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Abstract: The increased interest for developing new representation techniques and tools for proving and 
demonstrating basic mathematical propositions and concepts is the forefront of educational research worldwide 
in the area of e-learning for mathematics. Although many novel ideas have been proposed for illustrating basic 
mathematical (i.e. geometrical) concepts, currently there is a lack of effective methods to dynamically reproduce 
an alternative representation of the underlying concepts. The proposed approach introduces valuable explanatory 
tools for efficiently supporting the learning objectives, enabling students to reach the core of each notion. In this 
work, a digital multimedia methodology is presented which implements the above dynamic representation 
approach. Recent, state-of-the-art trends in multimedia technology related to modern two or three-dimensional 
(2D or 3D) object modelling are utilised in order to efficiently reproduce a virtual mathematical environment in 
which selected mathematical concepts. Apart from the time-dependent dynamic representation, advanced user 
interaction features are also supported for determining various representation parameters (such as the view and 
lighting position, as well as the time resolution / speed). Additionally, accurate 3D sound projection techniques 
are employed in cases that the spatial sound information enhances the illustrated perceptual effect. For 
convenient access of the multimedia content, the proposed methodology includes a web interface and a 
multimedia database, offering advanced searching capabilities. In order to evaluate the performance of the 
proposed multimedia framework, a number of geometrical concepts are selected and applied for the instruction of 
corresponding high-school and university courses and will be presented in detail. The application of the proposed 
multimedia approach in these courses has shown that it achieves high student learning rates, even to non-
mathematically-literate students, while it allows the teacher / lecturer to explain basic concepts that are otherwise 
difficult to introduce using conventional media. 
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1. Introduction: Knowledge, teaching and learning 
The widespread development of digital media and multimedia technologies in the evolving information 
society can offer educators within a wide range of educational levels (schools, colleges and 
universities) a robust, effective and flexible methodology for developing new learning tools and 
paradigms, based on digital presentation methods and interaction. In this work we particularly focus in 
the area of mathematics, which is characterised by a wide range of examples and case studies. 
Various research examples may be mentioned including the application of such techniques for 
students with or without communication difficulties (Deliyannis and Simpsiri 2008; Deliyannis et al. 
2008). It has been shown that the unification of information under interactive multimedia systems can 
lead to better comprehension of content and aid the communication process. In the case of students 
for example, the combination of animated graphics, video, sound, text and virtual reality under a 
system with supporting strategy and concrete interactive design can lead to better content 
comprehension. Many have already used multimedia technologies to develop interactive systems 
based on socio-cultural learning theories, including the learning via doing, installed knowledge theory 
and constructivism (Barab 2003; Dutton and Loader 2002; Sheizaf et al. 2004). This certainly 
indicates the flexibility of e-learning systems where non-verbal communication and rich-media 
presentation of content are common system characteristics, is the main difference between existing 
and future e-learning systems, where user-customisation is based on personal abilities (Deliyannis 
2007).  
 
Many believe that teaching is a goal-oriented procedure that aims to transfer knowledge and 
experience to the learner in an effortless and easily accessible manner. In fact, the educator aims to 
provoke, reinforce and strengthen the learning process beyond the transfer of information, ultimately 
enabling the student to produce new knowledge. According to the research of John Dewey, Carl 
Roggers and Paulo Freire, the educational methodological research and development has often 
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recognised and mentioned the importance of the subjective experience of the child, and more 
particularly the need to integrate theory with experience. Hence, it is necessary a more dynamic 
learning process to be established beyond the traditional model which is shown below.  
 

teacher = “transmitter” / child = “ receiver” 
 
Subjective past experiences are considered to have positive value when they prepare the individual to 
accept and affiliate new and more complex experiences and information. Therefore, experiences 
should function accumulatively and they should interact. As a result, the act of learning is considered 
the construction of new knowledge instead of knowledge acquirement. Here, a learner-focused 
approach is of great importance, in which the active interaction between the child and the content is 
essential. In the literature, Jean Piaget, John Dewy, Jerome Bruner and Lev Vygotsky are principal 
researchers who underlined the importance of “past experience”, “active learning object / subjective 
meaning construction” and “social environment” . To them, the main aims of educators focus on the 
regulation of the learning environment and the experiences that derive from it. In other words, the 
main task of the educator is to recognise which is the right environment that may offer these 
experiences, which may lead to the appropriate development for the learning individual. New 
experience and information is linked to those already obtained by the student and as a result, existing 
subjective representations and views are updated.  
 
Piaget’s classical genetic epistemology mentions that human mental development can only occur 
progressively and the structure of knowledge is being organised through the interaction of past and 
new experiences, activities and reactions of subjects and objects in the social learning environment. 
His four levels of cognitive development deal with the ability of the child to understand and affiliate 
new information in the existing cognitive system, commonly referred to as “installed knowledge”. 
Three basic procedures are being distinguished according to Piaget’s development of formal thinking: 
Assimilation, Accommodation and Reversibility. All three have to do with the adjustment of the 
information of the objective outer world into the already installed knowledge in each stage of the 
mental development of the child. New information interacts with old. The child relatives its already 
installed knowledge to the new one and as an outcome its future perception changes.  
 
More contemporary researchers (Cunningham 1993; Duffy and Knuth 1993) give emphasis to the 
constructivistic principles and suggest that “constructivist learning settings are those which 
concurrently provide experience in the knowledge construction process; provide experience in and 
appreciation for multiple perspectives; embed learning in realistic and relevant contexts; encourage 
ownership and voice in the learning process; embed learning in social experience; encourage the use 
of multiple modes of representation and encourage self-awareness in the knowledge construction 
process”.  
 
Other major contributions about the importance of learning environments is the inductive, cognitive 
structures discussed in the literature (Bruners 1960; Bruners 1966; Bruners 1973; Bruners 1983) and 
the internal and external conditions and principles of learning (Gagne et al. 1992). Gagne states that 
there are nine events which correspond to the main cognitive processes: gaining attention (reception); 
informing learners of the objective (expectancy); stimulating recall of prior learning (retrieval); 
presenting the stimulus (selective perception); providing learning guidance (semantic encoding); 
eliciting performance (responding); providing feedback (reinforcement); assessing performance 
(retrieval) and enhancing retention and transfer (generalisation). 
 
Kenneth Arrow has used the concept of “learning by doing” in economic theory, which refers to 
“practice” as having a key role in the improvement the productivity and achievement of technical 
innovation and growth. Other researchers have examined whether there is a correlation of past 
experience and raise of productivity in new activity especially when the use of new technology is 
involved (Jovanovic and Nyarko 1996). They took under consideration side parameters that interfere 
for or against the gain of productivity in relation to working with using new technologies and noticed 
the difference between short and long term productivity growth. To state their results “... once the 
productivity gains on a given technology are exhausted, further growth can occur only by switching to 
a better technology but the switch of technologies often reduces expertise. ...Indeed, an agent may be 
so skilled at some technology that will never switch again, so that he will experience no long run 
growth”.  
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2. Multimedia technologies and learning 
Most educational theories examine the new possibilities that rise from the technological development 
and innovations in the area of transfer and access of information through information society 
technologies that takes place during the last decades. Currently, technological tools that support the 
learning process are being advanced in most cases without particular focus to the representational 
needs of the underlying content. This results in the utilisation of the same technologies and 
representation techniques whether the subject is mathematics or literature. It is certainly possible to 
provide a more function-able and affective knowledge transfer if one takes advantage of multimedia. 
These technologies allow developers to coordinate and intermix different media elements such as 
text, video, sound and graphics into a unique presentation and even more to give the possibility to the 
learning object to self-regulate the speed and other aspects of the learn process through interaction 
(Deliyannis 2007). Educators and teachers may even adopt methodologies used by advertisers, who 
actively utilise the transmitting power of the combination of moving images, sound effects, text and 
interaction in order to transmit messages and to influence the audiences.  
 
When developing and designing learning multimedia tools and applications that focus particularly in 
the area of education, it is important first to investigate how human cognitive architecture is structured 
and which are the basic mechanisms that determine information processing in the human brain. Major 
classical and contemporary theoretical models in the area are briefly summarised below while the 
basic principles are being extracted and outlined to help as a guideline for an illustration of our 
example. The classical Atkinson-Shiffrin memory model describes that human memory processes are 
being organised there exist three basic stages: Sensory memory, Short - term memory and Long - 
term memory (Atkinson and Schiffrin 1968). 
 
After the information is transferred through the different channels and sensed by the receptors, eyes 
and ears for example, the audiovisual input is being registered from the sensory register and then 
recognised and discriminated through a perceptual mechanism. The sensory register or sensory 
memory includes additional sub-memory systems, which are associated with the different senses. 
Two basic such systems include the iconic memory (visual memory), which lasts 1/2 to 1 second and 
the echoic memory (hearing), which lasts maximal 5 seconds. The information enters then the short-
term or so called working memory and “arrives” to the long-term memory. They are both characterised 
through their storage function and their main difference is the fact of activated or not activated 
knowledge. During the short-term memory (STM) the treating and editing process of information 
continues and this is a conscious working process, many call it Working Memory, which pauses when 
our attention fades out. Its main duty is to elaborate, organise and integrate information and 
subsequently to store it in the long-term memory, in a process called Encoding. The short-term-
memory can use information that comes from the sensory memory as well as retrieve information 
from the long-term-memory. The process of retrieving information from the long-term-memory is 
called Rehearsal. Stimulations and information from the outer world are being compared and interact 
with those that are in our long-term-memory i.e. our installed knowledge. This notion is of great 
importance in the learning dynamics, it is related to J. Piagets assimilation and accommodation 
process, and should be taken under consideration when designing and developing multimedia tools 
(Piaget and Inhelder 1969). Learning is then affective when the content from the long-term-memory is 
easily retrieved in the working memory. 
 
Although there are techniques, which may aid to expand the duration of human working-memory, its 
capacity is small, about seven items, for example digits such telephone numbers and it lasts normally 
about 17-25 seconds. As soon as one stops to elaborate and attends a task the short-term memory 
fades. There have been attempts such as the Cognitive Load Theory, discussed briefly below, which 
try to optimise working memory in order to make information processing more efficient. The final stop 
of the information cognitive journey is the long-term-memory. The long-term-memory contains all the 
information that is being stored in our lives. Researchers assume that all the information, conscious 
and unconscious, is held there and can be recalled by all healthy people. For instance, with the help 
of hypnosis one may be able to reproduce unconscious contents. When a person cannot recall 
particular information that is in the long-term-memory means that the route to reach it was lost, and it 
cannot be located although it is still stored. There are techniques developed which help to strengthen 
the long-term-memory performance.  
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According to (Tulving 1985), information is being organised and linked in the long-term memory 
according to its meaning. Tulving distinguished three components of the long-term-memory: Semantic 
memory, which includes abstract knowledge such as concepts and ideas, episodic memory - this of 
situations and events and Procedural memory that has to do with the skills someone has developed. 
Alan Paivio (1969) in his dual-coding theory of cognition postulates that there are two different and 
distinct channels or systems for storing information, one for storing verbal information and one for 
storing visual information. These channels have limited performance, which implies that there is a 
difficulty in the simultaneous attention of many different auditory and visual contents. Offering visual 
information that is explained by narration can be very affective as in documentary films. Similarly, 
when one learns a foreign language by reading and listening simultaneously is clearly beneficial, 
since the auditory part of narration is transferred through the verbal channel and the visual through 
the visual system or channel and they can function complementary.  
 
The above theories and observations are linked directly to the design of the learning process. 
Courseware developers should make thoughtful planning during the design and the development 
phases of multimedia tools and presentations. The speed for example by which the information is 
presented should be well considered so that the learner can switch between the information channels 
(time sharing). When multimedia information is being presented very fast, a user-channel may block. 
This was mentioned by Toby and Andy Hede:“Where more complex delivery is offered, it is crucial for 
designers to provide some functionality to allow learner control of the input” (Hede and Hede 2002).  
 
Cognitive Load Theory was developed in order to deal with the restricted human working memory and 
to deliver techniques that help to improve knowledge delivery. It focuses mainly on the acquisition of 
complex knowledge, which includes information units that interact with each other and require high of 
cognitive performance. According to Van Gerven, it is “an instructional theory that starts from the idea 
that our working memory is limited with respect to the amount of information it can hold, and the 
number of operations it can perform on that information”. Cognitive load is related to intrinsic, 
germane or extraneous demands where intrinsic load corresponds to whether the content that has to 
be learnt is simple or complex. Normally, the more interactivity exists between the elements of the 
content to be learned, the bigger the complexity for the learner. This is a factor that cannot be 
changed. On the other hand, germane and extraneous load can be both modified in order to reduce 
the complexity of what is to be learnt. One of the major investigators in the area of cognitive load 
theory states: “Extraneous cognitive load, by definition, is entirely under instructional control. It can be 
varied by varying the manner in which information is presented and the activities required of students“ 
(Sweller 1994). The decrease of extraneous cognitive load increases the germane load, which 
concerns the self-effort to learn. The material to be learned has to be presented by the multimedia 
designer in a way that the total cognitive load is as limited as possible. Sweller also distinguishes 
“schema acquisition” and the “automation of intellectual operations” as the two processes on which 
“the intellectual mastery is overwhelmingly dependent on”. A schema is a cognitive construct that 
provides important help in the acquisition of all skill and knowledge in a way that they deliver 
organisation and categorisation of information and solution modes. If schemas are being used 
properly in the design process of information transfer extraneous cognitive load can be essentially 
reduced. The passing from controlled processing of information to automatic is the second 
determinant for the decrease of the extraneous cognitive load and the overall effort to acquire new 
knowledge. “Controlled processing occurs when the information at hand is consciously attended to. 
Any cognitive activity that requires deliberate thought is being processed in a controlled fashion...”. 
Well learned material can be processed automatically without conscious effort allowing attention to be 
directed elsewhere. Both schemas and automation of processing are basic factors, which decisively 
influence the load of the short-term memory and increase its capacity. 

3. Introducing the interactive multimedia educational methodology 
When developing educational multimedia tools and applications, it is important to consider the 
following basic rules that derive from the study of human cognitive structure and mechanisms of 
processing information. The principal goal of the end-system is to provide a helpful learning 
environment with rich audiovisual stimulation, simulation. This practically translates to a clear 
presentation of the content and its digital presentation and reduction of unnecessary or distracting 
information, avoiding redundancies that may result in loss of attention.  
 
Numerous factors that aid in this direction include the users’ ability to control the environment, a fact 
that allows learners to affect the speed by which information is provided. Searching may be 
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considered another helpful control-enabling mechanism that can positively affect learning. The 
amount of audiovisual stimulation should be enough to make the presentation attractive but should 
not abstract the users’ attention. Meaningful and consistent use of the various media formats is an 
important factor that may be compared to textbook consistency using layouts and visual aids. 
Simplified simultaneous media presentation is essential as short-term memory is restricted in different 
format stimulations. The split-attention principle states that words should be accompanied by 
concurrent visualisation of graphics and pictures and not sequential. Other general principles and 
rules require avoiding redundancies, overlapping and duplication of meaning. According to (Sweller 
1994) the use of previously acquired schemas in animated structures enable the generation of 
solutions and increase acquisition and automation. The same researcher states that animated 
schemas should be constructed to organise multiple elements of the same content that interact with 
each other so that can function as element themselves for future more complex knowledge 
acquisition. Finally, the developers need to provoke the eidetic memory, or in other words the ability to 
recall images, sounds, or objects in memory with extreme accuracy and in abundant volume. The 
word eidetic relates to extraordinarily detailed and vivid recall of visual images, and comes from the 
Greek word “είδος”, which translates to "form". 
 
The framework described below presents the relationship between the field-experts, the developers 
and the audience. The same educational multimedia methodology is employed across various levels 
of system-completeness and for different system complexities, to embrace the interactive and visual 
presentation needs of particular content requirements. One may utilise an overlapping set-diagram 
representation, to describe the relationships between the various groups [Figure 1].  

 
Figure 1: The proposed methodology interrelation between users, developers and observers 
Framework-areas may be coloured, to indicate individual and overlapping party-roles. Arrows may 
indicate group-interaction across the system. Set unions (A, B, C, and D) indicate higher-order 
interaction, say between groups in system-construction mode for a simple or a more complex system. 
Such a system is an implied product of the developers’ domain. These encompass large conventional 
and dynamic case studies and educational domains. A key observation is that the intended use of 
each system, determines a number of governing factors. These include the necessity for customised 
content-organisation, the development of a content-oriented UI and interaction that reflects the nature 
of content and provides suitable connectivity. From the outset of the present study, various different 
development avenues have been assessed for suitability. This would include programming 
languages, MM authoring-software and commonly used learning applications. The availability of 
architectural multimedia standards, specifically designed for content presentation, such as the 
ISO/DIS 14915, support the view that using such a platform for multiple data-types, offers numerous 
advantages over possible alternatives. This view is strengthened, through the realisation that these 
tools are able to handle vast quantities of data effectively, whether located-remotely or not, and 
without conversion. A content-based approach needs to be adopted: suggesting new methods to 
organise data for complex research problems, whilst optimising the presentation-process, analysing 
data-related dependencies and characteristics.  
 
In the case of courseware we have developed a case study that aims to teach a complex 
mathematical problem to students. This particular example involves the calculation of the area of a 
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circle. First a circle is drawn which is subsequently separated into coloured bands as shown on Figure 
2. The next step involves the deformation of bands into stripes, which are then horizontally stacked 
into a triangle. The animation process creates all the intermediate frames, resulting in a smooth visual 
result. Special care is given in the selection of the colour palette, to care for a visible end-result. The 
process is completed at the next stage where the mathematical concepts are imposed to the 
graphical representation, enabling students to appreciate the geometrical aspect of the deformation 
and the equation used to calculate the area. Appropriate measures such as 2πρ and ρ are 
superimposed on the triangle to enable thorough understanding of the equation. The area of the 
triangle is presented as an approximation based on the original circle shape, via the animation, 
enabling students to appreciate the concepts of circle-to-triangle transformation, its relation to other 
geometrical shapes and the mathematical error that is introduced in the subdivision process. This 
permits the same example to be used as a simulation tool, in order to describe the true meaning of 
error and its proportionality to the number of sub-divisions. More subdivisions may be employed to 
reduce the error introduced in the process. Note here that the presentation may be set to run using 
different parameters as far as level of circle subdivision is concerned. The fact that vector graphics 
are used in the animation procedure enables the user to zoom-in on the edges of the triangle in order 
to observe the “staircase effect” that may range from clearly evident with few subdivisions to almost 
invisible when they are increased.  

 
Figure 2: A mathematical example 
It is important to view how the methodology describes the roles of the parties involved in the 
development of content. Commonly, the concept and the demonstration process are designed by 
field-experts, and the developers subsequently set the technical specifications through 
communication with the experts who in turn validate and ultimately approve the design choices. Under 
this scenario, the audience does not normally take part, until the learning phase starts. Yet, in our 
case, this particular case study was used under a university-lab setting within a “Mathematics in Arts” 
course, where students had to mathematically describe the concept, model it using 3D software and 
present it back to the class. It is obvious that the above framework is able to describe complex 
interaction between developers, experts and audience, particularly when the audience is also the 
developer.  
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The proposed educational framework enables mixed roles to be clearly described under educational 
content development. This is particularly important today, as experience is not necessarily limited to 
schools and libraries but it may source also from individuals. Having the ability to create courseware 
on any subject without limitations may be contrasted to the development of the Internet where user-
projects have grown to huge libraries of information. Our research has shown that this flexibility to mix 
the roles is essential. 

4. Conclusions 
The continuous evolution of digital media and multimedia technologies is already affecting the 
educational process, taking advantage of the various means of multimedia distribution over high-
speed data networks. Moreover, the integration of multimedia technologies with advanced interaction 
methods provides new means of dynamic representation for almost every aspect of education, by 
offering to the teacher valuable explanatory tools for efficiently supporting his lesson. Towards this 
aim, in this work a digital, interactive multimedia framework was presented, which implements the 
above dynamic representation approach. The proposed framework combines all the recent, state-of-
the-art trends in multimedia technology related to modern two or three-dimensional (2D or 3D) object 
modelling in order to efficiently reproduce virtual educational environments. In order to demonstrate 
the usage and efficiency of the proposed framework, a specific, legacy mathematical concept was 
selected, designed and applied on the framework, showing that new media technologies can render 
the educational/teaching process more effective from both the teacher and student views. Future 
enhancements of the proposed framework will include the design of a simple Application Protocol 
Interface (API), which will offer to the teacher a valuable and efficient tool for easily and dynamically 
representing complex ideas and aspects. 
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