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       Kan du beskriva ditt hem?  

       En undersökning om elevers förståelse om begrepp inom konstruktion 

 

      Can you describe your home? 

       A study about students understanding about concepts within construction 

 

Sammanfattning 
 

Syftet är att undersöka några gymnasieelevers visade kunskaper i 

geometri med fokus på konstruktion och begreppsanvändning samt 

den undervisning som erbjuds eleverna inom området. Elevernas 

hem används som utgångspunkt. Eleverna ska utifrån en teckning, 

som de själva ritat, och ett fotografi beskriva hemmet. De 

matematiska begrepp som eleverna använder analyseras. 

Analysverktyget bygger på van Hieles kvalitativa kunskapsnivåer 

och Blooms Taxonomi.  

Undersökningen genomfördes på en gymnasieskola i Kenya. Fyra 

utvalda elever intervjuades. Lektionsobservationer genomfördes i 

syfte att få förståelse för hur elevernas undervisningssituation ser ut 

och få exempel på hur undervisningen bedrivs. Slutligen 

intervjuades två av elevernas lärare. 

Eleverna har goda kunskaper på nationella prov men 

undersökningen visar att när dessa kunskaper skall överföras till 

något utanför lektionssalen stöter eleverna på problem. De har svårt 

att uppskatta längdenheter och svårt att jämföra skala. Det kommer 

också fram att deras undervisning är ganska monoton. Mycket tid 

läggs till att läraren undervisar eleverna framme vid tavlan eller att 

eleverna jobbar med uppgifter i sin övningsbok. Enligt 

variationsteorin, som beskrivs i arbetet, skulle elevernas kunskaper 

ges möjlighet att fördjupas om de geometriska objekt som skall 

förstås varieras. Denna variation erbjuds inte eleverna i nuläget.  

 

Nyckelord 
 

Blooms taxonomi, Geometriska begrepp, van Hieles nivåer, 

vardagsmatematik. 
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Abstract 

 

The purpose with this research paper is to examine the students’ 

shown knowledge in geometry, with a focus on construction and its 

concepts, and the educational value and teaching the students got in 

this area. The students’ homes are used as a starting-point. The 

students shall, from a self-made drawing of their home and a 

photograph of it, describe what their home looks like. In this paper, 

the mathematical concepts the students used will be analyzed and 

compared with the education they received. The analytical 

framework is based on Van Hieles levels of knowledge and Blooms 

Taxonomy.  

 

The study was done at a Secondary School in Kenya. Four students 

were selected and interviewed. The lesson observations were made 

with the purpose to get an understanding for how the education for 

these students look like and to get examples on how the teaching is 

conducted for these students. Finally, interviews with the teachers 

were carried out. 

 

The students show a good knowledge in the national exams. 

However, the study shows that when the students are supposed to 

use this particular knowledge outside of the classroom, the students 

experience difficulties. Mostly, the students encounter problems 

when they are supposed to estimate measurements. Furthermore, 

they lack the ability to compare scales. The research also shows 

that the education for these students is monotone and much time 

during the lessons is spend either with a teacher lecturing in front 

of the board or students working with examples in the textbook. 

According to the Variation Theory, the knowledge of the students 

should deepen if the objects of learning are varying. This variation 

is not something the students receive in the present situation.  
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Blooms taxonomy, Everyday life mathematics, Geometrical 

concepts, van Hieles levels. 

 

 

 

 

 

 

 

 

 
  Frida Svensson  

 Antal sidor: 41 



  
 

iii 

 

 

Table of Content 

1 Preface _____________________________________________________________ 1 
1.1 Background ______________________________________________________ 2 

1.1.1 Culture Environment ___________________________________________ 2 

1.1.2 Education in Kenya ____________________________________________ 3 

1.1.3 Kisima Mixed Secondary School __________________________________ 3 

1.1.4 Geometry in the Kenyan Syllabus in Mathematics ____________________ 4 

2 Aim and Purpose _____________________________________________________ 6 
2.1 Limitations ______________________________________________________ 6 

3 Theoretical Background _______________________________________________ 7 
3.1 Formal and Informal Knowledge _____________________________________ 7 
3.2 Different Forms of Representations in Mathematics ______________________ 8 
3.3 Variation Theory__________________________________________________ 9 

3.4 Van Hiele Levels of Geometry ______________________________________ 10 
3.5 Blooms Taxonomy _______________________________________________ 12 

4 Method ____________________________________________________________ 15 
4.1 Interviews ______________________________________________________ 15 

4.2 Observation of Lessons ___________________________________________ 16 
4.3 Selection _______________________________________________________ 16 
4.4 Validity and Reliability ___________________________________________ 17 

4.5 Implementation __________________________________________________ 17 
4.5.1 Ethical Aspects ______________________________________________ 18 

4.6 Analytical Framework ____________________________________________ 20 

4.6.1 Summary ___________________________________________________ 23 

5 Results and Analysis _________________________________________________ 24 
5.1 What geometric understanding does the students show when they describe their 

homes, using a drawing of their home while comparing their drawing to photos of 

their homes? _______________________________________________________ 24 
5.1.1 General Information About the Students ___________________________ 24 

5.1.2 General Description of the House ________________________________ 24 

5.1.3 Shape of the House ___________________________________________ 25 

5.1.4 Measurements _______________________________________________ 25 

5.1.5 Area of the Plot ______________________________________________ 26 

5.1.6 Construction of the Future Home ________________________________ 26 

5.1.7 Comparing Scale _____________________________________________ 26 

5.1.8 Compare the Drawing and the Photo _____________________________ 27 

5.1.9 Analyzing of the Drawing ______________________________________ 27 

5.2 Students Knowledge in Geometry According to van Hieles Levels and Blooms 

Taxonomy _________________________________________________________ 27 



  
 

iv 

5.2.1 Level 1. ____________________________________________________ 27 

5.2.2 Level 2 _____________________________________________________ 27 

5.2.3 Level 3 _____________________________________________________ 28 

5.3 How do the teachers describe the education in geometry for these students? __ 28 
5.3.1 How to Introduce a New Topic __________________________________ 28 

5.3.2 Students Understanding of the Topic _____________________________ 29 

5.3.3 Teaching in Kenya ____________________________________________ 29 

5.4 How do the lessons look like for the students? _________________________ 30 

5.4.1 Teacher 1 ___________________________________________________ 30 

5.4.2 Teacher  2. __________________________________________________ 31 

5.4.3 Summary of the Lesson Observations _____________________________ 32 

5.5 Analysis of Interviews With Teachers and the Lesson Observations. ________ 33 
5.5.1 How to Introduce a New Topic __________________________________ 33 

5.5.2 Students Understanding About the Topic __________________________ 34 

5.5.3 Teaching in Kenya ____________________________________________ 35 

5.5.4 Lesson Observations __________________________________________ 35 

6 Conclusion and Discussion ____________________________________________ 37 
6.1 Method Discussion _______________________________________________ 37 

6.1.1 The Analytical Framework _____________________________________ 37 

6.2 Students at Kisima _______________________________________________ 38 
6.3 Lesson Observations and Interviews with the Teachers ___________________ 39 

6.4 How can the students get a deeper understanding? ______________________ 40 
6.5 Proposal on Further Research _______________________________________ 41 

Referenser ___________________________________________________________ 42 

Appendix _____________________________________________________________ I 
Appendix A. Interview Guide for Students _________________________________ I 
Appendix B. Interview Guide for Teachers. _______________________________ II 
Appendix C. Observation Schedule _____________________________________ III 
Appendix D.Drawing and Photos of Student 1 ____________________________ IV 

Appendix E. Drawing and Photos of Student 2 ____________________________ VII 
Appenix F. Drawing and Photos of Student 3 ______________________________ X 
Appendix G. Drawing and Photos of Student 4 ___________________________ XIII 

 

 

Table of Figures 

Figure 1 ______________________________________________________________9 

Figure 2 _____________________________________________________________12 

 



 

1 

 

1 Preface 
 

“Teaching should give students the opportunity to challenge, deepen and broaden 

their creativity and mathematical skills. In addition, it should contribute to students 

developing the ability to apply mathematics in different contexts, and understand 

its importance for the individual and society. ” (Skolverket, 2012 p.1) 

 

“The learner should be able to: 

develop a positive attitude towards learning Mathematics 

… appreciate the role, value and use of Mathematics in society” (Kenyan Ministry 

of education, 2007 p.40) 

  

The previous quotes summarize what can be read in both the Swedish and Kenyan 

syllabus for mathematics, and that all teachers, both in Kenya and Sweden should 

apply in their teaching. To clarify, the mathematics taught in schools should give the 

students an ability to apply their knowledge in everyday life.   

 

After observing lessons and also doing some teaching in both Sweden and Kenya, the 

conclusion is that the connection to the daily life is absent. Students think that 

mathematics is something abstract and unknown, that it is just there to make their 

years in school more complicated. There are various students, both in Sweden and 

other countries, such as Kenya, who find the subject of mathematics the most 

challenging part of school.  

 

When teaching, most teachers encounter negative attitudes towards mathematics. The 

students think that mathematics is something boring and difficult. The subject often 

consists of the teacher giving instructions followed by students working in their 

textbooks with monotone assignments. These types of lectures will result in the 

students believing that mathematics only is about numbers in a textbook. Hence, they 

have a hard time connecting it to what they are doing daily (Matematikdeligationen, 

2004). 

 

The last PISA research also show that the Swedish students have a hard time solving 

mathematics problems, especially the problems that is lacking some information and 

the students have to process the information given to solve the problem. The Swedish 

students have a greater knowledge to solve static problems where all the information 

is given (Skolverket, 2014). This is a challenge for Swedish schools and as teachers in 

mathematics we have to find other ways to teach this subject, that many students 

struggle with. 

 

While looking closer at the subject of mathematics and in the textbooks used in 

schools, there are many areas that could be connected to the everyday life. Some 

connections are made easily, like using the connection between banking and 

calculating percent. On the other hand, some areas might be harder to connect to 

everyday life: such as equations. 

 

A well tested and fundamental part of mathematics is geometry. This interesting field 

is easily connected to the students’ everyday life, since we use geometry to describe 

shapes, estimate lengths and dealing with measurements. Therefore, it has been very 
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interesting to research the proficiency of students regarding the area of geometry and 

how they apply this knowledge in their daily life.  

 

When I found a webpage about the project Mathematics in the Historic Environment, 

which is an international project between Kenya and Sweden, it felt like an interesting 

project that I wanted to know more about. This was mostly due to the purpose of the 

project, but also due to the opportunity of experiencing a different school culture. 

Hence, after emailing Lena Westergren and Berit Roos Johansson for more 

information about the project, and discussing back and forth about what my role in the 

project could be, it was decided that I would go to Kenya on an MFS scholarship. 

This journey granted a deeper insight regarding education in Kenya and enabled me to 

write my research paper about the students’ knowledge in construction connected to 

their taught experiences.  

 

1.1 Background 

The background of this project is a small orientation about the Kenyan school system, 

as well as the vital parts of the Kenyan syllabus in mathematics and the area of 

geometry. This paper also includes a small introduction to the school where the 

studies for this research was conducted. 

1.1.1 Culture Environment 

Culture is a hard word to define and there are several different definitions of the word. 

Nonetheless, culture is something that defines a group of people who share the same 

preferences when it comes to matters like religion, traditions, family life and so on. A 

culture is often based on many traditions and information that is passed on by 

generations, often through storytelling. All cultures hold countless amounts of 

information about the past, not merely within the subject of history but also in other 

subjects, such as science and mathematics (Rapoport, 1980). 

Entwistle (2012) claims that the definition of the word culture depends on how 

narrow you want to make the definition; a culture can be an entire way of life or, if 

you want to define it more closely, culture is the artifacts that represent the art, 

science and philosophy of a specific society. If you want to define it even further, 

culture is confined to the arts, and usually the arts in literature.  

However, Ascher (1991) means that it is impossible to separate the culture from the 

mathematics. Both language and how people in a culture categorize the world around 

them says a lot about the mathematics they are using in that culture. Furthermore, all 

the patterns and logical structures that exist in all different cultures is a link between 

the culture and the mathematics. Ethnomathematics involves studying and presenting 

the mathematical ideas of people in cultures.  
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According to Bishop (1988) mathematics as a culture, or traditional mathematics, 

develops from six different activities: counting, locating, measuring, designing, 

playing and explaining. More specifically, counting is about possessing the ability to 

count and to use counting in the culture. Locating means to locate and navigate in the 

nature around you. Measuring includes both measuring units in the culture, and also 

methods for measuring. Designing deals with how to design and create artifacts and 

technology in culture. Playing is defined by the usage of games and activities in the 

culture. Explaining is about connecting patterns or trying to explain things in the 

environment. 

In this study culture is defined as the traditions and religions the students are raised in. 

Because the students are from different areas of Kenya, the culture and the 

environment the students are raised in can differ for the different students. In Kenya, 

all the different tribes, and in this case cultures, have a specific way of building their 

huts, the Samburu for example is building oval shapes huts called manyattas and the 

Luo is building a round hut with a grass roof (Samburu Trust, 2012; Kenyaguiden, 

2014). The environment and the culture the students are raised in have had an impact 

on the students’ knowledge and they have learned informal knowledge during their 

childhood that is important to relate and conduct during the years in school (Purpura 

et al, 2013).  

Due to the fact that the students comes from different tribes in Kenya they also have 

different mother tongue, their primary language. All different tribes in Kenya have 

their different language, and is spoken between the familymembers and friends in the 

tribe, even if the national language in Kenya is Swahili and English (Samburu Trust, 

2012; Kenyaguiden, 2014). 

1.1.2 Education in Kenya 

The educational system in Kenya consists of eight years of primary school, followed 

by four years of secondary school before you may proceed at a university level. The 

primary education in Kenya is not compulsory, but it is free for all children who live 

in Kenya (Chalkboard Kenya, 2012). 

However, education in secondary school is not free and many students, especially the 

ones from poor areas of the country, cannot afford secondary school education. 

Secondary school starts when you are fourteen years old and lasts for four years. 

However, due to the admitting fees for secondary school some students need an 

intermission between primary school and secondary school, in order to raise money 

for their education. After the four years of secondary school the students have to make 

a national exam. This exam sets the grade for the students and therefore is it important 

for the students to perform well on this exam (Chalkboard Kenya, 2012). 

1.1.3 Kisima Mixed Secondary School 

Kisima Mixed Secondary School opened in 2005 with the first class of 40 students. 

They reached their full capacity in 2008 when the school had a total of 160 students, 

with 40 students in each grade (Kisima Trust, 2011). 
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The school’s aim is that students who otherwise would not afford secondary education 

will have the opportunity to go to school. Hence, the students who come from poor 

conditions where the families are not able to pay for education, will still get a chance 

to attend school. The school investigates every student’s background, to make sure 

that that the students accepted to Kisima have no other opportunity to get an education 

(Kisima Trust, 2011). 

Furthermore, in order to be accepted at Kisima, the students also need to perform well 

in primary school. Each of the primary schools nominates one boy and one girl that 

they think are performing exceptionally well. After the KCPE results are presented, 

which is the national exams all students take at the end of primary school and that 

gives them the grades for primary, the final cut for Kisima is done (Kisima Trust, 

2011). 

The students come from various parts of Kenya: mostly the northern part, but some 

also originate from western and central Kenya. Consequently, the students at Kisima 

represent different tribes and come from varied backgrounds. However, at Kisima 

they all come together with one purpose: to get a good education (Kisima Trust, 

2011). 

1.1.4 Geometry in the Kenyan Syllabus in Mathematics 

The Kenyan syllabus in mathematics is divided in the general objectives and objects 

the learner will be tested on during the K.C.S.E (Kenyan Certificate of Secondary 

Education) 

The general objectives state that:  

“By the end of the course, the learner should be able to:  

1. Develop a positive attitude towards Mathematics;  

5. Identify, concretize, symbolize and use Mathematical relationships in everyday 

life; 

8. Apply mathematical knowledge and skills to familiar and unfamiliar situations;  

9. Appreciate the role, value and use of mathematics in society“ 

(Kenyan Ministry of Education, 2007 p.40) 

After four years of secondary education the learner should know the following in 

geometry: 

2.2.0 Measurements (1) 

2.2.1 Length (the learner should be able to state the units of length and converting 

units of length from one form to another) 

2.2.2 Area (the learner should be able to calculate area of different regular plan 

figures, state units of areas and convert units of area and the surface area of cubes, 

cuboids and cylinders.) 

2.2.4 Volume and Capacity (calculate volume of cubes, cuboids and cylinders, 

state units of volume and solve problems involving volume and capacity)  

(Kenyan Ministry of Education, 2007 p 46-48) 
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The students will, during the last year of secondary school write a national exam. This 

exam tests all the knowledge the students shall gain during their years in secondary 

school and is also the only exam that gives the students their grade for these years. 

Therefore it is not specified during what year of secondary school the different areas 

in the syllabus should be covered, but while finishing they should have knowledge 

about the above areas in geometry (Chalkboard Kenya, 2012). 

All the education in Kenya, both in primary and secondary school should be in 

English, because English together with Swahili are the national languages in Kenya. 

However, there are still some primary schools that teach the first years in Swahili and 

then teach the students in English from middle of primary, but merely all secondary 

schools in Kenya teaches in English (Chalkboard Kenya, 2012). 
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2 Aim and Purpose 

To help students get a better understanding of mathematics, teachers need to teach the 

students that the content of the course is relevant to the mathematics the students will 

use daily in their lives.  

 

The purpose of this research is to find out what understanding some students at 

Kisima have about geometry. The inquiry is executed through the students’ 

description of their homes and an analysis of the mathematical language they used 

when describing the geometrical shapes. Their understanding is then compared with 

the teaching methods used at Kisima.  

 

Hence, the questions asked are as follows:   

 

 What geometric understanding does the students show when they describe 

their homes, using a drawing of their home while comparing their drawing to 

photos of their homes?  

 How do the teachers describe the education in geometry for the students? 

 How do the lessons look like for these students? 

 

To get answers to these questions, interviews with students and teachers from Kisima 

are going to be carried out. Participation and observation during lessons will also be a 

crucial part in order to get a deeper understanding of the education these students 

receive.   

 

2.1 Limitations 

The analysis about the students understanding in construction will be done by an 

analytical framework constructed from van Hieles levels of understanding and 

Blooms Taxonomy (Emanuelsson et al, 1992; Airasian et al, 2001) 

This research paper merely discusses geometrical concepts within construction. In this 

research paper construction it is defined as in the Swedish syllabus for mathematics, 

Lgr 11 (Skolverket 2011). There are many other geometrical concepts that is not 

discussed and analyzed in this study.  
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3 Theoretical Background 

To be able to analyze the students’ knowledge in mathematics some theoretical 

background has to be presented. In the theoretical background the difference between 

informal and formal knowledge will be presented and also theory about different 

forms of representations in mathematics. To understand how the lessons can be 

constructed to deepen the students understanding, variation theory is presented. At 

last, to analyze the students understanding about construction van Hieles levels and 

Blooms Taxanomy is presented.  

3.1 Formal and Informal Knowledge 

In the communities and the culture there is much informal knowledge that the students 

are using in their lives that they are not reflecting on. There are traditions and 

knowledge that are passed on through generations, insight about the culture but also 

about life. It could be expertise about how to build a hut, passed on for generations 

from mother to daughter, or the knowledge about how to make arrows passed on for 

generations of warriors (Purpura et al, 2013). 

Informal knowledge is the experience developed in every life, often before the 

children are entering the school age. There are many arenas that give the students this 

informal knowledge: social interactions, playgrounds and for example family life can 

be arenas for the students to learn (Nikiforidou, 2013). 

When comparing the informal knowledge to the formal knowledge in schools, 

differences in purpose were found. The formal knowledge that is stated in curriculums 

and syllabuses all over the world defines “important knowledge” to the student, i.e. 

what they have to know to get a good education and to get a good job in the future. 

The formal knowledge is also often in forms of algorithms or operations which the 

students should learn (Purpura et al, 2013). 

Esach (2007) means that it is three forms of education: formal, non-formal and 

informal education. Formal education is the education set place in schools and in 

other organizations, where the learner has to acquire certain things in a certain way. 

Non-formal learning still takes place in formal organizations, but in spontaneous 

ways. For example, if the student is asking another question that is more advanced or 

maybe of a topic the teacher not meant for the students to learn, non-formal education 

takes place. Moreover, the informal education takes place outside of institutions and 

organizations for learning. The acquisition can for instance happen in the family home 

or neighborhood of the learner. It is the learners’ interests and social lives that reflect 

what informal knowledge the students’ possess. The informal education is driven by 

the students’ motivation and interests, which in turn makes the student acquire new 

knowledge and experience new things.  
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Hodkinson (2005) also claims that informal knowledge is defined as knowledge that 

takes place in everyday life, outside of schools and other institutions for education, 

spontaneously and where the main focus not is education. Informal knowledge takes 

place at the same time as formal knowledge. Even though formal knowledge is strictly 

restricted to formal structures such as school, informal knowledge can take place 

everywhere. Per contra, informal knowledge can occur anywhere, even in formal 

structures, because informal knowledge and daily life acquisition is something that 

takes place in the classroom every day. Hence, the students unknowingly learn the 

content of the “hidden curriculum” in schools and this is a part of the informal 

knowledge.   

 

3.2 Different Forms of Representations in Mathematics 

Bergsten et al (2001) divides the different forms of representation in mathematics into 

five different categories:  

Physical – Meaning actions that are done physically. For example, measuring or 

weighing an object.  

Pictures – Things represented by pictures, on paper or in thought.  

Verbal – Thoughts and observations expressed either in words or on paper.  

Numerical – Numbers or number axis that represents real numbers and quantities. 

Symbolical – All the mathematical symbols: for example, fractions line and algebraic 

symbols that do not have a connection to reality.  

Bergsten et al (2001) assert that the individual has to be able to switch between these 

different forms of representations in order to gain a deeper understanding. 

Furthermore, jumping between these different categories also makes the students safer 

and the acquisition is not that static. It also provides the students the possibility of 

seeing problems from another perspective, which in turn grants the students a better 

opportunity to solve problems. A risk while switching between these different forms 

is that information will be misplaced. However, some new information will always be 

gained as well.  

Another model often used to analyze the students’ translations between different 

forms of representations is the Lesh Translation model; it consists of five different 

forms of representation. For a deep understanding about the concept, the student 

should be able to use the ideas in the different forms of representations. Additionally, 

they must also be able change between the different representations. It is important for 

both students and teachers to understand that it is preferable to use all the forms of 

representations to gain at deeper understanding of the topic of interest (Emanuelsson 

et al, 2009). 
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Figure 1. Transformation between different forms of representations. The picture is 

constructed based on Emmanuelsson  et al (2009).  

Emmanuelsson et al (2009) claim that if the students possess a general understanding 

of the topic, they should be able to alternate between the different forms of 

representations in order to use these ideas in different contexts, and according to the 

situation.  

Heddens (1986) maintain that if concrete forms of representation are used in the 

classroom, it is easier to make the general and abstract parts of the mathematics 

visible for the students. Furthermore, the possibility of easily modifying the 

representations to fit all mathematical situations is an advantage and it makes the 

assignments feel less forced.  

Research shows that the students benefits from getting education with different forms 

of representations. The students gain a deeper understanding of the topic and are also 

able to solve more complex exercises, as well as problem solving tasks, if they have 

seen different forms of representations of a topic. The model also gives the students a 

possibility to strengthen their knowledge in mathematics, considering that if one has a 

weakness in any form of representation, that person probably has an easier time to 

understand another representation since all students are different (Ainsworth et al, 

2002). 

3.3 Variation Theory 

The variation theory is based in the fact that students have an intention of learning 

something and that every individual student makes sense of a new concept in different 

ways. This is due to both the fact that the students have different existing knowledge, 

but also because all students acquire knowledge in different ways. Hence, the teachers 

are required to commit to the students, learn about the students’ variations in 

knowledge and understandings, and adapt their teaching for the individual student 

(Tong, 2012). 
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There are different definitions of the variation theory. However, all of them agree on 

the same thing: it is a theory about how the learners actually understand and learn a 

topic, compared to what the students are taught in the classroom (Olteanu and 

Olteanu, 2012a). Lam (2013 p.344) claim that “Variation theory emerged out of the 

tradition of phenomenography, which investigates how we experience certain 

phenomena.”  

Lam (2013) insists that the variation is a crucial part of this theory. If there is no 

variation in the education, there will be no acquisition for these students. An object of 

learning has to be seen from different ways if the students are supposed to understand 

the topic.  

In variation theory, it is assumed that the learning is intentional. This means that no 

teaching will occur if the student’s intention to learn is absent; in variation theory this 

is called the object of learning (Lam, 2013). According to the variation theory, an 

object that is learned is formed by three different components: the intended, enacted 

and the lived object of learning.  

The intended object refers to the part of the content that is supposed to be treated in 

the classroom, and what the students should learn. In other words, what the teacher 

wants the students to learn, and what he or she is planning to teach the students.  

The enacted object deals with the learning that occurs in the classroom. To clarify, 

what the teacher is saying and doing to affect the students in their learning process.  

The lived object of learning reveals what way the students understand and experience 

the object (Olteanu and Olteanu, 2012b). 

There are two critical aspects when it comes to the object of learning:  

1. Potential Critical Aspect (PCA). This refers to what the teacher believe will be 

hard for the students to understand and to learn.  

2. Real Critical Aspect (RCA). This refers to what the students show is the 

critical aspect of learning (Olteanu and Olteanu, 2012b). 

This means that the teacher may assume that the students have a problem with a 

specific operation and choose to focus on this problem during the lesson. However, in 

reality, the students understand this operation very well and have a totally different 

problem with understanding the object of learning (Olteanu and Olteanu, 2012b). 

3.4 Van Hiele Levels of Geometry 

In 1957, Pierre Van Hiele presented a theory about how students acquire geometry. 

This theory consists of five levels, where increase in level also means an increase of 

abstraction for the students (Emanuelsson et al, 1992). Fuys (1988) means that the 

five levels of van Hieles is created to increase the students understanding of geometry. 

The students understanding is increasing with the increasing of levels and it is 

impossible for the students to be at more than one level at the same time, to achieve 

an increasing in level the student have to completed the lower level first.  
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Level 1 Knowledge 

The first level is about recognizing shapes and naming different types of figures. The 

students recognize the figure as a whole and cannot distinguish the parts of the figure. 

For example, the student knows the word rectangle and relates it to an object. 

However, at this level the students cannot recognize the properties of the figures 

(Emanuelsson et al, 1992). For example, they have a hard time recognizing that a 

rectangle has right-angled corners or that the opposite sides of the rectangle are 

parallel. 

Fuys (1988) also means that the students are able to identify and name different 

objects in geometry according to their appearance. For example the student knows the 

name of a triangle or parallel lines.  

On the other hand Abu and Abidin (2012) state that the first level is the level known 

as basic and visual level. The students are able to recognize the shapes by their visual 

characteristics. The students do not have a deeper understanding about the objects and 

can only see the shape as its whole and not see the parts of the object. 

Level 2 Analysis 

 

At this level the students are able to analyze when it comes to the figures components 

and the relationship between these components and discover the properties of a figure 

or a class of figures (Fuys, 1988). 

Abu and Abidin (2012) state that during these level the students are able to involve 

their analytical thinking in order to understand the concepts. During this level the 

students are able to observe, experiment and measure the objects in order to study the 

objects. Nonetheless the students are not able to state the relationship between 

different objects in geometry.  

Emanuelsson et al (1992) on the other hand means that the students start to 

characterize the different shapes and figures by experimenting and observing. The 

students recognize the figures as having parts and these parts as having properties. 

The students at this level cannot see the relationship between properties and 

connections between figures.  

For example, the student knows the properties of a rectangle and a quadrate, but 

cannot identify that a quadrate is always a rectangle.   

Level 3 Abstraction 

At this level, the properties of figures and shapes are ordered. The students can also 

describe properties of objects and compare the different properties of objects. 

Moreover, the student can see the purpose of correct definitions in geometry 

(Emanuelsson et al, 1992).  The students, for example, know that all quadrants are 

rectangles while not all rectangles are quadrants.  

Fuys (1988) means that at the level the students are able to use the previous 

discovered properties of the figures to give and to follow informal arguments. Abu 

and Abidin (2012) claims that during this level the student is able to correlate between 

different geometrical shapes and also be able to recognize general characteristics of 

different geometrical shapes. The student is also able to state this characteristics in a 

hierarchic way.  
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Level 4 Deduction 

The students understand the meaning of deduction in geometry at this level. The 

student can use axioms for proving geometrical statements in Euclidian geometry. 

However, the student’s only focus is on Euclidean geometry (Emanuelsson et al, 

1992). 

Fuys (1988) affirm that the students at this level are able to prove theorems 

deductively and are also able to state relationships between these theorems.  Abu and 

Abidin (2012) also means that this level is known as the formal deduction level. The 

students are able to state proofs and make the connections between one geometrical 

concept to another.  

Level 5 Rigor 

At this level, the students are able to state proofs and theorems in different 

geometrical systems and the student is also able to analyze and compare these systems 

(Fuys, 1988).  

Emanuelsson et al (1992) state that during this level the students are seeing geometry 

in its most abstract form. They can use axioms for proving statements, both in 

Euclidean geometry and non-Euclidean geometry. Furthermore, they are able to 

compare non-Euclidean geometry and Euclidean geometry.  

During this level the students are able to compare axioms in different geometrical 

systems and they are able to debate on proofs and axioms by giving examples in the 

different systems (Abu and Abidin, 2012). 

3.5 Blooms Taxonomy 

In 1956, Benjamin Bloom presented his theory about learning and how to analyze the 

depth of knowledge acquired by the learner. He presented it in six different levels, 

where every level shows a slightly more complex understanding of the knowledge the 

learner is set to understand.  

 

 

Figure 2. The levels presented in a pyramid, symbolizing the rising of understanding 

as the learner gets higher in the pyramid. The piture is based on  Overbaough and 

Schultz (2011)  
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The levels were later reworked and renamed after 1956, although the idea of the levels 

representing how deep knowledge the learner possesses about the area remained the 

same (Airasian et al, 2001). 

Knowledge/ Remembering 

Bloom (1984) aims that the first level is about knowledge, the students are able to 

recall data or information from their memory. For example the student is able to 

define a term that has been presented for them. 

When reworking the taxonomy the first level is called Remembering. The students are 

able to remember and review things from their longterm memory. They also possess 

the ability to recognize and recall different terms which are used within the area the 

learner is focusing on (Airasian et al, 2001).  

Comprehension/Understanding 

At this level, the students are able to compare different facts in the field. Additionally, 

they are able to organize the facts. The students can also use the knowledge in a new 

context; they realize that the knowledge is vital, but are unable to use it to solve the 

problem (Airasian et al, 2001). 

Bloom (1984) called this level Comprehension, this means that the student is able to 

use the information given into new contexts and grasp the meaning of the information. 

The student is also able to use the information given into a new context and is also 

able to compare different knowledge. 

Application/Applying 

At this level the student is able to solve problems in new contents using the required 

skills or knowledge. The learner is able to use methods and concepts in new situation 

and transform the required knowledge (Bloom, 1984). 

The learner is now able to solve new problems in different situations using the 

knowledge acquired. He or she is now using the facts, theory, methods and is able to 

apply this knowledge into different and unknown situations (Airasian et al, 2001). 

Analysis/Analyzing 

At this stage, the learner can see patterns of the knowledge and also start to generalize 

the information given. The learner can recognize hidden meanings in the area and also 

identify different components due to the area (Airasian et al, 2001). 

Bloom (1984) on the other hand means that during this level the student is able to see 

patterns and is also able to recognize the hidden meanings of an object. The learner is 

also able to organize the knowledge by parts and connect these parts.  

Synthesis/Evaluating  

During this level the student is able to generalize the knowledge they have from given 

facts. The learner is also able to use the knowledge from old ideas to solve a problem 

in a different field. During this level the learner is also able to predict outcomes and 

draw conclusions (Bloom, 1984). 

The learner is now able to use old ideas to create new ones and also use the 

knowledge from different areas to solve the problem. He or she is also able to predict 

outcomes using the knowledge the student have and also draw conclusions from 

problems and different results (Airasian et al, 2001). 



 

14 

 

Evaluation/Creating 

The learner is now able to question and compare different theories and ideas in the 

areas of knowledge. The learner is also able to make judgments, and present and 

defend opinions about the given area of knowledge (Airasian et al, 2001). 

According to Bloom (1984) the student at this level is able to evaluate the value of 

theories and presentations but also compare and distinguish the value of different 

ideas. The student is also able to make choices based on arguments and also is able to 

verify the value of the knowledge based on evidence. 
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4 Method 

The results from this research were completed by doing semi-structural interviews 

with some of the students and the two teachers at the school. Furthermore, lesson 

observations were conducted to gain a deeper understanding of what the education 

for these students looked like. To determine the students’ knowledge and their 

understanding of geometry, their shown understanding during the interviews was 

later analyzed with an analytical framework but together from van Hieles levels and 

Blooms taxonomy. This understanding was then compared to the teaching the students 

were offered during their years of secondary school.  

4.1 Interviews 

Interviews are probably the most common method used in qualitative research, since 

it gives a flexibility that is favored. A qualitative interview focus on peoples’ 

experiences and interests, wanting the respondents to elaborate about their lives, and 

about the issues discussed in the interviews. Later on, the researcher can examine their 

answers and get a deeper understanding about the issue at hand (Bryman, 2002). 

Ahrne and Svensson (2011) claims that interviews are the most powerful tool when it 

comes to qualitative research, since during a short period of time the researcher will 

be able to get peoples reflections on a social issue or event. An interview is also a 

good tool if the researcher wants to examine persons’ experiences. 

The interviews used in this research paper were semi-structural, meaning that the 

interviewer asked questions according to an interview guide. Still, the questions asked 

were not limited to the guide and improvised questions were asked. In some instances, 

the students were asked to elaborate on what they were saying (Bryman, 2002). May 

(2011) claims that if the researcher has specific focus and are using more than one 

method in the research, a semi-structural interview is preferable but to be able to 

analyze the interviews more than one interview has to be performed otherwise you 

only get one person opinions about an issue. 

A semi-structural interview gives the respondent the possibility to elaborate their 

answers and also answer the questions in their own words (May, 2011). Bryman 

(2002) on the other hand claims that the positive thing with semi-structural interviews 

is that it is a flexible process; the person being interviewed is free to elaborate on the 

answers and therefore the interviewer can get a deeper understanding of the 

respondents’ knowledge.  

A disadvantage with semi-structural interviews is that the respondent can focus on the 

issues that he or she feels is interesting and therefore the interview can focus on the 

wrong things. It is therefore important that the interviewer is observant during the 

lesson and leads the interview in the right direction (May, 2011). 

The interviews were recorded and then transcribed. This was done even though 

transcription is a time consuming work, because when it is done, the whole interview 

in the exact words is on paper, and then it is easier to analyze the answers (Bryman, 

2002). Arhne and Svensson (2011) claims that because the fieldwork is performed 

during a short time range it is important to transcribe the interviews afterwards to be 

able to do a analyze of the material.  
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4.2 Observation of Lessons 

Even if there were no lessons in geometry to observe during the limited time in 

Kenya, observations of the lessons were conducted.  

Observation is a good way to study the behavior of individuals, and in this case how a 

particular lesson was conducted by the teachers. A notable risk when interviews or 

surveys are used is that there is a possibility that the person forgets some of the 

information, or withholds information, because they want to impress the interviewer. 

If an observation is done, that risk is smaller (Bryman, 2002).  

May (2011) states that observations are about engaging in social scenery and with the 

experience, explain and understand this scenery. An observation helps us understand 

peoples’ actions in their own environment. A risk with observations is that it is the 

researchers’ own opinion on what is going on that is used and that it is hard to be 

neutral about opinions. However having that in mind when performing an observation 

the risk of observation is affected by opinion is smaller.  

It is important, while performing an observation to build relationships with the people 

that are going to be observed. This to avoid that the observation is stiff and that the 

respondent feels uncomfortable in the situation (Ahrne and Svensson, 2011). May 

(2011) also claims that it is important to build a relationship between the observer and 

the respondent before the actual observations set place.    

When an observation takes place, an observation schedule is followed. This is because 

one has to decide beforehand which parts to observe, this also to avoid opinions to 

affect the observation (Bryman, 2002). In this case, the observation schedule was 

written with inspiration of the observation schedule the Swedish School inspection 

uses during observations (Skolinspektionen, 2011). 

4.3 Selection 

All selections had to be done by convenience sampling. This was due to the fact that 

the students should not feel obligated to take part in the survey or interviews. 

Furthermore, for ethical reasons, the students should not feel forced to take part in the 

research.   

A convenience sample is used when the researcher is using the persons in the 

intermediate surroundings to perform the research. A convenience sample is not 

always preferable as the results cannot be generalized. Even though these 

disadvantages exist, convenience sampling is often used in qualitative research 

(Bryman, 2002). 

The students who volunteered to take part in the research completed a pre-survey, 

which was later collected by the class prefects. Previous to this, they organized a list 

of the students in the class who wanted to take part in the research, all of which were 

allowed to complete the pre-survey.  

From this pre-survey, students were chosen for the interviews. These students were 

also selected by a convenience sample. This was due to the fact that photos of the 

students’ homes were desirable, which proved challenging to organize when the 

students were still at school. So the students selected for the interviews where the 

students it was possible to get photos of their homes from. None of the student asked 

to participate in the interviews declined and therefore the answer frequency was high.  
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To a large extent as possible, different students from various areas of Kenya were 

chosen, in order to show the variety of the different tribes. Therefore, the research 

presented a variety of the different homesteads the students had. 

Most of the students were from form 4 and would thus soon have completed their 

studies at Kisima. Some were also from form 3, although it was desirable that all of 

them were from the same grade. However, as this was not possible, students from 

form 3 were also included. The students were chosen because they had been studying 

geometry at Kisima, and their knowledge could thus be compared with the way the 

teachers described the teaching at Kisima.  

There was at that moment two mathematics teachers at Kisima, and both of them were 

asked to take part of the research. Due to the fact that having just one teacher’s 

opinion and ideas about teaching would not give a complete picture of the teaching at 

Kisima, both of the teachers were asked. Furthermore, this allowed a comparison of 

the two teachers interviews, which in turn gave a better understanding of what the 

education in geometry at Kisima looked like.  

4.4 Validity and Reliability  

Reliability is the measurement of the research’s dependability. It means that if the 

research is going to be repeated, it would show the same results again. This can be 

measured in different ways. In this research, the inter-rater reliability was used, which 

means that the researcher should thus just observe and not interact during the 

research. Due to the absence of interaction, the researcher would not be able to affect 

the results of the research (Bryman, 2012). 

Regarding the validity, construct validity was used in this research. In the case of 

construct validity, the researcher begins by studying the theory behind the concept. 

Secondly, the researcher forms a hypothesis about the concept prior to the actual 

research (Bryman, 2002). 

4.5 Implementation  

The research was conducted using a qualitative method. It was the students’ 

knowledge, mathematical language, concepts and understanding of geometry that was 

analyzed when the students described their homes.  

All students willing to participate in the research was asked to make a drawing of their 

home. While constructing the drawing the students had access to as many papers as 

they wanted but a pen and a ruler each.  As this drawing was done at Kisima, the 

students had to use their memory of their homes while completing the assignment. 

These drawings were used as a pre-survey, in order to see which of the students who 

wanted to participate in the research. However, it was also used to get a quick 

overview of what the students’ homes looked like, in order to expand the variety of 

homes used in the research. 

Four students were then selected for the interviews. Two students from form 3 that 

had teacher 1 as their mathematics teacher and two students from form 4 that had 

teacher 2. The students were asked to describe their homes while using the drawing to 

answer the first questions asked in the interview (see appendix A).  
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The four selected students were also asked to take a photo of their homes. These 

photos were taken during a week when the students were at home, due to elections. 

These photos were also the material used for the interviews, to see if the students 

could compare their photo with their drawing. Furthermore, the photos were used to 

get a realistic picture of their home, which was essential in order to answer to the 

second part of the interview (see appendix A).  

The interviews took place at school, away from the students’ homes. The students 

were describing their homes using the drawing they made previous to the interview, 

as well as a photo of their home.  The interviews were semi structural and an 

interview guide was used (see appendix A).  

The interviews were then analyzed by an analytical framework to get an 

understanding of the students’ knowledge and understanding of geometry.  

In addition to this, semi structural interviews were conducted with the teachers in 

mathematics at Kisima (see appendix B for interview guide). These interviews were 

completed to get a better understanding of the teaching in geometry at Kisima Mixed 

Secondary School, and to get the teachers’ perspective on how to teach geometry. 

Furthermore, lesson observations were conducted, during the end of the staying in 

Kenya, in order to see how the lessons were structured for the students at Kisima. Six 

lessons were observed, three from teacher 1 and three from teacher 2. An observation 

guide was used when observing the lessons (see appendix C).  

4.5.1 Ethical Aspects  

Demand on Information 

 

Demand on information means that the researcher is required to inform the participant 

of the study about their part in the research but also about the terms of their 

participation. The participants shall also be informed that the study is voleentery and 

that they can end their participation during any stadge of the research (The Swedish 

Research Council, 2002).  

All the students that wanted to be a part of the research were gathered before they 

went home for the elections. They were given information about what the research 

was about and also that the research was voluntary for all the students. They were 

simply asked to help me in this research and the students where more than happy to 

help. 

The teachers at the school had also been doing research in their education and were 

fully aware of the situation as I explained the research to them.  

Demand on Approval 

Demand on approval means that the researcher has to have the participants approval 

to public the results of the study. If the participants are under 15 it can be good to ask 

for both the participants and the parents concent(The Swedish Research Council, 

2002).   

All the students who participated in the survey were asked if they voluntarily wanted 

to be a part of the study. Hence, the approval of the students was given as they chose 

to participate in the interviews.  
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Consent had also been given from the owner and founder of the school, David Maina 

Kariuki, and from the principal, Daniel Amunga, to participate in the lessons at 

Kisima. They approved both the interviews with the students and the observations 

during the three month stay at Kisima. The school was also the guardian of the 

students while they stayed at the school, due to the fact that the school is a boarding 

school. Hence, as the founder and the principal gave their consent, the consent of the 

guardians was automatically given. 

The teachers who participated in the study had also given their oral consent of both 

the interviews and the observations of both them and their students. 

All the participants of the study were fully informed that the study was voluntary and 

that they had the option to decline any part of it in any stage of the research. 

Demand on Confidentially 

All the participants in the research shall be treted with the most possible 

confidentiality and all participants personal data shall be stored in a way that no other 

can take part of this information (The Swedish Research Council, 2002). 

None of the participants of the study were mentioned by name and the participants 

were thus anonymous in the research. The only information given about the student 

was their sex, area of origin and which grade they were currently at. Due to the 

absence of other information, it was difficult to know which students were chosen for 

the research. The photos of their homes could supply the readers of this report some 

additional information, but because some students were from the same area it was 

impossible to say which home belonged to which student. 

Regarding the teachers at the school, the only information given about them was what 

grade they taught. This could reveal information about who the teacher was, if the 

reader happens to be very familiar with the school. Hence, this information could only 

be interpreted by the staff or students at the school and the confidentiality was 

therefore not jeopardize. 

Demand on Usage  

The information given by the participants is only alloved to be used in the purpose of 

the research (The Swedish Research Council, 2002). 

The information collected in this research was only used for this study and was not 

given to anyone else. The interviews were stored on one single computer, along with 

the photos and drawings. 
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4.6 Analytical Framework 

To analyze the students’ understanding about concepts in geometry, from their 

answers in the interviews a analytical framework where construceted. In the 

analytical framework, van Hieles levels and Blooms taxonomy is put together to a 

new framework that was used to analyze the students understanding. This analytical 

framework consists of 5 different levels and all the criteria in one level have to be 

fulfilled before the criteria at the next level is tested.  

 

Level 1 

 

Van Hieles first level, Knowledge, is about knowing the concepts of the shapes and 

figures in geometry. This can be transferred to Blooms first level, Remembering, that 

is about using the long time memory to review and repeat the knowledge the student 

acquired from the teacher (Emanuelsson et al, 1992; Fuys, 1988; Abu and Abidin, 

2012). 

 

According to the levels in both van Hieles and Blooms taxonomy, the students shall 

be able to know the correct concepts of shapes and remember concepts and terms that 

has been taught in the classroom. This means that at Level 1 both van Hieles and 

Blooms taxanomy is fulfilled, because to be able to use the correct concept of a figure 

the students have to remember the names of the figures, that has been taught in the 

classrooms during both primary and secondary school.   

 

When the students are describing their homes, they can use a variety of words but if 

the student’s house has the shape of a cuboid for example, the student shall be able to 

use the correct concept such as cuboid or rectangle. According to van Hieles levels, 

the students cannot distinguish the relationship between different shapes and their 

properties and therefore the students can use both the three dimensional and two 

dimensional figures.  

 

Level 2  

 

Van Hieles level 2, Analysis, is about the ability to analyze the properties and 

characteristics of the various shapes of an observed object. This can be connected to 

Blooms second level, Understanding, where the student should be able to use facts 

they learned and compare the different facts in an area. The student should also be 

able to use the knowledge in a new context (Emanuelsson et al, 1992; Fuys, 1988; 

Abu and Abidin, 2012).  

 

Since both van Hieles levels and Blooms taxonomy is a gradual enhancement in 

understanding, the criteria for the previous levels has to be fulfilled. Therefore the 

criteria for level 1 in the analytical framework has to be fulfilled before the criteria on 

level 2 are tested.  

 

According to van Hieles levels above the students is now starting to use the 

knowledge they have in construction into other fields and by experimenting and 

observing. This could easly be transferred into Blooms taxanomy where the students 

are using the knowledge they have learned in the classrooms in other contexts and 
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compare the knowledge they have in different area, Putting the to levels togehter 

gives Level 2 in the analytical framework.  

 

The students do not fully connect the properties of a figure and it shapes and therefore 

the students can still use both three and two dimensional figures while describing the 

shapes of their home.  

 

According to Level 2 the students starting to take the knowledge they have in the 

classroom in one field and by observing and experimenting use that knowledge in 

another context. This means that the students, while comparing the drawing of their 

home with the photo of their home, should be able to see if they have used the correct 

shapes while drawing.  

 

At level 2 the students should be able to state some measurements of their home. They 

have the knowledge about measurements from before and now they should use this 

knowledge in another context. Nevertheless the levels say that the students does not 

have to be successful in their transformation of the knowledge into other fields, the 

students only have to try to state measurements with a suitable unit, the measurements 

does not have to be correct.    

 

Level 3 

 

Van Hieles next level, Abstraction, is the level where the properties of figures and 

shapes are ordered. The students can describe properties of objects and compare the 

different properties of different objects.  

This can be compared to two of Blooms levels. In Blooms level, Applying, the learner 

is now able to solve new problems in different situations using the knowledge 

acquired. The next level in Blooms taxonomy is Analyzing, where the student is able 

to see patterns of the knowledge and also have the ability to start generalizing the 

information given (Emanuelsson et al, 1992; Fuys, 1988; Abu and Abidin, 2012).  

Blooms level Applying can be seen both in level 2 and level 3 in the analytical 

framework, already at level 2 the students shall be able to use the knowledge they 

have learned in other context but during this level it gets more complex and the 

students are now able to solve problems. It is easier to compare the van Hieles level 

Abstraction with Blooms level Analyzing, but because Applying is a lower level and 

the lower levels has to be fulfilled, both of the levels is connected to Level 3 in the 

analytical framework.  

This means that according to this level the students shall know the properties of the 

figures and therefore understand that all the shapes in a house are three dimensional. 

Therefore it is important that the students fulfilling this level uses the three 

dimensional shapes while describing their home.  

The students shall also solve new problems in different contexts and therefore the 

students shall be able to state the correct or at least reasonable measurements with a 

correct unit while they are describing their homes.  

Because the students now are able to use the knowledge in different contexts and also 

see patterns of the knowledge, the students shall be able to compare the drawing and 

the photo of their home. The students shall be able to see if the drawing has the 

correct shapes or if something is missing in the drawing that the photos are showing. 
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Level 4 

 

The student will at this stage possess a deep understanding of problem solving. 

According to the level Evaluating in Blooms Taxonomy, the student shall be able to 

use the knowledge in an area of mathematics and apply this knowledge in other areas 

of mathematics. This can be compared with van Hieles level Deduction, where the 

student shall be able to use axioms in Euclidian geometry to solve problems but also 

to prove different statements in geometry (Emanuelsson et al, 1992; Fuys, 1988; Abu 

and Abidin, 2012). 

 

It is hard for the students to show their knowledge about axioms in Euclidian 

geometry during this assignment, and also to prove statements in geometry. But 

according to Blooms taxanomy the students shall still have a deep understanding 

about problem solving and therefore shall now be able to analyze the drawing and the 

photo, to see if the drawing is constructed in the correct shape for example. The 

students shall also be able to analyze the drawing after mistakes both in drawing but 

also in how the houses are constructed.   

 

It is now also important that the students are analyzing if the drawing is constructed in 

the correct scale, because making a correct drawing of their home includes making the 

drawing according to scale. This could be hard while drawing from the memory, but 

when the students later compare the drawing with photos, this analysis has to be done.  

 

Level 5 

 

According to the last level of Blooms Taxonomy, Creating, the student is able to 

question and compare different theories. This can be compared to van Hieles level 

rigor, which means that the student is able to state and prove axioms both in Euclidian 

and non Euclidian geometry (Emanuelsson et al, 1992; Fuys, 1988; Abu and Abidin, 

2012).  

In this research, level 5 could not be fulfilled. It was not possible to test this particular 

level merely by describing houses and comparing a drawing with a photo. It needs to 

be a more complex task where the students have to create and compare axioms in 

geometry for this level to be fulfilled.   
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4.6.1 Summary 

To get an overview of the analytical framework, a summary was done to simplify the 

analysis of the students understanding. The summary was used as a checklist while 

analyzing the students understanding.  

   

Levels of 

understanding 

Levels from van 

Hieles levels and 

Blooms 

Taxanomy 

The knowledge the students has to have to 

achieve the level  

Level 1 Van Hieles first 

level Knowledge 

and Blooms first 

level 

Remembering   

Know the correct concepts of shapes.  

 

Level 2 Van Hieles level 

Analysis and 

Blooms level 

Understanding  

Know the correct concepts of shapes.  

State measurements with suitable units but do 

not have to be the correct measurements. 

While comparing the drawing and the picture, 

they should have the correct shapes of the 

houses. 

Level 3 

 

Van hieles level 

Abstraction and 

Blooms levels 

applying and 

analyzing. 

Know the correct concepts of shapes, in the 

right dimension.  

State the correct measurements with suitable 

units. While comparing the drawing to the 

picture, they should have the correct shapes of 

the houses. 

Level 4 Van Hieles level 

deduction and 

Blooms level 

evaluating.  

Know the correct concepts of shapes, in the 

right dimension.  

State the correct measurements with suitable 

units. While comparing the drawing and the 

picture, they should have the correct shapes of 

the houses, correct scale and right 

measurements. 

A deep analysis between the drawing and the 

photos 

Level 5  Van Hieles level 

Rigors and 

Blooms level 

Creating 

Not able to fulfill this level in the task the 

students are given. 

 

 

 



 

24 

 

5 Results and Analysis  

The result of the interviews with the student is presented. The results are analyzed 

with the analytical framework presented in the Methods chapter. Interviews with the 

teachers regarding their views on teaching are also presented, as well as lesson 

observations from mathematics lessons with the teachers. The results of the interviews 

with the teachers and the lesson observations are then analyzed according to the 

theoretical background. 

5.1 What geometric understanding does the students show when they 

describe their homes, using a drawing of their home while 

comparing their drawing to photos of their homes?  

5.1.1 General Information About the Students  

Student 1 is a girl from central Kenya who is now studying at form 3 at Kisima. That 

means she has teacher 1 as her teacher. (See appendix D for drawing and photos) 

Student 2 is also a girl from central parts of Kenya. She is at the moment studying in 

form 3 at Kisima, which means that she has teacher 1 as her mathematics teacher. 

(See appendix E for drawing and photos) 

Student 3 is a boy from form 4 at Kisima. The student comes from the western parts 

of Kenya. Since he is in form 4 he has teachers 2 as his mathematics teacher. (See 

appendix F for drawing and photos) 

Student 4 is a girl from the western parts of Kenya. She is now studying in form 4 at 

Kisima which means she has teacher 2 as her teacher in mathematics. (See appendix 

G for drawing and photos) 

5.1.2 General Description of the House 

Student 1 lives in the central parts of Kenya, not far away from the school. Her family 

lives in a permanent house on the countryside of Nyahururu. The house consists of 

two different properties, one main house and one kitchen.  

Student 2 also lives in the central parts of Kenya, about 10 kilometers from the school. 

Her family lives in a permanent house that consists of several different houses on the 

plot. It consists of one bedroom, one kitchen and one table room, all of them in 

different houses. They also have granary, and a rabbit pen for the animals. 

Student 3 comes from the western parts of Kenya and lives in a more traditional kind 

of house. The plot consists of three different houses: the main house, which is a 

modern house, and then two traditional houses. One house is used for the kitchen and 

the other house is used as the sleeping house for the boys in the family.  

Student 4 is also from western parts of Kenya. She lives in a house by herself, which 

was the former house of her parents. The plot consists of a main house and then the 

kitchen house. The houses are made of mud and iron sheets and counts as traditional 

houses in Kenya.  
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5.1.3 Shape of the House 

Student 1 describes that there are two separate houses, one for the kitchen and the 

other as a main house. The student calls the shape of the main house a rectangular 

shape, with a roof shaped like a triangle. The student then says the kitchen has the 

shape of a rectangle but with a flat roof.  

Student 2 first says the table room and the bedroom is in the shape of a square. 

However, when she is asked about the shapes of the houses again she says all of the 

different houses have the shapes of rectangles. 

When student 3 is asked about the shape of the houses he calls the traditional houses 

oval shaped houses. The main house consists of two rectangles put together. When he 

is trying to explain the shape of the main house he uses the following words: 

“It’s like a rectangle, it’s like you can dived it into to rectangles.  In that you 

can cut it to go that way and it’s to be another rectangle, this is one 

rectangle and this another one. These are having the same size.” 

 

Student 4 describes the shape of the main house and the kitchen as rectangular shapes 

with a triangle on top. She then defines the rectangle as follows:  

“Rectangle is a four sided figure in which two figures, two sides, in which two 

sides are equal.” 

 

All the students are using two dimension figures while describing their home, more 

than one is describing the houses like rectangular shape with a triangular roof on top.  

5.1.4 Measurements 

Student 1 cannot say the exact measurements of the house, and have to be given some 

time to think about the measurements. However, when she is estimating the size she 

says that the main house is 10 by 10 meters and the kitchen is 5 by 7 meters. 

When student 2 is asked how big the different houses are she answers as follows: 

 

“The compound consists of a lot of houses. But how big is the kitchen? 

The kitchen is like 5 meters by 7 meters, 7 meters by 5.  

And the tableroom? 

The tableroom is about 4 meters by 3. 

And then you have the bedroom.  

How big is that?  

It’s about 5 by 5 meters.” 

 

Student 3 is using different units when he describes the different types of houses. 

When he describes the main house he uses feet as a unit and estimates the house to be 

40 times 50 feet. He then means one of the “rectangles” the main house consists of. 

When it comes to the traditional houses the student explains that he cannot use feet as 

a unit, because he just knows how to use feet when the object is straight. Therefore 

the student now estimates the area of the huts, both the kitchen and the boys sleeping 

house, to be 30 square meters. The student is also been asked how high the different 

houses are. The student the answers that the main house is 15 feet high and the huts 

are 8 feet high.  
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When student 4 is asked of the size of the house, she claims she cannot know the 

measurement because she was not there when the house was constructed. She is then 

asked to estimate the size of the house and she needs some time to think. Then she 

estimates the size of the main house to a half of a meter by 80 centimeters. When she 

then is asked of the size of the kitchen she answers as follows: 

 

“The kitchen, it’s probably 30 cm, not 30 cm but 50 cm by 60 cm.” 

 

When the students are asked to estimate the size of the house they all use different 

units. Some of the students uses meters when they are explaining, while one of the 

students are using feet and square meters and the last one is using centimeters. It is 

hard to make any generalizations about the way the students are estimating the sizes 

of their houses.  

5.1.5 Area of the Plot 

When student 1 is asked about the area of the whole plot, she refers to the whole plot 

(consisting of houses from her grandmother and other family members) which is 5 

acres in total. She then says that the whole plot is divided between the family 

members and that every member has a quarter each.  

Student number 2 first explained that when they used to measure the area of the plot, 

they use steps instead of meters. Hence, she estimates the plot to be 50 times 100 

steps. She then explains that one step can be converted to 1 meter so the area of the 

plot is 50 times 100 meters.  

When asked to describe his home, student 3 starts by describing the area of the plot. 

He directly says that the area of the plot is a quarter of an acre.  

5.1.6 Construction of the Future Home  

Student 1 wants to build a stone house when she grows up. While being asked what it 

would look like, she answers:  

“I make a table room and it should be 10 by 10 meters. Then bedroom 7 by 5 

meters.” 

 

When student 3 is asked what his future house would look like, he answers that he 

wants his main house to look like his parents main house. He also wants to build a 

traditional house as a kitchen to keep the traditions of his tribe.  

 

Student 4 says she wants to build a modern house when she grows up. It should be a 

two story house, but not too big. It should fit the needs of her family but in order to be 

practical it does not have to be too big. The student is not using any measurement 

when she describes her dream house.  

5.1.7 Comparing Scale 

All the students were asked if they thought that they had drawn the houses in the 

correct scale. None of the students had reflected on the scale when asked if there is 

something they want to change on the drawing while comparing to the photos.  
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While given the direct question regarding scale, one student reflected on this – 

Student 3. He says that distance between the main house and the kitchen is wrong and 

that they should have been closer together in the drawing.  

Student 2 replies that she did not reflect upon the scale while drawing the picture, and 

that the scale is thus incorrect in the picture.  

5.1.8 Compare the Drawing and the Photo 

When the students are asked to compare the drawing and the photo, all of the students 

are silent. After a while they state that there is nothing they want to change in their 

description of their homes and they are happy with how their drawings look.  

5.1.9 Analyzing of the Drawing 

When the students are asked if they want to add something to the drawing, after 

seeing the pictures of their homes, all of them decline. None of the students want to 

change anything major. There are some changes that the students want to do but 

nothing regarding the construction of the house.  

“I would like to add some flowers that were here.” (Student 1) 

Student 3 also wants to add the lines which hang outside the house for the family to 

dry their clothes on.  

 

5.2 Students Knowledge in Geometry According to van Hieles 

Levels and Blooms Taxonomy 

5.2.1 Level 1.  

In this level the students shall be able to state the correct word of the shapes, even if it 

is not the correct shape. All four students fulfilled this level because they all spoke of 

shapes in different ways when they were describing their houses. For example, 

student 1 was talking about rectangles and triangles when she described her house and 

student 3 was describing his house using different shapes as well, the traditional house 

is shaped like an oval and the modern house is shaped like two rectangles but put 

together.  

5.2.2 Level 2 

At this level the students shall be able to use the correct concepts of the shapes and 

state measurements with suitable units, but the measurements do not need to be the 

correct ones. The students shall also be able to draw a picture with the correct shapes.  

Student 1 said that the shape of the house is rectangular with a triangular roof and that 

the measurements of the house are 10 by 10 meters and 5 by 7 meters. She hence 

fulfills the criteria of using the correct concepts and states the measurements with 

suitable units. Additionally, she drew her house in the correct shape. 
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Student 2 described her house as a quadratic shape at first, but during the interview 

she changed her mind to rectangular shape. Due to this, she fulfills the criteria of the 

correct shape. She used meters when she described the measurements and she has 

drawn a picture with the correct shapes. Accordingly, she fulfills all of the criteria for 

this level. 

Student 3 described his house like two rectangles put together, which can be seen as 

correct. The traditional house was described as an oval, which also is the correct name 

of the shape. He used feet as a unit when he estimated the measurements of the houses 

and the shape of the houses was correct in the drawing. Therefore, level 2 is fulfilled 

for this student as well.  

Student number 4 did not fulfill this level since she had a hard time estimating the 

measurements of the house. When she tried to estimate the measurements, she used 

centimeters as a unit when stating the measurements of the house. The usage of 

centimeters as a unit is not a suitable and she did thus not fulfill this level.  

5.2.3 Level 3 

At this level, the student has to know the correct concepts of shapes while describing 

their homes. However, at this stage it is important to note whether or not the students 

are using three dimensional shapes. The student shall also be able to state the correct 

measurements of their house with the suitable units. When it comes to the drawing, 

the students shall have the correct shapes of the house.  

None of the students fulfilled this level. First of all, all three of the students used two 

dimensional shapes when describing their home, while the houses in fact consist of 

three dimensional shapes. Secondly, there was only one student in the interviews that 

used the correct measurements when they described the house. Student 2 described 

her house as 10 by 10 meters which is not correct at all. Student 4 is said that the 

height of the house is 15 feet high, which converted to meters is around 4,5 meters, 

high and the traditional hut is estimated to around 2,5 meters. On the other hand, 

student 3 used more correct measurements. However, due to the fact that she did not 

use the correct shapes she did not fulfill this level. 

5.3 How do the teachers describe the education in geometry for these 

students? 

5.3.1 How to Introduce a New Topic 

“Introducing, first of all you define. It’s the definition. The students have to get, what 

is it all about.” 

This is the statement of teacher 2, as she claims that the definitions are important for 

the students in order to get the concept whilst introducing a new topic, and if they 

understand the definitions they have an easier time comprehending the topic. If you 

teach the students about, for example, volume, they have a formula to calculate the 

volume of a given shape. Afterwards, a definition of the different variables in the 

formula is given to the students so they can apply the known variables in the formula. 
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When teacher 1 is introducing a new topic in geometry, she explains it in the 

following way: while teaching geometry as a topic, she says that geometry is more of 

a practical topic in mathematics. When introducing, for example, volume she can 

bring different teaching aids, as a football or some cans, which the students can guess 

the volume of. When it comes to construction, she shows an example on the board 

that the students later copy. However, she points out that the students do not like 

construction and that they avoid it if one does not force them to construct. She refers 

to the fact that the students think that construction of, for example, geometrical 

objects. Another example are different forms of graphs, which is very time consuming 

and that the students feel it is boring. Therefore, she has to force them to construct, 

because they have to learn how to do it. For example, she always has a question on the 

exam about construction so that the students have to practice it before the exam.  

5.3.2 Students Understanding of the Topic 

Both teachers express that they use assignments and tests to see if the students 

comprehend the concepts.  

When teacher 1 was asked about how she knows if the students understand the topic 

at hand, she answered that by giving the students assignments and classwork, she can 

tell if they understand.  

While asking teacher 2 about the comprehension, she says that the students are always 

given time to understand. Otherwise, the students would not be able to complete the 

assignments. By giving them assignments, the teacher can receive feedback regarding 

the students understanding of the concept. If they perform well on an assignment, they 

probably understand it – otherwise you have to repeat. If some of the students in the 

classroom have not comprehended the concept, the rest of the class can explain it to 

the other students. In that way, the whole class is on the same page. Another way of 

testing the students’ acquisition is to ask the students. If they did not understand, they 

should be given a chance to raise their hand and ask the teacher questions. According 

to the teacher, the students possess the courage to do so. 

5.3.3 Teaching in Kenya 

Teacher 1 points out that, in Kenya, everything revolves around getting a good grade 

at the KSCC which sets the mark for the whole secondary year of school. “In our 

Kenyan system we learn for exams. So here the understanding I actually check is can 

they answer this question in an exam.” 

Teacher 2 says that the system of education, with a final exam in form four, is a 

challenge because you have to prepare the students for so many topics in a short 

period. Due to the lack of time, all the questions in the textbook are not covered, and 

the teacher has to pick out some of the questions. In some cases, this would not be 

enough. If the students understand the concept, they should be given more 

assignments. 

When teacher 2 is asked what she thinks should be changed in the syllabus, in order 

for her to feel that she has the time to cover everything, her answer is:  

“Well you find that quite a number of topics are just related and if it would 

just be midge to be one and not be a particular topic. Like volume and 
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capacity they could be one and there is also volume of solids. And volume 

and capacity in form 1 you will learn about volume of solids in form 2 and 

you find that they are just quite related. So instead of splitting them we can 

as well put them together to be one in one class and then we spread the 

time.” 

 

5.4 How do the lessons look like for the students? 

The lessons at the school are all 40 minutes long and the class consists of an average 

of 40 students, 20 girls and 20 boys. The students have different backgrounds, and all 

of them come from different primary schools, all over Kenya. All the students have 

one thing in common: good grades from primary school.  

5.4.1 Teacher 1 

5.4.1.1 Lesson 1 

This lesson consists of an introduction of operations with fractions. The lesson treats 

addition and subtraction of fractions. 

The lesson starts with a short presentation by the teacher, followed by notes for her 

students to write down (in their notebooks), during the first twenty minutes. To 

clarify, the notes regard the usage of addition and subtraction when it comes to 

fractions. They are read out load in the classroom and the students write them down in 

their notebooks. Furthermore, the teacher writes down some examples on the 

chalkboard.  

In the course of the lesson, the students are talking without raising their hands and, 

therefore, the teacher stops the lesson to discipline the students. After this interruption 

the teacher continues to give the students notes, and she also solves some examples on 

the chalkboard. She gives written examples such as: 

 
 

 
 
 

 
  and  

 

 
 
 

 
 

The last 10 minutes, the students solve some assignments in the textbook and the 

teacher corrects the students work as they finish.  

During the lesson, the teacher asks the students two questions regarding whether or 

not they understood the lecture. The question was “Are we all together?”, and the 

class answers in chorus “Yes we are!”.  

In addition to the questions regarding understanding, two questions regarding 

knowledge were asked. These questions were concerning the topic at hand and 

solving problems on the chalkboard.  

None of the students ask the teacher a single question during the lesson.  

5.4.1.2 Lesson 2. 

The lesson treats multiplication of fractions. 

This lesson mostly consists of the students calculating examples from the textbook, 

whereupon the teacher walks around in the classroom and marks their work as they 

finish. The teacher gives the students a number of examples to solve during the 

lesson, and if they do not finish in time, they have to finish it during their lunch break.  
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However, the lesson starts with the teacher in front of the chalkboard for 15 minutes, 

introducing the topic to the students.  

One question is asked by the students during this lesson, whilst the teacher asks the 

students three times regarding their understanding the topic.  

5.4.1.3 Lesson 3.  

This lesson is a repetition of lesson 1 and 2. The students are repeating operations 

with fractions.  

The lesson deals with the students’ ability to solve examples at the chalkboard, in 

front of the rest of the class. The teacher picks out some of the students in the class, 

whom she wants to solve examples on the board. She chooses examples that the 

students have had as yesterday’s homework. The teacher used this as a method to see 

if they had done their homework. 

This is followed by the teacher marking the examples on the board, and disciplining 

the students who do not perform at a satisfactory level. 

Throughout most of the lesson, this action is repeated. However, during the last 5 

minutes the teacher solves an example on the board, and the students are able to ask 

questions. The students ask the teacher five questions in total, all of which are about 

the example she is solving on the board and in order for them to understand what she 

is doing.   

5.4.2 Teacher  2.  

5.4.2.1 Lesson 1 

This lesson is about trigonometric ratios of different kinds.  

It is started by the teacher informing the students about a current situation at the 

school. The time is used for the students to ventilate what they feel, but also for the 

teacher to speak her mind about the situation.  

After this, the lesson starts and the teacher gives the students notes to write down in 

the notebook. This is done in two ways: either the teacher writes on the chalkboard, or 

she reads her notes out load and the students are copying the notes in their notebooks. 

This takes approximately 20 minutes of the lesson.  

Hereafter, the teacher solves an example from the textbook on the board, so the 

students can take notes regarding demonstration.  

During the lesson, the teacher asks the students three times if they understand the 

concept. Questions such as: “Are we on the same page? Or do you understand?” 

Throughout the lesson three students raise their hands and ask the teacher one 

question each. The questions about something they did not understand regarding the 

topic, or to make sure they had understood correctly what the teacher said.  
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5.4.2.2 Lesson 2  

The teacher talks about congruent triangles. This is the second lesson regarding this 

topic.  

At the start of this lesson, the teacher gives the students some notes for approximately 

three minutes. After that, the teacher solves an example on the chalkboard in 

collaboration with the students. This example requires the teacher to draw some 

triangles on the board, in order for the students to comprehend the example.  

In total, the teacher gives the students notes for about 10 minutes, and for 20 minutes 

she solves an example on the board. She then uses both a figure and numbers to solve 

the example. During the last 5 minutes, the students solve examples from the 

textbook.  

The students are asked if they understand the content two times, and the question is: 

“All we all on the same page? Are we all together?” 

Six of the students are asked to solve a problem on the board. After this, the students 

are asked about previous knowledge. The teacher uses these questions as a checkup, 

to see what the students have learned from the previous weeks.  

During the lesson there are no questions from the students to the teacher.  

5.4.2.3 Lesson 3 

The teacher talks about income tax. The topic was introduced during the previous 

lesson, and continues during this lesson. 

First of all, the teacher starts to inform the class about an issue at the school for about 

five minutes.  

After that, the teacher gives the students an example from the book on the chalkboard. 

She then notices that the students do not understand the example, so she solves it in 

front of them and then picks another example from the book. She solves this one as 

well. Altogether, this takes up about 30 minutes of the lesson.  

During the last 10 minutes, the students solve an example from the textbook, which 

the teacher then corrects in the classroom, as the students finish the example. They 

then sit in their chairs, waiting for all the students to finish solving the example and 

for the teacher to finish correcting the students work.  

All in all, the teacher asks the students about their understanding three times, saying: 

“Are we on the same page?” The students are also asked about their knowledge two 

times; both of the questions are about the correct answer to a calculation on the board.   

Two times during the lesson, the students ask questions and they start with: “We don’t 

understand…” Therefore, the conclusion is that the student does not fully understand 

the concept.  

5.4.3 Summary of the Lesson Observations 

Both teachers use a lot of time in the classroom, giving the students notes and 

lecturing by the board. They often use an example from the textbook, which they 

solve on the chalkboard. This is done to show the students an example, to accompany 

the notes they are given. The notes are handed out by the teacher, and then read out 

loud in the class while the students take notes in their textbooks.  
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One thing that the teachers have in common is that the students are not asking many 

questions during the lessons. However, both teachers ask the students a couple of 

times during the lessons if the students comprehend the topic. When they ask, they 

use the phrase: “All we all together” and the class answers in chorus “Yes”.  

Teacher 1 does, during these lessons, give the students more time to do exercises in 

their books, and therefore more time to practice the topic being thought. During the 

lesson observations, none of the teachers used teaching aids other than the textbook. 

On the other hand, teacher 2 is obligated to inform the students about a current event 

at the school, which takes up time during the lesson. Teacher 1 also disciplines the 

students during the lesson, in contrast to teacher 2.  

Another difference is that teacher 2 solves the examples in collaboration with the 

students, whilst teacher 1 makes the students solve problems on the chalkboard by 

themselves.  

 

5.5 Analysis of Interviews With Teachers and the Lesson 

Observations.  

5.5.1 How to Introduce a New Topic 

The teachers’ opinions of what is important whilst introducing a new topic differ 

somewhat. One of them says that the most important part of introducing a topic is to 

define the topic to the students, so they know the concepts. On the other hand, the 

other teacher talks about how to introduce a topic in geometry. She says that geometry 

is a practical area of mathematics. While introducing a practical area, you can use 

teaching aids, such as a football or a can for the students to calculate the volume of.  

Using teaching aids is a good method, since using different forms of representations is 

a good way of strengthening the students understanding of a topic. Lesh (1981) claims 

that to get a deep understanding of a topic being taught, the students need to see the 

topic in all the different forms of representations. He continues by stating that they 

must also be able to transform between these different representations, in order to get 

a deep understanding. Bergsten et al (2001) also says that it is very important that the 

students are able to switch between different forms of representations, to get a deep 

understanding about the topic being taught. The variation of representations is good 

for the students because the comprehension is then not static and this deepens the 

students understanding and increases the students’ abilities of problem solving.  
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None of the teachers talks about taking advantage of the students’ informal 

knowledge in geometry. The “informal knowledge” is the knowledge that is used 

outside of school, and that the students have learned without reflecting on it. This 

informal knowledge can be transformed into the formal knowledge that the students 

must learn in schools (Purpura et al, 2013). Esach (2007) claim that it is the students’ 

interest and social life that decide what informal knowledge the students possess, 

which means that all the students in the classroom have different informal knowledge 

of the topic. Consequently, it is crucial to research what informal knowledge the 

students possess, in order to transfer it into the formal knowledge that the curriculum 

states the students must know. For example, it would be good to use teaching aids that 

the students are familiar with, and maybe knows the exact volume of. Then one 

should let the students calculate the volume of these objects of known volume. As a 

result of this, the students can transform their previous informal knowledge, for 

example, that the can is 33 centiliter, into formal knowledge.  

One of the teachers claims that definitions are the most crucial part of the students’ 

comprehension of a topic, which can be related to the critical aspects of learning a 

topic. There are two critical aspects the teacher has to reflect on when it comes to the 

object of learning, Potential Critical Aspect (PCA) and Real Critical Aspect (RCA). 

The PCA deals with what the teacher think is hard for the students to understand and 

to learn. In contrast, the RCA deals with what the students show as the critical aspects 

when learning a topic (Olteanu and Olteanu, 2012b). When the teacher introduces a 

topic, she is just thinking about the PCA. To clarify, focus is on what she thinks is 

hard for the students to understand, which in this case regarded the definitions. 

However, it is very important for the teacher to be aware of the RCA during the 

lesson. Maybe the students already know all the definitions from primary school, but 

have a hard time solving algorithms and thus have a hard time understanding the 

object being taught.  

5.5.2 Students Understanding About the Topic 

When the teachers are asked how they know that the students understand a topic, they 

both say that it is shown when students do the assignments or when the students ask 

questions in the classroom. The teachers claim that if the students have a hard time 

understanding a topic, they will raise their hand and ask the teacher some questions or 

maybe ask their classmates.  

One teacher points out that if the students do not understand a topic, it will show when 

the students are calculating the assignments or during the exams. However, is there 

not a risk that is too late to help the student by then? 

According to the Variation Theory, it is important to vary the way an object of 

learning is presented to the students. Due to the fact that all the students are different, 

the way they learn differs, and so does their previous knowledge and understanding. 

Consequently, to get all the students to understand the topic, it is important to vary the 

object of learning so that the tutoring that takes place in the classroom is suitable for 

all of the students (Tong, 2012). 
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As mentioned before, PCA and RCA are two critical aspects when it comes to the 

aspect of learning (Olteanu and Olteanu, 2012b). If the teacher is more observant of 

the PCA, while also paying attention to the RCA during the lesson the students will 

get a deeper understanding. This means that the teacher is continuously willing to 

change the lesson plan when the teacher notices that something she thought was easy 

for the students to understand actually is difficult. Accordingly, the teacher then has to 

change the way she explains it to the students in order for them to gain a deeper 

understanding of the topic.  

5.5.3 Teaching in Kenya 

Both teachers point out that to be able to succeed in Kenya, and especially for these 

students, it is very important for them to get a good grade on the KSCC. This is the 

exam which the students complete at their final year of secondary school; it is the 

exam that sets the grade for all of the secondary school years. If the students perform 

well during this exam, the students can get a scholarship to the university. In the long 

run, this means that the students at Kisima learn to perform well at exams. 

The teachers are also claiming that the syllabus in mathematics covers a lot of 

different subtopics, and that it is difficult for the teacher to cover and teach the 

students all of the areas well in the amount of time given. It could also be easier for 

the students and teachers if some of the topics taught in the different forms where 

combined instead.  

 However, when reading the syllabus for mathematics (Kenyan Ministry of Education, 

2007), it does not say anything about the different topics having to be covered in a 

specific grade. As a result, it is up to the teacher to choose in which order the student 

should learn the different topics in mathematics. To clarify, if the teacher thinks it is 

easier for the students to learn some of the areas at the same time, the teacher is able 

to do so.  

5.5.4 Lesson Observations 

During the lesson observations it can be seen that the teachers are not using more than 

one or two representation forms. According to Bergsten et al (2001) there are five 

different categorizes of forms of representations in mathematics. These five forms are 

as follows: Physical, Pictures, Verbal, Numerical and Symbolical. It is important to 

vary between these representations, in order for the students to gain a deeper 

understanding of the topic.  

Not during a single one of the lessons that had been observed, did the teachers use any 

physical representation of forms. The representation of forms that is mostly used is 

the numerical and verbal representations. The symbolical form is also used when the 

teacher speaks of fractions, addition and subtraction of fractions.  
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However, during the lessons there are merely one or two different forms of 

representations used. This does not give the students a deeper understanding of the 

topic. Furthermore, Lesh (1981) states that the students need to be able to translate 

between different forms of representations and also use the different areas taught in 

different contexts. In order for the students to do that, the education for these students 

has to vary. Research shows that the students would benefit in different ways if they 

got a variation in the representation forms from the start. The students will be able to 

solve more complex exercises and will be better at problem solving (Ainsworth et al, 

2002).  

The variation of representation was at the moment lacking in the education provided 

for these students, and that gives the students a shallow understanding. Perhaps that is 

the reason for the students’ gap in understanding regarding exercises outside of the 

textbook, such as describing their own homes.  

The teacher is not problematizing and does not vary the objects of learning. Neither is 

she adapting the lessons according to the students in the classroom, and their 

presumptions. Tong (2002) states that every student has different ways of learning, it 

is hence up to the teacher to realize the students’ variations in knowledge and 

understanding, and adapt the teaching accordingly. Furthermore, Lam (2012) claims 

that the variation is a crucial part of comprehension, and it is important for the 

students to see the topic in different ways.  
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6 Conclusion and Discussion  

After being a part of the Kenyan school system for three months, observing and 

participating in lessons, my conclusion was that the teaching is, in some perspectives, 

very different from that of the Swedish school system. Although, reflecting upon my 

findings, maybe they are not so different after all. Kenya is an example of traditional 

teaching, where the teacher stands in front of the chalkboard and tells the students 

what is right and what is wrong. I believe that this still goes on in many of the schools 

in Sweden as well.  

6.1 Method Discussion 

The validity of the study is considered to be high, since it is based on theory with 

extensive underlying research. 

However, there might be a minor disadvantage regarding the fact that I knew the 

teachers from before; the fact that they know many of my opinions about teaching, 

and what I have been taught during my years at the University. Perhaps some of the 

answers to the questions were what they wanted me to hear, and not what they are 

actually doing in the classroom. Accordingly, I wanted to add the lesson observations 

to my study, in order to see what the teachers were doing during their lessons and how 

well the students interact during the lessons. Because of the observations, a 

comparison between the interviews and the reality of the lessons could be made. In 

such a comparison, the researcher does not interact at all and the reliability of the 

study is thus strengthened. 

Some of the questions in the interviews with the teachers could feel a bit forced. This 

is due to the fact that I have been working with these teachers for two months before 

the interviews. I know them, and their opinions about teaching in Kenya. There have 

been many previous discussions between me and the teachers about the Kenyan 

system of education, but also about the way of teaching in Kenya versus Sweden. 

Hence, I wanted to capture these discussions about time and content of the syllabus 

that we had previous to the interviews.  

6.1.1 The Analytical Framework 

The assignment the students were given, to make a drawing of their home and then 

using the drawing and photos of their home to explain the construction of the house 

was not fully developed to fit all the levels at the analytical framework. To reach the 

higher levels at both Blooms Taxonomy and van Hieles levels the task had to be more 

complicated and the students had to have the chance to prove axioms and proofs in 

mathematics. This was fortunately not a problem during this research, because to 

reach a high level of understanding the students have to fulfill all the criteria at the 

lower level. None of the students reached higher then level three in this research and 

therefore the task they were given could still be analyzed by the analytical framework.  

The analytical framework was o good tool to analyze the students understanding and 

to a large extent it worked good. But in some levels it could be hard to complete both 

van Hieles levels and Blooms taxanomy and according to the framework the hole 

level had to be fulfilled for the level to be considered fulfilled.  
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But if the students for example are using the correct concepts and shapes and are 

using them in three dimensions, the students is completing van Hieles level 

Abstraction, which is connected to Level 3 in the analytical framework, but the 

students are not fulfilling the criteras from Blooms Taxanomy, that for example 

means that the student shall state reasonable measurements with correct units and 

therefore Level 3 is not completed. It could seem a bit unfair baceause the student is 

actually fulfilling one of the two theories that the analytical framework is based on, 

but to fulfill the whole level all the critera has to be completed and therefore the 

student is not fulfilling level 3 in the analytical framework.  

6.2 Students at Kisima  

The students at Kisima are, according to the national exam (the KSCC), performing 

well in mathematics. The former classes are getting a high grade in mathematics and 

in the KSCC in general. That is what counts for the students at Kisima. With a high 

grade, it is possible to get a scholarship to study at the university and to get a higher 

education. That is all the students’ goals, and the school is doing everything they can 

for the students so they will achieve good grades at the KSCC.  

When the student then comes to a different task, when they are using the mathematics 

they learned in school in other areas like describing their homes, the students have a 

harder time. When analyzing the students’ knowledge in geometry, using van Hieles 

levels and Blooms taxonomy, most students are not reaching higher then level three. 

If you take it further, it actually means that the students are lacking a deeper 

understanding of geometry. To have a deeper understanding in geometry, you should 

be able to state proofs and understand the proof of different geometrical statements. 

To apply the knowledge you learned in one area to a different area, is also a proof of 

deeper understanding according to Bloom (Emanuelsson, 1992; Airasian et al, 2001). 

The thing that was most noticed was the fact that the students have a hard time 

estimating measurements, and especially estimating the length or height of the houses. 

One of the students used centimeters as a unit when estimating the measurements of 

the house, and another student said that in a small traditional house the height is 2,5 

meters. In Kenya the SI-units are used to state measurements and that is what is taught 

in schools, but because Kenya is a former British colony the measurements of feet are 

often used in more informal settings. But even if the student are using the 

measurements of feet, when transforming it to meters it is still the wrong 

measurements and therefore the student cannot fulfill the level. 

Furthermore, all the students used two dimensional shapes when they described their 

homes. Either, it is because they had more knowledge of two dimensional shapes than 

three dimensional, or it is due to the students’ usage of a drawing and photos when 

describing their homes, where the shapes actually are two dimensional. 

The students also have a hard time comparing the drawing with the pictures of their 

homes. When they are asked if they want to change or add something to the picture, 

the students just wanted to add some plats of flowers, if they even wanted to change 

anything at all. None of the students even reflected on whether or not they had drawn 

their houses in the correct scale compared to the photo. When the question was being 

asked directly to them, all of them answered that they had not thought about the scale 

at all.  
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Another interesting thing is that students are at the same level, according to the study 

of their knowledge. Despite the fact that the students were in different forms in 

school. This means that their knowledge had not deepened during the last year at 

Kisima. One factor could be that the geometry used in this research is taught in form 1 

or 2 at the school, and all the students are at the same level even if they are in 

different forms.   

It is importnant to take under consideration that the students at Kisima all have a 

different mothertounge than English, which is the language that is used during the 

education at Kisima and also the language the interviews where carried out with. 

Because of the fact that the students have a different native language than English the 

understanding of the concepts, in this case used in English, can be lacking. In samburu 

for example, that is the language spoken by the the tribe samburu in the northern parts 

of Kenya, there is no word for triangle. And for the students to understand a concept 

that doesn’t even have a name in their native language might be harder for the 

students.  

6.3 Lesson Observations and Interviews with the Teachers 

The lesson observations for both of the teachers show that a lot of the time spent 

during the lessons is used for the teacher to lecture the students and give them notes 

on the specific topic. The teacher asks the students a few times during the lessons if 

the students understand the concept and if they understand the area. There are also 

some questions in every lesson that deals with the students’ knowledge. However, the 

students ask few questions during the lessons and it is not very often they claim not to 

understand the area.  

The interviews, as well as the lesson observations, showed that the teachers were 

using the textbook a lot during their lessons. One of the teachers mentioned other 

teaching aids when introducing a topic. However, they mostly use the textbook and 

follow this method, chapter after chapter, to ensure that everything is covered before 

the KSCC.  

When teacher 1 talks about covering everything in the syllabus, she means that it 

would be easier if you teach some of the topics together and not in different forms as 

they do now. When she explains why she is still following the book, even though she 

thinks it is illogical, she says that sometimes the students get a new teacher after one 

form. If the book is used, the new teacher knows what is covered, and then the 

students does not miss any areas and it makes it easier both for the teacher and for the 

students. On the other hand, the Kenyan syllabus does not speak of what form the 

different topics should be covered in, though it is divided in different topics. Thus, the 

only thing stopping the teacher from creating her own plan for the four years which 

the students read mathematics is the textbook. This is due to the fact that the textbook 

presents the different subtopics in different forms, and the teacher thus also presents 

them in the different years. 

Both in Kenya and in Sweden the traditional way of teaching mathematics, with the 

teacher lecturing in front of the board and the students are taking notes and then 

calculating examples in a textbook are quite common. At Kisima this is the most 

common way of teaching in mathematics and the question is why. It is a hard question 

to answer and maybe there is no answer.  
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Maybe that is the way mathematics has been taught before, and therefore we are still 

using the same methods. Sweden is not that far from Kenya, most students are 

preparing themselves for the national exam in mathematics and it is getting more and 

more important to succeed in the exam to get a good grade.  

Maybe teachers are leaning on the fact that if we are following the textbook from page 

one until the end all the material in the course will be covered and the students will 

get a good preparation for the exams.  

6.4 How can the students get a deeper understanding? 

According to the Variation Theory, students have to see the object that is going to be 

learned in different ways. To get a deeper understanding of an area, the teacher shall 

use different ways of teaching and also show the object that is going to be taught in 

different ways for the students (Lam, 2012).  

Tong (2012) on the other hand aims that all students are different and learn in 

different ways, and it is not good to see the students as one uniform mass. To fit all 

the students’ needs, it is very important to teach in different ways.  

Additionally, according to Leshs’ model of representations the fact that the students 

have to see the same topic in a lot of different ways, is important for the way the 

students learn (Lesh, 1981).  

The students’ knowledge of measurements in this research can be used as an 

illuminating example; they had a hard time estimating the measurements of their 

homes. One student is using centimeter as an unit and the other one is saying that the 

height of a traditional hut is 2,5 meters.  

According to the lesson observation, the students are spending a lot of time working 

in the textbook or listening to the teacher when she is lecturing in front of the 

chalkboard. This is not a variation, and perhaps that is one of the reasons for the 

students’ problems when it comes to using the knowledge, that they have from the 

school into another context. According to the Variation Theory, if the students would 

be able to see measurements in different ways, they probably would get a deeper 

understanding of the area.  

The students’ knowledge of measurements in this research can be used as an 

illuminating example; they had a hard time estimating the measurements of their 

homes. One student is using centimeter as an unit and the other one is saying that the 

height of a traditional hut is 2,5 meters. Maybe the students never have been given the 

chance to measure objects in the classroom, or maybe go outside and estimate the 

length of objects on the schoolyard.  

Why not give the student a lesson outside of the classroom, where they apply what 

they have learned from the teacher in the classroom, and from the textbook, in 

everyday life? Both Kenyan and Swedish teachers have the syllabus to lean on and 

both in the Kenyan and the Swedish syllabus states that the students shall able to use 

the mathematics taught in school in everyday life.  This is a hard thing to do, maybe 

because the teachers are insecure if the students actually are learning the right things 

when going away from the textbook, and also the students are used to the traditional 

way of teaching. It is a challenge but a challenge that has to be accepted for the 

students to be able to deepen their understanding and knowledge in mathematics.  
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It is also important to consider the students’ backgrounds and culture when teaching. 

A culture is important for all the students and to use this importance, and all the 

knowledge learned in the culture, in formal education might deepen the students 

understanding.  

Culture is described as something that defines a group of people and that this group 

shares the same preferences when it comes to matters like religion and traditions 

(Rapaport 1980). There is a lot of mathematics in cultures and there is knowledge that 

it brought down for generations that the students learn at home. If the teachers take 

care of this knowledge, and take the time to investigate what the students know from 

different contexts and subjects other than mathematics, the students will get a 

connection to every day life and then the understanding in mathematics might also 

deepen for these students. 

6.5 Proposal on Further Research 

It would be interesting to do the same research with Swedish student, to examine the 

Swedish students understanding about geometry and also do lesson observations in 

Sweden. It would also be interesting to change the students’ lessons during one area 

of geometry into a plan where they get variation in the teaching, and then test the 

depth of their knowledge.
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Appendix  

Appendix A. Interview Guide for Students 

 

Describe shortly yourself and your background. Where you are coming from and what’s 

your academic background.  

- Age 

- Family 

- Years at Kisima 

- Tribe and part of Kenya the student comes from 

- Plans for the future 

 

The student is handled his or her drawing of the home 

 

Try to describe your home. Try to be as detailed as possible. 

 

- Shape of the house 

- What it’s built of? 

- Size 

- Area of plot and house 

- What the property consist of (how many huts for example) 

- How many that lives there? 

- If there is the boma? What does it consist of? Shape? 

- How is the house constructed? 

- Who is building it? 

- Is it a permanent home? 

-  

The students is now handled the photo of the home 

 

The students are asked to compare the drawing and the photo. 

Is it something that is different at the drawing that on the photo? 

 

Is it drawn in the same way as the photo? 

Is the drawing painted in correct scale? 

Is it something the student forgot to draw that they want to add? 

Is it something they want to add to the description before? 

 

If you should build a house, would it look like this one? 

 

 

 

 

 

 

 

 

 

 

 



 

II 

 

Appendix B. Interview Guide for Teachers.  

 

Explain a bit about yourself 

- How long have you worked as a teacher? 

- How long have you been at Kisima? 

- Why did you choose to become a teacher? 

 

So when you are teaching in general, how do you lessons look like? 

And then if we go specific to geometry? How would you describe your lessons? 

 

How are you introducing a topic, for example volume? 

What tools do you use introducing a new subject? 

Is students given the time to understand? 

How would you know if the students understand what you teach them? 

How do the students show that they understand? In what way can they show you that 

they understand your teaching?  

 

 

Do you think time is enough for the students to get a deep understanding about 

geometry? 

  

Do you wish it was more time for teaching? 

 

If you should change on thing about your way of teaching, what would that be? 
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Appendix C. Observation Schedule  

The lesson plan that the teacher makes before the lesson is going to be a help in this 

observation. This lesson plan describes the aim of the lesson, what the teacher is going 

to teach and what means she is going to use while teaching.  

The aim with the observation is to see how the teacher interacts with the students during 

the lesson. 

Typ of teaching    

Teaching in class with active students 

 

 

Teaching in class with passive students 

 

 

Other types of teaching (specify) 

 

 

 

Means used in the lesson 

Textbooks or tutorial books 

 

 

Means made specific for this lesson by the 

teacher 

 

Objects or realia the students or teacher 

brings to the classroom 

 

Other (specify) 

 

 

 

 Total time of the lesson  

The teacher is informing the students 

 

 

the teacher lectures by the board 

 

 

The teacher uses time to discipline the 

students 

 

 

The teacher is giving an example on the 

board 

 

 

The teacher is asking the students 

questions about understanding 

 

 

The teacher is asking students questions 

about knowledge 

 

 

Students are asking the teacher questions.  

 

 

The students are doing examples in the 

textbook.  

 

 

Students are doing examples on the board  

 

The teacher corrects examples in the 

classroom.  
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Appendix D.Drawing and Photos of Student 1 
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Appendix E. Drawing and Photos of Student 2 
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Appenix F. Drawing and Photos of Student 3 
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Appendix G. Drawing and Photos of Student 4 
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