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ABSTRACT 

This paper reports ongoing research, which was started in 2000 and is meant for completion 
by December 2002. 

The purpose of the research is to determine, through classroom intervention, whether 
primary school students' geometric thought develops according to a specific pattern. The 
research pays particular attention to the possible development that occurs in students' 
geometric understanding during a six-month intervention programme. 

The study involves the implementation of an instructional programme in a grade 6 South 
African class that covers the prescribed syllabus for that particular grade for the academic 
year. The research focuses predominantly on the students' reaction to the instruction in a 
normal classroom setting. The research involves an experimental and control group with 
pre- and posttests being administered to ascertain whether a shift in students understanding 
has occurred. Learners from a grade 7 class are used as an additional control group to 
compare and, to some extent, verify the levels of development of students at the beginning 
and end of an academic year. 

The research method, in addition, includes the collection of qualitative data by means of a 
student questionnaire to establish their perceptions of the classroom environment during the 
intervention. A variety of other data collection methods will be introduced, including 
observations, interviews with selected students and the subject teacher involved. 

THE CONTEXT 

Dissatisfaction with the secondary school geometry curriculum and poor performance in 
geometry has been the topic of many discussions over the past decade or two. During 1997 
the Geometry Working Group of a South African Mathematics Non Governmental 
Organization attempted to reconceptualize the teaching and learning of Geometry (Bennie, 
1998). It was felt that if the process is to be continued, and if changes to the curriculum are 
to be proposed, a better understanding of the geometric thinking of learners is required. That 
Working Group found the Van Hiele model of thinking useful in providing a framework in 
which to work as well as providing good guidelines for the designing of geometry activities 
for use in mathematics classes. 



Primary school teachers generally tend to spend the minimum amount of instruction time on 
the teaching of geometry. When the subject is taught it is usually done using the traditional 
transmission model. Learners thus have the problem of poor conceptual understanding in 
the higher standards when a deeper knowledge of geometric concepts is 
expected/presupposed. This view is corroborated by Pegg & Davey (1998) when they 
express the opinion that "…there is increasing evidence that many students in the middle 
years of schooling have severe misconceptions concerning a number of important geometric 
ideas." 

The fact that this apparent "conceptual deficiency" is not restricted to learners only was 
observed at an In-service Training (INSET) for primary mathematics teachers. Some of the 
participating teachers at this training course exhibited a lack of understanding of, and insight 
into, higher order concepts since, even though they were teaching grades 6 – 8 (11 – 14 
year old learners), they depended and relied solely on the properties of shapes when 
discussing geometric shapes. 

The interesting question was raised whether the teachers’ apparent lack of conceptual 
mathematics knowledge could be a contributing factor to the poor learner performance in the 
subject. Since the majority of the participants were primary school teachers it would be 
logical to assume that the learners placed in their care would suffer from their teachers’ lack 
of geometric insight. 

This paper reports on research currently in process in a South African primary school that 
aims to develop an instructional model to be implemented in an effort to improve the 
geometric understanding of primary school learners. The model will be workshopped with 
teachers to evaluate its appropriateness and to assess whether it can have an impact on 
learners’ performance. 

THE VAN HIELE THEORY 

The van Hiele theory is arguably the best-known framework presently available for studying 
teaching and learning processes in Geometry. 

The theory was developed in the 1950s when two Dutch mathematics educators, Pierre van 
Hiele and his wife Dina van Hiele-Geldof, did research on thought and concept development 
in geometry. They also investigated the role of instruction in assisting learners to acquire 
geometric knowledge and raise their thought levels. Their work evolved out of their 
experiences as teachers where they found, by their own admission, secondary school 
geometry difficult to teach. 

Resulting from his research van Hiele developed the notion of developmental levels of 
thinking in geometry. Van Hiele’s ideas have, according to Pegg (1992), a lot in common 
with Piaget’s model of cognitive development in that both models ascribe the development of 
learner understanding to a series of levels or stages. Pegg mentions the following 
differences as important features that make the van Hiele Theory stand apart from other 
similar models: 

o It places great importance on the role of language to facilitate the passage 
through the levels; 

o It emphasizes learning rather than development, thus the focus is on how to 
help develop learner understanding, and 

o It postulates that ideas at a higher level result from the study of the structure 
at a lower level. 



From his research van Hiele has identified and proposed five levels of understanding 
through which learners must progress in their geometric thought development. Fuys et al 
(1988) characterized the levels as follows: 

Level 0: (Recognition/Visualization). Learners 
identify, name, compare and operate on geometric 
figures on the basis of their appearance in a holistic 
manner. 

Level 1: (Analysis). Learners analyze figures in terms 
of their components and discover the relationships 
among those components as well as derive the 
properties/rules of a class of shapes empirically. 

Level 2: (Informal Deduction). Learners logically 
interrelate previously discovered properties/rules by 
giving or following informal arguments. 

Level 3: (Deduction). Learners prove theorems 
deductively and establish interrelationships among 
networks of theorems. 

Level 4: (Rigor). Learners establish theorems in 
different postulation systems and analyze/compare 
these systems. 

Van Hiele has, in addition, suggested that progress from one level to the next could be 
facilitated by the utilization/ application of five phases of learning which he called 
information, guided orientation, explicitation, free orientation and integration (van Hiele, 
1986). 

This research project and intervention programme has, to a large extent, been inspired by 
the following factors: 

o Fuys et al (1988) indicated in their research findings that attainment of Level 
1 (Analysis) is a reasonable goal for children whilst at primary school. 

o Two previous studies exploring the van Hiele Theory were done in South 
Africa. The first (Smith, 1987) used Grades 9 and 10 students as sample 
whilst the second by McAuliffe (1999) concentrated on the geometric 
understanding of pre-service teachers. There seems to be a lack of evidence 
of research in this field at primary school level. 

o The apparent neglect of geometry teaching in the primary school and the 
subsequent poor performance at high school level. 

METHODOLOGY 

The Sample 

A quasi-experimental design, consisting of an experimental and control group, as well as a 
Pretest-Posttest model, was used to measure the effect of the intervention programme on 
the geometric performance of the experimental group (Campbell & Stanley, 1966). The 
programme was implemented at a South African urban primary school with the sample 
consisting of 36 English-speaking learners from a Grade 6 class serving as experimental 
group and another Grade 6 class (35 learners) acting as the first control group. A Grade 7 



class (33 learners) was included in the research as a second control group in an effort to 
assess the thought development of learners who are a year ahead of the experimental 
group. The decision to focus the research on the primary school was motivated by the fact 
that most studies in this field, including two South African works, were done at high school 
level and at the level of pre-service teachers. This study can therefore perhaps be regarded 
as filling the vacuum that exists between the two South African studies mentioned above. 

The Instruments 

The instruments used for the research consisted of a test that was administered as pretest 
and posttest to the three participating groups. It was also administered as a delayed posttest 
to the experimental group at the end of the 2000 academic year to assess to what extent the 
concepts learnt during the intervention programme were retained. The test consisted of 24 
items, with 19 being multiple-choice questions and the remaining 5 requiring one-word 
responses as answers. The questions dealt with various polygons, with triangles and 
quadrilaterals receiving a fair amount of attention. These geometrical aspects were chosen 
because of the prominence that is given in the Intermediate Phase Syllabus (grade 4 – 6) to 
polygons, their properties as well as the construction thereof but more importantly, to ensure 
minimal disruption of the class instructional programme. A further motivation was the fact 
that much of the literature available discusses the van Hiele Theory in terms of polygons. An 
attempt was also made, where possible, to ensure that each aspect was assessed using at 
least two different classes of shapes. 

The test items were obtained from the work of Mayberry (1981), Burger and Shaughnessy 
(1984) and Fuys et al (1988). The selection, and adaptation of some of the items, was done 
in consultation with colleagues at the University of Port Elizabeth and items were chosen to 
assess certain aspects of the first two of the van Hiele levels. 

The pretest was administered at the commencement of the research project to all three 
participating groups at the beginning of the 2000 academic year. This was then followed by 
an intervention programme conducted with the experimental group, consisting of eight 
contact sessions of approximately 100 minutes each. The posttest was administered to the 
three groups at the conclusion of the contact session whilst the experimental group also 
wrote a delayed posttest at the end of the 2000 academic year, after a "cooling off" period 
of approximately 4 months from the termination of the intervention programme. 

Analysis of the results 

After consulting various literatures in this field, the descriptors constructed by Fuys et al 
(1988), and the modifications suggested by researchers such as Mayberry and Smith, were 
selected for use in the analysis. An attempt was made to assign each learner to a van Hiele 
level for each of the 20 multiple-choice items. In some cases the responses did not make 
any sense, for example when properties were given. These responses often did not 
correspond with those on other similar items. In such cases the possibility of memorization 
was noted in the analysis. The responses to the five items, which required one-word 
answers, were omitted from the analysis. 

Preliminary results seem to indicate that the intervention has had a noticeable positive effect 
on the performance of the experimental group. Following are results to some questions 
obtained by the experimental group (results are indicated in percentage in the order pretest 
– posttest – delayed posttest): 

Questions: 



Identification of squares - 74% 91% 100% 

Identification of triangles – 43% 51% 63% 

Size of a right angle – 11% 63% 60% 

Identifying the radius of a circle – 3% 51% 66% 

Calculating the perimeter of a quadrilateral - 17% 31% 57% 

The first three questions above can be classified as examples of Level 0 material as it 
requires mere recognition of shapes. The performance on questions that required 
recognition of more advanced concepts, such as parallel lines (23%, 17%, 20%) and the 
description thereof (14%, 14%, 37%), was not as noticeable as those mentioned earlier. 

DISCUSSION 

The intervention 

It was initially planned for the presentation of the intervention session to happen in a 
continuous manner over a specific period of time. This, however, was not practically possible 
because of the full curricular and extra-curricular programme of the school, as well as a 
variety of education departmental demands, which sometimes occurred unexpectedly. The 
intervention programme was interrupted quite frequently and eventually ended in the third 
term of 2000. The instruction sessions were used to introduce the learners in a very 
practical, "hands on" and learner-centred manner to different geometric concepts. Various 
teaching strategies were used to make the lessons as interesting as possible whilst also 
affording the learners ample opportunity for individual work and class discussions but also to 
work in groups. 

The activities were designed in such a way that the learners could interact and handle all the 
manipulatives that were available. The activities included, for example, opportunities for 
learners to sort, group, draw, form new shapes and eventually make accurate constructions 
using mathematical instruments such as protractors and pairs of compasses. 

The learners seemed to have enjoyed handling the different shapes in a concrete manner 
before committing their ideas to paper. 

Workshops are now being conducted with a group of teachers in rural areas where they are 
doing exactly the same activities as the learners. Gauging from comments and informal 
discussions some of the participants are finding this exercise quite illuminating. As one 
commented: "I have never done geometry this way and look forward to trying these 
activities out with my class." 

Research questions 

The following questions have been identified as focus for this project: 

o Can a structured geometry course enhance the conceptual understanding of 
primary school learners? 

o Does the Van Hiele Model appropriately describe learners’ progress through 
the course? 



o Do 11-year olds have the ability to discuss basic geometric concepts 
"logically" and sensibly as required at a specific van Hiele level? 

o To what extent are teachers willing to adopt a modified teaching strategy in 
pursuit of improved learner achievement? 

A superficial assessment of some of the preliminary results tend to indicate that question 1 
of the research questions could, at this stage, be positively responded to whilst personal 
observation during workshop sessions would indicate that some teachers are willing, and 
keen, to change their teaching style in order to improve their classroom practice as well as 
the culture of learning in their classrooms. It is, however, still too early to make definite 
assumptions in this regard. It is hoped that interviews with individual teachers, together with 
classroom observations whilst they are implementing the new approach, will invariably 
underscore and support the various assumptions of the study. 

CONCLUSION 

In this paper I have attempted to report the progress of an ongoing research project that is 
being done in South Africa. Although preliminary test results obtained, as well as responses 
and feedback from both participating students and teachers, seem positive, the process still 
has some way to go. It will, of necessity, be adapted as dictated by changing circumstances 
and also the rapidly changing South African educational scenario. I hope that the 
instructional model being developed will, in some small way, contribute to a better 
understanding of geometric concepts by students 
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