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Abstract
Optical illusions, mainly projective ones, have always been intimately related to geometry, more con-
cretely with concepts such as projectivity. In this paper it is presented an intervention carried out with 
4th year of Secondary Education students (15-16 years old) in which catoptric anamorphosis was 
used to study projective mechanisms. This intervention was developed in five phases corresponding 
to the phases of van Hiele’s teaching-learning process. In addition, the transition from group to indivi-
dual work was enhanced, so that the student was acquiring greater independence during the process. 
The results indicate that this methodology was very well received among the students and achieved a 
slight improvement in the attitude of the students towards the study of geometry and its perception of 
applicability. In addition, the final works had high quality and most of the students ended up satisfied 
with the work done.  For all these reasons, we can conclude that this initiative, framed in the field of the 
teaching of geometry through optical illusions, presents a methodology that is of interest and achieves 
the proposed results.

Keywords: catoptric anamorphosis, geometry education, arts education, optical illusions, Van Hiele’s 
teaching-learning phases.

Aprendizaje con anamorfosis catóptrica. Una experiencia educativa 
 
Resumen
Las ilusiones ópticas, principalmente proyectivas, siempre han estado íntimamente relacionadas con la 
geometría, más concretamente con conceptos como la proyectividad. En este trabajo se presenta una 
intervención realizada con alumnos de 4º de Educación Secundaria (15-16 años) en la que se utilizó la 
anamorfosis catóptrica para estudiar los mecanismos proyectivos. Esta intervención se desarrolló en 
cinco fases correspondientes a las fases del proceso de enseñanza-aprendizaje de van Hiele. Además, 
se potenció la transición del trabajo en grupo al trabajo individual, de manera que el alumno fue adqui-
riendo una mayor independencia durante el proceso. Los resultados indican que esta metodología fue 
muy bien recibida entre los estudiantes y logró una leve mejora en la actitud de los estudiantes hacia el 
estudio de la geometría y su percepción de aplicabilidad. Además, los trabajos finales tuvieron gran ca-
lidad y la mayoría de los alumnos terminaron satisfechos con el trabajo realizado. Por todo ello, podemos 
concluir que esta iniciativa, enmarcada en el campo de la enseñanza de la geometría a través de ilu-
siones ópticas, presenta una metodología que resulta de interés y consigue los resultados propuestos. 
 
Palabras clave: anamorfosis catóptrica, educación en geometría, educación artística, ilusiones ópticas, 
fases de enseñanza-aprendizaje de Van Hiele.



328

CIVAE 2021                 3rd Interdisciplinary and Virtual Conference on Arts in Education

Introduction

Geometry has always been a common matter of study at schools all around the world. Nevertheless, 
some authors such as Gamboa Araya & Ballestero Alfaro (2009) or Goncalves Tavares (2006) have 
shown that students find difficulties with both comprehension and motivation of the matter and they 
do not appreciate the importance of geometry for their future and its applications. These problems 
have been also perceived by the researcher in her work as a geometry teacher in some Spanish high 
schools. 

There have been some approaches to solve these problems focusing on the application of geo-
metry in optical illusions and, more concretely, in anamorphosis, such as the researches of Barreto & 
Lieban (2017); Fenyvesi & Hähkiöniemi (2015) and Symeonidou (2016). It is important to emphasize 
that all these researches have been done in the last six years, which means that it is a field with an 
important career path.

Therefore, this work aims to continue with this research path to find a methodology that encoura-
ges the learning of geometry in secondary school and improve motivation and perception of the appli-
cability of the subject in students.

Acquisition of space capabilities

When we are planning the teaching of geometry to our students, it is crucial to consider the velocity 
and the way they acquire the spatial abilities. Therefore, it is important to focus on the process of tea-
ching-learning to obtain good results. To get it, the Van Hiele marriage proposed in 1957 five phases of 
learning, summarized in Table 1. The experience described in this paper is based on these five phases.

Table 1.  
Summary chart of Van Hiele’s five phases of learning  
(Fuys et al., 1995, page 7; la Torre Gómez, 2003, pages 112-113)

Phase 1. 
Information

Phase 2. 
Guided orientation

Phase 3.  
Explicitation

Phase 4. 
Free orientation

Phase 5. 
Integration

The teacher 
dialogues with the 
students about the 

matter which is 
going to be treated 

to know the 
students’ 

interpretations.

The student makes 
tasks organized 

sequentially by the 
teacher to let the 

student explore. Most 
of them should be 
one-task activities.

The student becomes 
conscious of the 

relations and learns 
the technical 

language which 
accompanies the 
subject matter. 

The students must 
express themselves 
with the minimum 
intervention of the 

teacher.

The student learns, 
by doing more 

complex tasks, to 
find his/her own way 

in the network of 
relations.

The student 
summarizes all that 
he/she has learned 
about the subject, 

then reflects on his/
her actions, and 

obtains an overview 
of the newly formed 
network of relations 

now available.

Experiencing through anamorphosis

The intervention was designed to be applied in the grade of 4º de ESO (corresponding to the 10th 
grade in the American education system with ages between 15 and 16) with 15 students in the subject 
Plastic, Visual and Audio-visual Education (Arts). This course was chosen because these students are 
supposed to be more mature than students from lower courses. For that reason, they are more capable 
to understand the geometrical processes that are used in the creation of anamorphic images.
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The objective was to work with concepts such as perspective, projectivity, and reflection. There-
fore, this proposal was designed with a five-phase structure based on the five phases of teaching-lear-
ning by Van Hiele, although they have not been strictly pursed.

Phase 1. Information

This was a preliminary phase that provided information to determine the level of students and to pre-
vent the difficulties the students would face. Only one activity for this phase was applied in the expe-
rience, that is explained in Table 2.

Phase 2. Guided orientation

This phase had an orientation function aimed at providing students basic information to offer them tools 
to develop the project in the next phases. For that reason, the teacher had to be very active at this mo-
ment, as it is summarized in Table 2, providing the theoretical concepts that were necessary to create 
catoptric anamorphosis.

Table 2.  
Summary chart of phases 1 and 2

Phase 1 Phase 2

Objective: To get information about the knowledge of 
students about the topic to be treated.

Objective: To make the students conscious about the 
problematic and theoretical concepts related to the  
general objective of this proposal.

Activity 1
Questioning Technique

Activity 2
Explanation of conical perspective and projectivity,  
mirrored reflection and examples of anamorphosis

The teacher asked questions to the students to generate 
a debate in which the teacher got the objective of this 
phase. 

The teacher made a short explanation about the topics 
that would be applied in the next phases of the  
experience.

Phases 1 and 2 were developed in a 20-30 minutes’ session. In the first phase, a lack of knowle-
dge about this topic was detected, but that was partially solved in the second phase. Nevertheless, the 
next phases, with a more practical activity, were good to clarify all previous concepts.

Phase 3. Explicitation

The students were taking on greater prominence in this phase, solving short exercises to acquire a bet-
ter comprehension of the mechanism of catoptric anamorphosis trough the activities explained in Table 
3. Besides, the students were divided in groups of four or three people with the objective to propitiate 
the dialogue and generate debate. 

Table 3.  
Summary chart of phase 3

Objective: To know how catoptric anamorphosis work and the tools needed for its realization.
Activity 3
Anamorphic image and  
cylindrical mirror

Activity 4
Investigation about the  
virtual image of a grid

Activity 5
Investigation about the virtual  
image of a deformed grid

The students received an anamorphic 
image and a cylindrical mirror, and 
they had to explore and answer some 
questions about the image deformation 
and the virtual image in the mirror.

The students had to analyze the 
deformation of an orthogonal 
grid depending on the position 
of the cylindrical mirror with 
respect to the grid.

After analyzing the deformation of an 
orthogonal grid, the students were given 
a grid deformed that was seen  
orthogonal in the cylindrical mirror. They 
had to answer some questions about it.
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These activities were easy to complete for students and very clarifier. Students completed it in a 
short time and the work in groups helped to level all of them.

Phase 4. Free orientation

In this fourth phase, students were given greater freedom to settle the necessary knowledge for the 
final phase. That is why the students carried out an action, defined in Table 4, of greater duration and 
complexity than the previous ones so that they can put into practice the results of their prior research 
and acquire a more unified knowledge. 
In this phase, there was an important level step because of the design chosen. The complexity of this 
activity (Fig. 1) was high and many students had problems to understand how anamorphosis works. It 
would be important to emphasize that this phase was quite frustrating for some students. However, with 
the support of their teammates and the punctual help of the teacher, all groups completed successfully 
the task.

Figure 1. Activity 6, Irene Sánchez-Ramos, 2019. In activity 6 students had to  
deform a given design to be able to watch it in a cylindrical mirror

Phase 5. Integration

This last phase, summarized in Table 4, consisted on the integration of the acquired knowledge. The 
students had to make their own anamorphic designs, thus this phase was the freest and allowed to 
develop creativity. After the frustration of the previous phase, in this last activity students developed 
their creativity with great results. Designs were in some cases very aesthetic and showed a good com-
prehension of the mechanisms of catoptric anamorphosis.

Table 4.  
Summary chart of phases 4 and 5

Phase 4 Phase 5
Objective: To acquire the necessary knowledge to  
perform catoptric anamorphosis. 

Objective: To internally assimilate and incorporate the 
knowledge acquired by the students. 

Activity 6
Anamorphic deformation of a given design

Activity 7
Anamorphic deformation of own design

Students were given a design and a deformed grid so 
that the view in the cylindrical mirror was an orthogonal 
grid. They had to draw that design so that it looked  
rectified on the cylindrical mirror surface.

Students had to develop their own anamorphic design. 
To achieve that, they were given two templates, one with 
an orthogonal grid and the other with a deformed grid.
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Results

The results were analyzed in two ways. In one hand, the teacher made an observation of the develo-
pment of the experience. In the fourth phase, a certain level of frustration could be observed in some 
students, who took longer than expected to understand the mechanisms of anamorphosis and it could 
be observed that group work was very positive in that cases. Despite this, the results (Fig. 2) were very 
satisfactory in general and the students submitted good works in the last phase, where they had to 
demonstrate and consolidate the knowledge acquired.

Figure 2. Final results of students, Irene Sánchez-Ramos, 2019.  
This is a selection of final works of the students. These works show that the  

concepts of anamorphosis were learnt and creativity was developed in the last phase

On the other hand, a survey was carried out on the students after the experience to determine 
their perspective on the intervention. In that survey, 80% of the students stated that working in phases 
and doing work in groups and later individually had helped their learning, placing special emphasis on 
the importance of cooperative work. Regarding the degree of difficulty, 4 of the 15 students considered 
it high or very high, while the remaining 11 considered it of medium difficulty. 93.3% of the students, 
that is, 14 of the total 15, ended up happy with the result of their work, an appreciation that is equal to 
the degree of satisfaction observed by the teacher. Finally, regarding the influence of this experience on 
the students’ perception of geometry, in 20% of the cases their attitude towards the study of geometry 
had improved and in 33.3% of them the perception of the application of geometry in the professional 
world had improved. 

Conclusions

The results obtained have been satisfactory, so we can conclude that the initiative may be of interest 
for its application in the classroom. The methodology of work in groups and in phases that progress 
according to the phases of teaching-learning has been emphasized by both the teacher and the stu-
dents as a valid methodology, following the line of other researches. In addition, the application of 
anamorphosis, being this an optical illusion little known by the students and that can be quite striking, 
can constitute an important stimulus for the students’ approach to geometry and for its application in 
art subjects.
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