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Abstract 
One of the strengths of Indigenous and in particular Papua New Guinea cultures has been the use of 

visuospatial reasoning. Decisions are made by mentally visualising spaces and relating visual imagery, spatial 

arrangements and relationships. This is developed by the on-going mathematical activities of the community 

especially those related to living and working with the land for survival and growth. School and academic 

systems frequently fail to make the most of these skills. However, there are new tools to assist school 

students to draw on visuospatial reasoning to solve problems and investigate phenomena that can be 

represented visuospatially. This article describes some examples of visuospatial reasoning in PNG contexts 

and illustrates how one system of dynamic geometry software, GeoGebra, has been used in situations 

similar to PNG. It is recommended for use in PNG and other places where indigenous knowledges are strong 

and include visuospatial reasoning. 
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Introduction 
Despite visuospatial reasoning being highly valued in science, technology, engineering and medicine, it is 

under recognised in curriculum and in assessment generally (Lowrie, Logan, & Scriven, 2012). Students 

talented in visuospatial reasoning are likely to be underserved by educational institutions (Kell & Lubinski, 

2013).  Strong mathematical processes such as 

• estimation,  

• mental calculation and judgement,  

• visual reasoning, and  

• communication for decision-making 

can develop from mathematics embedded in activities of the community (Owens, 2015). For example, in 

Papua New Guinea in building a house from bush materials, which is still the most common house in rural 

areas, people have adapted their own ways of deciding how much of each material to collect using previous 

experiences. These experiences provide ways of mentally reasoning about the size and quantities. Estimation 

is common place and rough calculations are made especially in terms of amounts fitting within a space. Thus 

visuospatial reasoning is used in activities such as those using the visual of the area of kunai grass to cut for a 

particular size house. Communication for decision-making is also prevalent. People communicate about the 
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straightness of sides of a house or the slope of the roof as people help or observe the building. Commonly, 

people might stand at a distance viewing the structure from various directions to make the decisions. 

Indigenous communities  lived experiences establish strong processes of visuospatial reasoning. This was 

found by Pinxten (2010) among the Navajo in America. He describes how a youth would traverse the land 

using visuospatial reasoning based on his cultural knowledge of his place. Barton (2008) also noted 

visuospatial reasoning among several Pacific Islander groups especially in terms of their representations of 

cultural relations but also how this advanced mathematics is portrayed in academic mathematics terms. 

Vandendriessche (REHSEIS-UMR7219, 2005; Vandendriessche, 2007) discussed the visuospatial processes of 

aki g stri g figures at s radle  des ri i g the pro esses i  ter  of poly o es. “u h li ks et ee  
cultural mathematical processes and academic mathematics was shown by Adam (2010). This mutual 

interrogation consisted of her learning from Malaysian weavers of 3D food covers, modelling their processes 

mathematically, extending these models, and then sharing from mathematical logical reasoning various 

alternatives with weavers who in turn considered practically the suggested alternatives.  

In addition to this knowledge of visuospatial reasoning in indigenous communities, visuospatial reasoning 

is apparent in young children. For example, in a study Prep children use of maps, it was found they could 

navigate in a small-scale space by a geometric map before any instruction on map reading. Children 

spontaneously extracted and used relationships of both distance and angle in maps. However, children did 

not recognise differences in information they saw that were mirror images suggesting that the strong 

intuitive basis for geometric reasoning could be strengthened by further school experiences (Spelke, 

Gilmore, & McCarthy, 2011). Studies of 4
th

 and 5
th

 grade children in geometry have shown what is called core 

or intuitive geometry, that is visuospatial reasoning, is related to general intelligence but academic results in 

geometry were culturally-mediated, that is related to the geometry established in the school culture or 

outside in urban spaces (Giofrè, Mammarella, & Cornoldi, 2014). Furthermore, we know that much 

visuospatial reasoning needs to be made explicit in teaching (Frade & Falcão, 2008). Hence it is important for 

schools to build on this intuitive and culturally strong mathematical process. 

Schools with communities can be agents of change. They encounter political and socioeconomic change 

but also an increasing acceptance of funds of knowledge of community (Gutstein, 2007; Mawhinney, 2004). 

The main fund of knowledge to be discussed in this article is that of visuospatial reasoning. Multidisciplinary 

approaches and culturally strong participants in decision-making can help provide appropriate curricula for 

transitions from cultural practices to school standards (Mawhinney, 2004). Imagined spaces resulting from 

looking at a picture of the three-dimensional world are reliant on lived experiences and sociocultural 

interactions to provide meaning (Koenderink, 2012).  

In this paper, I will look at the visuospatial reasoning evident in cultures of Papua New Guinea. The 

material culture in particular will be considered. This research shows the strength of visuospatial reasoning 

in mathematical thinking in PNG cultures. Further results from studies over many years can be found in 

Owens  (2015).  

Then I will discuss the impact of using Information and Communication Technology (ICT) on mathematics 

education in developing countries. The software used is GeoGebra, a dynamic geometry software, which 

connects algebra and geometry and is a free download (GeoGebra, nd). Users around the world share ideas 

through the website. Furthermore, a brief introduction to the tools in the program allows users to begin 

quickly preparing material suitable for teaching in order for students to begin investigations and to plan, try 

and check ideas with little effort.   

GeoGebra makes use of powerful dynamic imagery that is one of the key types of imagery found to be 

used by learners (Owens, 2015; Owens & Clements, 1998; Owens, McPhail, & Reddacliff, 2003; Presmeg, 

1986; Rivera, 2011). Presmeg found dynamic imagery occurring with high school students in remembering 

algebra. Owens and her colleagues were able to show its use by primary school students solving geometry 

problems with concrete materials. Rivera covered a broad range of mathematical topics but particularly 

commented on patterns and the use of geometric figures. In addition, there have been numerous studies 
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using dynamic geometry software (DGS) in the area of algebra (coordinate geometry) as well as geometry 

(Borba & Villarrea, 2005; Laborde, Kynoigos, Hollebrands, & Strässer, 2006; Presmeg, 2006). 

There are three related studies using Geogebra that will be discussed, analysed and summarised in terms 

of their implementation and outcomes. The software was used for different research purposes ranging from 

student teacher education to sharing with colleagues in teacher education institution. Finally, implications 

for the value of introducing dynamic geometry software into communities with strong cultural visuospatial 

reasoning such as in PNG and Oceania are discussed. 

Visuospatial Reasoning in Papua New Guinea 
In this section, I will provide evidence of visuospatial reasoning in Papua New Guinea. This research was 

carried out using critical analysis of a range of data sources. First there have been many personal 

observations of activities in villages from a wide variety of cultural groups. (There are over 850 

language/culture groups spread across islands, coastal plains, steep mountains, and large upland valleys.) 

Where possible, there has been extensive discussion with people of the community on how they are thinking 

in carrying out the various activities. Usually, a research colleague from the village has assisted with 

translation and explanation although I speak the lingua franca Tok Pisin fluently. At other times, interviews 

were carried out away from the village. We have also collected data by questionnaire from over 350 

participants on areas linked to space and measurement. Triangulation was possible through multiple sources 

including some written studies and participants coming from the same or similar cultural groups. 

Furthermore, we held focus groups to check our developing analysis. In addition, we had access to over 350 

research reports on cultural mathematics linked to school mathematics written by preservice and inservice 

teachers at the University of Goroka. 

The importance of visuospatial reasoning is evident in building houses, bridges and gardens. This kind of 

reasoning is evident when people can recognise how the height of a tree will provide a specified length 

horizontally or anticipate how much vine might be needed for a hand rail or for binding logs, saplings, and 

bamboos together. Visuospatial reasoning is used for deciding how many limbom palms are required for the 

floors and or walls of a house. In making a smaller model of a house, some Elders in Jiwaka Province 

indicated that they had a good sense of the lengths of sides of similar triangles. They were to keep the angle 

of the roof within reasonable bounds for the effects of nature (rain running off but not too steep so the 

kunai grass slid off). The lengths of roof rafters (hypotenuse of the triangle) was associated with specific 

horizontal lengths and the height differences between the wall and the inner walls or highest point. 

     

a. Men discuss the slope of the roof of a model requiring similar triangle proportional reasoning (Kopnung, 

Jiwaka Province). b. An example of making a circle for a round house (Kaveve, Eastern Highlands 

Province). c. An example of a particularly large round house for which principles for designing a small 

house have been extended (Kaveve). 

Figure 3. Papua New Guinea examples of visuospatial reasoning in house building. 
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In another example, some teacher education students were able to indicate how a two knot rope and a 

three knot rope could be used to form right-angles. The three knot rope had a knot in the middle and with 

the other rope would make an isosceles right-angled triangle (Figure 4a). 

 

 

 

 

a. Two knot rope and three knot rope used 

to form a right- angled isosceles triangle 

(Yamu, ~2000).  

b. Adding three posts makes a 

house half as u h agai  (S. 

Sondo, personal 

communication, 2006). 

 

Figure 4. Proportional reasoning in PNG. 

In discussing floor plans and requirements for houses on posts, they noted that a house with nine posts 

(three rows of three) would be enlarged by half as much again if there were twelve posts (Figure 4b). The 

importance of being half as much again was a more practical perspective than noting the square areas. It 

provided an idea for what could be done in the house in terms of spaces for sleeping and other things. It also 

indicated better how much more walling, flooring, and morata (sago leaves sewn onto sticks that formed the 

roofing of the house) would be needed. These proportional reasoning approaches were similar to many 

discussions on increasing sizes related to increases in linear length whether they be for a boat, house or 

other building, gardens, baskets, mumu (ground cooking pit using heated stones), or pigs. In some cases, 

number dominated with less regard for size (e.g. two small pigs equals a big pig) whereas in other cases 

there was significant discussion. It should be noted that some of the reasons dealt with what western school 

would call area and others with volume. In school maths, area is linked to squaring or multiply two linear 

units whereas volume is related to cubing or multiplying together three linear units in a function related to 

shape. 

Other preservice and inservice teachers noted details such as the relation of the radius and 

circumference of the round house since the outline for the house was made by tying a rope to the leg from 

the centre of the house and dragging the foot around the circle (Figure 3b). The length of the woven wall 

was the circumference or six times the radius.  

In another example, a student mentioned that two people walking parallel to each other from a path 

would reach another path at an oblique angle to the first. The result was a trapezium shape. 

 

Figure 5. Walking to form a trapezium (Odobu, 2007). 

On many occasions displays were part of the various ceremonies such as exchanges for marriage 

ceremonies or compensation and these were also linked visuospatially to size and other relationships. Pairs 

107

K. Owens



and groupings of pairs are particularly important when counting food items and other exchange goods such 

as shell money.  

   

Figure 6. a. Groups formed from two coconuts form a display. b. Display of food and shell money. Groups of 

fathoms combined into groups of 10. (Paraide, 2010) 

 

 

  

 

 

Figure 7. A e s house for  e , taki g up four sleepi g areas  foot by 7 foot. 

On another occasion, men were talking about the seven e  sleepi g i  ea h of the roo s of the e s 
house. At the sa e ti e, they said it as a ig e s house, a house for  e . The number 25 was a 

rounded off figure for the size of the house (seen as four lots of seven men or double double 7, in languages 

where 4 repeated gave 8 as a composite unit and it then became a base unit so 16 was double 8, 24 was 

three 8s, and 32 was four 8s or double 16). 

Weaving was a common pastime carried out by men or women depending on the purpose and materials 

and cultural practices. The visual design, although often illustrating symmetries or other attractive motifs, 

was perceived in terms of over and under and patterns in changes from row to row. 

In designs on artefacts of various kinds it is possible to learn of cultural relationships that occur at an 

instant of time and over time. These are often presented in curvilinear designs which are modified in various, 

often stylised ways. Nevertheless, the curves and designs are not devoid of cultural implications and 

relationships (Owens, 2015).  

While school students may not be responsible for the building of houses or making other decisions based 

on visuospatial reasoning, they will have watched and participated in house building and other activities, 

listened to discussions revolving around spatial relationships, and noticed differences in spaces in which 

linear measures were taken or commented upon in comparing sizes of houses, gardens and other things. 

South Pacific Journal of Pure & Applied Mathematics

108



These relationships are visuospatial in the sense of being about space, about being in the space, and then 

visualised in the head. It seems that in cultural activities, decisions are made based on mostly visuospatial 

reasoning rather than pencil-and-paper calculations. Estimations are frequent. Communications is both 

verbal and through actions and gestures. The material culture is evidence of relationships. Thus the children 

learn visuospatially in these cultural contexts.  

Three Studies Using GeoGebra in Developing Countries 
As mentioned earlier, Geogebra was a tool used in three studies in developing countries. This software 

encourages visuospatial reasoning by engaging the user in hypothesising and predicting what might happen 

when some change is made. This engages students in visuospatial reasoning with or without concrete 

experiences or numeric data. In Figure 1a, the triangle is reflected in the line. Students can be asked to 

predict on paper where the reflected triangle is likely to be. They can discuss how they made their decisions. 

Then they can check with the computer. Such a task is appropriate if the class only has one computer and 

screen. Then students can predict what might happen if a vertex is shifted to one or another place. Again 

following discussion, the computer can be used; if the triangle is varied so is the reflection. Both 

confirmation of prediction and further exploration is possible. 

In the second example, different triangles can be made with a vertex. This is useful in establishing the 

meaning behind the area of the triangle with the same base and height even though they are different 

triangles. The actual visual observation of the different triangles is really important as recommended by the 

van Hieles (1986) when working with high school students. They had to visualise before realising analytically 

the meaning behind geometric theorems and formulae. The vertex can be moved along the parallel line thus 

keeping the perpendicular height the same for each triangle. Hence the areas of all the triangles are the 

same and this is indicated in the calculation to the left. The students can see this even when the vertex is 

moved. 

 

  
a. Reflecting triangles in an oblique line. Line and triangle can be dynamically modified. 
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Triangles with the same base and height but different shapes and their equal areas. 

Figure 8. Examples of Geogebra. 

Furthermore, software like this encourages students to want to explain why certain phenomena are 

observed on the computer screen, especially if visual feedback is surprising  (Healy & Hoyle, p. 238). A 

comparison could be made with string-figure making when an unexpected result occurs or the figure is 

resolved (Maude & Wedgwood, 1967; Owens, 2015).  

Mai ali’s (2008) Study in Nepal 

In Nepal, mathematics is seen as a body of procedures to be covered without reference to the real world. 

Learning is seen as an individual activity based on listening and imitating. Furthermore, textbooks  

• discourage self-learning (learning through inquiry),  

• place topics in an abstract mathematical context,  

• go very fast,  

• focus on procedures, and  

• do not aim to develop a balanced network of concepts and methods. (Bal Chandra  Luitel, 2009; Bal 

Chandra Luitel, 2013) 

Mainali (Mainali, 2008; Mainali & Key, 2012) therefore selected transformation geometry as an appropriate 

topic to make changes to classroom practice. His study was building on the literature that covered the 

following points. Transformations, especially reflection and rotation, can be defined in actions (folding and 

turning) and their results represented by drawings. The intuitive nature of actions assists with doing 

investigations on reflections and rotations, representing them, and summarising the relations and properties 

of the transformations. These transformations can be readily transferred to technology (Kücheman, 1981) 

and exist in a visual, spatial context. ICTs may also encourage investigations. Initial ideas and just 

manageable steps can be introduced to develop, through student inquiry, strong conceptual knowledge 

supported by visuospatial reasoning. Te h ology akes isi le stude ts  a tio s a d pro ides feed a k that 
is based on geometric relations, properties, a d theore s. This ill fa ilitate stude ts  de elop e t of deep 
understandings of transformations.  

Two year 9 classes taken from public schools with 75% of students coming from low socio-economic 

backgrounds but above average results were used in this study. The researcher taught both experimental 
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and traditional method in classes with regular teacher as observer and then they reversed roles. The classes 

were split into two groups on odd-even rank on a pre-knowledge test. The results of this test were 

interesting in themselves in showing differences from the original sample of results for the pre-knowledge 

test i  E gla d hi h are detailed i  the resear her s thesis (Mainali, 2008). The researcher used his own 

laptop, hired a data projector and hung up a white sheet in class. Besides physically folding papers in various 

reflection lines and rotating figures after predicting the expected transformation, the class predicted what 

would occur with certain transformations on the screen. Then they shared their predictions and gave 

reasons for them before trying it with the computer. The researcher then rented a computer laboratory for a 

one 1.5hr session. 

The research method was to compare pre- and post-testing (including retention test) of the two groups 

to determine if the experimental group using GeoGebra would perform better than the group with 

traditional teaching methods or not. An example of the lesson was provided by the researcher (see Figure 8a 

for a reflection in GeoGebra): 

• Teacher does a GeoGebra worksheet, draw a triangle with vertices A (-1, 3), B (-2, 3), and C (-2, 4). 

Construct the line x =1.  

• Students copy on paper and reflect the triangle in the line x =1 (work session).  

• Invite some students to present their response on the blackboard, explain it, and discuss about it with 

their peers. Encourage students to explore more.  

• Finally, refle t the tria gle i  the GeoGe ra orksheet, o pare the soft are a s er ith stude ts  
responses, and discuss.  

• Drag the triangle away from or closer to the mirror line but first ask students to predict what will 

happen (classroom discussion session). 

• The second activity in this lesson was similar, but focuses on dragging the mirror line. 

So e of Mai ali’s Results 

There was no significant difference in the means of pre-test scores for both the researcher and the 

teacher teaching but a significant difference in the post-test means with significant gains for the 

experimental group. The advantage of the experimental group was that concrete activities of paper-folding 

and reflection and the integration of dynamic geometry supported the investigative work of the students 

because of (1) its use for rapid construction of accurate geometric pre-images and images of a geometric 

transformation, so that more examples could be studied; and (2) its support of students in making 

hypotheses about formulas and rules for reflection and rotation and checking their ideas. The researcher 

provided the information given in Table 1. 

Table 1. Nepalese study using Geogebra: Results of the independent samples t-tests for gain and loss 

     t  df   Sig.    MD    SE   BCa95%CI   η²  

      Lower Upper   

Researcher Teaching 

Gain -2.95 24 0.007 -0.20 0.07 -0.34 -0.06 0.27  

Loss -0.46 24 0.648 -0.03 0.06 -0.15 0.10   

Teacher Teaching 

Gain -3.71 39 0.001 -0.16 0.04 -0.25 -0.07 0.26  

Loss -0.83 39 0.424 -0.13 0.17 -0.47 0.2   
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The gains in comparing the results of the paired students in the class with activity and technology and 

that with traditional teaching occurred for both the researcher and teacher teaching. The gains were highly 

significant (p=0.007 and 0.001) whereas the losses for matched pairs were not significant. 

Tesse a’s Study i  Ethiopia 

The second study was carried out in Ethiopia by Tessema (2007) with teacher educators preparing a 

series of lessons for teaching during the se ester s mathematics subject for preservice mathematics 

teachers. The teaching experiment was designed to encourage the two main participating peers to learn by 

doing, work in a collaborative team, and develop a feeling of ownership for what they contributed to a 

discussion. Their learning was supported by dynamic mathematics software, GeoGebra, samples of practical 

study materials, videos (including the three researchers teaching in Dutch schools) and photographs.  

So e of Tesse a’s Results 

By the third day, the two colleagues acted more as experienced users of the software to represent their 

ideas using it. They still struggled a little bit to represent their mathematical ideas but they worked 

collaboratively to prepare materials and applets for their education student use. In evaluations, they said: 

with this software to construct any idea from calculus, geometry and algebra at the same time .  

I teach usi g lecturi g ethods. I k o  theoretically the co structi e ay of teachi g …I thi k this trai i g 
with GeoGebra will shift my future of mathematics teaching   

The knowledge developed by the students in this way will not be easily forgotten  

Part of this study involved the teacher educators viewing the three researchers teaching. Thus a modified 

lesson study of three videotaped lessons resulted in the teacher educators in Ethiopia commenting: 

I u dersta d stude t ce tred teachi g…it is a type of teaching-learning process which gives more chance to 

students, to discover, to discuss, and to engage actively than other ways of teaching. It is more interactive 

type of lesson  

The results showed that the new approach helped the teacher educators to be engaged, to be critically 

reflective and work independently. Furthermore, they were able to see how a digital environment could 

improve mathematics education by helping teachers to visualise and create connections between 

mathematical ideas and concepts. The teacher educators developed their own student activities using 

dynamic mathematics software, practiced student-centred instruction in their own classes and also 

developed their own research instruments. They acquired knowledge of how active learning instruction can 

be realized in practice and what social constructivist learning really involves.  

The participants noted that if teachers see how a new strategy works and also if they have developed a 

habit of trying something new on their own, then eventually they will start to develop new practices in their 

classrooms. It as like a ripple effe t. The resear her o luded that GeoGebra is useful to visualize 

athe ati s o epts as ell as to reate i stru tio al aterial. …to foster a ti e a d stude t-centred 

learning by allowing for mathematical experiments, interactive explorations, as well as discovery learning. 

…it is freely available for any user - an important aspect for Ethiopia.  

The Zambia Study 

 In the third study in Zambia (Haßler, Hennessy, Cross, Chileshe, & Machiko, 2014), the researcher aimed 

to increase teachers  Technological Pedagogical Content Knowledge (TPCK) through learning about 

GeoGebra. There were two initial training sessions to illustrate the potential of visualisation and to illustrate 

how to use the tools to minimise distraction on the core sessions, and five main training sessions to help 

teachers become familiar with GeoGebra and its pedagogical uses. The third lesson focused on teachers 
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preparing materials for their own lessons to encourage visuospatial reasoning on a topic. In the subsequent 

sessions they taught it to their peers and discussed what occurred during the lessons.  

Zambia Study Results 

The researcher noted that the occurrence of themes related to TPCK as listed in Figure 9. All of these 

were present in at least three of the lessons. However, he reported theme 5 was evident in all lessons. 

Figure 9. Themes for TPCK found in the lessons in Zambia.(Haßler et al., 2014) 

The technology had an effect on the lear ers  athe ati al thi ki g a d pro le  sol i g pro esses, a d 
their disposition to work through a problem and learn independently and through peer interaction. It had 

positive affective results through the appeal of the variety of activities and provision of feedback.  

Discussion of these studies 

These studies all indicate that dynamic imagery mentally, visually, and physically is important in students 

grasping the deeper meaning of knowledge about geometry and its links to algebra especially in terms of 

coordinate geometry and geometric shape properties. The changes in shape were so immediate and the 

physical involvement in activities supported discussions and collaboration between the users of the 

software. In particular, visuospatial reasoning was being encouraged. Even one computer was beneficial in 

assisting students to visualise and argue in terms of the visuospatial representations of the concepts. Thus 

the use of the dynamic geometry software brought change in the experienced teacher educators and hence 

the intended approach to their own teaching in general. By participating in their own teaching experiences in 

The Netherlands and implementing some form of teaching in their home countries with dynamic geometry 

software, these three teacher educator researchers and colleagues learnt to structure and encourage 

discussion and collaboration between students with or without the GeoGebra software and computers. 

There was a shift in their beliefs about enacting theories of learning and teaching.  

Implications for Reform That Builds on Cultural Visuospatial Reasoning and 

Uses ICTs 
The importance of GeoGebra to Papua New Guinea and other developing countries in the region is 

evident by the circumstances, namely the fact that it is a free download, relatively intuitive and it 

encourages a change of approach in teaching and learning. Importantly, the software encouraged 

visuospatial reasoning and this is a particular strength of Indigenous communities as I have shown above and 

in more detail elsewhere (Owens, 2015). The software brought about change in understanding of 

participants but it also brought about a change in teaching strategies. As a result of the innovation, teacher 

1 Effecting working processes and improving production; 

2 Overcoming pupil difficulties and building assurances; 

3 Supporting processes of checking, trialling and refinement; 

4 Focusing on overarching issues and accentuating important features; 

5 Enhancing the variety and appeal of classroom activity; 

6 Fostering pupil independence and peer exchange; 

7 Motivating teachers and pupils through provision of feedback, generating pupil enjoyment and 

interest. 
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educators were using collaborative problem solving and discussion with technology (GeoGebra) and without 

technology (e.g. paper folding). 

With access to GeoGebra, it is now possible for teachers in developing countries to harness the cultural 

potential to visualise mathematical relationships. Not only does it act as a check on a reasoned decision 

about where, for example, a reflected triangle may lie, but it also provides the opportunity for exploration. 

This exploration can be limited if only concrete materials are used as the images are static although thin 

elastic loops provide a reasonable alternative. GeoGebra can provide quickly many different possible 

solutions. However, the most useful aspect is that of dynamic movement encouraging mental visual imagery 

that is dynamic. Visuospatial imagery will be enhanced by encouraging children in their mind (with their eyes 

closed) to move shapes or to manipulate the shape by pulling vertices after using GeoGebra and viewing the 

effects. Weaving can also be dynamically moved from, say, a parallelogram to a rectangle (if made by 

weaving a few strips of pandanus or narrow paper). Such tessellations are possible with GeoGebra too. In 

fact, Eglash and colleagues (Eglash, Ben ett, O Do ell, Je i gs, & Ci tori o, ; Eglash & ‘e sselaer 
Polytechnic Institute, 2003) have developed many ICT innovations that reflect cultural mathematics. Rosa 

and Orey (2012) have also discussed ethnomodelling to illustrate how close links between cultural 

mathematics and school mathematics can be developed. In particular, they note that this provides a link 

between local and global education (Rosa & Orey, 2007). 

However, it is the disposition to investigate that is the most useful outcome from using GeoGebra. If 

students think about what they wish to modify and they predict what might be the result before 

manipulating the shapes on screen, then the exploration becomes an investigation with purpose and 

intention. Intention directs attention. Being able to attend to specific features, to propose hypotheses and 

anticipate outcomes becomes a critical way of thinking that will flow over from geometry to other 

mathematical areas like algebra and sciences. It is noticing the relationship in a pattern that becomes critical 

in the case of algebra. Again the GeoGebra can assist students in secondary and higher levels to want and try 

to investigate and find solutions and relations between graphs and algebra.  

I recall some of my first teaching of mathematics in Papua New Guinea with computers. Being early 

innovators of computing at the PNG University of Technology (early 1980s) we were able to use simple linear 

programming software and statistical graphing software. Computers were then in their infancy but now 

these simple programs have been replaced with more complex and expensive programs that meant a 

reduction in the use of visuospatial reasoning. My recollection is the natural way that the PNG students 

would explore the technology, doing all sorts of things that we as lecturers did not expect. They were not 

worried about having a go ; afterall, having gone so far through school with its non-cultural experiences, 

they had really learnt to take risks. GeoGebra has great potential in developing countries for harnessing this 

risk-taking background for finding solutions to problems. 

In the studies discussed above, the researchers noted that teachers were finding a way of putting 

constructivist theories of learning into practice. With large classes in particular, it is easy for teachers to 

reduce the opportunity for small group work on problems or to reduce the use of teaching aids that will 

assist students to understand concepts and investigate properties and theorems in geometry, number 

patterns and algebra. Together with paper for folding and drawing, a projected GeoGebra screen was used 

for small group discussion in one study. GeoGebra used in any of the ways mentioned in the studies above 

shows that it can be game-changing for teaching practice. Teaching incorporates and extends constructivist 

teaching to enhance cultural dispositions.  

The use of ICTs in early childhood have also been shown to encourage dialogue between learners and the 

development of identity and visuospatial reasoning. Highfield (Highfield, 2012; Owens & Highfield, 2015) 

noted this when linking her studies of children with theoretical perspectives on identity. Visuospatial 

reasoning was being used by quite young children as they manipulated the programmable robots or the 

digital screens and talk with their friends or teachers. 
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	3. About two thousand three hundred years of battle against Euclid’s parallel postulate
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	5. About three hundred fifty years of Romance with Fermat’s last Conjecture
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	6. About two hundred seventy years of Goldbach Conjecture
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	9. Millennium Prize Problems.
	In 2000, the Clay Mathematics Institute (CMI) named seven "Millennium Prize Problems." The Scientific Advisory Board of CMI (SAB) selected these seven problems, focusing on important classic questions that have resisted solution over the years. The Bo...
	(1) P versus NP  (Godel, 1956)
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