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Abstract 

. This study investigates the geometrical understanding according to the van Hiele 

theory, in terms of two-dimensional shapes, that learners have at the end of the 

Intermediate Phase in a well resourced former Model C school in the Eastern Cape. 

The research was situated in the lnterpretivist paradigm and a qualitative r~search 

semi-structured interviews to collect th 

an end-of-year Geometry assessment and c•7'\-ft4~--t-t ... ation with the Grade 6 teachers. The 
University of Fort Hare 

research methodology, including 8Jl2j8~'tfie>P~W~l8~m~ negotiating access to the 

research school, is discussed in Chapter 3. 

The data collected as a result of the interviews is presented and discussed in chapter 4. 

Analysis of the data suggested that the learners had achieved different levels of 

geometrical understanding according to the van Hiele hierarchy. The data also indicated 

that learners in the Intermediate Phase at the research school have not had sufficient 

experiences with two-dimensional shapes to help them develop an understanding of the 

shapes. It was also found that the respondents struggled to find the geometrical 

language they needed to express their understanding of geometrical concepts. The 

conclusions and recommendations based on these research findings are in Chapter 5. 
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Definitions 

The following definitions have been used throughout this thesis. 

The van Hiele Levels: 

Model C School: 

Manipulatives: 

Learning Outcomes: 

Assessment Standards: 

Pierre van Hiele described five levels in his original theory (1986), naming them 

levels O to 4. Later, he revised the numbers of these levels (Van Hiele, 1999). 
The revised numbers of the levels, according to van Hiele, are used in this thesis, 

although some literature still refers to the original levels. I have written the 
revised levels first with van Hiele's original levels in brackets following. Van Hiele 
did not originally give the levels names. The names describing the first three 

levels are from van Hiele {1999:311) and the last two are from van der Walle 

(2004:310). 

Level 1 (level 0) i 

Level 2 (level 1) s el. Van der Walle (2004:309) calls Level 2 
the level of analysi~l!!:=~~~:=!.l.i 

Level 3 (level 2) is the level oµnformal deduction 
University 01 Fort Hare 

Level 4 (le~~tP'ful v#-[J~ - R!'nce 

Level 5 (level 4) is the level of rigour. 

During the Apartheid era in South Africa, there were separate schools for the 

different race groups. Schools that were exclusively for white children, and thus 
better resourced than schools for children of other race groups, are now called 

Model C schools. These schools are state-controlled. 

In this study, this term describes physical objects that learners can handle like 

plastic shapes, cardboard cut-out shapes and construction sticks. • 

There are eight Learning Areas (or subjects) that are taught during G_rades R-9 
in South African schools. Within each Learning Area, there are Learning 
Outcomes which have to be attained by the end of Grade 9. The Learning 
Outcomes describe developmental and intellectual skills and abilities that should 

be achieved by the learners as a result of their learning. Examples include the 
ability to evaluate information critically or to demonstrate an awareness of 
environmental issues. 

These are defined for each grade and describe the depth and breadth of what 

learners should be able to know and do so that the Learning Outcomes can be 
achieved. 

xii 



 

 

Abbreviations 

·In this document the following abbreviations have been used: 

ACE 

CDASSG 

ESL 

FET 

GET 

L.0.3 

MALATI 

NCS 

RNCS 

RUMEUS 

SACMEQ II 

TIMSS '99 

VHGT 

WGT 

Advanced Certificate in Education 

Cognitive Development and Achievement in Secondary School 

Geometry 

English Second La 

Further Education 

General Education an :f"-r:ain" 

L . 6-Ircive~ity of Fort Hare 
earning u co/!J§ether in Excellence 

Mathematics Learning and Teaching Initiative 

National Curriculum Statement 

Revised National Curriculum Statement 

Research Unit for Mathematics Education at the University of 

Stellenbosch 

Southern African Consortium for Monitoring Educational Quality • 

Third International Mathematics and Science Study, 1999 

Van Hiele Geometry Test 

Wu Geometry Test 

xiii 



 

 

Chapter 1 : Introduction 

1.1 Background 

The Revised National Curriculum Statement (RCNS) for Mathematics for Grades R to 9 

(South Africa, 2002) states that there are five Learning Outcomes for Mathematics in 

the Intermediate Phase of schooling in South Africa. Learning Outcomes 3 and 4 deal 

directly with geometrical shapes and th ir; 

The Assessment Standards for LearninQt~~~~~~~ ate that, by the end of Grade 6, 
learners should to be able to describe an wo-dimensional shapes and three-

dimensional objects in terms {9f , vertices and edges, 
length of sides and angle size of be able to solve problems 

involving straight lines and triangles, use transformations and symmetry to investigate 

the properties of geometrical shapes and to be able to locate positions on coordinate 

systems (South Africa, 2002). 

At the school where I teach, teachers in the Senior and F.E.T. phases have found that 

the performance of learners in tests of geometrical understanding is, on average, 20% 

lower than for Algebra assessments. At the beginning of this research, informal 

discussions with my colleagues revealed that we shared a common belief that learners 

appear to have memorized Geometry information in the Intermediate Phase. A possible 

consequence of this rote-learning is that most. of these children do not develop a full 

understanding of the Geometry concepts, vocabulary and skills they should have by the 

end of Grade 6. 
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I work in an affluent, well-resourced former model C school. The learners at this school 

have access to appropriate Mathematics textbooks, support materials and a well-

stocked library and Information Technology centre. The class sizes are not large, with 

an average of 28 to 30 learners per class. Our mathematics teachers are well-qualified, 

nurturing and competent. Our school provides excellent resources and infras~ructure 

and offers a secure and supportive environment in which learners should thrive. 

However, despite all these advantages, we find that, year after year, learners do not 

develop a robust understanding of geometrical concepts. 

This raises the question whether t e nction between our Geometry 

methodologies in class and the conce \ 

1

~~-;! ~~-!!':-~~.1 of the learners. To answer this 
question, it is necessary to examine w _,.. ental theorists have had to say 
about how children develop an understa mg ace and shape in Geometry. 

University of Fort Hare 
. . Ti8gether in Excellence . According to Jean Piaget (1896-1 HB J, chlldren aged from seven to twelve years are m 

the concrete operational stage of cognitive development. (Stone and Church, 1979:392). 

This corresponds with the age of children in Grades 1 - 6 in South African schools (i.e. 

the Foundation Phase which is Grades 1 to 3 and the Intermediate Phase which is 

Grades 4 to 6). Farrell and Farmer, (1980) posed the question: 

"What does 'concrete' signify? Must the child manipulate physical models 
of the ideas to be learned? Usually but not necessarily! What is essential is 
that the experiences be real to the child and that those experiences reflect 
in as tangible a way as possible -the concept or rule being developed" 

(Farrell and Farmer, 1980:59) 

This seems to suggest that, during the Foundation and Intermediate Phases, reamers 

require interaction with concrete items such as manipulatives, and tactile objects, in 

order to help them develop an understanding of geometrical concepts. 
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Piaget's ideas stimulated research by Pierre and Dina van Hiele, a husband and wife 
\ 

team in the Netherlands during the 1950's. The van Hiele's were interested in the 

development of geometrical thinking among children of school-going age. Their 

research was influenced by Pierre van Hiele's experiences when he taught at a 

Montessori school in 1951. Van Hiele wrote: 

"Because I had understood that the learning of facts could not be th_e 
purpose of teaching mathematics, I was convinced that development of 
insight ought to be the purpose" 

(van Hiele, 1986:4) 

The area of Mathematics that van Hiel as the teaching of Geometry to 

learners at school. Bennie (1999:64) s a an Hiele's "focused on levels of 

thinking in Geometry and the role of in t ·sting pupils to move through the 
~~!!!::::::!!.I, 

levels". Van Hiele claimed that, "an impo ant part o he roots of my work can be found 

in the theories of Piaget" (van tu,ele., 1986:.5). Ho'#~er, he..~mphasized that: u n1vers1ty or ort ttare 
''The psychology of Piaget roindE:\JeU1tlWi~!A\ and not of learning. 
The problem of how to stimulate children to go from one level to the next 
was not his problem. It was mine. Piaget distinguished only two levels. In 
geometry it appears necessary to distinguish more." 

(van Hiele, 1986:5) 

In Pierre van Hiele's doctoral thesis, completed in 1957, he postulated that the 

development of geometrical reasoning in children proceeds through five levels, which 
follow one another. Unlike Piaget's age and stage theory (1941) these levels are not 

age dependent but van Hiele suggested that a child needed to master one level of 
understanding before he could move to the next level (van Hiele, 1986). 

Like Piaget, van Hiele suggested that children need to have the opportunity physically to 

interact with shapes in order to develop their geometrical understanding (van Hiele, 

1999). Van Hiele stated: 
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"The attainment of a new level cannot be effected by teaching, but still, by 
a suitable choice of exercises, the teacher can create a situation for the 
pupil favourable to the attainment of the higher level of thinking." 

(van Hiele 1955 cited in van Hiele, 1986:39) 

Van Hiele's use of the phrase "suitable choice of exercises" above suggests that the 

teacher should provide learning opportunities in the classroom that will help his learners 

to develop an understanding of geometrical concepts. 

In South Africa, the Geometry curriculum, as prescribed in the Mathematics Policy 

Document of the Revised National ement (South Africa, 2002), is 

sequential, each year laying the foun 

theory of sequential levels of geometri 

ext. This fo llows the Van Hiele 

Van der Walle stated that: University of Fort Hare 
Together in Excellence 

"The most important geometric agenda of the K-8 teacher is to provide 
experiences that move students from level 0 thinking to level 2 thinking by 
the end of the eighth grade. Not every teacher will be able to move 
children into the next level. However, all teachers should be aware that the 
experiences they provide are the single most important factor in moving 
children up this developmental ladder. Every teacher should be able to see 
some growth in geometrical thinking over the course of a year" 

(van der Walle, 2004:348) 

However, it seems that this development in geometrical thinking is not the focus in 

many South African classrooms. Van Hiele warned _ that many teachers reduce 

Geometry to the memorization of definitions and structures. For example, alternate 

interior angles are recognized as part of a Z-form. This is illustrated in Figure 1.1 below. 
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van Hiele said: University of Fort Hare 
Together in Excellence 

"This method can turn out to be harmful if the teacher, in his zeal for quick 
results, has these structures learned by the pupils. For by doing so he 
weakens the necessity for the pupil to come to a higher order of 
thinking ... " 

(van Hiele, 1986:43) 

This runs parallel to what my colleagues and I think is happening in our own school. It 

seems that children in our primary school are learning definitions such as "squares have 
four equal sides" and a rhombus is a "pushed over square". When they are shown a 

diagram of a rhombus and asked whether it is a square, they say, "Yes, it has just been 

pushed over". As a result, they have not had the opportunity to develop an 
understanding of the similarities and differences between squares and rhombi. 
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My initial overview of the literature revealed that much of the research that has been 

done on the level of geometrical thinking of learners in South Africa has been directed 

at previously disadvantaged schools. Feza and Webb (2005) researched the level of 

geometrical understanding of a small group of Xhosa first-language Grade 7 learners. 

This research took place in under-resourced rural, peri-urban and urban schools in the 
Eastern Cape. Feza and Webb discovered that none of the 30 children they studied 

had attained the requirements of the RNCS (South Africa, 2002) Assessment Standards 

in Learning Outcome 3. Ten learners were strictly at van Hiele's Level 1, fifteen learners 
were between Levels 1 and 2 and only five learners had attained Level 2. None of the 

learners could be categorized at van Hiele Level 3, the level required for Grade 7 

Geometry. (Feza and Webb, 2005:40). 

Kotze (2007) used van Hiele's researc for investigating the geometrical 

understanding of Grade 1 O learne_rs and _tli • 
South Africa. She found that r,ar,aunn¥ ·~•1t:11t!ll'Qfi 'lNl"'lll,...,ft"\l!l'.'l.rtL -rr,~,~ 1i~n in classrooms to the 

. . . Toaether in Rx.cellence mastery of basic skills m Geometry, such as cafcutatmg areas. She also found that the 
identification of geometric shapes in new positions was more problematic for the 

teachers than the learners. Kotze (2007) suggested that this would indicate that the 
teachers were still operating at Level 1 of the van Hiele hierarchy in some areas of 

Geometry. 

Feza and Webb (2005) found that in the schools in which they conducted their research, 
many of the teachers were the products of "Bantu Education." They stated: 

"After the installation of the Nationalist government (and the subsequent 
adoption of apartheid as a national policy) in South Africa in 1948, a 
system of 'Bantu education' was introduced for black South Africans. 
Bantu education was for black people and was to be largely based in the 
Bantustans or homelands where natives would be prepared for life on 
reserves (Davies as cited in Feza and Webb, 2005:37), with different or 
inferior curricula - usually with no science or mathematics offerings 
(Hartshorne, as cited in Feza and Webb, 2005:37). The impact of the 
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system· can be seen even today and the children participating in this study 
all had teachers who are products of Bantu Education. These teachers 
were under-qualified to teach mathematics and were teaching in under-
resourced schools mainly in rural areas of the Eastern Cape." 

(Feza and Webb, 2005:37) 

Thus the teachers · themselves had experienced little or no Mathematics instruction in 

their own schooling. The research suggested that because the teachers hold tenuous 

geometric conceptual frameworks themselves, the teachers perpetuate a lack of 

geometrical understanding among the primary school learners in their schools. Current 
research supports Feza and Webb's (2005) findings (Halat, 2008; Knight, 2006; Kotze, 

2007; van der Sandt and Niewoudt, 2003). 

Additional research done both overs e~ s •. uth Africa indicates that many 
LUMEN 

teachers of Geometry at primary school~~ ~ ~ ~ ~ogressed to the higher levels of 

geometrical understanding themselves. Km 1,-.+-.... _JlJlJ) found that the level of geometrical 

understanding of students regJ"71....,.,.'ill,UII u~1m·m. - wniversity of Maine was 

significantly lower than the level e'f{lt '&J/'cP6tiTii§. lfm ~hey were required to teach 

once they had qualified. She went on to assert that, if the teacher's level of 

understanding is only at van Hiele Level 1 or 2, the teacher will be unable to provide 

children with the requisite tasks and opportunities needed to develop appropriate grade 

and phase-specific spatial and geometrical concepts and understanding (Knight, 

2006:10). Van der Sandt and Nieuwoudt (2003) conducted similar research among 

eighteen Grade 7 teachers and one hundred prospective teachers in South Africa. 

They also found that the level of geometric understanding of these teachers is not at the 

level required to promote successful teaching of Geometry. 

Guay and McDaniel (1977) have suggested that there may be a link between spatial 

sense and general performance in Mathematics itself. Their research indicated that high 

achievers in Mathematics at primary school have greater spatial ability than low 

achievers. While Learning Outcomes 3 and 4 focus on the development of geometric 
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and spatial competences, these competences and their attendant concepts, knowledge 
and skills may be transferable into the other Learning Outcomes of the Mathematics 

syllabus. 

Many articles have been written about the poor performance of South African learners 

in Mathematics (including Geometry understanding) both at school and ih tertiary 

institutions. These include analyses of how South African learners have performed in 
international tests of mathematical understanding such as SACMEQII (Southern African 

Consortium for Monitoring Educational Quality) and TIMSS'99 (Repeat of the Third 

International Mathematics and Science t~lwnUIB?J,P7n 

Data captured by the Southern African r Monitoring Educational Quality, 
(SACMEQII), indicated that South African '"""'-''"11"1?"\rs have a low level of mathematical 
understanding. Kotze and StraU • • e ~- rt Hare 

ogether in Excellence 
"Data from grade 6 learners' scores for mathematics ... (show) ... 

• that the overall learner achievement was noticeably on the lower 
end of the acceptable limits on the SACMEQII benchmark. 

• the relationship between difficulty levels and learner competencies 
reveals a significant low level of general numeracy, understanding 
and skills. Test items focusing on higher order meta-cognitive skills 
were poorly answered." 

Kotze and Strauss (2007:29) 

Thus Kotze and Strauss (2007) found that, not only did South African Grade 6 learners 

attain low scores for their mathematical skills, but that their problem-solving skills were 
not well developed either. 

South Africa participated in the Repeat of the Third International Mathematics and 
Science Study in 1999 (TIMSS'99). Comparative results show that South African Grade 

8 



 

 

7, 8 and 12 learners performed very poorly in comparison to the other countries that 

participated in the study. The study included many African countries and other 

developing nations. Howie (2004) analysed the results from the Mathematics 

assessment in the Tl MSS'99 and found that Grade 8 learners in the Eastern Cape 

achieved a mean score of 256 out of a possible score of 800. The international average 
·was 487. 

Howie (2004) also mentioned that, when comparing the results of those learners who 

spoke the language of the test, which is English, with the results of those who never 

speak the language of the test, the form ~..i~•~~,"·.ev d on average 140 points higher 

than the latter group on the tests of m t ·iciency. While this finding does 

not include a ifferent teaching and learning 
methodologies in different classrooms, -~--~~- etheless suggest that English 
speaking learners in former Model C Schoo s ve an advantage over those learners 
who are not fluent in that medi • ¥i • t • r9.~ 1 contributing factor, for 

Toaether in Excellence 
some students at least, for poor perforftlance in Geometry. 

Poor performance in Mathematics at school and in matric leads to tension at tertiary 

level too. Studies by Usiskin (1982) and Senk (1989) from the University of Chicago 

have shown that students, who have not attained a van Hiele Level 3 of geometrical 
understanding by the. end of primary school, are unlikely to achieve success in 

Geometry at secondary school and beyond as their level of understanding is too low. 

Augustine (2009), a Chemistry lecturer at the University of KwaZulu-Natal, claimed that 

50% of his students lacked the basic Mathematics and Science skills to compete at 

university level, including the spatial skill of being able to read values from graphs. At 

the University of the Witwatersrand, mathematics and engineering lecturers claimed that 

their students were unable to visualize in 2- and 3-dimensional space (Huntley, 2009). 
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This preliminary review of the literature revealed that the problems my colleagues and I 

have experienced among our Geometry students are not unique but that geometrical 

understanding is problematic at tertiary level too. The question is : what is happening in 

Geometry lessons in the Intermediate Phase that is preventing learners from developing 

the level of geometrical understanding required to master the Grade 6 Geometry 

Assessment Standards? 

1.2 Statement of the Research Problem 

For many years, my experience as a M 

that the learners at the former Model C 

her in Grades 8 to 12 has been 

I teach perform consistently badly 

in Geometry assessments. ~y the time ~B=1= rl3-i ve reached Grades 8 to 12, it is 

assumed, by their Mathematics teachers tncn- lH'l:!!l~ ave reached a level of geometrical 
understanding that will enab f • n - ---,,,..,:-·---nds of the Geometry 

curriculum. It would appear that thi i q ~-

Our learners have had the opportunity to attend a well-resourced school which is able to 

provide them with textbooks and other support materials. They have well-qualified, 

nurturing teachers, who teach their learners in comfortable, well-resourced classrooms. 

The class sizes are on average 28 to 30 learners. The medium of instruction is English 

and many of the learners speak English as their home language. Many of the non-

English mother tongue speakers speak English at home as a second language. The 

majority of the learners at our school have attended the same English medium school 

since Grade R and so it would be reasonable to assume that the learners are 

comfortable with speaking and hearing English. Despite all these advantages, it 

appears that many learners memorize Geometry definitions, with little understanding of 

what they have learned, have poor spatial sense and are unable to apply the knowledge 
they have. 
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1.3 Purpose of the Study 

Learners in my school seem to have access to all they require to develop to the level of 

geometrical understanding required by the RNCS (South Africa, 2002) by the end of the 

Intermediate Phase and yet they are not attaining this level. The purpose of my 
research was to investigate the level of geometrical understanding of learners at the 

end of Grade 6 at a well-resourced school in the Eastern Cape, focusing particularly on 

their understanding of two-dimensional s_h_.a_e_s_. __ _ 

1.4 Research Questions 

My primary research question iversity of Fort Hare 
Together in Excellence 

- What was the level of geometrical understanding of the learners at the end of 
Grade 6 in a well-resourced school, with regard to two-dimensional shapes, 

where the Revised National Curriculum Statement (South Africa, 2002) is 

followed? 

This was supported by the following secondary questions: 

- How do the requirements of the Revised National Curriculum Statement (South 

Africa, 2002) align with the Van Hiele levels of geometrical understanding? 

- How were children in the Intermediate Phase, and specifically in Grade 6, being 

taught Geometry at the school selected for the research? 
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- Were learners in the Intermediate Phase at the research school being given 

sufficient exposure to Geometry activities to promote the development of their 

geometrical understanding? 

- What influence do activities such as jigsaw puzzles and tangrams have on the 

development of geometrical thinking in learners? 

1.5 Research Objectives 

I of geometrical understanding 1. My first objective was to dete 

learners had at the end of Grad ,, 

following t.he Revised National 

ourced, former Model C school, 

v~~~ ~§Jatement (South Africa, 2002). I 
focused on the learners' understan ·--~ .~-- o-dimensional shapes. I did this to 

ascertain whether th 
understanding required for tnw1wiw.tio G,ietn~e.t 

to 9). 

level of geometrical 

r:t he Senior Phase (Grades 7 

2. I wanted to investigate how Geometry was taught in the Intermediate Phase at 
the above former model C school. I hoped that my findings might allow me to 

contribute to a more informed methodology for Geometry teaching in the 

Intermediate Phase. 

1.6 Assumptions 

The following assumptions were made: 

1. That the geometrical understanding of children does develop according to the 

van Hiele theory. This theory states that children's geometrical understanding 

develops through 5 levels, from the basic recognition of shapes up to being able 
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to formulate formal proofs. The levels are sequential in that Level 1 must be 
mastered before Level 2 can be attained and so on. However, children may be in 

a transition between two levels. For example, if learners are in transition between 
the van Hiele Levels 1 and 2, where they still think in a Level 1 manner at times, 

they can be challenged by a "crisis of thinking" to move to Level 2, a higher level. 

2. I also assumed that children would be able to remember the geometrical 

experiences they have had so that they will be able to recount them to me. This 
was important for me to establish whether prior experiences with shapes have 

affected the development of geometrical understanding among the learners 
interviewed. 

3. That the teachers teaching at th 
study were all well-qualified an 

learners. 
4. That the learners at the former Mo e 

teaching and learning which is English. 

,,.,~~ 1p~),,1~1 C research school in the case 
t teaching Geometry ~o their 

ere proficient in the language of 

University of Fort Hare 
Together in Excellence 

1. 7 Significance of the study 

This research may help to shed light on the level of geometrical understanding of two-

dimensional shapes for learners at the end of Grade 6 in a well-resourced, former 
Model C school in the Eastern Cape in South Africa. It may also influence t_he way 
Geometry is taught in the Intermediate Phase in my school. 

1.8 Rationale of the study 

A number of research studies have been carried out on the level of geometrical 

understanding among South African school children (Bennie, 1999; de Villiers and 

Njisane, 1987; Feza and Webb, 2005; Kotze, 2005). These studies indicate that the 
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level of geometrical understanding among learners in the primary and secondary school 

is not what it should be. Some of these studies are briefly discussed below. 

Research has been done on the level of geometrical thinking of learners in under-

resourced schools in Grade 7 by Feza and Webb (2005). They discovered that these 

Grade 7 learners were not at the Van Hiele level required to master formal Geometry in 

higher grades. Kotze (2005) discovered, during her research with Grade 10 learners 

from rural and urban schools and their Geometry teachers, who were registered for in-

service teaching certificates, that neither the teachers nor their learners were able to 

recognize shapes when they were rot t vr" 1K;;4~~"'€'· ~•' i a different orientation. This is 
indicative of Level 1 thinking on the va _______ . De Villiers and Njisane (1987) 

I VIDE I 
found that Grade 1 0 learners in rural sc LSM1A: l4J ulu Natal resorted to rote-learning 

TUO LUMEN 

definitions in Geometry as their level geo e nc I reasoning was not sufficiently 

advanced to master Grade 1 0 Geometry con . 
University of Fort Hare 

Together in Excellence 

Bennie (1999), working at MALATI (Mathematics Learning and Teaching Initiative) 

project schools in the Western Cape, noted that the development of Geometry 

reasoning is sequential and that children need to understand concepts in the primary 

school before they can master formal Geometry in the higher grades. Bennie (1999) 

suggested that there was a need to investigate what is happening in Geometry classes 

in the Intermediate Phase so that we can discover how to help learners to improve their 

geometrical understanding. 

Thus, research has been done in South Africa in rural, peri-urban and urban schools. 

Many of the learners in the research, however, come from under-resourced schools. 

The problems that we experience in teaching Geometry at my school, which is a well-

resourced school, appear to be similar to the problems identified with learners from 

under-resourced schools. Therefore there is a need to investigate the level of geometric 
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reasoning of the learners at the end of Grade 6 at well-resourced schools to try to 

understand why we experience the same problems. It may well be that learners at the 

end of the Intermediate Phase at the research school are not at the level of geometrical 

thought necessary to study Geometry in Grades 7 to 12. Knowing this may affect how 

teachers approach the teaching of Geometry in the Intermediate and Senior Phases at 

our school. 

It may be possible that Geometry skills are able to be transferred to other areas of 

Mathematics too (van Hiele, 1986). As many authors have noted the concern over 

Mathematics results in South African sc ..... -,~"'~~r;::_,u,cr, 004; Huntley, 2009; Kotze and 

Strauss, 2007) research into the deve o 
South African Intermediate Phase learn r 

of learners in Mathematics. This researc 

1.9 Delimitations of the study 

metrical understanding among 

prove the overall performance 
st in improving the_ teaching of 

which may benefit 

This research has been carried out in one former Model C school in the Eastern Cape. 

A very small percentage of South African schools are former Model C schools. As a 

result, the findings may not be generalized to all schools in South Africa. 

It is a case study and has provided qualitative data from fourteen purposively-selected 

Grade 6 respondents. This is not a large enough sample to be able to make 

generalizations about all Grade 6 learners but I hoped that the structured interviews and 

purposive sampling would allow me to investigate the geometrical reasoning and 
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determine the van Hiele level of geometrical understanding of the Grade 6 learners at 

the research school. 

University of Fort Hare 
Together in Excellence 
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Chapter 2 : Literature Review 

2.1 Introduction 

This chapter considers issues which affect Grade 6 pupils' understanding of two-
dimensional shapes in Geometry in the Intermediate Phase of teaching and learning in 

a South African school. 

In this literature review I will explor 

development of geometric reasoning in 
--....,. -~.,..., each of which explores the 

·m-a~~~ hese theories will be discussed 

in terms of both international studies a . Also in th is literature review, I 
will examine the roles of teachers as f velopment of geometrical thought 

in learners. The importance of flr~i~i he ~f ~fl gf~ometric thinking will be 
investigated. Finally, this chapter -~ ·mJ.Wi~c!ef'leW~ of assessment techniques 
which are used to test geometrical thinking. 

2.2 The Mathematical Performance of South African Learners 

Howie, (2004), Huntley, (2009), Kotze, (2007) and Roux (2005), among others, have 

documented the generally poor performance in Mathematics by South African learners. 
Howie (2004) analyzed the results obtained by South African school children who 

participated in the Repeat of the Third International Mathematics and Science Study in 
1999 (TIMSS'99). She found that South African Grade 7, 8 and 12 learners performed 
very poorly in comparison to the other countries that participated in the study. Grade 8 

learners in the Eastern Cape achieved a mean score of 256 out of a possible ~core of 
800. The international average was 500 (Howie, 2004). The study included many 

African countries and other developing nations but the "South African learners 
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performed significantly worse than those from all other participating countries in TIMMS-

R including other developing countries." (Howie, 2004:159) Many of the South African 

learners were not English first language speakers and the test was in English. However, 
Howie (2004) noted that the learners in many of the developing countries were also not 

English first language speakers and yet their performance in the Mathematics test was 

better than the performance of the South African learners. Howie went on to say that: 

"This issue ne.eds to be explored further as it appears from the data that 
the pupils from other developing countries do not seem to be equally 
disadvantaged by writing tests in their second or third language in 
mathematics or science. Important lessons may lie in the answers for 
South Africa." 

(Howie, 2004: 156) 

Thus Howie suggested that the reaso 'Atzr-..nn-,""r performance of South African 

learners in Mathematics may not neces \ !!:~~~~,age issue alone and that there 
may be other factors involved which warra 

University of Fort Hare 
Together in Excellence 

Kotze and Strauss (2007), using the data obtained from the international research 
project undertaken by the Southern African Consortium for Monitoring Educational 
Quality (SACMEQ II), investigated the performance of Grade 6 learners in Mathematics 
in South Africa, They categorized the learn'ers into 8 levels on the basis ·of their 

Mathematical skills and found that 7.8 % of Grade 6 learners in South Africa were only 

at the most basic level, the level where they could perform simple addition. This level is 
termed "beginning numeracy". Alarmingly, only 9.2 % of Grade 6 learners countrywide 

had achieved a competence level regarded as mathematically skilled, or betteL· 

Mathematically skilled learners are able to apply specific knowledge of mathematics in a 
range of problems involving number, measurement and geometrical shapes (Kotze and 

Strauss, 2007). An example used in the Grade 6 assessment, which was problematic 

1 for the majority of learners, required the knowledge of the properties of two-dimensional 

geometrical figures and their areas. According to the RNCS (South Africa, 2002), in the 

Learning Outcome "Space and Shape", all Grade 6 learners should be able to classify 

triangles on the basis of the length of the sides and the angle sizes. They should also 
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know the similarities and differences between squares, rectangles and parallelograms. 
The Learning Outcome "Measurement" requires that Grade 6 learners should be able to 

calculate "perimeter using rulers or measuring tapes . . . and area of polygons (using 

square grids) in order to develop rules for calculating the areas of squares and 

rectangles" (RNCS, 2002:14). The poor results achieved by South African Grade 6 
learners in SACMEQ II are an indication of their poor performance in Geometry and 

other areas of Mathematics. 

When Kotze and Strauss (2007) analyzed the data obtained from SACMEQ 11, they 
found that only 2.1 % of South African ~r 

solving and only 1.3% of all the Grade 

rs were competent at problem 

th Africa were adept at abstract 

Geometry but can also be developed mg dy of Geometry. Van der Walle 
(2004) said this about the relationship betwec-n-,---.iCf,ometry and problem solving: 

University of Fort Hare 
"Geometric explorations CcJffo Jln JH~~rnn&§>lving skills. Spatial 
reasoning is an important form of problem solving and problem solving is 
one of the major reasons for studying mathematics." 

Van der Walle (2004:309) 

Van der Walle (2004) and van Hiele (1986) suggested that the reasoning skills 
developed during the study of Geometry are able to be transferred to other areas of 
Mathematics. Katagiri (2004) argued below that mathematical reasoning skills are 

valuable life skills and are the most important component of children's education. 

"The most important ability that children need to gain at present and in the 
future, as society, science and technology advance dramatically, is not the 
ability to correctly and quickly execute predetermined tasks and 
commands, but rather the ability to determine for themselves what they 
should do, or what they should charge themselves with doing." 

(Katagiri, 2004:3) 
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He went on to say: 

"The most important ability that arithmetic and mathematics" (and here he 
includes Geometry) "courses need to cultivate in order to instill in students 
this ability to think and make judgments independently is mathematical 
thinking. This is why cultivation of this 'mathematical thinking' has been an 
objective of arithmetic and mathematics courses in Japan since the year 
1950." 

(Katagiri, 2004:3) 

Katagiri (2004) suggested that the mathematical thinking skills that are developed by 

learners at school will help them to think independently and to make decisions, both of 

which are important skills in adult life. son that, if the development of 

mathematical (and geometrical) thinkin 1 

then the past Mathematics results obta· 

tests should be of concern to teachers. 

o ponent of children's education, 

frican children on international 

University of Fort Hare 
2.3 Geometrical Reasoningi""'-.r.a"""#-'7\oitte.pten@NmJopment 

2.3.1 Mathematical Thinking 

According to van der Walle (2004), Mathematics is an organised field of knowledge, 
which focuses on patterns and relationships and has its own language, consisting of a 

precise mathematical vocabulary and symbols. Katagiri (2004) suggested that the 

development of mathematical thinking is the most important function of Math~matics 

courses. He stated: 

Mathematical thinking is even more important than knowledge and skill 
because it enables (one) to drive the necessary knowledge and skill. 

(Katagiri, 2004:5) 
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The skills and knowledge that learners might learn in a Geometry class include using a 

protractor to measure angles or learning that the angles inside a triangle add up to 180°. 

It is important for children to acquire these skills and knowledge but Katagiri (2004) also 

suggested that the Mathematical skills and knowledge that children acquire at school 

are not the sole purpose of teaching children Mathematics. The ability to make 

decisions in order to get meaningful solutions to Mathematical problems should be the 

focus of Mathematical teachers. 

In Geometry, which is one branch of Mathematics, the focus should not be on rote 

learning of definitions but on developi 

shapes and being able to make logical 

Freuthenthal (as cited in de Villiers, 199 

Geometry teaching to the learning of defi 

\MIW' .......... ~•="'"•-,y~~,.Ur:Jl;Jnding of relationships between 

t the properties of shapes. Hans 
.....----....,--....__-----t'.:.___J 

m1S11LtoI1 e;ay about the practice of reducing 

Good geometry instructi fi.1~1~~ "F'ifJ i Jp,,.~ganize a subject 
matter and learning wha Is ani n , Jeaµ~un o ofi'"cfe'}'.Stualize and what 
is conceptualizing, learning ~t n 1ali&Jw 1 'a definition. It means 
leading some pupils to understand why some organization, some concept, 
some definition is better than another. Traditional instruction is different. 
Rather than giving· the child the opportunity to organize spatial 
experiences, the subject matter is offered as a preorganized structure 

(Freudenthal as cited in De Villiers, 1995:3) 

From this we can deduce that in Freudenthal's opinion (De Villiers, 1995) at least, 

Geometry teachers should focus on assisting learners to develop an understanding of 

relationships between for example, geometric shapes and being able to classify and 

make logical deductions about the properties of these shapes. 

Saul (2001) conducted a Mathematics workshop with Western Cape teachers in 

Stellenbosch and noted that these teachers were the products of Bantu Education, a 

system of education for black learners during the Apartheid era. He found that they had 
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been taught to be more concerned with mastering the mechanics of Mathematics than 

developing insight into why they should use the methods they do. In his words: 

"Rather, they seemed to look on mathematics as a body of knowledge one 
rehearsed and performed ... And they could think: with varying degrees of 
success, they could solve the problems I set them. But somehow the 
notion that the solving of problems actually was the mathematics did not 
quite click." 

(Saul, 2001 :3) 

This may be the case with many teachers in Mathematics in general and in Geometry in 

particular. Saul suggested that it is the actual process of working through problems to 

arrive at feasible solutions that is the eSSEffi-E~=»--FHHIEHematical thinking. His statement 
above reinforces De Villiers' view (199 ) t tics teachers need to teach for 
understanding rather than just focusi , ~~Na or skills development. When 

children are given the opportunity to th t solve problems, and given the 
opportunity to discuss their ideas with o n how to think for themselves. 

University of Fort Hare 
Together in Excellence 

The process of learning how to think mathematically to solve problems should be part of 
children's education from their earliest years at school. Bell (2009) suggested that the 
early years of educating a child are the most important and that, " ... any schooling 

beyond the age of twelve is remedial" (Bell, 2009:17). Children in the Foundation and 

Intermediate phases at schools in South Africa should have the opportunity to have as 

many experiences as possible with shapes in order to help them develop their ideas 
about shapes. By the end of Grade 6, the child who· does not have a good 

understanding of what parallel lines are, or the similarities and differences between 
rectangles and parallelograms, is going to find that there is very little or no time in the 
higher grades to play with shapes to discover their properties. Learners may be forced 

to resort to learning definitions by heart in order to cope with the demands of the 

Geometry curriculum in Grades 7 to 12. 
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Geometry is a component of Mathematics which concentrates on Space and Shape 
(RNCS, South Africa, 2002). However, it is argued (Katagiri, 2004; van Hiele, 1986) that 

the deductive and inductive reasoning skills developed during the study of Geometry 

are able to be transferred to other areas of Mathematics. A simple example below, 

which was discussed by van Hiele (1986), demonstrates the validity of this argument. 

There is a direct correlation between the area of a square and square 
numbers - the so-called perfect squares "'. such as 1, 4, 9, and 16. A 

square is a geometrical figure with all four sides equal in length. The area 
of a square is obtained by mul ,...,,. .. . , ...... "" gth of the shape by the 

breadth. Thus, in a square with si 
=1. The area of a square with sid s 
sides have length 3 units, the ar 

nit, the area will be 1 X 1 

Lll'IU ~1 11 ,.. 1J • ts will be 2 X 2 = 4. If the 
3 = 9 and a square with 

sides of length 4 units will have an ~ r_ji:l_-0,"7'\ 16. The numbers 
obtained this way are ~~~~~1/nt1m1t,elt$fQ" 1 a llustrated in the 
diagram below: Together in Excellence 

Figure 2.1 

Area= 1 X 1 

= 1 Area= 2 X 2 

=4 

Relationship between the area of a square and the so-called 
square numbers. 

In algebra, children learn that 1 squared is 1, 2 squared is 4, 3 squared is 9 

and 4 squared is 16. A learner who has a good understanding of squares 
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and the calculation of their area in Geometry will be able to use that 

knowledge when he studies square numbers in Algebra. 

From the above example, it can be seen that learners' experiences of two-dimensional 

Geometry can be reduced to the rote-learning of facts and the un-informed practice of 

skills: all-too-often, these learners do not know why they are being told to use particular 
facts, or how to apply new skills (De Villiers, 1995; Katagiri, 2004). This led Katagiri to 
recommend that teachers should strive to develop mathematical thinking which " ... acts 

as the guiding force that elicits knowledge and skills" (Katagiri, 2004:11 ). His view was 

that a learner who can think mathemati a 
he has to solve new problems in Mathe 

2.3.2 Geometrical Reasoning 
University of Fort Hare 

Together in Excellence 
In the Intermediate and Senior Phases of the General Education and Training Band 

(GET) of schooling in South Africa, all learners are required to study Mathematics. 
There are five Learning Outcomes for Mathematics in the GET band. Two of them, 
namely Learning Outcomes 3 and 4, deal with geometrical figures an·d their 

measurement (RNCS, South Africa, 2002). Learning Outcome 3 focuses on Space and 

Shape (Geometry) and Learning Outcome 4 addresses Measurement. In both Learning 
Outcomes, learners are required to work with two-dimensional shapes. 

The Assessment Standards for Learning Outcome 3 state that, by the end of Grade 6, 
learners should to be able to describe and classify two-dimensional shapes in terms of 

properties including length of sides and angle size of corners. Learners need to be able 

to solve problems involving straight lines and triangles and to use transformations and 

symmetry to investigate the properties of geometrical shapes. Learning Out~ome 4 

requires learners to be able to calculate the perimeter and area of two-dimensional 
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shapes and to be able to describe angles in terms of right, acute and obtuse ·angles. 

(RNCS, South Africa, 2002). 

Learners in Geometry lessons, however, are required to acquire more than knowledge 

and skills. They also need to develop geometrical reasoning. The Revised National 

Curriculum Statement (RNCS, South Africa, 2002) identifies the type of reasoning 

patterns required for the learning and teaching of Mathematics. These include the ability 

to pose and solve problems, to investigate the properties of geometrical figures and 

reasoning and communication (Kotze: 2007). 

Lauf (2004:23) suggested that, "Geome r ' i not only about proving results 
TUO LUMEN 

but it is also much wider" as it requires '0 n of a conjecture, the extensive 
empirical testing of the conjecture, using co·"'" .. .,......,.,.....,,..,..,,xamples and then finally, verifying, 

with an argument, called a pro ,mlM6:liielfdt j~.Yl._ ... .......,. ,.i.i, r""......_,..,,,.~,· .... example would be the 

statement that the sum of the intert8r9G~6rliTTlitt~!wg1~eis 180°. This claim can be 

explored by drawing numerous triangles and, by using a protractor, measuring the 

interior angles to confirm that their sum is, indeed, 180°. In order to be certain that this 

conclusion is true for every triangle, a deductive proof, requiring a logical chain of 

reasoning, would be required. A learner who is able to formulate or understand such a 

process of deductive thought (usually at high school) is considered to be capable of 

geometrical reasoning. 

2.3.3 Concepts in Geometry 

The Reader's Digest Universal Dictionary (1987:330) defines a concept as "a general 

idea or understanding, especially one derived from specific instances or occurrences, a 

thought or notion, especially one that is abstract or theoretical, a way of thinking about 
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something". Farrell and Farmer (1980:77) described a concept as being "a classification 

of objects, object properties or events into a set by the process of abstraction". By way 

of example, long before children are given formal instruction in school about ·shapes 

such as triangles, they may have begun to classify triangles as having different 

properties from rectangles. They do this by playing with plastic shapes of triangles, 

observing pictures of triangles on posters and in books and discussing triangle shapes 

found in structures such as road signs. At the same time, these children could be doing 

the same type of informal investigations with rectangles. The literature indicates that it is 

vital for children to be exposed to as many opportunities as possible to interact with 

shapes in order to develop their spatial sense. (Duckworth, 1996; Mussen, Conger, 

Kagan and Huston, 1984; van der Walle 2 ·-e e, 1999) 

Katagiri (2004: 10) suggested that, " n.e'Efiffl~FEFmade up of both connotative and 

denotative components." The denotative con"lnAr-1-a~t is the symbol or name that is given . . 
to an object such as a Geome . r ponent is the meaning 

th t . . 1. d . th Toaethef in Excellense·t i·t I . K t .. a ts ,mp ,e m e name or symoo, th~a goes oeyon , s , era meaning. a agm 

(2004) gave the following explanation to illustrate the connotative and denotative 

components of concepts in Geometry: 

Showing students a round top and telling them 'this is called a circle' is not 
enough when it comes to teaching the concept of the circle. Since the top 
will have properties such as material, size, a painted pattern and a method 
of use, the students will not yet ignore those aspects and may think of, for 
instance, a round wooden top as a circle. The other properties must be 
ignored. Instead, show students tops of various different sizes, and have 
them consider various other circular objects including cups, to elicit 
commonalities such as 'all of these shapes have the same length from one 
point (the central point) to the edge' " 

"Abstract thinking is used to clarify shared properties here. These 
abstracted properties are referred to as the concept's connotation." 

'The thinking method of concretization is used at this time to gather many 
different concrete examples, and to clarify the denotation or extension of 
the concept. 

(Katagiri, 2006:23) 

26 



 

 

From the above explanation, it is important for children who are developing an 

understanding of new Geometry concepts, specifically shapes, to be given many 

concrete examples of shapes to investigate. They also need opportunities to taJk about 

their developing understanding of shapes with others. Wellington and Osborne (2001) 

said this about the need for children to talk about new concepts: 

"Pupils in the classroom are very much in the process of groping for new 
words and new meanings, endeavoring to construct new concepts and 
make sense of a new language. Confidence in its use, and the concepts 
that it represents, comes above all else, with practice." 

Although Wellington et al. (2001) were 

concepts and new meanings for words in 

-dn and Osborne (2001: 123) 

iting about the development of 

re is a similar need for children to 

talk about new Geometry c f~e¥si r °IfaEf e teachers and among 
themselves. However, Geometry in_m}Yi 1 Heln'e@derstanding of concepts. It 
requires inductive and deductive reasoning skills. The next section explores three 

theories on how these reasoning skills develop in Geometry. 

2.4 Theories on the development of geometrical understanding in 
children 

A review of the literature regarding cognitive development in children r~vealed 

contrasting ideas about how a child's spatial or Geometric thinking skills develop. The 

review indicated that Piaget's Constructivist theory (Farrell and Farmer, 1980), van 

Hiele's theory of levels of geometrical understanding (van Hiele, 1984; van Hiele, 1986; 

van Hiele, 1999) and Gagne's instructional theory (Gagne, 1988) seem to be the main 

focus of how children acquire geometrical insight. Each theory is discussed below. 
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2.4.1 Piaget's Constructivist Theory 

Jean Piaget (1896-1980), a developmental psychologist, became interested in the 

thinking that lay behind children's answers to questions, particularly their incorrect 

answers. Piaget's research with children led to the formulation of his theory of cognitive 

development during the 1920's and 1930's (Mussen, Conger, Kagan and Huston, 

1984). A central component of Piaget's cognitive development theory is that all children 

move through a fixed sequence· of successive stages as they mature (Farrell and 

Farmer, 1980). Piaget asserted that lea n..,, .. ...,,CJJ't',.lt~r·r t their own knowledge rather than 

being passive recipients of what is tau ------....----..._ mer stated that: 

"Piaget holds that individual in through the person's 
interaction with his or her envi sists that knowledge is 
active. For him, to kn ,.,.-,__A.F11I~ • hat the student 
manipulate it physically 

Together in Ex(Fl/r'1~'and Farmer, 1980:55) 

The implication of Piaget's theory for Geometry teachers is that their learners need to 

be actively involved in their own learning. 

According to Piaget (Stone and Church, 1979: Farrell and Farmer, 1980) there are 
qualitatively different intellectual abilities that develop in children in a fixed sequence of 

stages related to age. Piaget described the following four stages: 

The sensori-motor stage occurs between birth and two years of age. 

During this stage, children use their five senses to explore their world. 

The pre-operational stage (usually from two to seven years of age) is the 

stage when children develop the ability to represent objects with symbols. 

For example, they begin to associate numbers with the actual quantities 

the numbers represent, rather than just reciting the names of the numbers. 
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The concrete operational stage occurs roughly between the ages of 7 

and 12 years of age. At this stage, children start to be able to classify and 

order objects. This is associated with a developing ability to reverse actions 

mentally. 

The Formal operational stage starts at roughly 12-16 years of age. It is 

characterized by the ability to reason abstractly and to develop hypotheses 

and use deductive reasoning. 

(Farrell and Farmer, 1980:48-64) 

The age at which children move into ea __________....,------...__ ixed (Farrell and Farmer, 1980; 

Stone and Church, 1979) and is meant tc\m=m~~WM approximating the earliest age 
for which characteristics of the stage be nstrated by 75% of the children 
tested. The oldest age in the range is the ag~ ~T--\-/trnich the characteristics of that stage 
have been . shown to be a st t ·t I ""...,."'1t"""""'T..-.iri.::)L-t'\:t-.4.~...,at least 75 % of the 

children tested (Farrell and Farmer,Tj r.e1F>fY.Jf8~U~roi~d his theory while working 

with children in Paris ·and by observing his own children. However, research done 

among American children showed that they attained some of the characteristics of the 

formal operational stage of thought up to a year later than their European counterparts 

(Elkind, 1961 ). Bruner, Olver and Greenfield (Scribner and Cole, 1978) researched the 

link between levels of literacy and the attainment of Piaget's stage of formal operational 
thought among Woloi adolescents in Senegal in West Africa (Scribner et al., 1978). 

Bruner et al. (Farrell and Farmer, 1980) found that, among the children they researched, 

"The sequence of stages remained the same but the first three stages were 
attained at much later ages and the formal operational stage 
characteristics were not found to be stabilized in the oldest sample tested 
(16 and 17 year olds)" 

(Bruner et al. as cited in Farrell and Farmer, 1980:52). 
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One of the implications of the above research is that children of the same age may be in 

different stages of intellectual development. Farrell and Farmer (1980) suggest that the 

most useful age to serve as an indicator of a child's intellectual ability is the later age in 

the age range for each stage in Piaget's stage theory. This seems to indicate that the 

children in Grade 6 in South African schools would largely be in the concrete 

operational stage of cognitive development. 

An important aspect of Piaget's theory of how concepts develop is equilibration (Stone 

and Church, 1979). Equilibration happens throughout the child's life and is the way that 

children increase their knowledge 

involves two cognitive processes, 

encounters an object for the first time, i •. 

of the world around them. It 

is assimilation. When a child 

as something truly novel but as 

an example of an already known cone mple, if a young child sees an 

Alsatian and is told that what he is seeing is a , he develops what is termed a "class 
of notions" of what a dog is. If tlJ -~~-' r f &?lib I Labrador, he is able to 

Toqether in xcellence 
say that what he is seeing is a dog loo. So he has developed a concept of a dog. 
Sometimes a small child will see a slightly different, hairy four-legged creature, a cat, 

and call that a dog too. He is using the mental process that Piaget calls "assimilation" to 

help him understand this slightly different object in his world. If someone is abl.e to tell 

the child that what he is seeing is called a cat, he will develop a new category of 

animals in his mind, called cats. Piaget has called this mental process accommodation. 

The combination of the two mental processes results in an increase in the child's 

knowledge and understanding of the world around him (Stone and Church, 1979). 

In the Geometry classroom, assimilation and accommodation need to work together to 

help the child develop geometrical understanding. For example, a learner, who has had 

the opportunity to develop the concept of what a square is, will think that a rectangle is 

also a square when he comes across one for the first time because of the cognitive 

process of assimilation. He will be uncomfortable with this conclusion though,· as the 
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rectangle will not fit completely into his concept of what a square is. By being given the 
opportunity to manipulate rectangular shapes physically, he will begin to realize that 

they are not squares, and will have to develop a new category of shapes called 

rectangles. This process of "accommodation" (according to Piaget), will result in the 

learner restoring his cognitive balance or equilibrium, hence equilibration. 

"According to Piaget, the basic unit of knowledge is the schema, a mental picture or 
idea, ordinarily implicit (though it can be verbalized) ... " (Stone and Church, 1979:41 ). A 

schema is an idea of what objects or a group of objects are like. Thus, in the example 
above, the learner might have develope 

changes in schemata. Once the learner h 
rectangles, it will help him to have a b 

square. 

har1r,t • .-i/ Jl'n, t square. Equilibration produces 

d the new class of shapes called 
ing of what makes a square a 

University of Fort Hare 
Toaether in Excellence These schemata are a necessary end proaucl ot lne study of Geometry in the 

Intermediate Phase at school. Children in the Intermediate Phase of schooling are 
required to "Recognize, visualize and name two-dimensional shapes" (RNCS, 2002). 

The majority of learners in the Intermediate Phase are at the stage of concrete 
operational thought. As mentioned earlier, two of the major descriptors of cognitive 

development of children at this stage are the abilities to classify and work with 
relationships where order makes a difference (Farrell and Farmer, 1980). If we consider 

the requirements of the RNCS (South Africa, 2002) for Grade 6 learners, we can see 
that there is an emphasis on the ability to classify shapes and to work with the 

relationships between similar shapes. Learning Outcome 3 sets out the following 

requirements for two-dimensional shapes. Learners must be able to: 

- Describe and classify two-dimensional shapes in terms of the length of the sides 
and the angle size of corners. 
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- Use the vocabulary and properties of rotations, reflections and translations to 

describe the relationships between distinct two-dimensional shapes_ within 

patterns (including transformation& and symmetry). 

- Draw enlargements and reductions of two-dimensional shapes (at least 

quadrilaterals and triangles) using grid paper to compare their size and shape. 

- Recognize and describe natural and cultural two-dimensional shapes and 

patterns in terms of geometric properties. 

Thus, it is during this stage of cognitiv 

example, triangular shapes and begin 

scalene triangles on the basis of their d 

set of triangles. 

(RNCS, 2002) 

Ae,~1,(1n.nMrlv hat children start to look at, for 

m as isosceles, equilateral or 
now that they all belong to the 

University of Fort Hare 
. Toill'J:her in Excellenfe Piaget's data (Farrell and Farmer, 'f98U) suggests lna the development of these 

cognitive abilities occurs gradually throughout the concrete operational stage as a result 

of interaction with sufficient experiences that require multiple classifications. Farrell and 

Farmer (1980:77) discuss the example of a teacher who might write the definition of a 

triangle on the board and draw next to it several different triangles. If the teacher were 

simply to drill his Grade 6 learners to recite the word triangle and the definition of a 

triangle, the authors suggest that the children would simply have learned the name of 

the concept and a verbal association describing the concept. The learners would not 

have developed a deeper understanding of what a triangle is, what its properties are, or 

how to distinguish a triangle from a figure containing many different shapes. 

The implication of Farrell and Farmer's (1980) example is that Geometry teachers need 

to provide learners with opportunities to play with moulded-plastic shapes. They should 

give the learners opportunities to cut out triangular shapes in paper and card and 
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encourage learners to measure the lengths of sides and sizes of angles. By being 
exposed to numerous examples, learners begin to differentiate between the different 

types of triangles, realizing that some triangles have all three sides of equal length 
(equilateral triangles), some have only two sides of equal length (isosceles triangles) 

and some have no sides equal in length (scalene and most right-angled triangles). 
These types of activities encourage the classification of triangles on the basis of the 

length of the three sides. Classification based on angles would follow naturally from this. 

Piaget's research led to the development of a school of thought called Constructivism 
among developmental psychologists. ~- s cited in Lerman, 1989:211) 

describes Constructivism thus, 

"Knowledge is actively constructe subject, not passively 
received from the environment. C ing o n is an adaptive process 
that organizes one's experiential worl . • - not uncover an independent 
pre-existing world outsid R)i~ ~d cfit Hare 

'J(t_ f' 1 ~nl tamdtt Lerman, 1989:211) 

This view suggests that Constructivists would agree that, in Geometry, children need to 
be given opportunities to interact with various geometrical shapes from an early age to 

help them construct their own understanding of geometrical concepts. However, these 
opportunities need to be carefully structured by teachers so that their learners would 

benefit from their experiences with shapes. 

Prawat (1992) warned that some teachers practice what he termed "Na'ive 

Constructivism", where teachers think that their students are able to structure their own 
learning independently of any guidance from the teacher. He also suggested that some 

educationists think that merely giving learners activities to do results in learning taking 

place. He quoted a teacher as saying, "As long as children are active, then learning is 

going on" (Prawat, 1992:370). Dewey (Dewey as cited in Prawat, 1992) stressed that 
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experiences in the classroom needed to be carefully chosen and structured in order that 
the learners' subject knowledge and understanding might develop. Thus, a Geometry 

teacher in the Intermediate Phase should select activities that will help learners to 
develop an understanding about the properties that classes of shapes have in common. 

Simply giving the children shapes to play with may not produce the understanding of 

classes of shapes required by the RNCS (2002). 

Duckworth (1996), a Constructivist, who was strongly influenced by Piaget's theory, 

discussed a simple exercise a child in Grade 6 could do where a rectangle is divided 
into two triangles by cutting it along the d cfg ~J , . •1 n below: 

University of Fort 
Together in Excellence 

Figure 2.2: Illustration of cutting a rectangle into two triangles by dividing it along the 
diagonal. 

A Grade 6 child might be asked whether the area of the two triangles is the same as the 
area of the original rectangle. The child can confirm this by placing the two triangles 
back together to form the original rectangle. This exercise would show that the total 

area is independent of shape. Duckworth (1996) concluded that the understanding that 
the child who has done this exercise will have would be far deeper than someone who 

has never had the opportunity to do the exercise. It is this deeper understanding that 
forms part of Mathematical thinking. The implication for teaching children in the concrete 

operational stage, as children in Grade 6 are, is to provide learners with many 

opportunities to manipulate geometrical figures and to pose challenging exercises to 
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encourage them to develop a deeper understanding of concepts such as area, 

perimeter, congruence and similarity .. 

Prawat (1992) held the view that the opinions that individual teachers have about 

teaching and learning influence their classroom practice. He suggested that teachers, 
who view children simply as recipients of information, tend to teach in a traditionalist 

manner in Geometry, showing their learners methods for doing calculations like the area 
of a triangle or a rectangle. Teachers who have this view of their learners tend to 

produce lessons in which, "Students play a relatively passive role" (Cohen as cited in 

Prawat, 1992:356) and that during such I .. ~ 1~-etl s are "accumulators of material 

who listen, read and perform prescri ~...--------..._ (Cohen as cited in Prawat, 

1992:356). This method of teaching ma s in covering many aspects of 
Geometry rapidly in the classroom rs will probably have little 

understanding of the concepts that have been fit. 
University of Fort Hare 

Together in Excellence 

From the above brief discussion about Piaget's stage theory, it is apparent that Piaget's 
ideas could have had a profound influence on the manner in which Mathematics is 

taught by many teachers. Piaget's work also stimulated a great deal of research into 
how children learn. As Farrell and Farmer (1980) point out: 

"During the twenty years between the two world wars, Piaget's colleagues, 
along with psychologists in France, Russia and Great Britain, replicated 
and extended Piaget's research efforts with thousands of children from 
birth to ages 16 or 17." 

(Farrell and Farmer, 1980:49) 

One of the educationists who were influenced by Piaget's theories was Pierre van Hiele, 

who said, "An important part of the roots of my work can be found in the the~ries of 
Piaget" (van Hiele, 1986:5). Van Hiele's theory is discussed in detail in the next section. 
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2.4.2 The Van Hiele Theory on the Development of Geometrical 
Understanding 

Two Dutch educators, Pierre van Hiele and Dina van Hiele-Geldof, developed the van 

Hiele theory of geometrical thinking between 1955 and 1959. This theory "immediately 
attracted a lot of attention of the education authorities in the Soviet Union, but for nearly 

two decades, got little notice in this country (America)" (Hoffer, as cited in van der 
Walle, 2004:309). During the 1980's, the American education authorities began to 

realize that, by international standards, American children displayed relatively poor 
understanding of spatial relationships """""lr"VYl'-\Ti a result, the Mathematics 

curriculum was revised and the va a major influence on the 
development of the new Geometry c r rica. (van der Walle, 2004). 

TUO 
Between 1990 and 1992, the Nationa ~~am)'l(~~ uthority recorded a significant 
improvement in the geometric reasoning o • an children at grades 4, 8 and 12. 

• + 
The conclusion was that th is • 1 reased emphasis on 
Geometry and spatial skills at all J;.~ ~,~~§illi&iflrfsll~ff8eBlume as cited in van der 

Walle, 2004: 308) 

Van Hiele (1986) stated that Piaget's ideas about how cognitive development occurs in 

children influenced him and his wife during the development of their theory of how 

children acquire geometrical understanding. However, there were important differences 
between the van Hiele theory and Piaget's stage theory. These differences are outlined 

below. 

The two theories differ on how children develop spatial sense. Piaget argued that 
the development of a learner's concept of space is part of the maturation 

process. A child in Piaget's pre-operational stage has no concept of conservation 

of volume but develops this understanding with exposure to practical exp~riences 

with different shaped containers filled with the same volume of liquid (Farrell and 

Farmer, 1980). Similarly, according to Piaget's Constructivist theory, children 
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