered a 

means by which they could bridge the gap between concrete practical thinking 

and the logical-symbolic thinking. Evidently, this bridging function appears to be 

important for children’s learning outcomes in grade three. However, when 

looking at the results of test moment 5, it appears that this positive effect was 

not retained. After introducing the last CITO test (test moment 5) in the 

equation, no variance could be explained by means of the variable ‘condition’.  

The positive effect of the variable ‘condition’ that was found at the post-

test (test moment 4) was not retained through to test moment 5. Based on of 

the results displayed in Figure 5.4, we are inclined to conclude that the control 

group showed more progress in their learning outcomes than the experimental 

group did in the second half of the third school year. A possible explanation for 

this development is the fact that after half a year of struggling with the 

mathematical tests, teachers wanted children to practice sums in order to do well 

on mathematical tasks and tests. In fact, children can be taught to solve sums 

and eventually are able to solve sums because of intensive practice rather than 

because of understanding. However, it was understanding that we intended to 

UGT 
September 
2002 

CITO June 
2003 

Condition 

CITO 
February 
2004 (Post-
test) 

.524 (.112) 

.442 (.127) 

4.740 (1.156) 
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develop by means of our intervention with the experimental group. Intensive 

practice can result in the successful completion of mathematical tests like the 

CITO test. Dealing with dynamic schematisations is thus not entirely necessary. 

However, a one-way analysis of variances revealed that the mean scores of both 

conditions did not differ significantly at test moment 5. The difference in mean 

score for the final moment of testing (5) was 1.9% in favour of the control 

group. This result is not significant (F = .512, p = .476).  

 

Conclusion and Discussion 

This study focused on the effects of an experimental program in which children 

learned to participate in schematising activities and to deal with schematisations. 

In this chapter, the following research question was addressed: What is the 

effect of an experimental schematising program in early childhood on children’s 

mathematical learning outcomes in later development? The learning outcomes of 

pupils who participated in schematising activities were compared to the learning 

outcomes of pupils who did not engage in an experimental schematising 

program.  

This chapter hypothesised that participating in dynamic schematising 

during early childhood education would be beneficial for the development of 

mathematical understanding and understanding in later development. We 

expected this intervention to have positive effects on children’s learning 

outcomes. Children were expected to, because of their experience in dealing with 

schematisations, gain a deeper understanding of mathematics. 

In chapter 4, we reported on the effects of our experimental program on 

children’s learning processes. The results clearly showed the positive effects of 

the intervention. In this study, we focused primarily on the effects of the 

intervention on learning outcomes as measured by the CITO test. These results 

also demonstrated positive effects.  

The results of the CITO test administered in February, 2004, in the post 

intervention period, demonstrated a significant difference in the learning 

outcomes in favour of the experimental group when compared to the control 

group. Although this positive effect did not appear to be retained, we 

nonetheless believe that our data provides convincing evidence that the 

intervention had a positive influence on the test group’s learning outcomes. It is 

important to note that no further explicit training on schematising was given 

when the children were in grade three. At this stage, both the control group and 

the experimental group received a similar mathematics education. 

 It appears that the effects of our experiment decreased at test moment 5. 

How can this be explained? It is possible that the control group was trained 

intensively on the type of mathematical tasks found on the CITO test. As 

mentioned earlier, the sums in these tests can be solved through intensive 

practice. This likely resulted in improvements on the learning outcomes of the 

control group in the second half of the grade three. This finding is consistent with 
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the findings of van Oers (2003) who also found that the gains of a developmental 

education group disappeared in grade 3 and 4 when pupils start doing 

automatised arithmetic. Despite the learning outcomes, and with the results of 

our study in mind, we question whether any significant mathematical 

understanding was actually developed in the control group. In the experimental 

group, the researchers feel that a real understanding was developed, as 

exemplified by the ongoing improvement in learning outcomes even after 

standard mathematics education started. This is in contrast to the control group 

that initially showed a downturn when standard mathematics education was 

introduced.  

Another explanation for extinguishment of the effect could be a resource 

theoretical explanation. As measured by the pre-test, it was found out that the 

children in the experimental group had lower scores than the pupils in the control 

group. These lower scores could be due to a lower IQ and lower SES. The pupils 

in the experimental conditions had significantly (p= .04) less resources 

themselves as compared to the control pupils. The intervention compensated for 

this for a while. Hence, the pupils in the experimental condition got a temporary 

progress when they were confronted with formal mathematics. We can speculate 

that the control pupils, because of their better resources could catch up with the 

experimental group a year after the intervention.    

Overall, we conclude that our hypothesis was confirmed. Pupils in the 

experimental group outperformed their counterparts in the control group on the 

CITO test. Learning how to deal with schematisations and learning to participate 

in schematising activities that are interesting and meaningful for young children 

in early childhood education gives these pupils an advantage over others and 

thus results in better performance in later development. A gap in comprehension 

seems to be bridged by means of our experiment. This finding is consistent with 

the findings of Venger (1986), who demonstrated positive effects of meaningful 

schematising activities in young children on further learning. Our longitudinal 

study replicates Vengers findings but also extends our understanding by focusing 

particularly on dynamic schematisations and mathematical understanding. Future 

follow-up studies should focus on developing a better understanding of the 

differences between static and dynamic schematisations. 
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- 6 - 

 

The Stumbling Blocks in Schematising Activities 

 

 

 

Abstract 

Our research project that sought to determine the effects of introducing 

schematising to five and six year old children on their learning outcomes at age 

seven. We attempted to demonstrate that schematising is an effective way for 

children to bridge the gap between informal and formal mathematics. Our 

research indicated that children do benefit from practicing schematising in 

contextual, meaningful activities as they develop dynamic strategies to deal with 

mathematical problems. Unfortunately, like every innovation, this process of 

development also encountered stumbling blocks. However, these stumbling 

blocks may not be difficult to overcome if we understand why and how they 

develop. In this chapter, the stumbling blocks encountered by an average group 

of pupils in the experimental setting of our research project when introduced to 

schematising activities is described. Using information obtained through our 

literature review and from our analyses of the video recordings in which 

children’s activities were recorded, we attempt to attain insight on these 

difficulties. A better understanding of the obstacles hindering effective 

schematising may be helpful for those introducing schematising to other primary 

school classrooms in the future.  

 

Stumbling Blocks 

Although significant research has been conducted on the difficulties experienced 

by children in understanding mathematics (Ruijssenaars, 1997; Hughes, 1986; 

Keijzer & Terwel, 2004), very little research on schematising in early 

mathematics education has been conducted and published. Due to the lack of 

applicable research, we cannot describe the specific obstacles encountered by 

other researchers. However, we can present several general psychological 

problems that arise in the course of learning mathematical concepts. These may 

also apply to learning how to schematise. 

Hughes’ book, ‘Children and number: Difficulties in learning mathematics’ 

(1986) provides an overview of the types of difficulties experienced by children 

when learning mathematics. Ruijssenaars (1997) also investigated arithmetic 

problems and learning problems. He devoted an entire book to children’s 

difficulties in mathematical thinking. Both authors stress that developing 

mathematical understanding is difficult for many children.  
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Mathematical difficulties can be seen as problems with organising and 

structuring mathematical ideas and thoughts (Freudenthal, 1980; Ruijssenaars, 

1997, p. 46). According to this view, the problem arises because the children’s 

own thinking is believed to be insufficiently structured. Siegler (2003) states that 

children often “fail to grasp the concepts and principles that underlie such 

mathematical procedures” (p. 221). While structuring our thoughts, we, in effect, 

have an internal conversation with ourselves. This internal dialogue allows us to 

organise our thoughts and once this structuring process has occurred, we are 

able to relate this procedure to others. According to Ruijssenaars (1997), 

children who have problems in mathematics are often unable to structure and 

restructure their thoughts. Therefore, they are likely to make mistakes. This kind 

of problem is caused by the child’s lack of appropriate action plans or strategies 

and also by the child’s inability to reflect on his or her own cognitive processes, 

strategies and problem solving routines. Children often learn new strategies by 

observing how people around them use strategies. Crowley and Siegler found 

that explanations concerning the logic of strategies, “may provide a framework 

linking the subgoals within a strategy and thus making it easier for children to 

assess what they have already done and what they must do next to continue 

successful execution,” (Crowley & Siegler, 1999, p. 305). Thus, children 

struggling with mathematical problems need to acquire strategic structuring tools 

to organise their thoughts in order to solve mathematical problems (Siegler, 

2003). 

Our research provides strong support for our argument that introducing 

schematising to children in early childhood has a positive influence on children’s 

learning processes and outcomes in their later mathematical development. 

Therefore, children should be encouraged to develop their ability to participate in 

schematising activities. Every innovation experiences difficulties and the 

development of schematising abilities is no exception. In order to determine 

what type of difficulties may arise and hinder the successful implementation of 

schematising, we examined the problems and stumbling blocks experienced by 

average pupils in one of our experimental groups during the experimental year of 

our research project.  

The goal of this study was to investigate the stumbling blocks that inhibit 

effective schematising activities. While every stumbling block is a problem, not 

every problem is a stumbling block. The most fundamental difference between a 

stumbling block and a problem is that stumbling blocks cause discontinuity in the 

learning process while problems do not (Rutter & Rutter, 1998). Problems can 

often be solved by making certain decisions about what to do at a certain 

moment. Stumbling blocks, however, require the application of new learning 

processes in order to continue learning. New strategies have to be taught and 

learned or meta-cognitive skills have to be developed. If we know what these 

stumbling blocks are, we can enhance children’s learning processes. In the next 
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section, we explain why these difficulties can appear when introducing 

schematising in early childhood education.  

 

Why Do Children Stumble? 

Increasingly, researchers believe that children – even very young children - are 

capable of constructing their own ideas regarding quantities, or spatial and 

numerical relations (Carruthers and Worthington, 2003; Gravemeijer, 1998; 

Hughes, 1986; Van Oers, 1994). This research demonstrates that children have 

the capability to make their own representations of aspects of reality if they are 

involved in a meaningful activity. When children are given a mathematical task, 

they have to first establish the context from which the question arose. They then 

have to translate this into a mathematical question,  correctly reason and 

calculate. Last, but certainly not least, children need to translate the result of the 

calculation back into the context. The latter step is especially hard to accomplish 

if a task does not emerge from a real–life context. If an activity makes sense to 

them, children are motivated and interested and are thereby willing to 

demonstrate their capabilities (Hughes, 1986). When children are curious, they 

are optimally motivated to learn. Activities that are not meaningful or functional 

are probably the first, and possibly also the most fundamental, problem 

encountered in mathematics education. Hughes (1986) illustrates this essential 

problem in his research. When Hughes asked the children participating in his 

study to make a representation of the number of blocks that were in a pile and of 

changes in the quantity of the blocks in the piles, the children were expected to 

use sums containing the symbols ‘+’ and ‘-’ to represent these numerical 

concepts. However, not a single child used the symbols ‘+’ or ‘-’ to represent 

addition and subtraction or the change in the number of blocks. This is 

remarkable because these children had been using these symbols every day in 

their mathematics lessons. Hughes contended that the problem was rooted in the 

fact that, “these children clearly did not regard these symbols as relevant to the 

problems facing them” (1986, p. 74).     

Before children begin school, they become accustomed to making their 

own problem solving strategies at the level of complexity required to solve 

problems that arise (Siegler, 2003). They construe their own ways to represent 

their reality. When they make representations, they refer to specific visible 

objects (see also Chapters 3 and 4). In early childhood, children become familiar 

with interpreting visible, concrete objects and relations, instead of the invisible, 

abstract problems which are presented to them later in their development. 

Hughes describes this process as follows: 

 

“Children must learn to link the new written form of representation with the 

concrete understanding of number which they already have when they start 

school”...“Children must learn to translate between their concrete understanding 

of number and the written symbolism of arithmetic” (Hughes, 1986, p. 53). 
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The gap between the way children have learned and reasoned before they 

started school and the way they are supposed to learn and reason once they 

commence school is overwhelming. Children have to acquire a new language to 

express their mathematical knowledge  because their own symbols and 

representations are no longer acceptable in standard mathematics education. If 

children are used to understanding and expressing their thoughts using their own 

language, it is difficult to accept a new unfamiliar language. Learning a new 

language also requires acquiring new tools and skills. For many children, and 

even for many adults, mathematics that is largely dependent upon symbols and 

numerals instead of words and sentences (in the ordinary sense) looks like a 

foreign language. By ‘foreign language’ we refer to the difficulties in learning how 

to communicate using symbols instead of words, in effect, to communicate at the 

abstract symbolic level instead of the concrete, realistic level. Children have to 

learn to translate between “the language of mathematics and their ordinary 

knowledge about familiar things and situations” (Hughes, 1986, p. 44). Using 

words to describe how to build a ship is a far more concrete activity when 

compared to reading a construction plan that uses symbols, numerals and other 

devices to describe the same task. Tools (like schematisations) are needed to 

teach children how to translate between abstract and concrete representations. 

Every child that starts school has already developed a whole range of 

skills, including skills that relate to numbers (McPherson and Payne, 1997). Once 

at school, the teacher is expected to teach the children a new kind of thinking, 

namely mathematical thinking. Children thus have to learn how to use 

mathematical symbols and schemes. The best way to accomplish this is to 

introduce the children to symbols in a way that helps them to see the necessity, 

purpose and value of using them. If children do not know why they have to do 

(formal) mathematical sums, because they are given no clear purpose for their 

participation in an activity and problem solving, children will not use the 

conventional operator signs appropriately. Additionally, when children fail to 

understand the necessity or reason for new written methods but are forced to 

use them at school, a gap arises between this new, formal knowledge and 

children’s prior, informal knowledge (Hughes, 1986; Ginsburg, 1977). 

 Our research project claims that introducing schematising activities, 

emerging from young children’s play activities, promotes the development of 

mathematical thinking. If children are taught the function of symbolical 

representations by means of schematising, they will gradually see the necessity 

of learning to schematise and they will also see the value and richness of 

mathematical thinking. Making children conscious of the need to acquire formal 

thinking is thus the first step in tackling the stumbling blocks to schematising 

and subsequent mathematics education. This can help to improve children’s 

learning outcomes and processes in mathematics.  
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Symbol, Drawing, Scheme 

In this chapter, the words ‘symbol’, ‘drawing’ and ‘scheme,’ which are examples 

of signs and expressions common to both mathematics and schematising, are 

mentioned repeatedly. Considering the aim of this study, it is important to re-

examine the differences between the concepts of symbols, drawings and 

schemes. In previous chapters, we used these terms in a non-specific way. 

Considering the subject of this chapter, a more detailed analysis is necessary. 

 A symbol can be defined as a sign where a relationship exists between the 

representation of the sign and the meaning it expresses. Thus a symbol stands 

for, or represents, something else. It is a printed or written character that is 

commonly used to designate something. A symbol has a deeper meaning, which 

surpasses the external representation and the superficial meaning of the sign 

itself. The meaning of a symbol is conventional and can be based on agreements 

between the users of the symbol. According to Charles Peirce (Stanford 

Encyclopaedia of Philosophy, 2001; 2006), symbols derive their significance from 

resemblance to their objects, a real relationship with their objects, or are 

connected only by convention to their objects. A symbol can be part of a scheme. 

 Drawings can be categorised as either natural signs, where the drawer 

restricts himself to representing the visible reality, or signs of imagination, which 

are what the drawer experiences as his reality at that given moment.  

 A scheme is a simplified structured representation, description or imitation 

of a part of the socio-cultural reality. A scheme always comprises a structure that 

is a construction of several symbols representing a part of reality. A scheme 

always assumes a structural similarity between the scheme and what it 

represents. 

 Symbols and drawings can be a part of a scheme, but they are not the 

most important feature of a scheme whose purpose is to represent a structure. A 

drawing or symbol by itself cannot represent structures. The structure of the 

symbol Σ, for instance, does not provide any indication of the mathematical 

structures or operations involved. 

 Symbols, drawings and schemes have meanings (Peirce, Stanford 

Encyclopaedia of Philosophy, 2006; Peirce, 1894). According to Peirce (1894), 

symbols grow. “They come into being by development out of other signs, 

particularly from likenesses or from mixed signs partaking of the nature of 

likenesses and symbols. We think only in signs. These mental signs are of mixed 

nature; the symbol-parts of them are called concepts. If a man makes a new 

symbol, it is by thoughts involving concepts. So it is only out of symbols that a 

new symbol can grow. Every symbol follows from a symbol. A symbol, once in 

being, spreads among the peoples. In use and in experience, its meaning grows” 

(Peirce, 1894, p. 10). The relationship between a sign and its meaning can 

change, depending on its context. Charles Peirce distinguishes the following 

relationships between signs and meanings: 
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1) Iconical relationships: a sign is an icon when its relationship with what it 

refers to is one of perceived similarity. This may often be a visual 

similarity but need not be visual. Sometimes it is an aural similarity like 

‘buzzing bees’.  

2) Indexical relationships: conveys meaning in a different way. Smoke, for 

example, does not physically resemble fire, but is caused by fire and is 

usually contiguous with fire. Thus the sign ‘smoke’ may be described as an 

index of the referent fire.  

3) Symbolical relationships: sign and referent are mediated by some formal 

or merely agreed-upon (conventional) link, irrespective of any physical 

characteristics of either the sign or referent. The most obvious examples 

of symbols are in language. A particular letter is a symbol for a sound, and 

a word is a symbol for an idea. Material objects can also act as symbols. A 

wedding ring is a formal convention symbolising a marital agreement 

(Knappett, 2002). 

These relationships are used in the analyses of our study results. In schematising 

activities, children have to learn how to relate sign and meaning to a specific 

context. As mentioned earlier, there are different ways to represent relationships 

and children need to learn how to distinguish between them in order to make 

appropriate schematisations. 

 

Summary 

Schematisations are valuable tools for structuring and organising our ideas and 

thoughts.  Extensive descriptions can be summarised using a few simple signs 

and therefore they may be easier to comprehend or at least appear to be better 

organised. By using schematisations during play activities, children (from five 

years of age) are able to represent what they think or what they mean. They can 

represent their views of reality using drawings, graphs, symbols or other 

schematising devices. However, before children are able to participate 

effortlessly in schematising activities, we must be aware of several, possible 

stumbling blocks they may encounter. Following from this theoretical viewpoint, 

we contend that the following factors should be taken into consideration when 

introducing schematising: 

 

• The symbols and schematisations used in mathematics are not familiar 

tools for children to express their thoughts. We have to build on children’s 

own representations to develop further understanding. When children 

practice symbolising, they learn the utility of communicating by means of 

symbols; 

• Children do not know the values and functions of symbols and 

schematisations unless we explain, demonstrate, and prove their 

usefulness; 
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• Children will not be able to discover the values and functions of 

schematisations if these schematisations do not emerge from activities 

that make sense to them; 

• If children have never been encouraged to make or practice making their 

own marks and to develop their own ways of creating meaning, they will 

not recognise the function of symbols and schematisations because they 

are unfamiliar with a more formal way of representing their thoughts or 

that which they desire to express (Carruthers and Worthington, 2003); 

• Several symbols have different meanings depending on the context in 

which they are used and many symbols share their likenesses with others, 

which may be confusing for children. For very young children the numeral 

‘6’ appears similar to a ‘9’, and to the letter ‘b’. The position of a symbol 

can also be a source of confusion for children. The numeral ‘2’ in ‘25´ 

represents a different value than the numeral ‘2’ in the number ‘52’; 

• In the third grade, two systems of notation are taught simultaneously, 

namely alphabetic and numerical. We have to make children aware of the 

importance of both notation systems but also ensure that they are aware 

of the differences and similarities between them when they are used as 

communication tools; 

• Sometimes children’s own representations are difficult to decipher. Often, 

the representations are more or less meaningless to others because 

children do not know how to represent their thoughts very well. The 

teacher’s role becomes very important at this stage because he or she has 

to decipher what the child means and also has to introduce other ways of 

creating comprehensible notation. At that point in time, other forms of 

notation have yet to emerge from children’s own thoughts. 

 

Due to the variety of circumstances related to the conditions summarised 

above, children may have difficulty learning mathematics. In the following 

section, the method used to uncover stumbling blocks in the process of 

schematising is presented. 

 

Methods  

This study is an embedded case-study within a larger empirical study that was 

conducted in six classes and involved 133 five and six year old, second grade 

pupils. Three of these classes participated in the experimental condition where a 

teacher introduced schematising activities to the children with the help of a 

teacher–trainer. In order to accomplish an in–depth analysis of the actual 

process, we decided to select one classroom from the experimental condition. To 

illustrate the practical problems that were encountered when schematising, the 

children’s activities in one of the experimental groups were analysed. In the 

control condition, children did not consistently practice schematising, so 
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analysing non-schematising activities would not have proven useful for 

uncovering stumbling blocks in schematising activities.  

We decided to analyse the activities of experimental school two. This 

school is situated in a relatively large urban centre that is characterised by a 

middle–class population. The video recordings of this group presented a large 

variety of activities. All the children in this class participated in the experimental 

setting and were divided over several activities. A few children participated in 

several schematising activities. This sample formed a realistic reflection of their 

class with regards to their learning outcomes. These children had average 

learning outcomes on the standardised mathematics tests. The tests used (CITO, 

see Chapter 5) are norm–referenced standardised tests. Children receive several 

level indicators for their learning outcomes on this test, namely A, B, C, D and E, 

with A being the highest level and E the lowest. A score of C indicates that a 

child scored moderate to satisfactory (25% below the average level compared to 

all the children in the Netherlands). As a class, the average score of experimental 

group two was at C–level. Previous research provided data on these children’s 

learning outcomes in their Dutch language tests (Van Oers and Poland, 2004; 

Van Oers and Poland, 2005). The children who formed the ‘target group’ not only 

had C–scores on their mathematical tests but also on the tests that measured 

their abilities on several aspects of the Dutch language. This provided an 

additional argument to support our selection of this experimental sample for our 

analyses. We made sure that we examined average pupils so that the outcomes 

of this study could be generalised. Yet another argument for selecting this school 

was that it included a population of non-immigrant, lower to middle class 

students. Experimental school number three was populated primarily by 

immigrant students. Given that the children at these schools often deal with 

problems using the Dutch language, these problems could influence their the 

children’s ability to participate in every activity. If we analysed their learning 

processes in schematising, their difficulties with the Dutch language would 

always be a factor. Consequently, we would not be able to get a proper 

evaluation of more typical stumbling blocks with regard to schematising since we 

would always be confronted with communication deficits.  

 Before analysing the video recordings made at experimental school two, 

we prepared a list of problems emerging from our literature search as discussed 

in the previous section. After viewing the videos, we uncovered yet more 

problems and made a list of stumbling blocks. Additionally, after watching each 

activity five times, we were able to transcribe the activities into text. The 

questions asked by the children and their errors during the activities were used 

as indicators for problems and stumbling blocks in schematising activities. 

 

Results 

In this paragraph, four schematising activities are presented. The stumbling 

blocks are described in the context of the entire activity. We thus recreate 
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dialogues and provide the drawings, schemes and symbols made by the 

participants. Stumbling blocks became evident in the interactions between the 

children with the teacher, teacher–trainer or other children. The schemes not 

only demonstrate the abilities of the children but also provide insight on the 

children’s thinking processes and the things they did not understand. These 

activities were selected, because they were extensive and involved many child 

participants. 

 

The Baby Elephant  

The purpose of this activity was to teach children that a story could be 

schematised. The story selected by the teacher could be split up into three parts. 

The three parts of the story are already part of a scheme because they represent 

a linguistic structure. However,  in this case, schematising could also occur on 

another level. Each part of the story could become a separate scheme because 

each contained several events or processes. These processes could also be 

schematised using symbols, such as arrows, to refer to change, or movement 

within the story.  

The activity began when the teacher read a poem about a little elephant. 

The poem was as follows: 

 

1) Het olifantje      The little elephant 

  

2) Ik zag het op tv      I saw it on tv 

3) een baby –olifant      a baby elephant 

4) Het was water aan het drinken    he was drinking water 

5) En viel daarbij van de rand    and fell of the side 

 

6) De kant was glad van de modder   The side was slippery of mud 

7) Hij kwam er niet meer uit    he could not get out 

8) En zijn grote logge moeder     And his big clumsy mother 

9) schetterde heel luid     was blaring really loud 

 

10) En alle olifanten kwamen aangerend   And all the other elephants 

11) Ze gingen door hun knieën    They got down on their knees 

12) Een greep zijn slurfje, de ander zijn billen  One grabbed his trunk, the other  

13) Zodat hij niet verder gleed one his buttocks, so he could not 

slide further 

 

14) Ze werkten allemaal samen    They cooperated together 

15) Ze zwoegden snuit aan snuit    they worked snout to snout 

16) Maar na een paar minuten     But after a couple of minutes 

17) Klom het baby’tje eruit     The baby climbed out 

 

18) Hij stond een beetje beverig op de kant  He stood a little trembling on the  

19) Die kleine olifant      side, the little elephant  

20) Hij ging verder met de kudde    He went on with the herd 

21) Er was niets meer aan de hand   Everything was fine 
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After reading the poem the teacher discussed what was happening in the poem 

with the children.  

 

Teacher: Now, what was happening in this little story? 

Jorn:  I don’t know! 

Teacher: Yes, you have to think all together. Jeske? 

Jeske:  Huhm, the elephant climbs out. 

Teacher: Where does he climb out? 

Jeske:  Of his mum. 

Teacher: Well, that is not really what happened. What do you think Danice? 

Danice: That he got out of the elephant. 

Teacher: Jorn, what did you hear? 

Jorn:  Eh, a baby elephant. 

Teacher: Yes, it is about a baby elephant, but what is happening to the baby 

elephant? 

Merijn: He is falling. 

Teacher: He fell into something. 

Merijn: Into the water. 

Teacher: He fell into the water. But how could he fall into the water? 

Merijn: Because the side was slippery. 

Teacher: The side was slippery because of the mud. And what did his mother do 

when he fell into the water? Jeske? 

Jeske: He grabbed his buttocks! 

Teacher: One grabbed his trunk and the other one his buttocks. And how did they 

get the elephant out of the water? 

Merijn: Pull. 

Teacher: Yes, they pulled him out. And at the end. What happened at the end of the 

story? 

Merijn: They went on. 

Teacher: They went on with the herd, everything was fine. I will read the story 

again. 

 

After this discussion, the teacher re-read the poem a second time and asked the 

children to explain what the story was about and which events took place in the 

story. The teacher made sure that all the pupils knew the story well. The teacher 

planned to split the story into three parts. These three parts describe the three 

most important events in the story, namely:  

 

1) a baby–elephant falls into the water because he is drinking where it is 

muddy and slippery; 

2) the mother elephant trumpets when her baby is saved by two big 

elephants. They pull the baby-elephant out using their trunks; 

3) the baby elephant gets out of the water and goes on with the herd.  
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It was very difficult for the children to retell the story. They did not remember all 

the events and, therefore, had problems splitting the story into three parts and 

describing the details of the poem.  

After repeatedly reading and discussing the story, the children were asked 

to draw three pictures in which they represent what happened first, what 

happened next and how the story ended (the three pictures the teacher had in 

mind). These pictures also had to consist of several parts because the pictures 

should have represented a process within several steps. A process has a 

beginning, middle and end. The baby elephant falling into the water can be 

represented by drawing an arrow from the elephant to the water which expresses 

movement. In this way, the drawing can become a dynamic schematisation 

because it shows where the elephant was standing at the beginning and where 

the elephant fell into the water. In order to demonstrate how the children 

thought of a good way to represent the story, we will present the dialogue 

between two children and the teacher–trainer after the children had been 

drawing for some time. The conversation started when the teacher-trainer (TT) 

asked two children about their drawings. One of the children, Merijn, was asked 

if she had drawn what she was supposed to draw. This was done to see if she 

had represented the right relationship. The second child, Danice, asked for help 

because she did not know what to draw in the last picture. Unfortunately, we are 

not able to show the drawings made by Merijn because of the poor quality of the 

photograph.  

 

TT:  You are ready? Can you get your drawing so we can show it? Please lay it 

down. 

TT:  Well, this is it? Can tell us something about it? 

Merijn: (pointing at her first drawing) Uhm, here he falls into the water, 

  (pointing at her second drawing) And here they save him, 

  (pointing at her last drawing) And here everything is fine. 

TT:  Oh ok, and who are saving him? 

Merijn: Those here want to save him. 

TT:  And who are the saviours then? 

Merijn: The other big elephants. 

TT:  Yes, and where are they? 

Merijn: (Points at something, it is not clear what it is) 

TT:  And where is the baby elephant? 

Merijn: Here he is (points at her first picture), in the water! 

TT:  And did you draw him also in the middle picture where they are saving 

him? 

Merijn: No. 

TT:  Oh, you did not draw that, ok. 

 

After this conversation, it became quiet for a little while and the teacher–trainer 

decided to show Merijn the drawings made by another child. However, Merijn 
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decided to do something else. What follows is the interaction between the 

teacher–trainer and Danice. 

 

TT:  Shall we start with the first part of the story? 

  Shall I read the poem again? 

Danice:  Yes, this is the first one (shows the first picture). 

 

 
Figure 6.1: The baby elephant is falling into the water. 

 

TT:  Ok, I read the poem (Reads the first 8 lines of the poem). 

TT:  How can you see the mother is trumpeting? 

Danice: Because her trunk is standing upwards. 

TT:  Because her trunk is standing upwards. 

TT:  Now comes the next drawing. 
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Figure 6.2: Two big elephants are pulling the baby elephant out of the water with their 

trunks and the mother–elephant is trumpeting. 

 

TT:  Reads the line 9-11. Do you see that, do you see that? Yes, that one. 

  (He reads further till line 16, the child is mumbling something). 

TT:   What did you say? 

Danice: Oh, now I get it! I have to draw a mother. And she is standing in a house 

with a big belly and than the baby comes out. 

TT:  Do you want me to read? Yes? Than I will read you the last part of the 

poem. 

Danice: Yes. 

TT:    (Reads the last lines). What are you going to draw now? 

Danice: A mother who is at home, lying in bed and who has a big belly. 

TT:  I have not been reading anything about that in the poem, have I? After a 

couple of minutes, the baby climbed out. He climbed out of ... ? 

Danice: Out of the water. 

TT:   Yes, after a couple of minutes, the baby climbed out of the water. 

TT:   Well, listen, how does the story go further? He stood a little trembling on 

the side. 

Danice:  What does trembling mean? 

TT:   What trembling means? What do you think? 

Danice: That he is shivering.  

TT:   He is shivering because he is all wet and cold. 

Danice: Than he needs a towel, do I have to draw that maybe? 

TT:  Yeah, you could do that, a towel around him. So he stood a little trembling 

on the side and how does it continue? The little elephant went on with the 

herd and everything was fine. Went on with the herd? 

Danice: What is the herd? 

TT:  The herd, that means all the elephants together, the herd, the group. Well, 

you can draw that tomorrow. 
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When taking a closer look at these dialogues and pictures, several 

problems in this schematising activity are evident. According to Peirce’s 

definitions, the teacher asked for the schematisation of a symbolical relationship 

because she expected the children to use arrows (i.e. a conventional way to 

represent movement). The teacher also asked for a schematisation of an iconic 

relationship because she wanted the children to draw pictures of actual 

elephants. The children were supposed to schematise three events and symbolise 

what happened. At first it appeared that the children made static (and iconic) 

representations of the events because the pictures did not reflect what really 

happened. No action or processes were represented. The pictures only 

represented the final stage of a section of the poem. The children did not know 

how and why they should have used symbols in this activity. It is important to 

note that the children must comprehend the situation or the story in order to be 

able to schematise it. There was one instance where a child did not understand a 

couple of words that were used the poem and thus did not understand what she 

was supposed to draw. She was, therefore, unable to make a representation of 

the last event in the story.  

As the activity progressed, it appeared to be very difficult for the children 

to reproduce the story by splitting it up into several events, including the 

necessary details and connecting them.  

Danice portrayed a significant amount of detail in her drawings. She drew 

the mother elephant trumpeting and also the two rescuing elephants (symbolic) 

while the baby elephant was still in the water. She did try to demonstrate that 

these elephants were pulling the baby elephant out of the water. The other 

children did not represent these details. They drew a picture of an elephant on 

the bank, a picture of some big elephants, and a picture of a large elephant and 

a small one. These pictures are a form of static schematisation in the sense of 

Pierce’s definition of iconic relationships. No action or process was shown. The 

children seemed to think that static schematisations were sufficient to represent 

action. They drew only what they saw at the conclusion of the event and not the 

action that caused it. However, no action was indicated in the pictures as 

evidenced by the fact that  the children did not use any symbols to represent 

movement. Perhaps they did not have the tools to make a dynamic 

schematisation. However, the teacher helped Jorn with his representation of the 

first event. Jorn first drew the little elephant on the bank. The teacher then 

asked him what this drawing meant. He answered that this represented the 

elephant falling into the water. Then the teacher explained the function of arrows 

to him. She showed him how he could use arrows to represent action in the 

drawing. When he understood the function and the meaning of arrows, he 

applied this skill in his second drawing. This demonstrated the emergence of an 

understanding of a symbolic relationship. 

Before children are able to make a good quality schematisation of their 

activity, what they are expected to do must be clear. Additionally, the function of 
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schematising and using symbols must be explicit. How the children can turn their 

static scheme (the construction of the three parts of the story) into a dynamic 

scheme must also be understood.  

Perhaps the main problem with this activity was that the teacher had 

intended to teach the children to schematise but forgot to explain the purpose of 

schematising. This lack of explanation was thus a stumbling block for the 

children. If children do not get the chance to learn the purpose and the function 

of schematising, schematising activities will never develop optimally. At best, 

they will remain at an iconic level. Consequently, every time children are asked 

to schematise, they can get stuck at an early stage and new schematising 

learning processes will not develop.  

 

St. Nicholas’ Ship  

During this activity, three children were shown a construction plan of St. 

Nicholas’ ship. The children were required to ‘read’ this schematisation and build 

a ship according to the construction plan (Figure 6.3). Afterwards, the children 

were asked to schematise their own construction plan or to schematise the actual 

construction they created during the activity. Using the Peirce’s terminology, 

another symbolical relationship had to be schematised here. This (Figure 6.3) is 

the design prepared by the teacher:  

 

 
Figure 6.3: The building design of St. Nicholas’ ship. 

 

The teacher asked the children if they knew what the numerals in the 

drawing meant. They did not know. The teacher then explained it to them by 

saying, “The numerals in the drawing, in each of the blocks, mean that you have 

to build that many blocks upon each other. So, if there is a number 4 on a block, 
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you have to build 4 blocks on top of each other.” All the children appeared to 

understand this and no one posed any further questions.  

In the next step, the children had to discuss which blocks they wanted to 

use before they started building, partly according to the construction plan and 

partly according to their own representation. At first, they forgot to count how 

many blocks they needed to put next to each other. They focused on what they 

had just been told about the numerals in the design. The children just started 

building and were only concerned with ensuring that the shape of the ship was 

correct. The children thought the ship was a little bit ‘thin’. The teacher explained 

that you cannot describe a ship’s hull as ‘thin’ but, rather, it can best be 

described as ‘narrow’.  

The children were fairly good at interpreting the building design with 

regard to the numerals. They knew exactly how many blocks had to be put on 

top of each other because they knew what the numerals meant. The teacher 

then reminded them of the number of blocks that had to be next to each other. 

After this prompt, they started counting the number of blocks in a row. Once the 

children had been building for a while, they suddenly realised that they would not 

be able to get in and out of the ship, because there was no door indicated on the 

design. Additionally, there were not enough blocks to build the ship exactly like 

the one in the picture. They therefore decided to make a hole in the ship that 

could serve as a door. From this moment on, the children forgot to pay attention 

to the ship design and just kept on building. They switched from representing a 

symbolical relationship to creating an iconical relationship. Thus, the children 

forgot the goal of the activity and neglected to note the difference between the 

design plan and what they ended up creating. 

One of the children, Danil, had some difficulties translating the drawing of 

the ship into the actual building of the ship. He simply built without counting. He 

did not really pay attention to the instructions given at the beginning of the 

activity and, after building with some blocks, he decided to do something else. 

He did not seem to be interested in participating in the activity. This motivation 

problem was not addressed by the teacher. 

Maudy expanded on Danil’s work. She did not check to see if Danil had 

done it correctly. She just kept on building. Unfortunately, this did not follow the 

ship design. In fact, we can say that there was no reflection on the work and that 

there was no control of the relationship between sign and meaning. This problem 

could have been solved by the teacher had she addressed it. 

Since there were not enough blocks at the end of the activity, the ship was 

not built exactly like the one in the design. Therefore, the teacher asked the 

children to draw a new building design of the ship to reflect the one they actually 

built. When the children started drawing, they neglected to count the blocks in 

their construction. They only concentrated on the shape of their ship and, 

therefore, did not link the drawing to the building. Yet again, there was no 

relationship established between the sign (drawing), and the meaning (the 
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construction). The major stumbling block here seems to be ‘abstraction.’ 

Abstraction means taking a certain point of view, or perspective and considering 

an object from one point of view consistently and continually (van Oers & Poland, 

in press). The children did not even count how many blocks were situated next to 

each other. However, they did count how many blocks they built upon each 

other, as suggested by the teacher at the beginning of the activity. Additionally, 

the children asked the teacher to indicate these numbers on the drawing. While 

the children were building the ship, they also made a ‘door’ in it. However, when 

they drew their ship, they depicted the ‘door’ on the opposite side.  

In this activity, the problems appeared to be related to the inability to 

control actions following external rules (van Parreren, 1989). 

 

 
Figure 6.4: St. Nicholas’ ship drawn by Maudy. 

 

 In this activity, one obvious problem was that one child, Danil, was not 

motivated to continue his participation in the activity. Another problem was that 

the children did not seem to link their construction to the design. Although 

reflection on what the children had been doing and what they were supposed to 

do is very important, it did not take place. A stumbling block, however, was 

demonstrated by the two other children who focused only on the correct shape of 

the ship and ignored the scale. They built the ship with little attention to the 

design and they drew a new design paying absolutely no attention to their 

construction. This demonstrates a problem with translating the concrete into the 

abstract. In essence, the problems presented by this activity were a lack of 

reflection and motivation. Stumbling blocks that presented themselves in this 

activity included the lack of planning (no consideration of what had to be done 

first, second, etc.) and the inability to interpret a scheme from one perspective, 

which is, in effect, a problem with abstraction. The final stumbling block was that 
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the children did not notice that they moved from a symbolic relationship to an 

iconic relationship. New learning processes, whereby the difference between 

these two are explained, need to occur before children can understand why they 

did not complete this activity successfully. 

 

The Trip 

The purpose of this activity was to teach the children to symbolise destinations 

and schematise travelling. As before, a schematisation of a symbolic relationship 

was requested. By choosing this topic, the teacher challenged the pupils to think 

about representations of movement, change and transportation. The teacher had 

two big sheets of drawing paper which she stuck together. Before beginning this 

activity she read a book about a green suitcase to the class. The teacher selected 

four children at random to participate in this activity. The children had to think of 

the trip taken by the suitcase in the book as it travelled to Africa. The teacher 

told the children that they were all going on a trip together as well and that they 

were going to represent the trip in a drawing. First, everybody was told to think 

of a place he or she wanted to go to, which initiated a planning process. Celeste 

wanted to go to Amsterdam, Quentin to Africa, and Damian wanted to go to 

Disneyland. Marissa wanted to go to Africa too but she was not allowed to 

because Quentin was already going there. She went to get a book to get some 

ideas of places to go to and decided she wanted to go to the ‘Zeehondencreche 

Pieterburen’, which is a seal nursery. The teacher wanted to go to Turkey. All the 

destinations were written down. Then the children had to decide where their trip 

would start from and they chose to start from the school. They had to draw the 

school on the drawing sheet, but they had difficulties symbolising its correct 

location. Quentin symbolised the school by drawing a square with some windows 

and children in it and the teacher wrote ‘school’ on it. From the school the 

children wanted to go to Pieterburen, a village in the Northern part of the 

Netherlands where the seal nursery is. They discussed whether it was close to 

the school or far away, where it should be located on the paper and how to 

represent a seal nursery. They opened Marissa’s book and saw some seal pens. 

Then they started drawing some seal pens with seals in them on the paper. After 

this, the children had to think about the route they would take from the school to 

Pieterburen. They decided to go by car and drew a road. The teacher asked the 

children to demonstrate the direction the car had to go (a schematisation of the 

route) and Marissa drew a line from the school to the seal nursery. After several 

attempts to let the child discover it herself, the teacher prompted her with the 

word ‘arrow’. Marissa picked up on this hint and drew an arrow. At this point, the 

drawing became a dynamic schematisation as it contained symbols indicating a 

process. The children then wanted to go to Turkey. Celeste said, “You have to go 

there by plane,” and she schematised it accordingly. First, she drew a big circle 

representing a swimming pool. According to Celeste, this swimming pool 

symbolised Turkey. Then she drew an airplane flying to Turkey with people in it, 
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but she only drew one person on the plane and said, “If I draw one person, 

people will understand automatically that there are more people in it.” In effect, 

she symbolised a group of people by drawing only one person. The plane was 

given wings and then a line was drawn from Pieterburen to Turkey. After some 

help, Celeste remembered to show direction by using arrows and thus another 

route was schematised. She drew several arrows. The next visit was to 

Amsterdam. Marissa symbolised Amsterdam by drawing a house. The teacher 

wrote ‘Amsterdam’ near the house and also labelled the representations of 

Pieterburen and Turkey. The route from Turkey to Amsterdam consisted of a 

road although the children wanted to go by plane. They indicated that they just 

liked drawing roads. The road crossed the route from the school to Pieterburen. 

Quentin noticed this and he thought this schematisation was made incorrectly so 

pointed out with his finger that there should have been be a bridge or something 

to cross the road. However, according to the other children, the scheme was fine 

the way it was. Marissa drew an arrow pointing in the wrong direction next to the 

plane and the teacher drew her attention to this. The trip continued to Africa. 

Quentin drew a yellow oval with a dromedary on it to represent the desert. Africa 

was thus symbolised by a desert and a dromedary. He then drew the road 

starting from Amsterdam. This road crossed yet another road, namely the road 

from the school to Pieterburen. Quentin drew the new road which went under the 

other one and also drew an arrow to indicate the right direction. The last 

destination was the Disneyland resort in Paris. The teacher drew Mickey Mouse 

and a roller coaster. Damian drew the road using many arrows. Damian also 

drew his road going under the other ones. The children decided to take a bus 

from Africa to Paris.  

The function of this activity was to encourage the children to, in advance, 

think about what they were going to do and how they were going to do. This was 

essentially a planning and structuring activity. The children were also required to 

think of how to represent a place, city or country in a manner that allowed 

another person to understand what is symbolised. Clearly, the children 

attempted to make a schematisation of their plans and their thoughts. The 

routes leading from one place to another transform this drawing into a scheme 

and thus represent a construction of a structural aspect of reality. A problem that 

occured in this activity was that the children had difficulties with creating the 

dynamic aspects in a schematisation. This was evidenced by the fact that, in the 

beginning, the children did not recognise the function of arrows. Another 

difficulty was related to symbolising. The  children did not know how to represent 

several different destinations. The stumbling blocks in this activity relate to 

planning and structuring. More specifically, children had problems with spatial 

structure as they did not know what and where to draw destinations and routes. 

Additionally, they were unaware of the sequence in which the destinations and 

routes should be organised. 
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The Dinosaurs 

The teacher selected four children from the class to participate in a new activity. 

The children were to study some books about dinosaurs. They were to look for 

carnivores and herbivores and discover some differences between them. 

Specifically they were to determine if carnivorous dinosaurs had different feet 

than herbivorous dinosaurs (herbivores have larger feet than carnivores). The 

goal of this activity was to schematise the relationship between size and noise. In 

Peirce’s terms, the children were asked were to represent an indexical 

relationship. The teacher asked the children, “If a very big dinosaur passes by, 

what would you hear?” The children banged their fists loudly on their tables. 

Then she asked, “And what would you hear if a very little dinosaur passes by?” 

The children made a softer noise with their hands on the table. The teacher then 

closed the books and asked the children to draw, on a piece of paper, how a 

dinosaur walks. Damian thought he had to draw the dinosaur. Using Damien’s 

drawing, the teacher asked the other pupils if it is possible see if the dinosaur 

was making a lot or a little amount of noise. The children were very sure they 

would not be able to draw this conclusion by looking at Damian’s picture. Yasmin 

thought you had to draw dots. The teacher was curious about what Yasmin 

meant by her dots and invited her to demonstrate. Yasmin got a pencil and put 

dots on a piece of black paper while making a lot of noise. However, the teacher 

said that she was not able to detect from the dots alone that the dinosaur 

stamped loudly. Merijn then though she knew how the schematisation should be 

made. She drew a little dinosaur on a piece of paper and emphasised the feet 

and then explained what she  drew. The drawing represented a little dinosaur, a 

carnivore, which was making just a little bit of noise while walking because he 

had very little feet. Merijn also drew a very large dinosaur, namely a herbivore. 

This one had very big feet and therefore it made a lot of noise. According to 

Merijn, drawing a big foot meant hitting the table loudly, which represented an 

indexical relationship. All the participants agreed that this was a good system of 

representation. Niko, the teacher–trainer, asked the children to invent a system 

to represent how several dinosaurs walked. Niko tried to generalise something 

here, namely a representation of the relationship between size and noise. He 

explained to the children that he was going to wait in another room and come 

back when the children were ready with their drawings. When he came back, he 

was going to act out what the children had drawn. In this way, he forced the 

children to reflect on the relationship between sign and meaning. 
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Figure 6.5: The children have been drawing dino–feet with numerals on them. 

 

Figure 6.5 represents the relationship between the size and the noise made by a 

dinosaur as it walked and the number of steps the dinosaur took. The children 

made a row of dinosaur-feet. They made little ones and bigger ones. They only 

drew feet. On the feet they wrote a numeral. This represented how many steps 

the dinosaur walked. This is where they implemented a symbolic relationship. 

Niko understood exactly what the children had drawn. Little feet meant a little 

noise while big feet meant a lot of noise. In short, noise was represented in this 

case by the size of the feet. Niko also interpreted the meaning of the numerals 

correctly. After acting out what the children had drawn, Niko  made a drawing for 

the children and decided to make the activity a little more difficult.  

 

 
Figure 6.6: The dinosaurs–feet are represented by dots with numerals beneath them. 

 

Niko replaced the feet with dots. Big dots meant a lot of noise and little dots 

meant a little noise. The numerals beneath the dots represented the number of 

steps the dinosaur took. Niko also used the symbol for zero in one of the dots. 

The children did not seem to have any problems with this activity. When the 

activity was presented to the whole class, all the children knew what to do.  

 Afterwards, the class also learned a song about dinosaurs: 
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1) Ik ben een dinosaurus     I am a dinosaur 

2) Ik wandel door het bos     I’m walking in the forest 

3) Normaal heb ik een bandje om     I usually wear a collar 

4) Maar nu mag ik eens los     But today I’m running free 

5) Oh yeah, oh yeah, oh yeah    Oh yeah, oh yeah, oh yeah 

 

The researcher suggested to the children that they make a schematisation of the 

song. Celeste and Marissa were asked to write or draw the song on a piece of 

paper in order to be able to read the song if they did not remember the words 

next day. Celeste suggested writing down the words so she sang the song and 

the researcher wrote it down. Celeste and Marissa wanted to imitate the letters. 

This was very difficult for them. Therefore the researcher suggested using her 

paper where the song had already been written down. Celeste wanted to draw a 

dinosaur next to the text while Marissa wanted to continue writing letters. The 

researcher tried to convince Celeste that something had to be written on the 

paper to show people how the text had to be sung. The researcher then read the 

lines of the song again and remarked that the song seemed like a kind of story. 

Celeste said the lines had to be sung and she started singing. The researcher 

asked, “How can we show that the words have to be sung?” but Celeste did not 

know how. They did get a songbook out to see what it looked like. Celeste did 

not understand what was represented in the book and she started drawing the 

staff of the musical score when the researcher pointed out the difference 

between the song in the book and the dinosaur song on their piece of paper. The 

researcher asked Celeste what happened to her voice when she sang. Marissa 

remarked that her voice changed. “But how does it change?,” the researcher 

asked. The children then realised that the voice goes up and down. The children 

and the researcher attempted to find a way to represent that. Marissa drew a 

line under the lines of the song and said that your voice changes a lot in the last 

line while the rest of the song sounded monotonous. Celeste did not seem to 

understand this. They all sang the song again while looking at the paper and 

putting their finger on the lines as they sang them. At the end of the song they 

sang, “Oh yeah, oh yeah, oh yeah,” and they clapped their hands. The 

researcher asked the children to represent the clapping on paper. Marissa drew 

three dots to represent it: 

 

Oh yeah         oh yeah         oh yeah  

 

The researcher then asked Marissa how one would know that you had to clap 

when you saw a dot (= symbolic). Marissa answered you have do draw little 

hands (= iconic). When the researcher, Marissa and Celeste explained their 

activity to the class, Marissa was able to explain the function of the symbols in 

the song very well. This is what she showed to the class: 
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Figure 6.7: The schematised dinosaur–song from Marissa. 

 

The structure and construction of the symbols transformed the text into a 

scheme. The stumbling blocks in this activity included: not being able to 

schematise relations, having difficulties inventing symbols, and not being able to 

agree about the meaning of the symbols.  

 

Summary 

In the previous sections, we presented four examples of schematising activities. 

By analysing the dialogues, learning processes and drawings, we were able to 

get a closer look at the stumbling blocks to schematisation. An overview of these 

problems and stumbling bocks is provided in a summary of each activity below. 

 The first event initially demonstrates that the children struggled with 

determining what the purpose of the activity was, what the schemes were and 

their function. While the children drew the three important events in the story, 

they only represented static schematisations (structuring the three parts of the 

story). The schematisations of each section only represented the final stage of 

the event(s) in that part of the story. The children were not able to clearly 
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indicate the starting point nor were they able to illustrate the process that 

occurred in each event. In sum, we can briefly characterise several stumbling 

blocks in this activity. They included a failure to understand the function of 

schematising and the use of symbols, and the failure to switch from an iconic 

relationship to a symbolic relationship.  

 The second event also presented some interesting stumbling blocks. In 

this event, the children were asked to look at the building design made by the 

teacher and to then build a real ship for St. Nicholas. Once the teacher explained 

the meaning of the numerals in the drawing, the children were only concerned 

with putting the right number of blocks on top of each other and the shape of the 

ship. They totally forgot to count how many blocks were drawn next to each 

other. The stumbling block here is one of abstraction because the children were 

not able to consider an object from one point of view consistently and 

continually. Shortly hereafter, they forgot the building design and just built a 

boat. Essentially, they switched from a symbolical relationship to an iconic 

relationship. As there were insufficient blocks, they had to invent a way to 

complete their construction. As a result, the teacher asked them to draw the ship 

they had been building. Again the children did not relate their construction to 

their design. They just drew a shape and did not take into account the actual 

ship they had built. The stumbling blocks that presented in this activity were lack 

of planning, lack of insight on the representation of relationships (symbolical or 

iconic) and lack of abstraction. 

 In the third event, the children were asked to represent a series of trips. 

They not only had to think about places they wanted to visit and the sequence of 

the locations, they also had to consider how they would get there. They thus had 

to represent numerous things. The children invented their own ways of 

representing places. Turkey was represented by a swimming pool and Africa by a 

desert with a dromedary. They thought of, what was for them, the most 

characteristic feature of that place and drew it. The difficulty in this activity was 

the problem of representing the means and route leading to the destination. 

Additionally, the children had difficulty determining place, space and distance. 

These are all symbolical relationships. The children did not know if Africa was 

near Pieterburen and if it was possible to get there by car. They only thought of 

what they wanted to do and did not consider if that was in fact possible. While 

drawing the road and plane routes, the roads crossed each other. Two children 

noticed this and tried to find a way to solve this problem. They did not realise 

that certain roads would never meet each other in reality because of the actual 

distance between them. Also the direction in which they had to travel was not 

easy for them to determine. The teacher had to give several very clear hints to 

make the children realise that they could do it using arrows, and thereby 

demonstrate a symbolic relationship. The stumbling blocks surrounding 

structuring and planning were characteristic of this activity. 
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 The fourth event also proved to be very useful for demonstrating 

difficulties in schematising. It began with the invention of a notation system that 

can represent several dinosaurs walking. After discussing several static notation 

systems, in which a viewer would not be able to see what they wanted to 

represent, the children found a system that worked. They drew  feet in different 

sizes to express the volume of sound that a dinosaur would make while walking. 

The teacher also wrote numerals on the feet to represent the number of steps 

the dinosaurs walked. Later, the feet were replaced by dots. Because this activity 

became more difficult as it progressed, the children required a lot more time to 

switch over from informal to more formal thinking. The children also learned a 

song about dinosaurs and a few children tried to schematise it. This proved very 

difficult as they did not seem to understand the function of a schematisation of a 

song. When they finally invented some ways to represent parts of the song as a 

form of schematisation, they represented it in a manner which was not very 

clear. Although they were able to explain the thoughts they wanted to represent 

clearly, they were unable to draw it well. The problems demonstrated by this 

activity involved difficulties in relating, symbolising and reaching agreement 

about the meaning of symbols. The stumbling block in this activity was learning 

about representing relationships between sign and meaning. 

 

Conclusion and Discussion 

In this chapter, we demonstrated several stumbling blocks experienced by 

children while schematising. In this section, we provide a summary of the most 

significant stumbling blocks.  

 

• Abstraction: pupils are not able to take one single perspective and 

consider an object from one point of view consistently and continually. 

• Purpose/function of schematising or use of symbols: pupils are not able to 

recognise schematising or use symbols meaningfully or functionally. In the 

first activity (the story about the elephant), the children did not recognise 

the purpose of the activity nor the purpose of schematising. The 

schematising activity must emerge from children’s own interests, 

capabilities and play activities. Otherwise, children will not be interested in 

enriching their activity. Moreover, they will not be able to recognise this 

enrichment as functional and therefore will not start new schematising 

learning processes. It is very important to note here that children do not 

have to develop schematising activities all by themselves. It is through 

interactions between the teacher and the pupils that these activities 

develop. However, the children should get the impression that they 

developed the activities themselves 

• Structuring; pupils are not able to structure objects or situations 

• Planning: pupils are not able to plan an activity 
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• Relationships: pupils are not able to distinguish between different ways of 

representing relationships. Children should learn to focus on the 

relationship between sign and meaning as  they tend to fall back into 

representing iconic relationships. 

 

If teachers systematically address these obstacles , the most important 

stumbling blocks in schematising can be avoided. When children have sufficient 

opportunities to develop their own ways of representing their mathematical 

thoughts and when teachers pay enough attention to this development, 

schematising activities can be very valuable in the development of mathematical 

comprehension in later development. The children’s relapse to iconic 

relationships was an interesting finding. This shows that the transition from 

concrete-perceptual to formal-abstract reasoning is still difficult. This transition 

requires abstraction and the lack of abstraction is probably the most fundamental 

stumbling block we discovered. 

In the methods section of this study, we mentioned that we selected a 

sample of children with average learning results on both mathematical tests 

measures of ability on aspects of the Dutch language. Because of this, we can 

conclude that some ‘average students’ run the risk of suffering from the 

stumbling blocks discovered in this study. Children with higher test results 

probably encounter fewer stumbling blocks, whereas children with lower test 

results likely encounter the same stumbling blocks as those experienced by the 

average student. For these students, the stumbling blocks may be more 

formidable to overcome. It would be interesting to conduct further research on 

the schematising abilities of pupils with learning difficulties. Evidently, awareness 

of these stumbling blocks can enable us to prevent or, at least, minimise them. 
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Conclusion and Discussion 

 

 

 

Introduction, Research Question and Hypothesis 

The primary goal of our study was to investigate the potential benefits, or 

treasures, of schematising. To accomplish this, we investigated the effects of an 

experimental program that introduced schematising mathematical concepts to 

five and six year old children by  evaluating the children’s learning processes and 

learning outcomes at age seven. At the start of this longitudinal study, the 

following research question was formulated: 

 

What are the effects of introducing schematising to five and six year old 

children in an experimental setting on their mathematical understanding at 

age seven, compared to the learning outcomes of pupils in a control group 

where children did not practice schematising activities? 

 

We expected that the pupils in the experimental setting would be more 

successful in mathematics when learning to participate in schematising activities 

than the pupils in the control group. We expected that the experimental 

participants would have better learning outcomes in their later development and 

that these outcomes would be attributable to the schematising activities they 

practice throughout a whole school year. During this year, the teachers of the 

experimental groups were guided by a teacher-trainer in introducing these 

activities. It is important to note that children practised to schematise in the 

experimental condition. With regard to actual mathematics, no extra attention or 

supplemental education was provided. We expected that the children, once made 

confident with the function of schematisations, would be able to explain their 

thoughts and their own symbolic representations by means of both static and 

dynamic schematisations.  

We approached this research study from a sociocultural perspective 

(Vygotsky, 1978; Wertsch, 1987) and from a realistic mathematical education 

methodology (RME, see Freudenthal, 1973). These perspectives suggest that 

children learn to participate in schematising activities when their play activities 

are enriched in a meaningful way through participating with others who are more 

knowledgeable, including their peers and teachers. It is understood that the 

children’s own interests, capabilities and contributions are the starting point for 

encouraging further development. Children are thus seen as knowledge 

constructors.  
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 In the following sections, the results of our study are summarised and 

several chapters of this dissertation are linked to the primary research question. 

In addition, theoretical gains uncovered by our research and their implications on 

educational practices are discussed. Lastly, the limitations of the present study 

are addressed and directions for future research are outlined. 

 

Summary 

In this section, we summarise our study by providing an overview of the effects 

we believe are attributable to the introduction of schematising in early childhood 

education. We then discuss the theoretical gains and educational implications. 

 

Effects of Schematising Activities  

When children become third graders, problems with their understanding of 

mathematical concepts first come to light. Children have problems switching 

from concrete practical thinking to logical symbolic thinking (Carruthers and 

Worthington, 2003; Dijk et al., 2004; Hughes, 1986). This change requires a 

sudden shift in children’s reasoning, actions and participation in activities for 

which they are inadequately prepared. In our opinion, children have to be offered 

tools to help them bridge the gap between concrete practical thinking and logical 

symbolic thinking. We believed that schematising would prove to be an 

appropriate tool to allow children to switch more smoothly from one mode of 

thought to the other. We further expect the use of schematising activities to 

result in a deeper understanding of basic mathematical concepts and structures 

that would, in turn, lead to improved learning outcomes in later development. 

 From our literature review in Chapter 2, we concluded that very little 

research had been published that specifically investigates the effects of 

introducing schematising in early childhood on children’s learning outcomes in 

later development. Several case studies conducted by van Oers (1994, 1996) 

demonstrated that schematising activities are accessible to children between the 

ages of five and eight. However it was not evident from this research if these 

semiotic activities could be improved by education. Venger (1986) provided 

some evidence to support the idea that education could enhance schematising 

ability in his research. However, because he did not use control groups to 

support his proposition, we could not rule out that schematising abilities were a 

product of normal development.  

 

First Study: Can Schematising Be Learned? 

In order to determine the effects of teaching schematising to children on their 

mathematical thinking, we created an experimental group in which particular 

attention was paid to schematising. We expected that these children would 

outperform a control group on schematising. In order to test this hypothesis, two 

tests were administered. We attempted to teach schematising strategies to 

children in the second grade in the context of their play activities. By means of a 
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specially designed test, the ‘Schematising Test,’ which is discussed in Chapter 3, 

we were able to establish that pupils from our experimental condition 

demonstrated more schematising skills than pupils in the control condition.  

In conclusion the development of schematising abilities appeared to more 

than just a consequence of autonomous development. Instead, we determined 

that schematising is an activity that can be developed through teaching and 

learning. Following this confirmation of our earlier hypothesis and in order to be 

able to draw valid conclusions, an experimental condition was created so that we 

could evaluate differences between the experimental and control group’s learning 

outcomes in later development.  

 The results of the ‘arrow language test’ made it apparent that the 

experimental group had a significantly higher score on the section that required 

dynamic schematisation, a skill which requires more sophisticated mathematical 

understanding.  

 

Second Study: Effects on Learning Processes 

We also examined the children’s learning processes in both conditions (Chapter 

4). Our purpose was to determine the effect of introducing schematising to 

children on their learning processes in the classroom community. Would the 

schematisations produced by the children be of better quality and would 

schematising become an integral aspect of the classroom community? Was it 

more effective to learn schematising skills in collective activities? In this case 

studied, we expected the children to use schematic forms that were self-evident, 

to negotiate the forms and meanings of schematisations and to demonstrate 

certain strategies. Our findings supported our belief that schematising would 

indeed become a more important aspect of the classroom community in the 

experimental condition and that the schematisations produced would be of a 

higher quality than those attempted by the control condition. Children in the 

experimental group had developed collective rules, norms, beliefs and a more 

sophisticated understanding of schematising. According to the current 

educational literature, collaboration and negotiation of meaning promote a 

deeper understanding and therefore generate better learning results (Boonman, 

1987; Rogoff, 1995; Wells, 1999).  

 

Third Study: Effects on Learning Outcomes 

Following from the results of our research outlined in Chapters 3 and 4, we 

sought to determine whether our experiment resulted in the expected positive 

effect on the experimental group’s learning outcomes for mathematics in grade 

three. As presented in detail in Chapter 5, in the experimental group, the 

children’s learning outcomes were indeed significantly higher when compared to 

the control condition’s results after half a year of third grade education. Children 

in the experimental condition benefited from the tools we offered to help them 

build the bridge between informal and formal thinking. Children in the control 
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group demonstrated a marked downturn in their learning outcomes likely due to 

the fact that they were experiencing difficulty when confronted with the sudden 

change in modes of thought (from concrete practical thinking to logical 

symbolical thinking). Clearly, they were lacking the tools to enable them to shift 

between these modes of thought. However, by the end of the post-intervention 

period, at the end of the third grade, the learning outcomes for both conditions 

no longer differentiated significantly. The positive effect of schematising did not 

seem to be retained. We speculate that this finding may be due to the fact that 

the tasks on the Cito-test (which we used to evaluate their mathematical ability) 

can also be solved through rote memorisation and thus without significant 

reasoning. The control group, after struggling for half a year with mathematical 

tasks, were eventually trained to solve the particular mathematical tasks 

presented by the Cito test. Because the Cito is the only norm-referenced 

standardised test used in the Netherlands to evaluate children’s mathematical 

skills, it was the one that was administered. It seemed that at this last testing 

opportunity, the schematising abilities of children had ebbed away. However, it is 

important to note that the teacher’s emphasis on schematising in the 

experimental condition had waned as well. 

 Another explanation for the apparent extinguishing of the effects of 

schematising could be the characteristics of the experimental children 

themselves. When measured by the pre-test, we determined that the children 

participating in the experimental group had lower scores than the pupils in the 

control group. These lower scores could reflect a lower IQ and perhaps a lower 

SES. The pupils in the experimental condition may have had less ‘resources’ 

going into the study than the control pupils. It is then possible that the 

intervention compensated for these deficits in intellectual and social capital for a 

limited time. This would explain why the pupils in the experimental condition 

benefited from only a temporary enhancement when first confronted with formal 

mathematics. We can speculate that the control pupils, because of their superior 

resources, were able to catch up with the experimental group a year after the 

intervention.  

 

Fourth Study: Stumbling Blocks 

In the sixth chapter, we endeavoured to outline the stumbling blocks that 

children have to overcome in schematising. By means of an embedded case 

study, we analysed several schematising activities undertaken by one of the 

experimental groups, a group which we had previously determined to have 

average learning outcomes in language and arithmetic. We believe that, if we are 

aware of the possible stumbling blocks encountered by children, we will be able 

to anticipate and thus avoid them. This level of preparation would foster the 

development of schematising and, almost certainly, enhance learning outcomes.  
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Theoretical Gains and Educational Implications 

Overall, the results mapped out in Chapters 2 to 6 clearly demonstrate the 

positive effects of the experimental program in the short term. The experimental 

pupils outperformed the control pupils in both learning processes and outcomes. 

Our theoretical foundation, coupled with the results of our experiment, support 

our contention that the introduction of schematising may lead to deeper 

mathematical understanding and more meaningful participation in mathematical 

activities. Knowing this, it is important to explore how these results can 

contribute to current educational practices. 

From the results of the study presented in this dissertation, we can 

formulate several theoretical gains and educational implications. On the basis of 

the theory we reviewed, the hypothesis we developed, and our research 

outcomes, we conclude that it is indeed valuable to teach children how to deal 

with symbolic representations (such as models, schemes, symbols and other 

forms of structuring information). This ability improves their mathematical 

understanding in later development and, consequently, their outcomes are likely 

to improve. The use of schematising can be recommended for enriching 

mathematics education in Developmental Education. 

 The study further suggests that the introduction of schematising must be 

embedded in the children’s play activities in order for them to be accessible to 

the children. By initiating schematising during play activities, children can be 

encouraged to practice their own notational systems. Children then learn to 

construct and improve symbolic representations as a part of their socio-cultural 

reality as it becomes functional for them. Schematising activities can offer 

children the tools to practice elementary mathematical skills and thereby bridge 

the gap between concrete practical and logical symbolical thinking. However, 

certain conditions must be met in order to effectively introduce schematising in 

early childhood education. First of all, schematising activities must always arise 

from the children’s own capabilities and interests. Failing this, they will not be 

able to understand the function of the schematising activity. The purpose of 

abstracting the concrete should thus be clear to pupils. Secondly, teachers 

should always engage in reflection with pupils on the activities they have 

participated in. They should compare what was actually accomplished with what 

was intended. Finally, the teacher should encourage the children to think about 

the relationship between sign and meaning. If a child draws something or invents 

symbols, the teacher should determine if the child is able to link the sign and the 

meaning. If all these conditions are met, schematising activities can serve as a 

strong foundation for enriching mathematics education. 

 

Limitations and Future Research 

Looking back on this project, we identified some aspects that may have been 

approached differently. First of all, it is important to note that two researchers 

were successively involved in the study. The researcher who started the research 



 152 

project was unable to complete it due to personal circumstances beyond her 

control. After completing the data-collection she stopped her participation. 

Therefore, another researcher had to continue the study at the point where the 

first stopped. This researcher was thus not a participant in the data-collection. 

The conveyance of information was accomplished with as much care as possible. 

Extended descriptions of the schools, research materials and the data recovered 

from the research were transferred to the second researcher. Despite the care 

taken during the transfer, these circumstances had an impact on the completion 

of the research project. Consequently, a few specific difficulties require special 

mention.  

A section of the data provided by the ‘Schematising test’ was missing and 

we were unable to uncover a reasonable explanation for its disappearance. 

However, the missing data did not cause any systemic bias, and therefore did 

not have a negative influence on the research outcomes. Additionally, the second 

researcher could only compile the data collected by the first researcher, and had 

no control over its initial procurement. Another consequence of the second 

researcher not being a party to the data collection, or the intervention process, 

was that she depended heavily upon observations of the video recorded material. 

As a result, all the descriptions of the interventions in this dissertation are based 

solely on her observations of an extensive collection of video recorded-material. 

However, this limitation provided an unforeseen advantage. The fact that the 

researcher was not a participant in the data collection allowed the researcher to 

view the tapes with a certain level of distance, and resulted in less biased, more 

impartial evaluations. In effect, this shortfall became a contributing factor to the 

legitimacy of the findings.  

In viewing the tapes, another potential shortcoming was noted. One school 

in the experimental condition did not seem to take the intervention very 

seriously. A few teachers from that school did not appear very enthusiastic when 

it came time to  introduce the schematising activities. This lack of interest may 

have influenced the children’s motivation and their resulting learning outcomes.

  

Another limitation may be the time allotted for the intervention. The 

experimental condition practiced schematising for one full school year. It was 

expected that this would have an effect on the learning outcomes in the third 

grade. However, there was absolutely no explicit practice with schematising in 

the third grade. In addition, the children had six weeks of school holidays 

between the end of the intervention period and their start in the third grade. 

Perhaps it would have proven more effective had we spent an additional two or 

three months practicing schematising at the beginning of the third grade in order 

to refresh children’s memories. It is possible that this additional reinforcement 

would have led to an improved retention of the effects we found in our 

quantitative study. This last remark brings us to the implications for future 

research. 
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In view of the promising positive effects we found resulting from the 

introduction of schematising activities on children’s learning processes and 

outcomes, it would be worthwhile to explore some of the issues presented by this 

research study. This additional research could extend the intervention period and 

reintroduce schematising in the third and fourth grades of the Dutch educational 

system to determine if the positive effect is retained with repeated reinforcement 

of schematising skills in not only the children’s further mathematical 

development but in other disciplinary fields like science, geography, history, 

music or literature. During this intervention period, schematising would have to 

be embedded in the play activities of the children until the age of eight, and in 

the ‘learning activities’ for children from the age of eight on. With this increased 

reinforcement, schematising is likely to become a meaningful practice for 

children. It is important that children participate in meaningful practices because 

this promotes the understanding of the function of the practices and the 

development of learning processes. This strategy may eventually lead to 

improved learning outcomes, as evidenced by the findings of this research study. 

Extending this research is essential to enhancing our knowledge of mathematical 

learning and also to realising better-quality  educational practices in the future. 

Research on the effects of learning to model on ten year old children’s learning 

processes and outcomes has already shown positive effects (see van Dijk, 2002). 

However, in that study, the retention of this effect was not determined. 

In sum, we conclude that this study demonstrated that pupils of five and 

six year old were able to schematise. These pupils developed schematising 

abilities during their play activities. Through interaction with their teachers, they 

developed schematising activities as if they were of their own invention. The 

pupils in the experimental condition learned to schematise in a meaningful way 

and outperformed their counterparts in the control group in the development of 

learning processes and mathematical learning outcomes. These activities and 

outcomes are the treasures of schematising activities. 
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Summary 

 

The Treasures of Schematising: 

The Effects of Schematising in Early Childhood on the Learning Processes and 

Outcomes in Later Mathematical Understanding 

 

I would like to start by giving attention to the title of this dissertation: The 

treasures of schematising. This title is chosen because I think schematising 

contains a treasure of potentials for the development of mathematical thinking. 

 The theme of this thesis was ‘schematising in early childhood education’. A 

schematising activity is every cognitive activity whose purpose is to construct 

and improve symbolic representations of the physical and the sociocultural 

reality. This participation was studied by means of an intervention in which the 

effect of introduction and training of schematising in early childhood on later 

mathematical learning outcomes was compared to the results of a control 

condition in which there was no introduction of schematising. In the literature, 

little or no research was found into the effects of schematising on mathematical 

understanding. 

 The research question was as follows: What are the effects of introducing 

schematising to five and six year old children in an experimental setting on their 

mathematical understanding at age seven, compared to the learning outcomes of 

pupils in a control group where children did not practice schematising activities? 

 We expected the children in the experimental condition to perform better 

on mathematics at the age of seven in the third grade of the Dutch educational 

system. Particularly these children would be better able to make dynamic 

schematisations, i.e. schemes which show relations such as processes or 

changes. Dynamic schematising forms a preparation on mathematical thinking. 

Therefore, pupils would be better able to solve dynamic sums. Examples are 

assignments in which number-lines and arrows are used to represent 

transformations. Conversely, the results on other sums in which ‘+’ and ‘-’ are 

used would not be different from children in the control condition, because less 

understanding is required for these type of sums. When children learn to 

schematise, they learn about the use and function of symbolic representations. 

Therefore they know how they can represent their reality, ideas and 

mathematical thoughts in a mathematical way.  

 The research question was examined in several investigations: a case 

study and a quasi-experimental study. The results are presented by means of 

four studies.  

 In chapter 2, a review study was described. This study formed a 

foundation for our research project. 

 In chapter 3, we presented the first study. In order to determine the 

effects of teaching schematising to children on their mathematical 
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understanding, we created an experimental group in which particular attention 

was paid to schematising. We expected that these children would outperform a 

control group on schematising. In order to test this hypothesis, two tests were 

administered: the ‘Schematising test’ and ‘Arrow Language’. By means of a 

specially designed test, the ‘Schematising Test,’ we were able to establish that 

pupils from our experimental condition demonstrated more schematising skills 

than pupils in the control condition.  

The development of schematising abilities appeared to be more than just a 

consequence of autonomous development. Instead, we determined that 

schematising is an activity that can be developed through teaching and learning. 

Following this confirmation of our earlier hypothesis and in order to be able to 

draw valid conclusions, an experimental condition was created so that we could 

evaluate differences between the experimental and control group’s learning 

outcomes in later development.  

 The results of the ‘arrow language test’ made it apparent that the 

experimental group had a significantly higher score on the section that required 

dynamic schematisation, a skill which requires more sophisticated mathematical 

understanding.  

 In chapter 4 we presented the second study in which we went more deeply 

into the process of schematising. Our purpose was to determine the effect of 

introducing schematising to children on their learning processes in the classroom 

community. Would the schematisations produced by the children be of better 

quality and would schematising become an integral aspect of the classroom 

community? Was it more effective to learn schematising skills in collective 

activities? In this case studied, we expected the children to use schematic forms 

that were self-evident, to negotiate the forms and meanings of schematisations 

and to demonstrate certain strategies. Our findings supported our belief that 

schematising would indeed become a more important aspect of the classroom 

community in the experimental condition and that the schematisations produced 

would be of a higher quality than those attempted by the control condition. 

Children in the experimental group had developed collective rules, norms, beliefs 

and a more sophisticated understanding of schematising. 

 Chapter 5 described the outcomes of an empirical study based on a quasi-

experimental pre-test post-test control group design (N=133). The learning 

results on the pre-test and the post-test in both conditions were analysed in 

order to determine whether our experiment resulted in the expected positive 

effect on the learning outcomes for mathematics in grade three (age seven). As 

presented in detail in Chapter 5, in the experimental group, the children’s 

learning outcomes were indeed significantly higher when compared to the control 

condition’s results after half a year of third grade education. Children in the 

experimental condition clearly benefited from the intervention which was 

designed to build the bridge between informal and formal thinking. Children in 

the control group demonstrated a marked downturn in their learning outcomes 
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likely due to the fact that they were experiencing difficulty when confronted with 

the sudden change in modes of thought (from concrete practical thinking to 

logical symbolical thinking). Clearly, they were lacking the tools to enable them 

to shift between these modes of thought. In order to determine the durability of 

impact of the intervention a ‘Retentiontest’ was administered. The outcomes of 

this test indicate that the learning gain was faded in a year after the 

intervention. 

 The case study described in chapter 6, has taken place on one school in 

the second grade of the Dutch educational system. We endeavoured to outline 

the stumbling blocks that children have to overcome in schematising. We 

analysed several schematising activities undertaken by one of the experimental 

groups, a group which we had previously determined to have average learning 

outcomes in language and arithmetic. We believe that, if we are aware of the 

possible stumbling blocks encountered by children, we will be able to anticipate 

and thus avoid them. This level of preparation would foster the development of 

schematising and, almost certainly, enhance learning outcomes.  

Chapter 7 presented the conclusions and discussion of this dissertation. 

The results as represented in chapter 3, 4 and 5 clearly showed positive effects 

of the experimental program. The theoretical discussion and the research results 

indicated that learning to schematise in early childhood education is a promoting 

factor of later mathematical thinking. 

 In view of the promising positive effects we found resulting from the 

introduction of schematising activities on children’s learning processes and 

outcomes, it would be worthwhile to explore and expand some of the issues 

presented by this research study. This additional research could extend the 

intervention period and explicitly reintroduce schematising in the third and fourth 

grades of the Dutch educational system to determine if the positive effect can be 

retained through repeated reinforcement of schematising skills in the children’s 

further mathematical development. Also, children’s mathematical attitude should 

be repeatedly measured. During this intervention period, schematising should be 

embedded in the leading activities of the children at the age of five till ten. With 

this increased reinforcement, schematising is likely to become a meaningful 

practice for children. In our research we found evidence that ‘schematising’ can 

become a part of the classroom culture. It seems plausible to assume that this 

tendency to schematise, will eventually be interiorised in the individual pupils as 

a schematising disposition (attitude). Further research should investigate this 

hypothesis. This strategy may eventually lead to improved learning outcomes in 

older pupils as well. Extending this research is essential for enhancing our 

knowledge of mathematical understanding and also for realising better-quality 

educational practices in the future. 
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Samenvatting 

 

De Schatkist van het Schematiseren: 

De effecten van leren schematiseren in het kleuteronderwijs op de leerresultaten 

in het latere wiskundige denken. 

 

De titel van dit proefschrift is gekozen omdat we er vanuit gaan dat 

schematiseren een schat aan mogelijkheden bevat voor de wiskundige 

denkontwikkeling.  

Het thema van dit proefschrift was ‘het schematiseren door kleuters’. 

Onder schematiseren verstaan we het construeren en verbeteren van 

symbolische representaties van een deel van onze fysieke en sociaalculturele 

werkelijkheid. Het participeren in deze activiteiten is bestudeerd door middel van 

een interventie waarin het effect van ‘training’ in het schematiseren van 

activiteiten in de kleuterklas op latere leerprocessen–en prestaties werd 

vastgesteld. In de literatuur is nog weinig tot geen onderzoek te vinden over de 

effecten van schematiseren op deze leeftijd.  

 De onderzoeksvraag was als volgt: wat zijn de effecten van een 

experimentele interventie waarin kinderen zijn geïntroduceerd in het 

schematiseren van activiteiten in de kleuterleeftijd op het wiskundige denken op 

latere leeftijd (zeven jaar) vergeleken met de leerresultaten van kinderen in een 

controle conditie waarin kinderen niet hebben geoefend met het schematiseren. 

 De centrale hypothese was dat leerlingen in de experimentele conditie 

betere resultaten zouden behalen in het rekenwiskundeonderwijs. Die leerlingen 

zouden met name beter in staat zijn dynamische schematiseringen te maken, dat 

wil zeggen, schematiseringen die relaties laten zien zoals processen of 

veranderingen. Het dynamisch schematiseren vormt een voorbereiding op het 

wiskundige denken. Leerlingen zijn daardoor beter in staat dynamische opgaven 

op te lossen. Voorbeelden van dynamische opgaven zijn opgaven waarin 

beweging, verandering, ontwikkeling of groei moet worden weergegeven en 

waarbij o.m. eenvoudige tekeningen, grafieken, getallenlijnen en pijlen kunnen 

worden gebruikt bij de representatie. Daarentegen zouden de prestaties bij 

andersoortige, meer statische representaties waarin ‘gewoon’ met + en – wordt 

gewerkt, niet anders hoeven zijn dan die van de kinderen in de controle conditie, 

omdat voor dit type opgave minder inzicht vereist is. Als kinderen leren 

schematiseren, leren ze wat de betekenis en de functie van symbolische 

representaties is. Ze leren dat ze door middel van symbolische representaties 

hun werkelijkheid, hun ideeën en wiskundige gedachten kunnen representeren 

op een wiskundige manier.  

Deze onderzoeksvraag is bestudeerd in verschillende typen onderzoek: 

case–studies en onderzoeken met een quasi-experimenteel design. De resultaten 

hiervan zijn gerapporteerd in vier studies. Voorafgaand aan dit empirisch 
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onderzoek presenteerden wij in hoofdstuk 2 de uitkomsten van een review–

studie. Deze studie vormde een fundering voor ons onderzoeksproject. 

In hoofdstuk 3 presenteerden we de eerste empirische studie. Om de 

effecten van schematiseren op het latere wiskundig denken vast te kunnen 

stellen, moesten we kinderen in een experimentele setting leren schematiseren. 

We verwachtten dat deze kinderen in de experimentele groep beter zouden 

kunnen schematiseren dan de controle groep. Om deze hypothese te toetsen 

hebben we twee toetsen afgenomen: de ‘Schematiseringstoets’ en de toets 

‘Pijlentaal’. Door middel van de schematiseringstoets konden we vaststellen dat 

de experimentele groep meer schematiserende vaardigheden beheerste dan de 

controle groep. De resultaten op pijlentaal lieten zien dat de experimentele groep 

significant betere resultaten haalde op het deel dat dynamisch schematiseren 

vereiste, een vaardigheid die meer wiskundig begrip verondersteld. 

De ontwikkeling van schematiserende vaardigheden bleek geen gevolg te 

zijn van automatische ontwikkeling. We stelden vast dat schematiseren een 

activiteit is die ontwikkeld kan worden door middel van onderwijs. Uit de 

resultaten op deze test bleek dat we erin geslaagd waren een experimentele 

conditie te creëren. Dit was de voorwaarde om eventuele latere positieve 

effecten van schematiseren op de leerresultaten te kunnen verklaren.  

In hoofdstuk 4 presenteerden we de tweede studie. Hierin gingen we 

dieper in op de effecten van schematiseren op de leerprocessen in de klas. Ons 

doel was om na te gaan of schematiseringen van betere kwaliteit waren in de 

experimentele groep en of schematiseren een onderdeel van de ‘classroom 

community’ was geworden. Is het effectiever om te leren schematiseren in 

collectieve activiteiten? We verwachtten dat kinderen in de experimentele 

conditie schematiseren meer als vanzelfsprekend zouden ervaren in activiteiten, 

dat ze meer zouden onderhandelden over vormen en betekenissen van 

schematiseringen en dat ze veel schematiserende vaardigheden zouden laten 

zien. De uitkomsten van onze analyse laten duidelijk zien dat onze 

verwachtingen konden worden bevestigd. Schematiseren was duidelijk onderdeel 

van de klassencultuur in de experimentele groep en schematiseringen waren van 

betere kwaliteit. De kinderen hebben collectieve regels, normen en begrip 

ontwikkeld ten aanzien van schematiseren.  

Hoofdstuk 5 beschrijft de leerresultaten op de voortoets en de natoets in 

beide condities (de derde studie). Naar aanleiding van de resultaten in hoofdstuk 

3 en 4, wilden we nu in een wat grootschaliger empirische studie (N= 133) 

vaststellen of onze interventie ook een positief effect had op de latere 

leerresultaten van kinderen in groep 3. Uit deze studie bleek dat de 

experimentele groep duidelijk betere resultaten behaalde op de natoets dan de 

controle groep na een half jaar rekenwiskundeonderwijs in groep 3. De kinderen 

in de experimentele groep hebben dus wel degelijk geprofiteerd van de 

interventie die beoogde een brug te bouwen tussen informeel en formeel denken. 

De kinderen in de controle groep lieten een achteruitgang zien in hun 
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leerresultaten na een half jaar in groep 3. Dit lijkt te wijten aan de plotselinge 

overgang tussen concreet praktisch denken en logisch symbolisch denken waar 

geen voorbereiding op plaats had gevonden. Ze misten duidelijk de instrumenten 

om tussen deze twee manieren van denken te switchen. Overigens bleek uit de 

resultaten op de later afgenomen ‘Retentietoets’ dat het eerder geconstateerde 

effect van de interventie geen stand hield op de langere termijn. 

De case studie (de vierde studie) die in hoofdstuk 6 is beschreven, heeft 

plaatsgevonden op een school in groep 2. We hebben daar geprobeerd de 

struikelblokken te ontdekken die kinderen tegenkwamen in schematiseren. We 

analyseerden verschillende schematiserende activiteiten in een van de 

experimentele groepen. Deze groep had gemiddelde leerresultaten in zowel taal 

als wiskunde. We denken dat wanneer we ons bewust zijn van de mogelijke 

struikelblokken die kinderen kunnen tegenkomen, we daarop kunnen anticiperen 

en ze voorkomen. Deze vondst bespoedigt de ontwikkeling van schematiseren en 

zal leerresultaten verbeteren.  

 Hoofdstuk 7 besprak de conclusies en discussie van dit proefschrift. De 

resultaten zoals weergegeven in hoofdstuk 3 tot en met 5, laten duidelijk 

positieve effecten van de interventie zien. De theoretische discussie en de 

resultaten van de onderzoeken geven aan dat het leren schematiseren kan leiden 

tot beter inzicht in wiskundige problemen.  

 Het verdient daarom aanbeveling om in het onderwijs expliciete aandacht 

te besteden aan het leren schematiseren in de kleuterklas. Dat kan door 

leerlingen te stimuleren hun activiteiten op eigen wijze te representeren door 

middel van schema’s en symbolen, maar hen ook te confronteren met bestaande 

schematiseringen zodat zij deze leren begrijpen. Leerlingen leren zo relaties te 

leggen tussen hun eigen informele kennis en de formele weergave van 

wiskundige problemen.  

Gezien de positieve effecten van schematiseren op wiskundig denken, zou 

het waardevol zijn om het onderzoek een vervolg te geven. In dit onderzoek zou 

de introductie van schematiseren langer moeten duren (de introductie van groep 

2, uitbreiden naar groep 3 en 4) en intensiever moeten zijn, om te bepalen of 

positieve effecten van schematiseren op wiskundig denken kunnen beklijven op 

lange termijn. Ook zou de houding van kinderen ten opzichte van wiskunde over 

een langere periode in kaart moeten worden gebracht. Gedurende de 

interventieperiode moeten schematiserende activiteiten worden ingebed in de 

‘leidende activiteiten’ van kinderen in de leeftijd van vijf tot tien jaar. Door deze 

intensivering en uitbreiding van het schematiseren, is het goed denkbaar dat het 

een betekenisvolle activiteit voor kinderen wordt die kan leiden tot duurzaam 

betere leerresultaten. Uitbreiding van het in dit proefschrift beschreven 

onderzoek is belangrijk voor uitbreiding en verdieping van onze kennis van 

wiskundige ontwikkeling.  
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‘kwantitatieve’ en ‘kwalitatieve’ aspecten van onderzoek. Door jullie beider hulp 

is er een mooie balans tussen deze aspecten tot stand gekomen in dit 

proefschrift. 

 Jan, ondanks het feit dat je een aantal maanden na mijn aanstelling met 

emeritaat ging, stond je wel altijd klaar om feedback te geven op mijn werk en 

wist je altijd wel wat voorstellen te doen ter verdieping en verbetering van de 

rapportage van het onderzoek. 

 Bert, jou wil ik bedanken voor je altijd luisterende oor, je enthousiasme 

voor mijn werk, en je kritische, heldere, inspirerende commentaren op 

vraagstukken en artikelen die ik je regelmatig voorlegde. Ondanks je 

gezondheidsproblemen en de stapels werk (die je af en toe tevergeefs probeerde 

op te ruimen) vond je toch altijd weer wat tijd om mij van feedback te voorzien. 

Ik heb daar veel bewondering voor. 

 De leden van de leescommissie en de promotiecommissie, Prof. Dr. J. 

Carpay, Dr. D. van Eerde, Prof. Dr. E. Elbers, Dr. P. Munn en Prof. Dr. M.L.L. 

Volman dank ik voor de aandacht die zij aan de conceptversie van deze 

dissertatie hebben willen besteden. En ook mijn paranimfen wil ik bedanken. 

 Ik bedank Sarah Stutterheim voor het corrigeren van het engels.  

 Ondanks het feit dat ik zelf nauwelijks samen heb kunnen werken met de 

scholen die meewerkten aan dit onderzoek wil ik toch mijn dank uitspreken naar 

de leerkrachten die allen zeer intensief aan dit project hebben deelgenomen. Het 

ontbreekt mij aan ruimte om ieders naam te noemen, daarom hier alleen de 

namen van de scholen: de Tuindorp-Thijsseschool te Helder, de Julianaschool te 

Schagen, de Cocon te Alkmaar, de Komeet te Krommenie, de Waaier te 

Amsterdam en de Avonturijn te Amsterdam. Ik wil u bedanken voor uw inzet, 

betrokkenheid en deskundigheid. En natuurlijk wil ik de kinderen bedanken voor 

het meedoen aan alle toetsen die ze keer op keer moesten maken. De video-

opnames die gemaakt werden in jullie klassen maken dat dit onderzoek gaat 

leven, zowel voor mij als voor de huidige onderwijspraktijk.  

 Dan kom ik nu bij een persoon zonder wie dit hele project niet 

plaatsgevonden zou kunnen hebben, Niko Fijma. Niko jouw inzicht, ervaring en 
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onuitputtelijke enthousiasme over ontwikkelingsgericht onderwijs en zijn 

mogelijkheden heeft beslist bijgedragen aan het welslagen van dit project. 

Samen met Eelje Dijk en Ester van Oers wist je leerlingen en leerkrachten 

telkens weer te prikkelen om met wiskundige activiteiten te experimenteren en 

dit project vorm te geven. 

 In de korte tijd dat ik aan de afdeling Onderwijspedagogiek en 

Opvoedingsfilosofie gewerkt heb, ben ik mij toch snel thuis gaan voelen. Dr. Els 

Kuiper, Dr. Jacquelien Bulterman-Bos, Dr. Wim Wardekker, Prof. Dr. Monique 

Volman, Drs. Fleur Prinsen en Drs. Martijn van Schaik, jullie waren fijne, 

inspirerende collega’s. Maar ook mijn collega’s van Opvoedingsfilosofie wil ik 

bedanken voor de fijne tijd die met hen heb gehad, vooral tijdens onze lunches 

en colloquia waarvoor Leonie ons altijd bij elkaar trommelde.  

 Lieve pap, mam, Martijn, Petra en Johan, jullie wil ik bedanken voor het 

eeuwige vertrouwen dat jullie in mij hebben. Bedankt dat jullie altijd voor me 

klaar staan in voor en tegenspoed. En Martijn, je was een geweldige chauffeur! 

 Lieve Marin, tijdens de afronding van dit proefschrift was jij al heel dicht 

bij me. Tijdens momenten dat ik zat te piekeren over ‘de puntjes op de i’, 

werden jouw schopjes steeds beter voelbaar. Dat maakte deze laatste periode 

nog specialer. 

Lieve Alex, met een dankwoord aan jou eindig ik dit stuk. Ik weet dat je 

regelmatig hebt gedacht, ‘hoe lang duurt dit verhaal nog’, ‘kan het iets minder 

ingewikkeld’ of ‘kun je dat nou niet even positiever bekijken’, maar toch kon en 

kan ik altijd met alles bij je terecht (ondanks dat jouw naam niet op de voorkant 

van het proefschrift kwam te staan). Dankjewel voor je luisterend oor en je 

geloof in mij. “Zonder jou stond ik hier niet…” 
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