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Abstract

Geometrical education using 3D animation prin-
ciples and tools represents a new methodology ap-
proach and its final result is presented on new way, 
as multimedia tool. The originality of the paper is 
based on interdisciplinary approach and use of new 
technologies. The method derived from the overlap 
of multiple disciplines such as architecture, struc-
tural systems, descriptive geometry, computer ani-
mation and programming. Teamwork is comprised 
of different disciplines since the authors working in 
different domains of architectural studies. This pa-
per is presented as a visual dynamic educational tool 
for students of technical and applied arts faculties. 
The aim is to simplify the perception of geometric 
forms and the process of their construction. The re-
sults leads to the production of geometry with com-
plex topology and could be more developed. So, the 
results are multilayered, and are the solid basis for 
further scientific research and further development 
in practice. The geometrical education target group 
is the students of the technical and art faculties. It 
is necessary to emphasize that this work is the be-
ginning of our further scientific research papers in 
different areas due to an interdisciplinary approach. 
These areas are: geometrical education, pedagogi-
cal theory and psychological aspects of teaching and 
experimental design in architecture. Aspects and re-
search results presented in this paper are: the basic 
structure of multimedia learning aid, production 
methodology, and the final application in education.

Key words: Geometrical education, experi-
mental design, computer animation

1.  Introduction

Perception and construction of geometrical space 
is the most essential needs in the education of both 
art and engineering students, especially the technical 
and technological filed. Geometrical education in-

cludes spatial perception and visualization of spatial 
structures. Development of dynamic and interactive 
animation programs for the study of geometry over-
comes the perception problem and improves the de-
velopment of spatial visualization ability (Figure 1).

Figure 1.  Frame from the 3D animation from mul-
timedia DVD that shows the structure of rotation 
torus, and the resulting intersection curve with the 
plane. The figure shows the case when the resulting 
intersection curves are Villarceau’s circles

This paper is based on the two hypotheses. The 
first one is that the use of multimedia tools in edu-
cations of descriptive geometry is new standard in 
geometry education. The second one is that the ap-
plication of virtual technology in education through 
experimental design could be used for practicing 
more complicated operations and for analyzing the 
different forms, their arrangement as well as their 
relationship within the space. By elaboration of this 
hypothesis we confirmed the hypothesis and we em-
phasize that this work is important research in the 
field of application of methodological innovation 
in the area of space geometry and computer anima-
tions with the focus on geometry education in do-
main of visualization and experimental design. The 

Application of 3D animation principles and 
tools in geometrical education
Biljana Jovic1, Natasa Teofilovic2, Aleksandar Cucakovic3, Miodrag Nestorovic2

1  University of Belgrade, Faculty of Forestry, Department of Landscape Architecture, Belgrade, Serbia,
2  University of Belgrade, Faculty of Architecture, Belgrade, Serbia,
3  University of Belgrade, Faculty of Civil Engineering, Belgrade, Serbia.



1048 Volume 8 / Number 3 / 2013

technics technologies education management

geometrical education includes the geometry in the 
plane and space geometry. Engineering disciplines 
provide visualization training, which includes ge-
ometry, perception and design of geometrical space. 
Space perception involves the acquisition of knowl-
edge dealing with spatial relations, classification and 
ranking of spatial relations, transformation and rota-
tion relations between the parts and a whole of space. 
The graphical representation includes sketching, 
graphic design, static and dynamic presentation. By 
meeting the expected results is anticipated a move 
towards more simple and more effective educational 
process. The applicability of dynamic 3D geometry 
in education provides improvement of spatial abil-
ity, ease of application, pedagogical stimuli for users 
in terms of encouragement for the further geometry 
exploration. The dynamic component enables users 
to develop the spatial ability. The proposed form of 
educational environments is a new potential for the 
study of geometry.

2.  The perception in education

For the humans, the vision is the most important 
sense. All sensory sensations inherent to physiol-
ogy of the humans are more than 70% belong to 
the field of visual perception or the sense of vision. 
A special feature of visual perception is the capac-
ity to grasp the three-dimensional space [1]. The 
comprehension ability of three-dimensional space 
means to estimate the relative distances between 
objects as well as the inner sense of form shape, 
i.e. the third dimension of space (Figure 2) [2]. 

Figure 2.  Frame from 3D animation multimedia 
learning DVD showing the process of construct-
ing tetrahedrons inscribed into a cube, which re-
sults in octahedron by mutual intersection.

The main reason why the work was presented 
as short-form animations with concise text expla-
nations is because of the aforementioned facts re-
lated to the perception in the education. 

Geometrical education

Geometrical education enables development of 
the ability of spatial representation, perception and 
understanding of space. Drawing is a means but 
not the goal of geometrical education. Geometri-
cal education in the scientific hierarchy is placed in 
the field of mathematics, as well as with the field 
of architecture, mechanical engineering and engi-
neering graphics. Geometrical education enables 
perception of space abilities training and that’s why 
is definitely important for all engineers, physicists, 
and artists as well as natural sciences students [3].

Pedagogical theory - constructivist theory

This paper is based on constructivist theory. Ci-
tation: “Constructivism is a cognitive theory that 
emphasizes that learners construct new knowledge 
by rearranging and refining their existing knowl-
edge.”[4]. Constructivist theory provides a valid and 
reliable basis for a theory of learning in a virtual en-
vironment. As constructivism emphasizes, learning 
process is carried out when students are able to build 
conceptual models that are in accordance with what 
they already understand and with new content [5].

With the aim to provide the successful imple-
mentation of a new experience of learning the 
flexible learning path must be provided. One pos-
sibility is to integrate known types of information 
and educational support different from the 3D pre-
sentation (such as audio and text comments, im-
ages, etc.). Another option is to carefully define 
the specific tasks for the students through interac-
tion with the teacher. Numerous authors (like Pro-
fessor Hannes Kauffmann in his PhD dissertation) 
suggest that using different models of learning in a 
virtual environment from those who are guided by 
teachers to autodidactic learning models [6]. 

Finally, the virtual environment can be adapted 
to a variety of approaches, from individual learn-
ing to the performance of various styles [7]. Com-
mitment to constructivist position includes a basic 
principle that knowledge is not transmitted directly 
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from teacher to student, but is actively completed 
by students. Learning is considered as an active 
process in which students “construct” their knowl-
edge by testing ideas and approaches based on their 
prior knowledge and experience and applying them 
to the new situation, and integrating the new knowl-
edge gained with previously existing intellectual 
constructs. This is supported by appropriate learn-
ing activities, engaging, involving problem solving 
and critical thinking. Relying on the constructivist 
theory, we suggest the use of 3D animation in geo-
metrical education and we consider that it is fully 
compatible with constructivist pedagogical theory.

The psychological aspects that are mentioned 
on this paper are related to cognition that is spatial 
cognition. In addition, we discussed on possible 
aspects of spatial ability that could affect by the 
application of virtual technology in geometrical 
education. Regarding spatial intelligence Durlach 
et al. give a very good overview of the work and 
results achieved in the field of improving spatial 
abilities using virtual technology but mainly iden-
tify the necessary need for a comprehensive future 
research in this area [8]. When discussing the psy-
chological aspects of perception of space, a wide 
range of discussions on how human processes - 
handles simple spatial objects to the study the ori-
entation of people in the real environment. We are 
working with sub dimension of spatial cognition 
that is related to the impact of training in a vir-
tual environment as well as the basic principles of 
training of spatial abilities (Figure 3).

Figure 3.  The results of mutual intersection of 
two half cylinder is especially important both for 
education and training appropriate for spatial 
abilities. The frame is taken from 3D animation 
multimedia learning DVD

Digital technologies and the hybrid approach

The use of digital technology in itself includes an 
interdisciplinary approach. For example, if you look 
at the area of digital art, we see constant changes 
in the categorization of digital art. On the example 
of digital art festival in Linz, one of the largest and 
most important of this type. Categorization is affect-
ed with submitted artworks themselves, which leads 
us to the constantly changing art category types in 
digital arts. Since 2007. year has been introduced a 
new category of hybrid art, in addition to previous 
categories of computer animation, interactive art, 
digital communities and digital music. The primary 
aim of introducing the hybrid category of art is, as 
stated, expanding the borders of existing categories 
of the festival: Hybrid art is category specifically 
dedicated to today’s hybrid and transdisciplinary 
projects and approaches to projects and media arts. 
The focus is on fusion of different media and genres 
into new forms of artistic expression as well as tran-
scending the boundaries between art and education, 
the arts and research, art and social and political 
activism, art and science. The hybrid category of 
art are: the autonomous installations, autonomous 
sculptures, performances and live performances, 
media architecture, media intervention in public 
space, mechatronics / kinetic art / robotics, artificial 
life, transgenic art, software art and generative art. It 
is possible that in future some of these listed topics 
of digital art will be a separate category for itself. 
This open approach allows changes in the art cat-
egorization and digital art definition itself. [9]

Dynamic 2D geometry software
The beginning of dynamic geometrical educa-

tion went through the application of 2D geometry 
software. Since computers can record the way we 
construct geometrical objects, the software is able 
to do it again after changes to the structure of cer-
tain parameters. This is the key concept of dynam-
ic geometry: select the item which is then changed 
position and currently you can see changes in the 
structure. This ability of movement is fundamen-
tally improvement regard to the drawing on the 
paper or static CAD models. The comprehensive 
work on the dynamic geometry is explained by a 
Kortenkamp in “Foundation of Dynamic Geom-
etry” [10]. Kortenkamp explained the importance 
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for the educational purposes of the fact that one 
can explore the behavior by moving the same geo-
metrical structure. We can observe which parts of 
a construction change and which the same, un-
changed remain. It is made much more insight 
into the actual construction and general geometry, 
if we can experience what happens when you start 
moving that construction. More sophisticated soft-
ware provides yet another, further understanding 
and explanation supporting the location as well as 
the traces of the movement of the object that is 
dynamically adjusted. The first software packages 
for dynamic geometry dating from 1988. are Cabri 
Geometrie and Geometer’s Sketchpad from 1989. 
Since then it is very much done on the introduc-
tion of dynamic geometry software in education. 
Today there is a very large number of software for 
dynamic geometry. The most popular are Cinder-
ella after Euclid and aforementioned Geometer’s 
Sketchpad as well as the Cabri Geometre. All 
these software’s work only 2D geometry. 

Dynamic 3D geometric software
Virtual technologies are easily accessible tool 

for visualization. With the development of new 
technologies, they have become common tool 
for educating, initiating the development of dy-
namic geometry suitable for training and experi-
mental design [11]. The specific contribution is in 
the education by working with 3D animation for 
students of art and engineering field of technical 
- technological group of students. We emphasize 
the importance of dealing with design dynamical-
ly-generated form. In the history of CAD, there 
have been two revolutions, so to say. First when 
converted from drawing on the paper to draw on 
the computer, the following is the result of soft-
ware development tools that simplify the design 
process and led to a design process and a simpli-
fied way of thinking, from “the paper” transferred 
“to think in the software” (for example [12]. CAD 
applications have many similarities with the dy-
namic geometry software. This may be used in 
prototype construction that can be quickly adjust-
ed. Also could be used for quickly and easily con-
struction of a simple model as a start from the fur-
ther parametric design and prototype production. 
Not only this situation but many others have simi-
lar problems as in dynamic 3D software. Many 

CAD applications support precise construction. 
Among the best known are: Catia, Rhinocerous, 
Autodesk Mechanical Desktop™, SolidWorks™, 
as well as the many others. Programs for digital 
3D animation resulting from CAD programs to 
draw precisely, with the key difference is that their 
product output is IMAGE – animation, which is 
not a prototype. For this reason, the emphasis is on 
ease objects manipulation in 3D space, and simpli-
fied controls for construction, which are especially 
important for modeling the so-called organic mod-
els such as the human figure. This was the main 
reason why the animation used for 3D multimedia 
learning DVD is done in this kind of software. The 
most famous programs for 3D computer charac-
ter animation are: Autodesk Softimage, Autodesk 
Maya, Autodesk 3ds Max, Cinema 4D, Blender 
and others. Considering that our work relates to 
the 3D animation application in the geometrical 
education, the areas of 3D animation follows [13].

Areas of 3D animation
There are several areas of 3D animation: char-

acter animation, parametric animation (visualiza-
tion based on mathematical functions), medical and 
other scientific visualization, dynamic simulation 
based on the laws of physics (fluids, cloth, fur, the 
interaction of solid bodies, etc.), architectural visu-
alization and presentation in industrial design [13].

The application of virtual technology (VT)

Virtual geometry and importance of topology
In analyzing the geometry of 3D models for ani-

mation, we have to analyze the topology. Topology 
refers to the geometric characteristics of mesh of 
the 3D objects, the number of points (vertex / verti-
ces) and the way how they are connected. Topology 
is important when smoothing algorithm on the po-
lygonal objects (subdivision) is applied. The most 
demanding is the modeling of the objects that could 
be deformed (animated). Then the topology should 
fulfill one another important requirement that is to 
have the regular deformations. (Figure 4).
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Figure 4.  The example of free-form experimental 
design using 3D animation deformers. The frame 
is from 3D animation multimedia learning DVD

Implementation of virtual technology (VT)

Implementation of virtual technology refers to the 
use for the dynamic education in areas that are in our 
opinion the most suitable for this method. Dynamic 
geometrical education tool was made by live record-
ing of whole process of construction the geometry 
in 3D software. After that, this animation is subtit-
led. All process was done in the Studio for digital 3D 
animation at the Faculty of Architecture, University 
of Belgrade. Software for 3D animation – Autodesk 
Softimage was donated by US AID to Faculty of Ar-
chitecture, University of Belgrade in 2007. 

3.  Results and discussion

The resulting multimedia DVD learning tool 
consist of 16 animations, 5 minutes duration in av-
erage. Following geometrical areas are processed:

1.	 Platonic solids: cube, tetrahedron, 
octahedron, dodecahedron and icosahedron

2.	 Ruled surface: conoid, rotational hyper-
boloid, helicoid and hyperbolic paraboloid

3.	 The surface of revolution: the torus
4.	 Mutual intersection: conic sections, cone 

and cylinder, sphere and cylinder and two 
half-cylinder 

5.	 Experimental design (freeform): 
generating a surface with the two profiles 
as guidelines, generating free form using 
lattice deformers and generate free-form by 
the duplicating along curves [14].

Figure 5.  Example of construction of rotational hy-
perboloid, rotating ruled surface. The construction 
methods are rotation the one line and the one sheet 
of of a hyperbola around its vertical axis. The frame 
is from 3D animation multimedia learning DVD

Aforementioned areas were chosen because the 
students have problems to see the geometry in 3D 
space. Platonic solids are treated as the basis for 
generating space structures and constructive sys-
tems [15]. Ruled surfaces are the easiest to generat-
ing by using virtual tools for 3D animation while 
heavy understanding in the 2D image (Figure 5). 
Intersections and the resulting intersection curves 
as well as intersecting surfaces are particularly deli-
cate. Their perception is the easiest in these kinds 
of applications (Figure 6). The process of making 
or working on these animations using principles 
of geometry while adapted to the realization of in 
3D software. The point is that the students besides 
the easy perception and learning also could enable 
themselves to repeat the same process and to con-
tinue to explore. The work is specifically included 
working together of all authors. 

The work was finally presented as a short ani-
mated form. The whole process is directly recorded 
in of 3D software, and every animation has addi-
tional text that follows and explains the procedure 
and gives the basic definitions. In order to demon-
strate the potential of 3D geometry education, we 
have done examples which are different in difficulty 
but all belong to the geometric area of the universi-
ty educational levels. The geometric content is very 
diverse in terms of their position in curriculum. Va-
riety of selected areas has shown how the different 
fields may be processed in the virtual environment. 
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Figure 6.  The example of Boolean operations in 
intersection of cone and cylinder. Different types 
of crossing curves are the result of cone or cylin-
der animation. The frame is from 3D animation 
multimedia learning DVD

The animations from multimedia DVD pres-
ents: the application of Boolean operations (sub-
traction, union, intersection) in mutual relation 
of solids, the study of revolved surfaces and their 
geometrical properties; the study of curves and 
surfaces 2nd sort (intersection curves of two cyl-
inders); regular polyhedra and their relationships; 
ruled surfaces and surfaces of revolution; free 
form. We wanted to to demonstrate which areas 
are most suitable for this type of learning and ped-
agogical methods that could be used. We aim to 
find directions for the geometrical content as well 
as the geometrical principles that could enable un-
derstanding and learning in a virtual environment.

Geometrical education by using 3D anima-
tion supported different learning tools for students 
from auto didactical to guide by teachers as well 
as more autonomous way of learning. According 
to our opinion the interpretation of spatial con-
structions in the plane requires a lot of spatial 
thinking and understanding of spatial problems. 
Using tools that we propose to use spatial geo-
metrical ideas could be tested, developed and real-
ized in a short time. Particular significance in edu-
cational sense is that it is possible, in completely 
new examples and applications, to perform the 
implementation of 2D geometry in a dynamic 3D 
space. We consider this as a very perspective and 
inspirative base of our current and future work. 
We would like to stress the possibility of further 
research in construction of different geometrical 
problems, using available applications for 3D ani-
mation in geometrical education.

4.  Conclusions and directions for future 	
research

We are witnessing the rapid development of 
technological aids. At the intersection of reality 
and computer-generated information a new world 
is developing that affects all aspects of life. Digi-
tal technologies have since the mid 90-is moved 
from the laboratory into people’s lives, and be-
come more available to a wide range of users. To-
day virtual technologies represent the standard in 
education [16]. New instruments allow students, 
teachers, artists, researchers, engineers, designers, 
etc. empowerment in all field of work, from edu-
cation to practice.

Virtual technology in the function of geometry 
learning tools offers new and fascinating possibili-
ties. Students and teachers can explore the most 
diverse theoretical and practical problems with the 
aim of understanding the dynamic and complex 
spatial relationships. Users of virtual technology 
research communicate and understand the spatial 
problems in new ways. It is possible to work inter-
actively with objects in a simulated environment 
and to teach through movement, interaction and 
immediate response [17]. These capabilities offer 
a new way of communication between teachers 
and students which were not possible at conven-
tional ways of teaching. The use of virtual tech-
nology in the teaching related to the geometrical 
education improves and greatly speeds up expla-
nations of teachers intentions [18]. 

Experience in the use of virtual technology 
in the learning process demonstrates significant 
progress in the perception of huge possibilities 
working with each model. Today’s conventional 
hardware and software packages allow the use 
of virtual technology quite simple. This enables 
the exchange of theoretical and practical knowl-
edge among participants in the distanced locations 
which is one, between many of observed advan-
tages of digital multimedia education [19].

Virtual technologies are good platform for 
teamwork. Teachers can collaborate with students 
using interactive media, which includes design 
and communication at a much more direct way 
than simple file sharing. All participants showed 
a higher level of interaction and the working pos-
sibility are multiple [20]. Communication is en-
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hanced through a media that allows the joint par-
ticipation in the processes of thinking, creating 
and understanding. Virtual technologies demon-
strate a possibility of establishing a unique com-
bination of collaboration and communication of 
interactive teaching process that is transparent and 
direct [21]. Users of virtual systems have tremen-
dous opportunities to explore spatial relationships 
and geometrical characteristics of the topics being 
processed in this paper [22].

Dynamic educational experience in a virtual 
environment is especially important. Dynamic 
geometry education achieved much higher insight 
into the actual structure and construction, because 
through the movement directly experientially we 
learn about the changes in the construction of the 
structure. Animation is a new dimension in geo-
metrical education. Using virtual systems is en-
abled more complex communication and under-
standing of spatial relationships of geometric area, 
which is processed. This innovative approach 
leads to new form of design. The usage of tools 
for 3D animation open up new perception of the 
tangible existence of geometric forms (all in mo-
tion, nothing is static) as well as the sensational 
dynamic manipulation of the geometry.

The original contribution of this paper is in the 
implementation of multiple disciplines, and this 
interdisciplinary hybrid approach, overlapped sev-
eral disciplines such as architecture, descriptive 
geometry, computer animation and programming. 
As the authors themselves are educated in differ-
ent disciplines: architecture, descriptive geometry, 
digital animation, and constructive system, the re-
sult through teamwork is in implementing through 
the education of students in technical and art fac-
ulties as well as the scientific research work in the 
design of dynamically generated forms.
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