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Abstract: The purpose of this study is to investigate the potential benefits of using computer tools in engineering education. 
Animations, visual cueing, and their combination in a multimedia environment are designed to support learners’ acquisition 
and retention of scientific concepts and processes. The software used in the development of the animations is Macromedia 
Flash, a tool that allows very small vectorial graphics files to be created, thus facilitating their electronic transmission to any 
user connected to the network. The research was conducted on 75 students of the first year at the Faculty of Civil Construction 
Management of the Union “Nikola Tesla” University, Belgrade, Serbia. The course was followed by a 3-year study to assess the 
acceptance of the computer tools and multimedia animations for learning mathematics. This research clearly showed that 
students were highly interested in this way of teaching and learning. 
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INTRODUCTION  
Today, Internet has established a new model for 
providing information and services to all users 
throughout the world [30]. Thus, the decision to use 
web technologies such as HTML, XML, Java and Flash is 
obvious [27]. FLASH is a very powerful graphics and 
animation development system that was introduced by 
Macromedia (now a subsidiary of Adobe Systems) in 
1997. Over the past decade, it has become the de-facto 
standard for animation, gaming and multimedia 
applications on the World Wide Web. Many companies 
have web page that include animations created with 
Macromedia Flash, due mainly to the two most 
important characteristics of this application: creation of 
vectorial graphics and interaction of it user with the 
animations. We should add that Flash allows the user to 
interact with the animation being displayed, thus the 
user can control the visualization of the film, take 
decisions, write, press buttons, move, drag, etc. 
The contribution made by Flash is clear: animation + 
interactivity, and we should remember that 
interactivity is the greatest advantage that multimedia 
contributes to teaching [11]. It is only necessary to 

select the content correctly and insert them properly in 
the program. In most cases, Flash animations have 
become teaching aids [4] that are now common in 
many courses and universities and this represents a 
notable advance in teaching innovation achieved in 
recent years. 
In the literature, there is of course no shortage of 
studies about the effects and the benefits of computer 
tools and animations in classroom instruction. Author 
[26] studied such effects long before the modern 
animations tools were introduced. Authors [11], [27], 
[3] and [19] discussed the use of interactive graphical 
tools in applications such as engineering education, 
computer science education and ecology. Authors [12] 
presented a study of the psychology of student 
interaction with animations. Authors [24] described 
some important concepts in the interactive learning 
process, such as the design principles of an interactive 
learning environment, the technology needed for 
gauging human performance, etc. Authors [13][14] 
published an extensive study of the cognitive and 
psychological aspects of multimedia learning. Authors 
[21] pointed out that multimedia applications have 



  ACTA TECHNICA CORVINIENSIS 
       – Bulletin of Engineering 
 

78 | F a s c i c u l e  1  
 

slowly transformed the typical university 
communication network to an education delivery 
system. Author [25] argued in a short article for the 
first time that the Macromedia Flash development 
system can be a serious instructional authoring tool 
(this is the view shared by the present author). 
Authors [10][9][16][17][18] and recently [6] 
demonstrated some specific Flash examples for 
mathematics teaching. 
MATERIAL AND METHODS  
Overview of the experiment 
One purpose of the current study was to investigate 
whether animations were more effective than static 
graphics to promote learning. Animations have the 
potential to facilitate knowledge construction with this 
type of learning content [7][22][29]. Therefore, we 
hypothesized that animations enhance retention of 
both concepts and processes. The study also 
investigated the potential cognitive benefits of adding 
visual cues to visualizations to enhance science learning 
in a multimedia environment. Based on the literature 
reviewed in previous section, we hypothesized that 
visual cueing is effective to enhance learning. In 
addition to learning, cognitive load and motivation 
were also investigated. By providing learner control 
over animations, the transitory nature of animations 
could be overcome. Therefore, we expected that when 
comparing animations to static graphics, animations 
would reduce extraneous load and consequently foster 
germane load. We also expected visual cueing to reduce 
extraneous load in multimedia learning environment, 
which is in line with [15] and [28]. Only a few studies 
have investigated learners’ motivation in multimedia 
learning, e.g., motivation in an agent-based 
environment [20], and in an online animation-based 
environment [23]. As motivation impacts learning 
[5][8], this study explored the potential effects of 
animations and visual cueing on learners’ intrinsic 
motivation in the multimedia environment. 
Participants and questions of the Research 
The research was conducted on 75 students (tree 
generations as per 25 of the first year students) at the 
Faculty of Civil Construction Management of the UNION 
University, Belgrade, Serbia. The course was followed 
by a 3-year study (2010, 2011. and 2012.) to assess the 
acceptance of the computer tools and multimedia - 
Flash animations for learning mathematics. In addition 
to the statistics collected about the test scores, the 
students who were tutored with the new techniques 
were also asked directly two questions after the 
conclusion of the study:  
(1) ‘Do you agree that the Flash animations 

contributed significantly to lecturing mathematics: 
I disagree, I agree, I totally agree?’ and  

(2) ‘Do you agree that the Flash animations 
contributed significantly to learning mathematics: I 
disagree, I agree, I totally agree?’ 

Computer-based learning environment of 
mathematics. Example 
Lectures of the mathematics courses included exactly 
the same information i.e. axioms, theorems, examples 
and tasks like on the traditional class of math, but the 
main information source was software created in 
Macromedia Flash 10.0, which is proven to be very 
successful and illustrative for creating multimedia 
applications in mathematics lectures [2]. Our 
multimedia lecturing material was created in 
accordance with methodical approach, i.e. cognitive 
theory of multimedia learning [13][14], as well as with 
principles of multimedia teaching and design based on 
researches in the field of teaching mathematics [1]. This 
material includes large number of dynamic and graphic 
presentations of definitions, theorems, characteristics, 
examples and tests from the area of mathematical 
geometry and analyses based on step-by-step method 
with accent on visualisation. Important quality of 
making one’s own multimedia lectures is possibility of 
creating combination of traditional lecture and 
multimedia support. 

 

 
Figure 1. Examples of animations for teaching Geometry (a) 

and Analyses (b) created with Macromedia Flash. 
RESULTS 
In summary, multimedia learning helps to promote a 
better understanding of how to foster meaningful 
learning through the integration of words and pictures 
(printed or spoken text andillustrations, graphs, maps, 
animation or video). 
Students’ opinion 
The students tested and worked with all the animations 
and subsequently responded to a series of surveys 
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giving us, the teachers, their opinions, advice, 
comments and recommendations on the use of 
animations in the classroom. 
The purpose of our first question is to go to the core of 
the issue concerning the use of animations in the 
classroom. We proposed to the students that the 
traditional explanations of theory given by the teacher 
should be replaced by animations, (Fig. 2). The students 
were not positively impressed by the idea of receiving a 
class of theory without the teacher, as, despite their 
interactivity, animations still do not have the same level 
of interactivity as a teacher. However, students 
mentioned that animations may be a great help for the 
teacher in the classroom. 
In a second question, when we asked whether they 
prefer classical or multimedia way of individual 
learning mathematics, the students were answered 
multimedia - Flash animation, explaining it with the 
following reasons: 
 Step-by-step: The most frequent answer to the 

survey is directly related with the control students 
have over animations. Most of the animations have 
controls that allow the user to stop, resume, go to 
the beginning, go to the end, go one step forward or 
one step back. These devices allow the students to 
control the visualization and adapt the animation to 
their learning rate. Flash allows the user to control 
the animations, and although, in most cases, this is 
one of its most important properties, it may be 
counterproductive if the user progresses through 
the animation at a higher speed than the speed of 
the visualization itself [4]. 

 Amusing: The students find animations amusing 
and they consider this a positive characteristic. As 
many of them pointed out, they are learning 
unconsciously, without being aware that they are 
visualizing three-dimensional concepts with quite a 
high level of complexity. This affective characteristic 
of learning is highly motivating as it attracts and 
holds the users attention – an essential aspect 
without which teachers will never be able to use 
with advantage any kind of educational resource 
[12]. This is why affective characteristics may play a 
very important role in the teaching–learning 
process. 

 Availability: Another of the strong points of 
animations is that, as they are located in a web 
server, they can be consulted at any time. 
Furthermore, the students consider that having 
material they can access as many times as they want 
constitutes an enormous advantage. 

 Explanation: The three characteristics mentioned 
above would be of no use if the teaching animations 
created do contain clear explanations with a well-

defined structure that address the most important 
concepts of each lesson in a didactic way. 

 

 
Figure 2.  Students’ answers to the question: Should Flash 

animations be used in lecturing and individual learning 
mathematics?((a)  – generation 2010, (b)  – generation 2011, 

(c) - generation 2012) 
CONCLUSIONS 
Flash technology has revolutionized Internet. The 
generation of animations of a very small size, together 
with their interaction capacity and ease of use, has led 
to the spread of this technology among most creators of 
web pages, and many sites include animations or 
colorful presentations in their initial pages, thanks to 
Flash. 
This technology opens a field with many applications 
for university teaching, since the theory content of the 
subjects can be converted to a greater or lesser extent 
into multimedia content, which students may consult 
and control at any time. But animations are not a 
solution to teaching problems since, if they are not 
correctly designed, they may be counterproductive for 
the learning process. 
In the specific case of engineering education, the use of 
these animations is more enriching as, in many cases, it 
accelerates the development of the students’ spatial 
perception – a basic objective in the training of any 
engineer. From experiments carried out with students 
who used animations created with Flash, a series of 
practical findings were obtained on how to create 
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educational animations for educational teaching – 
learning process: 
 Split up the content to be animated by Flash into 

basic learning units. 
 Provide the animations with as much interactivity as 

possible. 
 Hold the user’s attention without recourse to 

unnecessary distractions. 
 Allow the student to control the animation at all 

times. 
The creation of these animations, together with their 
use in theory classes as a supplement to the work of the 
teacher, is guaranteed success among the students, as 
our experience shows. There was clearly a very 
significant improvement in the student’s test scores as 
a result of introducing animations in traditional 
classroom instruction and great number of the students 
who believe that animations of mathematical concepts 
did contribute significantly to their understanding of 
mathematics. 
Acknowledgments 
This paper is the result of research within the project TR 
34028, which is financially supported by Ministry of 
Education, Science and Technological Development of 
Serbia, Messer Tehnogas and PD TE – KO Kostolac. 
Note 
This paper is based on the paper presented at The VIth 
International Conference Industrial Engineering and 
Environmental Protection 2016 –IIZS 2016, organized 
byUniversity of Novi Sad, Technical Faculty "Mihajlo 
Pupin" Zrenjanin, in Zrenjanin, SERBIA, October 13–14, 
2016, referred here as [31]. 
References 
[1.] Atkinson, R.,Multimedia Learning of Mathematics, 

The Cambridge Handbook of Multimedia Learning, 
2005. 

[2.] Bakhoum, E. G., Animating an Equation: A Guide to 
Using FLASH in Mathematics Education, 
International Journal of Mathematical Education in 
Science and Technology, vol. 39, no. 5, pp. 637–655, 
2008. 

[3.] Balci, O., Gilley, W. S., Adams, R. J., Tunar,  E., 
Barnette, N. D., Animations to Assist Learning Some 
Key Computer Science Topics, ACM Journal on 
Educational Resources in Computing (JERIC), 2001. 

[4.] Ballanko, S., Collins, L., Macromedia Flash animation 
use in EE 235, Program Evaluation Division, 
University of Washington, 2002. 

[5.] Boekaerts, M., What have we learned about the link 
between motivation and learning/performance?, 
Zeitschrift für Pädagogische Psychologie, vol. 21, no. 
3/4, pp. 263–296, 2007. 

[6.] García, R. R., Quirós, J. S., Santos, R. G., González, S. 
M., Fernanz, S. M., Interactive multimedia animation 
with Macromedia Flash in Descriptive Geometry 
teaching, Computers and Education, vol. 49, no. 3, 
pp. 615–639, 2007. 

[7.] Höffler, T. N., Leutner, D., Instructional animation 
versus static pictures: A meta-analysis, Learning 
and Instruction, vol. 17, no. 6, pp. 722–738, 2007. 

[8.] Husman, J., Hilpert, J, The intersection of students’ 
perceptions of instrumentality, self-efficacy, and 
goal orientations in an online mathematics course,  
Zeitschrift fur Padagogische Psychologie, vol. 21, no. 
3–4, pp. 229–239, 2007. 

[9.] Jacobs, K. L., Investigation of interactive online 
visual tools for the learning of 
mathematics,International Journal of Mathematical 
Education in Science and Technology, vol. 36, no. 7, 
pp. 761–768, 2005. 

[10.] Lei, K., Joon, E., Shaffer, S., “Evaluation of 
multimedia representation tools in mathematics,” 
AECT International Convention, 2004. 

[11.] Lieu, D. K., Using Interactive Multimedia Computer 
Tutorials for Engineering Graphics 
Education,Journal for Geometry and Graphics, vol. 3, 
no. 1, pp. 85–91, 1999. 

[12.] Lowe, R., Extracting information from an animation 
during complex visual learning, European Journal of 
Psychology of Education, vol. 14, no. 2, pp. 225–244, 
1999. 

[13.] Mayer, R. E., Multimedia learning 2nd Ed, New York: 
Cambridge University Press, vol. 2, p. 318, 2009. 

[14.] Mayer, R. E., Cognitive Theory of Multimedia 
Learning,The Cambridge Handbook of Multimedia 
Learning, pp. 31–48, 2005. 

[15.] Mayer, R. E., Moreno, R., Nine ways to reduce 
cognitive load in multimedia learning,Educational 
Psychologist, vol. 38, no. 1, pp. 43–52, 2003. 

[16.] Milovanović, M., Takači, DJ , Milajić, A., Multimedia 
approach in teaching mathematics - example of 
lesson about the definite integral application for 
determining an area, International Journal of 
Mathematical Education in Science and Technology, 
vol. 42, no. 2, pp. 175–187, 2011. 

[17.] Milovanović, M., Interaktivna multimedija, 
University in Kragujevac, 2014. 

[18.] Milovanović, M., Obradović, J. Milajić, A., Application 
of Interactive Multimedia Tools in Teaching 
Mathematics-Examples of Lessons from Geometry, 
TOJET: The Turkish Online Journal of Educational 
Technology, vol. 42, no. 2, 2013. 

[19.] Mohler, J. L., Using interactive multimedia 
technologies to improve student understanding of 
spacially-dependent engineering concepts, 
Proceedings of the International Graphicon 2001 
Conference on Computer Geometry and Graphics, 
no. 1987, pp. 292–300, 2001. 

[20.] Moreno, R., Mayer, R. E., Spires, H., Lester, J. C., The 
case for social agency in computer-based teaching: 
Do students learn more deeply when they interact 
with animated pedagogical agents?, Cognition and 
Instruction, vol. 19, no. 2, pp. 177–213, 2001. 

[21.] Rickman, J., Todd, K., Tabatha, V., Merlin, M., The 
Evolution of the Electronic Campus : From a 



  ACTA TECHNICA CORVINIENSIS 
        – Bulletin of Engineering 
 

81 | F a s c i c u l e  1  
 

Communication System To an Educational Delivery 
System, Proceedings of the 31st annual ACM 
SIGUCCS fall conference, pp. 65–69, 2003. 

[22.] Rieber, L. P., Using computer animated graphics 
with science instruction with children., Journal of 
Educational Psychology, vol. 82, no. 1, pp. 135–140, 
1990. 

[23.] Rosen , Y., The Effects of an Animation-Based On-
Line Learning Environment on Transfer of 
Knowledge and on Motivation for Science and 
Technology Learning,” Journal of Educational 
Computing Research, vol. 40, no. 4, pp. 451–467, 
2009. 

[24.] Schaffer, S. P., Overcast, S. M., Learning System 
Design Considerations in Creating an Online 
Learning Environment, Performance Improvement, 
vol. 40, no. 9, pp. 36–42, 2001. 

[25.] Shank,P., Macromedia Flash MX: Serious 
instructional authoring tool, Macromedia 
Resources, vol. 21, 2003. 

[26.] Sowell, E. J., Effects of manipulative materials in 
mathematics instruction, Journal for research in 
mathematics education, pp. 498–505, 1989. 

[27.] Syrjakow, M., Berdux, J., Szczerbicka, H., Interactive 
web-based animations for teaching and learning, 
Proceedings of the 32nd conference on Winter 
simulation, pp. 1651–1659, 2000. 

[28.] Wouters, P., Paas, F., van Merrienboer, J. J. G., How 
to optimize learning from animated models: A 
review of guidelines based on cognitive load, 
Review of Educational Research, vol. 78, no. 3, pp. 
645–675, 2008. 

[29.] Yang, E.-M., Andre, T., Greenbowe, T. J., Tibell, L., 
Spatial ability and the impact of 
visualization/animation on learning 
electrochemistry,International Journal of Science 
Education, vol. 25, no. 3, pp. 329–349, 2003. 

[30.] Palinkaš, I, Ašonja, A., Desnica, E., Pekez, J., 
Application of computer technologies (cad/cam 
systems) for quality improvement of education, 
ANNALS of Faculty Engineering Hunedoara – 
International Journal of Engineering, Tome XIV 
(2016), Fascule 1 (February), pp. 179-184 

[31.] M. Milovanović, J. Perišić, M. Vrbanac, I. Stošić, 
M.Ristić, Computer tools in engineering education – 
example on Macromedia Flash, The VIth 
International Conference Industrial Engineering 
and Environmental Protection 2016 –IIZS 2016 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
copyright © University POLITEHNICA Timisoara, 

Faculty of Engineering Hunedoara, 
5, Revolutiei, 331128, Hunedoara, ROMANIA 

http://acta.fih.upt.ro 

ISSN:2067-3809 


