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Abstract  
This work describes the use of the ICT Geogebra in some subjects of the Optics and Optometry 
degree at the University of Alicante. It is directed to act as a teaching tool for both teacher and 
student. 
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1 INTRODUCTION  
It is a contrasting fact [1] [2] that the use of ICTs, together with an adequate teaching methodology, 
can be useful in the university teaching process. The use of ICT in teaching should provide an 
improvement in the results obtained by the students. 

GeoGebra is a free interactive mathematical software tool [3]. Its original objective was the creation of 
a free calculator that combined Algebra and Geometry. The end result is materialized in a geometric 
and algebraic processor. GeoGebra brings under one umbrella a connection between visualization 
capabilities that provide programs based on Computer Algebra Systems (CAS) and dynamic variability 
that provide the Geometry Dynamic Systems (GDS). Thus, it allows the direct introduction of 
geometric objects (points, segments, vectors, figures and conics) and the dynamic representation of 
them. Although GeoGebra is a software mainly dedicated to the teaching and learning of mathematics, 
its properties make it particularly suitable for teaching physics and, therefore, also suitable for teaching 
optics. These characteristics in addition to those already mentioned could be summarized as: The 
program interface consists of two windows, one algebraic and one geometric. An expression in the 
algebraic window corresponds to an object in the geometric window and vice versa. Any modification 
made to the object affects its algebraic expression and vice versa. However, what makes it especially 
useful for the purpose we are looking for, is the possibility of simulations and animations. The dynamic 
constructions are easily exportable to web applications, in which we can manipulate expressions 
(geometric, numerical, algebraic or tabular) and observe the nature of relations and mathematical 
properties from the variations produced by our own actions. 

The objective of this project is to make available to the student of the Degree of Optics and Optometry 
an ICT tool that will allow carefully to visualize different phenomena that have been previously studied 
in the theoretical classes. It will consist of a dynamic tool that allows autonomously to explore the 
influence of the different parameters involved. The use of the projector in the classroom allows the use 
of this tool as an effective teaching instrument during the theoretical classes as it can serve as support 
to the theoretical explanations. It will be used to visualize figures and manipulate and introduce 
variations in them in real time, if desired. Moreover, it allows the teacher to design the most 
appropriate figures and numerical data that fit the reality surrounding the student, which are often not 
found in the bibliography used. In this way, for example, experiments can be designed and carried out 
later in the teaching laboratories. Then, students could compare the experimental data with those 
obtained in the classroom simulations, studying and analyzing, if necessary, possible deviations. In 
the case of having individual computers in the classroom, the use of this tool allows the realization of 
guided activities. And last but not least, one of the advantages offered by this program is the possibility 
of exporting files in .html, which makes it possible to open its didactic potential outside the classroom 
through tutorials, blogs, Web pages, etc. 

2 METHODOLOGY 
We consider Geogebra a suitable ICT to be used in the subjects of Geometric Optics, Physical Optics 
II and Ophthalmic Optics I and II of the Degree in Optics and Optometry of the University of Alicante. 
Geometrical Optics is a basic training 1st course subject, Physical Optics II and Ophthalmic Optics 
Ophthalmic Optics I and II are compulsory subjects in 3rd year. 
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These subjects describe and analyze a lot of phenomena. The analysis of the different variables that 
intervene in them is fundamental for their understanding and learning. The authors of this work form a 
group of professors whose teaching covers the three subjects mentioned above. A fundamental 
premise is that the concepts developed in the project must be those that allow to relate the subjects 
involved and lay the basis of future subjects belonging to the degree or master's studies. This way, the 
students are able to interrelate subjects of the Optics and Optometry degree that in many cases are 
distant from each other. We decided to start developing notions of Physical Optics since it converges 
a set of previous knowledge provided by basic subjects such as Physics and Geometric Optics. 

We consider Geogebra a suitable ICT to be used in the subjects of Geometric Optics, Physical Optics 
II and Ophthalmic Optics I and II of the Degree in Optics and Optometry of the University of Alicante. 
Geometrical Optics is a basic training 1st course subject, Physical Optics II and Ophthalmic Optics 
Ophthalmic Optics I and II are compulsory subjects in 3rd year [4]. 

3 RESULTS 
The subject of Physical Optics II, is a compulsory subject that is taught in the 3rd year of the Degree of 
Optics and Optometry of the University of Alicante. This subject studies, among others, phenomena 
such as light interference and diffraction. For his theoretical explanation, basic mathematical and 
physical concepts are necessary, sometimes resulting in developments that are too abstract for the 
student. It is at this point, where the laboratory practices allow the student the real approach to the 
physical concepts involved. If this activity cannot be carried out with all the depth that could be desired 
by the teacher, a possible way to solve it would be to "take the laboratory to the classroom or home". 

The use of GEOGEBRA in designing experiences similar to those conducted in the laboratory of 
Physical Optics II allows viewing figures diffraction or interference obtained in different laboratory 
setups and also what we consider most important, to manipulate and introduce variations in them in 
real time. As shown, the interest of our proposal we will focus on showing, in detail, an experience of 
those in the laboratory of the subject and the corresponding applet created with the GEOGEBRA. 

As an example to present the versatility of the GEOGEBRA program, we present a classic experience 
in the laboratory of Physical Optics: "Interferences obtained with the double slit of Young". The Young 
double slit and the assembly required for this laboratory experience is schematized and visualized in 
Figure 1.  

   

 
Figure 1. Young´s Double-Slit Experiment 
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We used GEOGEBRA to implement an applet that recreates a lab experience. Graphical and 
algebraical view of that applet can be observed in Fig 2. 

   
Figure 2. Graphical and algebraical view. 

In the graphical view that appears in the figure it can be observed that the numerical values of the 
physical parameters involved can be changed. Those parameters are the distance to which the 
observation screen is placed, the separation between the slits of Young and the used wavelength. To 
do this, one just has to slide the corresponding cursors. The change of these variables carries with it 
the change in the value of the final result sought in practice, which in this case is the interference of 
the obtained interferential figure. The students can easily obtain that value by pointing directly at the 
figure. In real laboratory practice, this value is obtained using a microscope. Moreover, the variation of 
any of the parameters is not so obvious since, for example, the change of wavelength requires the 
change of the lighting system (in our case a laser), which is not always possible. The change of the 
gap between slits without any restriction is also not possible in real practice. It would have a huge set 
of different slits. In Fig. 3, we present the interferential figures obtained for two different screen 
positions, with all the parameters fixed. 

   
Figure 3. Photograph of interference fringes 

With Geogebra, we can get a similar result to that presented in Figure 3, as we show in figure 4, with 
the advantage of easily obtaining the distance between fringes: 
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Figure 4. Graphical view 

As we stated above Geogeobra allows for easily changing all the involved parameters. Thus, a 
change in the wavelength is shown for example in (Fig 5). 

   
Figure 5. Graphical view. 

Besides the ease of use of the graphical view, a feature that makes the GEOGEBRA into 
a powerful mathematical tool is the shortcut to the algebraic view (Fig. 2). This allows the visualization 
of the theoretical part involved in each generated applet. A change in the algebraic view results in a 
simultaneous change in the graphical view. The students are able to directly access it, so they can 
make changes either referring to the final visualization, to the selection of the parameters that can be 
variable or not, to the mathematical expressions used and/or the range of the used values. All these 
changes provide results in real time, making the student the main protagonist of learning. 

4 CONCLUSIONS 
The introduction of GeoGebra in the teaching of the mentioned subjects of Optics of the Degree of 
Optics and Optometry Graphic Expression of the University of Alicante represents an important 
improvement in the teaching-learning process in the classroom and therefore in the quality of 
teaching. The use of this application facilitates the teacher, on the one hand, the realization of more 
dynamic master classes. With the help of the projector in class, the computer screen becomes a 
three-dimensional slate. This permits a simultaneous theoretical explanation and representation of the 
corresponding results. Both teachers and students are able to simply change the parameters involved 
in the process and see its consequences immediately. The use of this tool makes it easier for students 
to investigate, estimate, predict and generate working hypothese s. 
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