Eiésigniﬂg
possibilities

Applying Geogebra® in Descriptive Geometry
Online Teaching to Model Fundamental Concepts

Juliane Silva de Almeida!, Marcio Schneider de Castro?®

1 Federal University of Santa Catarina (UFSC), Brazil.
juliane.almeida@gmail.com
marcio.schneider@ufsc.br

Abstract. Gamification tools are becoming increasingly common, especially due to the
COVID-19 pandemic, as it has been necessary to adapt subjects for distance learning.
Gamification tools include software classified as digital interactive technologies for
teaching. Hence, it propitiates the student to learn through software interaction. One
renowned gamification tool available in calculus and geometry is Geogebra® with an
attractive and interactive graphic interface. Owing to these features, this article will
present the authors’ didactic materials developed in Geogebra®. They consist of 3D
dynamic models, which illustrate fundamental concepts of descriptive geometry. Thus,
the models aim to support spatial vision acquisition in the teaching-learning process in
descriptive geometry courses. This course is part of the undergrad engineering curricula
at the Universidade Federal de Santa Catarina, Brazil. After testing the new materials,
the students classified the 3D dynamic models of Geogebra® as useful to comprehend
the content and exercises.
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1 Introduction

The COVID-19 pandemic has brought challenges to online teaching, especially
in practical subjects such as technical drawing and descriptive geometry.
Hence, it has become crucial to find solutions and adapt the teaching-learning
process of these subjects. In Brazil, descriptive geometry is typically taught only
with drawing utensils. Besides, the students’ motivation seems to diminish as
they realize that drawing with utensils will not be applicable in their professional
lives.
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Additionally, the students usually struggle to acquire spatial vision by
drawing with utensils. Along these lines, it is noticeable that representations
with drawing utensils do not easily convey the relationship between the
representation in perspective and its adjacent views. Consequently, the
pandemic has enforced the incentives to modernize the descriptive geometry
teaching-learning process (Alvaro-Tordesillas et al., 2020; Gorjanc & Jurkin,
2015).

To provide affordable resources to support the teaching-learning process of
the engineering undergrads, the authors developed 3D dynamic models to
implement in a descriptive geometry course, using the software Geogebra®
(Hohenwarter & Preiner, 2007; Mackrell, 2011; Tim Brzezinski, 2021). The
focus of these models consists of representing fundamental concepts of
descriptive geometry, such as the representations of the basic 3D geometry
elements to support the students’ spatial vision. Moreover, the 3D models
demonstrate the relationship with the elements’ representations in perspective
and adjacent views, by applying the dynamic resources. These 3D dynamic
models were created as a complement to support the resolution of the drawing
utensil activities. Additionally, they are a consequence of the project carried out
by professors from the Graphic Communication and Arts at Universidade
Federal de Santa Catarina (UFSC), who aim to develop 3D dynamic models as
didactic material for descriptive geometry courses.

Therefore, this article will shed light on the first results regarding the
application of the 3D dynamic models developed in Geogebra® in a descriptive
geometry course for engineering undergrads. The students evaluated how the
3D models impact their teaching-learning process in acquiring spatial vision.
The first evaluated 3D dynamic models displayed representations of points,
lines, and planes in a 3D space and their adjacent views. They also assessed
the benefits of 3D models in the comprehension and resolution of drawing
utensil activities.

2 Literature Review

The research about the development of 3D dynamic models adopted in
descriptive geometry courses began with the search for evidence of the
resources utilized that aim to enhance the teaching-learning process.

Gorjanc, Hallas and Jurkin (2015) demonstrated their experience in using
Computer-Aided Design (CAD) software to create examples of 3D
representations in the undergrad descriptive geometry course of Civil
Engineering at the University of Zagreb. As a result of their study, they
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presented the students’ increased interest to enroll in the descriptive geometry
course after the inclusion of the CAD resources.

The deployment of digital resources in geometry and drawing courses was
studied by Di Paola, Pedone and Pizzurro (2013). These authors examined
applications of Innovation and Communication Technologies (ICTs) in
descriptive geometry at Palermo University. However, it did not present strong
evidence that the incorporation of ICTs in descriptive geometry provides
benefits to the teaching-learning process for students. This study affirms that
the ICTs could attract the students’ attention to the activities, because of their
interest in digital resources. Nevertheless, they did not exhibit significant results
related with student performance.

Bozza (2015) agreed with Di Paola, Pedone and Pizzurro (2013) regarding
the increased student motivation when ICTs are applied in the descriptive
geometry courses. This author mentions that the incorporation of ICTs in the
subject approach the students’ reality.

Mackrell (2011) conducted a literature review about the main digital
technologies directed to geometry instruction and their primary features. This
author claimed that a user-friendly interface and the resources involved in the
software chosen are fundamental for success in the students’ teaching-learning
process. She described a variety of software deployed, such as Geogebra®
and Cabri 3D.

Alvaro-Tordesillas et al. (2020) developed an innovative project to employ
gamification and collaboration techniques in the undergrad descriptive
geometry course for architecture at the Universidad de Valladoid. After three
years of evaluating the experience, the authors concluded that the students
presented more motivation for the subject and improved their performance. The
results demonstrated that more students completed the descriptive geometry
course than in years that the innovative project was not applied. Besides, the
authors assessed the relationship with the students’ performance, the year they
participated (2015, 2016, 2017 or 2018) and the when the project occurred.
They concluded that the students exhibited better performance in the second
semester of the assessed years. Nonetheless, they did not find a relationship
between the year of participation and the students’ performance. During the
years that the project was running, the students presented similar performance.

Geogebra® is a software created by Hohenwarter & Preiner (2007) to
develop graphic representation of mathematical models, making it possible to
represent 3D graphics. The Geogebra® app is available for download on the
Geogebra website, developed by Brzezinski (2021).

There were no Geogebra®-type applications in the descriptive geometry
mentioned in the literature. Most are in calculus and statistics because the
software was originally developed to represent mathematical models. However,
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there is the work of Ferdidnova (2017), who created an e-book in Geogebra®
with descriptive geometry activities. She constructed 3D dynamic models in
Geogebra® and integrated this material with the Learning Management System
(LMS) platform, Moodle. She reported that this practice improved student
performance in a descriptive geometry course, during the two semesters
evaluated. The students who used the ICT resources scored 8.62% higher in
their exams than those who did not use ICTs.

Pirklova (2019) and Pirklova and Bimova (2019) developed an e-book with
an emphasis on Monge Projection teaching (Monge et al., 1851). The e-book
contained Monge Projection exercises applying the dynamic features of their
models in the 3D construction steps. In addition, the 3D models presented in
the e-book enabled student interaction. Hence, they illustrated and explained
each step of the descriptive geometry exercises.

These last three references demonstrated the potential of using Geogebra®
as a gamification tool to create 3D dynamic models for descriptive geometry
courses. However, examples of models that focus on the different forms of 3D
object representation were not found in the literature. Therefore, it was not
possible to obtain references that highlight the different representations, such
as perspective and adjacent views. One of the most common challenges for
students in the teaching-learning process of descriptive geometry is the
association between the representation in perspective and adjacent views.

Due to the absence of these topics in the literature, this article aims to
present a proposal for implementing Geogebra® in the teaching-learning
process of descriptive geometry. Thus, it consists of the development of 3D
dynamic models to support spatial vision acquisition. Furthermore, these 3D
dynamic models associate a 3D perspective of the represented elements and
their adjacent views. The methodology involved in the creative process of the
3D models and the students’ evaluations will be presented in the next section.

3 Methodology

The methodology consists of three parts. First, the professors carried out
literature research for the project beforehand to understand previous work. The
literature review aimed to consolidate the main idea of the project presented in
this article as well. Thus, the potential of implementing Geogebra® in the online
teaching of descriptive geometry was observed because of the similarity of
previous experiences reported in the literature.

Nevertheless, the authors identified that another strategy could be pursued,
by focusing on the association between the descriptive geometry
representations of the object in 3D and 2D. Many students struggle with
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understanding Monge Projections and the formation of the adjacent views,
which are based on these fundamentals (Di Pietro, 1985; Ledneczki, n.d.;
Monge et al., 1851; Stachel, n.d.). This difficulty is related to the absence of
association involved in the 2D representation of objects which are in 3D. When
this association is exposed, it frequently occurs from 2D representation to 3D,
which is counterintuitive. Consequently, it is not productive for student
comprehension.

Second, the 3D dynamic model representative of basic concepts of
descriptive geometry were developed, using the Geogebra® Classic applet
(Hohenwarter & Preiner, 2007; Tim Brzezinski, 2021). Geogebra® Classic was
chosen to create the 3D models because it includes 3D and 2D windows
simultaneously. Thus, it permits the application of dynamic features in 3D
graphics created in the 3D environment of Geogebra®. The importance of
aggregating dynamic features in the 3D dynamic models must be highlighted.
It integrates changing the 3D object to a 2D representation by adjacent views.
Hence, the variety of object representations in the space is addressed. The
incorporation of the dynamic features in the 3D models are highlighted in the
next section.

After testing the 3D dynamic models, one of the professors applied them in
two of the groups of a descriptive geometry course for engineering undergrads.
This action aimed to evaluate the students’ perspective and the effectiveness
of the new didactic materials. In order to report the evaluation, the students
received a questionnaire about each model.

4 Results Discussion

Using a different method than the one presented in Ferdidnova (2017), Pirklova
and Bimova (2019), Pirklova (2019), the authors of this article applied the
dynamic features of the 3D models in the coordinates of the points. This gave
more versatility in displaying the 3D element positions and the composition of
the adjacent view. They prioritized these strategies because of the students’
challenges in the construction process of the adjacent view.

Ferdidnova (2017), Pirklova and Bimova (2019) and Pirklova (2019)
developed their models in Geogebra® using the 2D environment. Despite the
facility in integrating dynamic properties in the 2D environment of Geogebra®,
this strategy has the disadvantage of not demonstrating the relationship
between the object representations. In this context, the cited authors opted to
deploy the dynamic features of their models in the construction steps.

393

SIGraDi 2021 | Designing Possibilities | Ubiquitous Conference



Consequently, they prioritized the students’ memorization of the construction
steps instead of the comprehension of visual thinking.

In order to focus on the teaching-learning process of spatial vision skills, the
authors of this article prioritized the creation of 3D models with Geogebra®,
exposing a closer representation of the reality than the ones created in 2D.
Additionally, the 3D interface in Geogebra® is interactive for the user. The
student can change the views of the perspective and rotate the 3D graphics,
obtaining various points of view. The developed 3D dyamic models are
available at Almeida (2021b) and Almeida (2021a).

Another feature of the 3D models created is the transition from 3D space
representation (perspective) to the object adjacent views. To include this
feature, it was necessary to use the slider control called Epura and integrate
the 2D and 3D environments in Geogebra®. Examples of how this transition
works are illustrated in Figures 1 and 2. Thus, the transition from 3D space
representation to adjacent views of the objects are highlighted in items (b) and
(c) of Figures 1 and 2.

Finally, it is important to mention that the slider controls were applied to the
point coordinates in both constructed 3D dynamic models as well. The objective
of this strategy is to enable the visualization of the perspective and the adjacent
view of the line in different positions of the space in the same 3D model. Hence,
the line position can be modified by the interaction between the student and the
software because of the slider control.

(b)

(c) (d)

Figure 1: 3D dynamic model of the point representations. (a): 3D space point
representation. (b): Transition from 3D space representation to the points’ adjacent view.
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(c): 90° clockwise rotation to form the points’ adjacent view. (d): 2D representation of the
points’ adjacent view. Source: Authors.

(d)

Figure 2: 3D dynamic model of the line representations. (a): 3D space point
representation. (b): Transition from 3D space representation to the lines’ adjacent view.
(c): 90° clockwise rotation to form the lines’ adjacent view. (d): 2D representation of the
lines’ adjacent view. Source: Authors.

As aforementioned in the Methodology section, the 3D dynamic models were
presented to two groups of students in descriptive geometry courses.
Subsequently, they received the questionnaire. Tables 1 and 2 exhibit the
guestions applied to the students in each questionnaire. There were yes/no
guestions and scoring from 1 to 5. The students in the 1st college semester
group received the questionnaire to fill out during the course. Regarding the
answers received, the amount was significant. Of 43 students, 40 answered the
guestionnaire from Table 1, and 38 answered the questionnaire from Table 2.

Table 1: Questionnaire for the 3D dynamic model of the point representations with the
average answers.

Questions Type Most Recurrent/Average
Answers
Did you enjoy the 3D dynamic Yes/No Yes
models  of the  point
representations in
Geogebra?
Did you see the Yes/No Yes

representation of the three-
point coordinates in the 3D
space?
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Did you see the Yes/No Not answered
representation of the three-

point coordinates in the

adjacent view?

How clear was the point Scoring from 1to 5 43
representation in the 3D

space?

How clear was the point Scoring from 1to 5 4.08
representation in the adjacent

view?

Source: Authors, 2021.

Table 2: Questionnaire for the 3D dynamic model of the line representations with the
average answers.

Questions Type Most Recurrent/Average
Answers
Did you enjoy the 3D dynamic Yes/No Yes
models of the line
representations in
Geogebra?
Did you see the Yes/No Yes

representation of the three-

line coordinates in the 3D

space?

Did you see the Yes/No Not answered
representation of the three-

lines coordinates in the

adjacent view?

How clear was the line Scoring from 1 to 5 3.92
representations in the 3D

space?

How clear was the line Scoring from 1 to 5 3.79

representations in the
adjacent view?

Source: Authors, 2021.

Regarding the students’ perspective, they expressed that the 3D models
supported their spatial vision acquisition, as presented in Tables 1 and 2.
Beyond that, the students considered that the incorporation of Geogebra® as
a gamification technology in the descriptive geometry course was beneficial.
Most of them affirmatively answered that the 3D dynamic models of Geogebra®
supported the students in locating the objects’ coordinates and their 3D space
representation. Likewise, the average scores attributed to the clarity of
information (above 2.5 and close to 4) demonstrated that the 3D dynamic
models helped the students to understand the spatial vision of the objects
represented.

Nevertheless, the students did not reply to the 3rd question in both
guestionnaires, which asked about the adjacent view representations. Despite
that, they responded to the 5th question. Hence, there was a slight contradiction
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in these answers because the 3rd and 5th questions are related, as
demonstrated in Tables 1 and 2. The average scores attributed to the
representation of the objects’ adjacent view in the 5th question that evaluated
both 3D dynamic models were above 2.5.

Furthermore, of the 43 students in the descriptive geometry course, 46%
attributed a score of 5 for clarity, representing the points’ adjacent view.
Besides, 34% attributed a score of 4 for the adjacent view of the lines’ 3D
dynamic model. Each model received scores above 4 from 67% and 60% of
the students, for the points’ and lines’ adjacent views, respectively. Thus, it
requires more studies to verify if the adjacent view represented in the 3D
dynamic models, in fact, support the students’ teaching-learning process.
Figures 3 and 4 llustrate the distribution of results obtained in the
guestionnaires in the graphics.

Answers Question 1 - Paints Answers Question 2 - Points

|Yes ON Bves ON

@) (b)

WHHH WHHH
= 2

Figure 3: Answers from the questionnaire in Table 1. (a): answers to the 1st question.
(b): answers to the 2nd question. (c): scores attributed to the 4th question. (d): scores
attributed to the 5th question. Source: the authors.
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Answers Question 1- Lines Answers Question 2 - Lines

(@) (b)

Answers Cuestion 4 - Lines Answer Question 5 - Lines

wnlE Ll

© @

Figure 4: Answers from the questionnaire in Table 2. (a): answers to the 1st question.
(b): answers to the 2nd question. (c): scores attributed to the 4th question. (d): scores
attributed to the 5th question. Source: the authors.

5 Conclusion

Despite the different approaches adopted in the literature and presented in this
article, the results presented in Figures 3 and 4 validate the potential of using
Geogebra® as a gamification tool in descriptive geometry courses as described
in the literature. It is fundamental to mention that the literature and this article
were based on experiments carried out in descriptive geometry courses for
engineering undergrads. Consequently, this article demonstrates the potential
of Geogebra® used as a graphic design tool, due to its graphic interface
properties.

Additionally, the 3D dynamic models created in Geogebra were effective for
student comprehension of the 3D space representations of points and lines, as
exhibited in Figures 3 and 4. However, it requires more studies to properly verify
the effectiveness of the 3D dynamic models when explaining the composition
of the adjacent views to the student, due to the contradiction presented in the
answers of the 3rd and 5th questions in Tables 1 and 2.

Therefore, the previous results obtained from the questionnaire applied in
the descriptive geometry course reported the students’ interest in using
Geogebra® to support their studies as well as the potential of this tool.
Moreover, with the construction of the first models, it was possible to compare
with the experiences found in literature and analyze how each model could
contribute to the teaching-learning process of the students’ acquisition of spatial
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vision. Finally, it was possible to propitiate subsidies for future research in
descriptive geometry studies.
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