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Abstract 
Advances in Information and Communication Technology provide infinite stimuli for enhancing 
mathematics education. This study utilised a technology enhanced learning environment together 
with human consciousness to enable learners to explore the dynamic relationship between area 
and perimeter. A control group consisting of forty grade 5 learners used conventional teaching 
/learning methods while an experimental group comprising the same number of learners in the 
same grade utilised the technology enhanced learning environment. Both groups answered 
questionnaires and completed similar practical activities. While initial activities yielded similar 
results, learners exposed to technology enhanced learning exhibited deeper levels of thinking in 
the complex activities. 

Background 

Recent studies of the South African education system and mathematics in 
particular, have revealed an education system in a state of crisis. Studies 
conducted at higher institutions of learning and statistics of evaluation and 
assessment at schools paint a bleak picture. A result of a study on first-year 
university students’ understanding of elementary calculus at the Durban 
University of Technology revealed that students did not have a basic 
understanding of the concepts of area, perimeter and volume (Naidoo, 1998). 
Statistics reveal that of the 1.7 million learners enrolled in public schools for grade 
1 in 1995 only 500 000 reached grade 12 in 2006, and of those only 25 000 got 
mathematics exemptions (Hazelhurst, 2007). It has been asserted that learners who 
struggle with mathematics do not understand fundamental concepts that ought to 
have been in place at elementary level (Daniels, 2007). In addition, the 2006 
Department of Education Systemic Evaluation Report revealed that 8 in 10 
children were not achieving in mathematics, with achieving referring to attaining 
50% or more in a grade 6 assessment task (Pandor, 2006). This supports the theory 
that the reasons for the lack of performance at higher institutions lie in the poor 
foundations acquired at primary school level. These poor foundations may be 
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attributed to archaic teaching methods and/or an outcomes-based approach which 
fails to address the conscious entity in learners (Naidoo & Naidoo, 2006). 
Furthermore, there is a dire shortage of qualified mathematics educators with 
mathematics being taught mostly by educators who are not qualified to teach it 
(Daniels, 2007). The latter assertion is quantified by Hazelhurst (2007) who 
provides the statistic that only 15% of mathematics educators are qualified. 

In an attempt to redress the aforementioned imbalances, the researcher took 
cognisance of the rapid advances in Information and Communication Technology 
which have provided infinite stimuli for the enhancement of learning in all fields 
of education, mathematics being no exception. However, the fact that learners are 
conscious beings could not be ignored. The significance of consciousness may be 
gleaned from the view that, “consciousness is the key element of higher human 
cognition and in fact. . .would be what separates us from...machines” (Haikonen, 
2003, p. 144).Therefore the model of learning proposed in this study constitutes a 
pedagogical approach utilising technology enhanced learning and human 
consciousness as integral components. 

Key Elements of the Study 

Before proceeding with the mechanics of the research, an examination and 
justification of important components of the study follows. 

Technology 
The use of technology enhanced learning is an essential component of this study. 
The advantages of technology enhanced learning are well documented and there 
exists a plethora of research into the effectiveness of this learning medium and the 
manner in which it can be implemented (Karuppan, 2001). For the purposes of this 
study, features in basic software allowed learners to experience mathematical 
concepts differently when compared to conventional teaching methods. This study 
utilised a technology enhanced learning environment to grant learners the 
opportunity to explore area and perimeter as dynamic and related concepts. 
Learners used the grid and auto-shape features in Microsoft Word within an 
interactive local area network to discover the dynamic relationship between area 
and perimeter. They were able to manipulate quadrilaterals and triangles within 
the confines of the grids they created to calculate area and perimeter, thus 
discovering their dynamic relationship. The researcher employed networking 
software, VNC Viewer 4, to facilitate collaborative learning and AutoScreen 
Recorder (Figure 1), to assist with assessment. Technology is of utmost 
importance to the teaching of mathematics because, “Children learn about shapes 
and space most effectively through active engagement with toys, puzzles, 
manipulatives, drawings and computers” (Clements, 1999, p. 48). Furthermore 
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technology is inextricably linked to consciousness in that it plays an integral role 
in providing the stimuli to influence learners’ perceptions of space and shape in 
this study. 

Figure 1: Screen dump of AutoScreen Recorder 

 

 

 

Area and Perimeter 
The concepts “area and perimeter” as teaching/learning aspects were selected for a 
number of reasons. Firstly, educators often found that learners had difficulty with 
it. This may be attributed to misconceptions, confusing area with perimeter, or a 
total lack of knowledge of the concept (Leung, 2001). In addition, understanding 
how the concepts of area and perimeter are used in everyday life become difficult 
for learners to grasp (Hernandez, 2008). Thirdly, a study on first year university 
students’ understanding of elementary calculus at the Durban University of 
Technology revealed that students did not have a basic understanding of the 
concept of area (Naidoo, 1998). Finally, knowledge of shapes and their 
measurements play an important role in determining the foundations of 
mathematical thinking in a child. Spatial thinking is integral to making sense of 
problems and in representing mathematics in different forms such as diagrams and 
graphs (Owens & Perry, 2007).  
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The activities on area and perimeter in this study required learners to construct 
grids in Microsoft Word and to manipulate rectangles, parallelograms and 
triangles to calculate area and perimeter. In so doing, learners discovered the 
relationship between area and perimeter. Figure 2 and Figure 3 are excerpts from 
these activities. 

Figure 2: Activity on the relationship between area and  
perimeter of a parallelogram 

 

Examine these rectangles. Draw the grid lines and compare their areas. 

 

 

 

   

 

  Area = L x B          Area  = L x B 

    = 4cm x 3cm            = 6cm x 2cm 

    = 12cm2            = 12cm2 

Now compare the perimeters. 

  Perimeter = 2(L + B)        Perimeter = 2(L + b) 

        = 2(4cm + 3cm)               = 2(6cm + 2cm) 

        = 2 x 7cm              = 2 x 8cm 

        = 14cm                   = 16cm 

Therefore the relationship between area and perimeter is demonstrated. Area remains constant while 
perimeter is dynamic. 

PS. Learners can physically manipulate the shapes by clicking on and dragging them to alter the area and 
perimeter. 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Figure 3: Activity on the calculation of area of a triangle 

Now that you have discovered that area of a rectangle is l x b, look at the parallelogram below.  

          4cm 

 

   

  Area = l x b 

        3cm  = 4cm x 3cm 

  = 12cm2 

 

 

 

 

 

 

   

Calculate the area of the parallelogram. Find the shortest method. You may move the shape around. 

  4cm 

 

 

 

     3cm 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Consciousness 
In the context of this study, literature regarding the study of consciousness 
requires closer examination, especially in relation to technology enhanced learning 
and the teaching of mathematics.  

Therefore a key question that needs to be answered is: What is consciousness? Of 
particular significance and relevance to this study is the view that consciousness is 
“the capacity of a system to respond to stimuli” (Bentov, 1978, p. 77). The system 
being referred to is the human nervous system. It is of relevance to this study in 
that stimuli are used to influence learners’ perceptions of space, shape and time. In 
this regard, the theory of relativity emphasises the “notion that no matter what we 
observe, we always do so relative to a frame of reference that may differ from 
someone else’s, that we must compare our frames of reference in order to get 
meaningful measurements and results about the events we observe” (Bentov, 
1978, p. 4). This blends in with the mechanics of this study which address the 
different perceptions of space, shape and time and how technology can be used to 
influence them. According to a prominent figure in the study of philosophy and 
the human mind, “Consciousness is the central fact of specifically human 
existence because without it all the specifically human aspects of our existence — 
language, love, humour, and so on — would be impossible” (Searle, 1984, p. 16). 
This postulation is in line with the basic tenets of this study as mathematics is 
regarded as a language. Therefore consciousness is integral to the study of 
mathematics.  

Correlating with the postulation of language as an indicator of consciousness is 
Chomsky (1968) who espoused that deep structures of the brain are inborn. One 
implication of this is that learning new languages does not change the way you 
think or what you think about, as this would be a surface structure, but learning 
new concepts would do this. In essence he is implying the existence of an innate 
universal grammar. This in turn, 

. . .implies the existence of some genetically determined neural machinery 
capable of providing the restrictive framework within which the 
acquisition of an actual language can occur. Ultimately, we may hope to 
understand the nature of the neural machinery and its behaviour, but 
meanwhile there is no reason to doubt its existence. (Glynn, 1999, p. 290) 

The latter points of view reinforce the notion of the existence of consciousness and 
the framework it provides for learning. Although emphasis is placed on the 
acquisition of language, as previously mentioned mathematics is regarded as a 
language in this study. 
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Certain theories draw a concrete relationship between consciousness and 
mathematics. This is line with the aims of this study and explains the reciprocal 
relationship between consciousness and mathematics taught in an enhanced 
environment, in this case technology enhanced:    

Consciousness has a finite logical or mathematical structure. This 
structure does not exhaust its essence. It hardly touches on it, but it is an 
essential aspect of conscious experience. Mathematical limits are limits 
on structural possibilities and these in turn are limitations on 
consciousness. These limits include boundary conditions for creativity. 
Within those boundaries and with sufficient physical resources, 
consciousness can expand without limit. (Budnik, 2005, p. 2) 

Recent advances have encouraged neuroscientists to examine the relationship 
between mathematics, technology and consciousness in a different light. 
Stanislas Dehaene recognises that mathematics is simultaneously a product 
of the human mind and a powerful instrument for discovering the laws by 
which the human mind operates (Holt, 2008). He also acknowledges the role 
of new technology in addressing the ancient philosophical (and 
mathematical) questions of shape, space and time. This is of direct relevance 
to this study and also places the significance of this research in context in 
terms of contemporary value. 

The Mechanics of the Conscious Approach to Pedagogy 

This study utilised a case study scenario with the control group using conventional 
teaching strategies as practised in a typical South African mathematics classroom, 
and the experimental group being exposed to technology enhanced learning in a 
local area network environment. Therefore the latter has to be illustrated in 
relation to the former.  

Conventional Learning Environment 
The learner reacts to the learning material or activity, which is usually paper-
based, by responding with their initial perceptions (Figure 4). This is mainly due 
to the static nature of the learning media. 

Figure 4: Schema of a conventional learning experience 

 

 

 
Initial Perception = Output 
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Technology Enhanced Learning Environment 
The learner interacts with the learning activity via the software. The stimuli 
provided by the interactive nature of the learning activity and the different options 
it affords the learner, enables the learner to engage his/her cognitive processes to 
formulate alternative perceptions of the activity at hand (Figure 5). 

Figure 5: Schema of a technology enhanced learning experience 

 

 

 

 

 

 

 

Methodology 

Following is an indication of, and justification for the methodology used in this 
study. 

Research Approach 
This study utilized both qualitative and quantitative aspects. The qualitative 
approach enabled a better understanding of the experiences, opinions and 
perceptions of participants. This is qualified by the view that the qualitative 
research approach elicits participant reports of meaning, experiences or 
perceptions (Fouche & Delport, 2002). The emphasis was on the interpretative 
paradigm. 

The quantitative approach used certain statistical methods. These included 
frequency counts and the use of tables and graphs to illustrate averages, 
distribution of scores and difference. A case study methodology was used to gain 
an in depth understanding of the perceptions and experiences of learners in their 
interaction with the Technology Enhanced Learning Model. Stake (1995 as cited 
by Creswell, 2003) and Merriam (1998) provide more detail with regard to the use 
of case studies by suggesting that case studies allow for in depth exploration of an 
event, an activity, a process, an individual or a group of individuals. At the same 

1. Initial Perception 

2. Stimuli 

3. Technology Enhanced Perception = Output 
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time a control group was established. The control group consisted of forty grade 
five learners who were exposed to conventional teaching methods. The 
experimental group consisted of forty grade five learners who used the 
Technology Enhanced Learning Model. Using a control group allowed the 
researcher to control for the effects of the experiment itself (Babbie, 1989). In 
simple terms, the control group also provides a yardstick to measure the success or 
failure of the experiment. In addition to the above, detailed information was 
collected through the use of a variety of procedures which were the questionnaires, 
the activities and the recordings gleaned from the AutoScreen Recorder. Therefore 
the researcher was able to increase validity of this research. Through triangulation 
of these research strategies cross-validation was achieved: “Triangulation is part of 
data collection that cuts across two or more techniques or sources. Essentially, it is 
qualitative cross-validation” (Wiersma, 1991, p. 233).  

Two questionnaires were used to collect data on participants’ perceptions and 
experiences. The first questionnaire was directed at the learners in the 
experimental group. The respondents for the second questionnaire were the 
learners in the control group. The researcher opted for the use of the questionnaire 
because it has less bias possibilities. The questionnaires ensured anonymity, were 
cost effective and permitted data collection from a large sample (Gay, 1992).  

Sampling 
Purposive sampling was used to select the research site. This sampling method 
was used because the sample was likely to provide information-rich data about the 
phenomena being investigated (White, 2003). Due to the nature of the research the 
selected school had to meet certain criteria. These criteria were: 

• A fully networked computer laboratory with at least 40 computers. 
• A server to handle the appropriate software. 

The participants were selected through a process of purposive sampling. The 
sample was composed of elements which contained the most characteristic and 
representative attributes of the learner population (McMillan & Schumacher, 
1997). Age was not a significant factor in the sampling process due to the 
participants being in the same grade. It follows naturally that learners in Grade 
five would fall in the 10–11 year age group. However the researcher had to ensure 
that there was fair representation as far as gender was concerned as studies have 
shown that there is a discrepancy in performance in mathematics between boys 
and girls (The Annual Report of Her Majesty’s Chief Inspector of Schools, 2005). 
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Findings and Discussion 

The findings of this study are based on the analysis of the activities on area and 
perimeter, and the questionnaires. The results are presented in the form of a 
comparison between the experimental and control groups.  

Activities 
Figure 6 compares the percentage of learners who were able to calculate the areas 
of a square, rectangle, parallelogram and triangle in the control group and 
experimental group respectively. An examination of the data reveals a difference 
of 10% and 2.5% in the percentage of learners that were able to calculate area of 
square and rectangle respectively. This may be attributed to the fact that these 
were fairly basic calculations and did not require much external stimuli. However 
analysis of the data regarding calculation of area of the parallelogram and triangle 
reveal differences of 30% and 60%, respectively, in favour of the experimental 
group. Therefore these significant discrepancies may imply that technology 
enhanced learning provides stimuli which influences the perceptions of learners.  

Figure 6: Comparison of the calculation of area  

 

 
Figure 7 compares the percentage of learners who were able to calculate the 
perimeter of a square, rectangle, parallelogram and triangle in the control group 
and experimental group. An examination of the data reveals a difference of 5% in 
the percentage of learners who were able to calculate perimeter of a square. Again, 
this may be attributed to the fact that this was a basic calculation and did not 
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require much external stimuli. However analysis of the data regarding calculation 
of perimeter of the rectangle, parallelogram and triangle reveal differences of 
20%, 50% and 15%, respectively, in favour of the experimental group. These 
statistics place the utilisation of technology enhanced learning as a medium of 
stimulating consciousness in learners in a favourable light. 

Figure 7: Comparison of the calculation of perimeter 

 

 

Questionnaires 
The responses to the questionnaires have been tabulated into six broad categories 
and presented in Table 1. 

Table 1: Responses to the questionnaires 

Control 
Group 

Experimental 
Group Categories 

Yes No Yes No 
1. I answered spontaneously 100% 0% 20% 80% 
2. I answered after experimenting with the shapes 0% 100% 80% 20% 
3. Moving the shapes influenced my responses 0% 100% 70% 30% 
4. I was able to see the difference in space and shape 20% 80% 95% 5% 
5. When perimeter of a rectangle changes, area remains the same 10% 90% 65% 35% 
6. When perimeter of a rectangle changes, area changes 80% 20% 35% 65% 

 

The responses in Table 1 are clearly in line with the aims of this study. The first 
four categories illustrate the effects of technology enhanced learning in stimulating 
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learners’ consciousness. The fact that they were influenced to revisit their 
perceptions of shape and space contributed to their ability to successfully negotiate 
the mathematical problems at hand. This is line with the basic premise of this 
study that consciousness is the capacity of the human mind to respond to stimuli 
(Bentov, 1978). In addressing another important aim of this study, the responses to 
categories five and six elucidate the value of technology enhanced learning in 
enabling learners to grasp the dynamic relationship between area and perimeter. 

Conclusion 

Analysis of data gleaned from this study revealed certain discrepancies between 
mathematics taught in a conventional classroom environment and mathematics 
experienced in a technology enhanced environment. The word ‘experienced’ is 
used because it is evident that the latter method involves stimulation of learners’ 
cognitive processes through the manipulation of space and shape. Apart from the 
mechanical aspect of enabling learners to grasp an understanding of the dynamic 
relationship between area and perimeter, the pedagogical approach postulated in 
this study also illustrates the intertwined nature of mathematics, technology and 
consciousness (Budnik, 2005; Holt, 2008). The research performed is very much 
at an exploratory level. This study opens up the possibility for further research 
incorporating other aspects of mathematics as well as other learning areas. 
Furthermore, more intensive research on how the cognitive processes interpret the 
stimuli provided by technology will serve either to enhance or refute the 
conclusions of this study. 
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