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Abstract. Information and Communication Technologies (ICT) in education provide a new 
learning environment where the student builds his own knowledge, allowing his visualization 
and experimentation. This study evaluated the Geogebra software in the learning process of Cal-
culus. It was observed that the proposed activities helped in the graphical interpretation of the 
covered content.
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1. Introduction

The inclusion of informatics in education is an area in which various studies have been 
developed seeking the most efficient teaching-learning process (Gama, 2007; Rocha, 
2010). Its use in calculus teaching is evident due to the fact that the course is considered 
too abstract and some concepts are not clear to the students (Marin, 2009; Alves, 2010). 
This Mathematics course is part of the program of the first period of several courses of 
Exact Sciences area and is a prerequisite for most of the subjects of the following peri-
ods. The consequences are high rates of dropout and failure, resulting in a mass exodus 
in the courses (Meyer and Souza, 2002; Cavasotto, 2010).

In this sense, many researchers have made efforts in order to change this situation 
starting from the research and proposals of uses of ICTs in the teaching process (Marin, 
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2009; Costa, 2010). Studies claim that the inclusion of ICTs in education provides a 
new learning environment where the student is the builder of his own knowledge, al-
lowing visualization, experimentation, proof of the accuracy of information presented 
in class, exercise of thinking, besides application of knowledge in practical problems 
in various areas. The advantages also extend to professors who have the opportunity to 
explore the content in different ways, using ICTs to present content or to solidify the 
concepts presented. The results have been satisfactory and the students’ attitude toward 
the course has changed, increasing their participation in both technology environments 
and classroom as well as improving their motivation to study (Maia et al., 2005; Rocha 
et al., 2008).

The options of ICTs are varied, from the use of graphing calculators, digital white-
board, applets, cellular automata, datashow to the use of software. Geogebra was used 
in this work because it has a user-friendly interface, it is possible to insert elements such 
as points, lines and functions in a graphical window and work them all with the aid of 
simple tools and commands. The software also offers a variety of features for working 
with statistical and mathematical content, being suitable for use in this research. The 
Geogebra (https://www.geogebra.org/) is dynamic mathematics software that al-
lows to build and to explore geometric and algebraic constructions interactively (botana 
et al., 2014) and (Inga and Muhammet, 2015), and is intended for teaching geometry, 
algebra and calculus.

The aim of this study was to use the Geogebra software in the course of Calculus I 
and to investigate the contributions of its use in the teaching and learning process. The 
challenge was to propose activities to explore the student’s deductive ability in Calculus 
I content using the software to work the concepts presented, to arouse interest and the 
motivation of students. 

Furthermore, we evaluated the relationship between variables identified in the study, 
such as study time, learning difficulties, school of origin approval ratings and subject 
under study approval ratings.

This manuscript is organized as follows: Section 2 presents works using ICT in the 
classroom and mainly works relating ICTs to Calculus I teaching. Section 3 describes 
the materials and methods used. Section 4 presents the results of three proposals inter-
ventions and analysis of applied questionnaires and Section 5 presents the final con-
siderations.

2. Related Work

Meyer and Souza (2002) state “in brazil, Calculus teaching has been blamed for a large 
number of failures and evasions of college students.” For the authors, it is common in 
universities the complaint, by students or professors from other areas, of the lack of ef-
forts to make the course interesting or useful.

In this context, Maia and others (2005) mentioned a Piage’s statement about the 
process of learning which says that “what characterizes learning is the movement of a 
know-how to knowledge, which does not occur naturally, but by a reflective abstraction, 
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which is a process by which the individual thinks through the process he is executing 
and builds some sort of theory to justify the results. The authors also state that “teaching 
is to guide, encourage, relate, that is, more than inform, since learning is an individual 
process that takes place internally, i.e., it corresponds to changes that happen in the in-
ternal cognitive structures”.

Costa (2010) seeks to answer questions relating to the difficulties in the process of 
learning the course of Calculus, using the analysis of assessments and other materi-
als developed by the students. he had as object of studies the probing of evidence and 
evaluations. The results confirmed that the difficulties are mostly derived from primary 
and secondary education. 

Marin (2009) investigates the professors’ position of higher education, which uses 
ICTs in teaching Calculus. In this study, ICTs cited by investigated professors were Ap-
plets, e-calculus, Winplot, Grafic, Matlab, Mathematica, Maple, Derive, among others. 
The contents worked with the use of ICT were mainly those that required a graphi-
cal display, such as functions, derivatives, slope of tangent line and limits. The main 
problems were related to the available physical infrastructure, to the lack of technical 
support, to the centralization of technological resources in only one room, resulting in 
a dispute to use it and very large class sizes for the number of machines. The survey 
points out, however, that the professors interviewed were creative in overcoming these 
problems and, in some cases, worked collectively in the planning of lessons, sharing 
experiences and ideas.

All professors said there are many advantages obtained through ICT. The main 
advantages mentioned were the fact of being able to present graphically the concepts 
worked out, the possibility of observing the learned properties through testing, allowing 
the students to discover new information. As disadvantages were cited the large number 
of students working together, making difficult the orientation and the development of 
activities, taking into account that the challenge for each student to handle the software 
is different. Finally, the author concludes his work emphasizing the need for research 
involving professors and the use of ICT for teaching.

rocha and others (2008) investigate the contributions offered to Calculus course by 
the use of ICT, based on the relationship between visualization and experimentation. Us-
ing the Geogebra software, the goal of authors was to analyze issues such as the amount 
and quality of the machines, student behavior and appropriateness of activities. They 
noted greater participation and student motivation.

rocha (2010) discusses the use of Geogebra software in learning virtual environ-
ments. The survey was conducted with two Mathematics professors and 108 high school 
students in a brazilian public school. The results indicated that there was learning, al-
though not enough to change their ignorance, identified by the pre-test that covered top-
ics related to the subject.

3. Materials and Methods

The methodology of this work followed the steps outlined in the next sections.
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3.1. Users Profile 

The first phase of this work consisted of applying a questionnaire to a group of the first 
period of the course of Computer Science of a brazilian Education Institution. Among 
the respondents, some students had already attended Calculus course earlier and oth-
ers were attending for the first time. The questionnaire was composed of 32 questions, 
three of them open ended, developed from the Google Docs tool. It was divided into 
three sections: 

Personal data.(1) 
Study methods.(2) 
Contents of Calculus course.(3) 

The survey was emailed to current students and also to students who have finished 
the course. A total of 26 responses were obtained.

3.2. Interventions

Considering the menu of course and the difficulties reported by students through the 
questionnaire, three activities were planned with the help of Geogebra software. The 
subject discussed in the activities were: 

Infinite Limits and Continuity of a function.(1) 
Geometric and functional concept of the derivative: the slope of tangent line and (2) 
rate of change.
Area of a plane region bounded by a curve, definite integral and area of a flat (3) 
region.

Since most students had laptops, interventions occurred in their classroom. These 
activities took place after the professor lectures, according to a schedule established 
by him, lasting one hour and forty minutes, accompanied by the professor, by the 
course monitor and by the scientific initiation scholarship holder. The script was de-
signed using the data show and was available to students from the Google File Shar-
ing, Dropbox.

To facilitate the monitoring of interventions, an example of each activity was done. 
In each intervention, some activities were added to be delivered to the professor. A class 
of introduction to the software, to present the tools, resources and main commands used, 
was planned, so students could become familiar with the Geogebra software. 

3.3. User’s Experience Rating from the Practical Classes

To evaluate students’ experience from the use of educational software, particularly the 
Geogebra software in the classroom, a questionnaire was applied to students who have 
experienced the above interventions. The questionnaire consisted of 19 questions, three 
of them open ended, developed through the Google Docs tool. The questionnaire was 
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administered to all students who have experienced the above interventions, but only 17 
students answered the questionnaire. It was divided into 4 sections: 

Personal matters.(1) 
Questions concerning the study of Calculus.(2) 
Questions concerning to the Calculus course.(3) 
Questions concerning to the use of educational software.(4) 

3.4. Comparison of the Variables Identified by the Study

The relation between school of origin approval ratings (public or private) and subject 
under study approval ratings was measured, as well as the connection between this vari-
able and increased extra-room study time.

In the second step, the relations between the index of difficulty found in the school 
of origin and the index of difficulty pointed out by the students in the discipline studied 
was measured. The relation between the increase in extra-room study time and the index 
of difficulty was evaluated.

In the third stage, the level of importance that the two classes attributed to the use of 
educational software applications was evaluated. The first class rarely used this type of 
tool and the second group used the Geogebra software.

4. Results and Discussions

4.1. Students Profile and Difficulties in Calculus 

The analyses of the answers of the questionnaire shows information as how students 
study, which resources they use, what kind of media they use to solve their queries, their 
view on the subject and content, motivation and participation, difficulties and, finally, 
their opinions regarding the use of software for Calculus education.

A total of 26 students answered the questionnaire. Of these, 88% were men, 80% 
were less than 22 years old and 69% of them came from a public school.

When we asked about which practice provides a higher learning, the answer was the 
problem solving, also prevailing as a study method. As for the strategy used to address 
questions, students said that they used books, the Internet or looked for a classmate. Less 
than half of them resolved the questions with help of the monitor or professor. regarding 
the participation in the classroom, students considered it low.

Students were also asked to rank the contents seen in the course according to their 
level of difficulty. For each question, the scale ranged from 1 to 5, with 1 as “very diffi-
cult” and 5 “easy”. The result obtained regarding the content of “functions” was divided 
between easy and reasonable. The answers related to the content of “limits” were 5 
(19%) easy, 14 (54%), reasonable, and 7 (27%) difficult. In “derivative”, 7 (27%) of the 
students considered the content easy, 14 (54%), reasonable, 4 (15%) difficult and 1 (4%) 
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very difficult. Only 2 students considered the content of “integrals” easy, 6 (23%) found 
it very difficult and the others considered it reasonable or difficult.

One of the open ended questions was related to the difficulties encountered by stu-
dents in the Calculus course. The main difficulties commented by students were related 
to understanding the concept of limits; understanding the theorems; algebraic manipula-
tion; high school content; integral and integration by parts.

The questionnaire also asked about the use of software in Calculus teaching. Only 
one student responded saying that he had used the Wolfram Alpha software. Students 
were also invited to express opinion about the importance of using educational software 
in the Calculus learning education. A scale ranging from 1 to 5 was used, with 1 as “un-
important” and 5 “very important”. Some of the students (8%) answered that it was not 
important and 8% that it was very important.

Also in this issue, the students could justify the given answer. The main reasons were: 
it is important to show the applicability of the course; it would be very important for visu-
alization of functions; it would be very interesting and could facilitate learning; it may be 
good to motivate students to care about the course; it is especially important to verify the 
theory and understand it graphically; it is necessary only to a specific part of computing.

4.2. Analysis of Interventions

Calculus is the branch of mathematics responsible for the description of how changes in 
one variable are related to changes in another. This representation has huge impact on 
all branches of science. In almost all-human or industrial activity, two kinds of variables 
are found, those that can be controlled and those that cannot. Fortunately, the variables 
that cannot be controlled respond, often in some way, to those that can be controlled. To 
understand quantitatively how these variables are related, it is possible to make predic-
tions about the environment and control some of the variables that somehow affect us 
(Anton, 1998). The teaching units related to limits, derivatives and integrals are directly 
related and are responsible for understanding mathematical models associated with our 
daily lives. In this study, six activities were developed that address fundamental concepts 
associated with the study of these three teaching units. Three of these activities were 
discussed in this article to illustrate the methodology proposed for the current work.

4.2.1. First Intervention – Infinite Limits and Continuity of a Function
The first intervention addressed the concepts related to the study of infinite limits and 
continuity of a function. The purpose of this activity was to create a simulation for the 
student to identify the value given by the function f (x) as x increases or decreases indefi-
nitely, using the concept of limits. Then students should compute the threshold function, 
using software commands to confirm the solutions found by approximations and, finally, 
find the equations to plot the asymptotes. In questions related to the continuity of a func-
tion, it was asked from them to use the Geogebra tools to check whether the function was 
continuous or not. To this end, theorems related were presented and it was suggested the 
creation of animations in order to arouse the interest of students.
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Doubts concerning the asymptotes were very common. It was necessary to clarify 
the criteria to have a horizontal or vertical asymptote. Most students could calculate the 
limit using the software, however, could not understand the result in order to plot the 
asymptotes. Another major difficulty was identified during the plotting of the line rep-
resenting the asymptote. Students had difficulty identifying what they should put in the 
inbox, for example, x = 2 to plot a line through 2 on the x-axis.

Extra-room activity aimed to identify the horizontal and vertical asymptotes of the 
function 𝑓(𝑥) = �
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 if there were. For this, the student should use the resources of 
Geogebra and confirm the results by calculations.

In Fig. 1, part of an activity in which there was a good relationship between the 
graphical analysis and algebraic calculations is represented. This fact differentiated it 
from other activities.

Most students made mistakes when calculating the left limit of 2 and right of –2, 
which is an interval where the function is not defined, confirming the fact that the graph-
ic and the function domain were not analyzed. Some calculations contained inadequate 
notation or had, incorrectly, the limit in the above points that do not exist. Some students 
presented the horizontal asymptote as x = 0, which is a vertical line.

In this intervention, many students did the graphics and gave final answers without 
any conclusion, confirming the deficient in understanding of the concepts and revealing 
the immediate concern only with the calculations.

Of fifty handed activities, thirteen (26%) students performed the activity correctly, 
nine (18%) did not complete the activity, six (12%) students do not put the proper rat-
ing and twenty-two (44%) performed calculation mistakes. In relation to the graphic, all 
students had the correct results.

4.2.2. Second Intervention – Straight Line Tangent and Derivative
The activity consisted of working the geometric and functional concepts of the deriva-
tive, characterized by the slope of tangent line and the rate of change. Therefore, students 
were proposed to make an animation, performing an approximation and, by means of 
observation and analysis of the derived expression as the limit, answer about the mean-
ing of the experiment. The concept using the tangent line equation and the “tilt” tool was 
also worked with, which shows the numerical value of the line slope.

  
Fig. 1. Correct solution of activity 1.



C. Nobre et al.260

The activity involving Derivability and Continuity requested an answer based on 
an animation, ie observing the tangent line “slide” by the function. Finally, the derived 
concept was worked as rate of change. An initial explanation was presented, and then 
students were requested to answer some questions.

Extra-room activity aimed to work the concept of the derivative as a rate of change. 
Two simple problems were presented, applied physics, involving speed and acceleration. 
Fig. 2 shows the activity carried out by a student. The rate of instantaneous change in 
point (2, 2) was asked to be found from an initial expression.

In this activity, the difficulty of students in problem solving with graphical interpreta-
tion is visible. In most of the activity, students did not replace the x = 2 value to obtain 
the results required in point (2.2), presenting only the corresponding expressions. An 
activity in which the student presented, as a result, the slope of the tangent in the given 
point was found.

Of the thirty-one activities delivered, nine (29%) were correct, eighteen (58%) were 
incomplete and four (13%) were incorrect.

4.2.3. Third Intervention – Area of a Region Bounded by a Curve
In third intervention, the issues related to the area of a region bounded by a curve, defi-
nite integral, properties of definite integral and area of a plane region were worked out.

The Geogebra commands related to the items are considered simple. Some tests were 
realized, some properties were checked and some theorems were related to the men-
tioned topics.

Extra-room activity requested the calculation of the area bounded by the curve   
𝑓(𝑥) =  𝑥�        𝑔(𝑥) = −𝑥� + 4𝑥   and  𝑓(𝑥) =  𝑥�        𝑔(𝑥) = −𝑥� + 4𝑥 . In Fig. 3, the correct development of the activity 
is displayed.

Fig. 2. Correct solution of activity 2.



The Use of Geogebra Software as a Calculus Teaching and Learning Tool 261

Of delivered twenty-five activities, thirteen students (52%) made the activity cor-
rectly, five (20%) had incomplete activity and seven (28%) did not meet the activity 
properly.

4.3. Analysis of the Students’ Experience from the Use of the Software GeoGebra

As discussed in Section 3.3, after the accomplishment of the activities, a questionnaire 
was provided with nineteen (19) questions to identify the students’ opinions on the use 
of Geogebra software in the course of Calculus, among other issues. Seventeen (17) 
students completed the questionnaire. Of these, 65% are men and 77% were younger 
than 22 years old.

regarding their main practice study, 59% of respondents study by doing exercises, 
and their main sources were notebook, textbook and other study sources such as Inter-
net. When they were asked about time dedicated to studying, 70% of respondents an-
swered that they studied more than two hours per week. When they were asked about the 
way they used to ask questions, 53% said they directed questions to the professor, 41% 
looked for a roommate and 53% searched for the answer on the Internet. When asked 
about the main difficulties faced at the time of the test, 24% said they did not understand 
the theoretical concept and 53% said they forgot the subject during the tests.

As for opened ended questions, which asked about the use of Geogebra in the 
classroom, the results were in almost all entirely positive. Except for one student who 
said that interventions “were not very useful”, most students said they started using 
Geogebra software as a study tool, and consider it important in Calculus teaching. They 
gave a score of 4.3 for the quality of the planned interventions and 4 for the contribution 
of educational software in Calculus teaching. both issues were on a scale 1–5.

Students said that the practical lessons were enlightening and contributed to creating 
greater affinity with the course. Here are some comments that emerged from the survey: 

“the software is very easy to use”; 
“the classes are very enlightening”; 
“it was very useful, productive and enjoyable, we put into practice 
concepts learned during regular classes and were able to ask ques-
tions to the professor and monitors”; 

Fig. 3. Correct solution of activity 3.
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“the computer classes were great and contributed significantly to a 
greater affinity to the course”; 
“the activities were within the context and in easy language. We 
also had much assistance with the software both inside and outside 
school”; 
“very good! Computational classes followed the lectures by improv-
ing the understanding of the concepts”; 
“The understanding of the course is much easier by having the soft-
ware to generate graphic as well as to find mistakes and correct the 
exercises”; 
“through the software it is possible to analyze the functions and their 
properties”; 
“it’s a great motivator because you have more desire to do the exer-
cises, to observe the graphics, and to perceive the application of the 
course on a daily basis”.

To show the influence that the use of educational software can play in learning, some 
data from questionnaires answered by two groups were analyzed statistically. Initially, 
the relationship between the origin of school (public or private) and approval ratings 
with the class that had already completed the course was analyzed. Followed by that, 
the relationship between increased study time (in hours) and approval ratings were ana-
lyzed. As neither testing statistical relationship was clear, the relationship between home 
school versus indexes facility (in understanding the content) and study time versus in-
dexes facility, appointed by the students were analyzed.

Considering the first two results, the following two tests aimed to avoid intrinsic er-
rors in the assessment process (verifying only percentages of “approval”), which could 
influence the results of the first two analyzes as pointed out by existing studies (Pimenta 
and Silva, 2015; Vieira and Colvara, 2010a), (Vieira and Colvara, 2010b).

however, because there is no explicit statistical relationship in the third and fourth 
tests, it was concluded, for the sample studied, that the home school student and / or 
the linear increase in hours for extra-room study not necessarily contributed with ap-
proval rates seen in this course. It was evident, therefore, that the levels of complexity 
imposed by the course require better student abstraction capacity for the formulation 
of the concepts.

Thus, the contribution that each group credited to the use of educational software 
for the study of this course was analyzed. The opinions of the reference group (which 
expressed their expectation related to the importance of new resources in education) and 
the test group (which pointed the satisfaction related to the contribution that was gener-
ated by the different methodology used) were clashed. Significant differences could be 
observed. The tests can be seen in the following subsections.

First Test: home school versus approval
The purpose of this test is to verify the origin of the association of school (public or 
private) with approval ratings in the course. In the sample of 26 students, eight came 
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from private schools (of which 7 were approved) and 18 public schools (including 15 
approved). Initially, the use of the chi-square test for independence, which compares 
groups whose data come from nominal measures, was proposed. 

however, according to Nomando and Tjaderhane (Normando and Tjaderhane, 2010) 
and Conti (2015), when 20 ≤ n ≤ 40 and some of the expected frequency is less than 5, 
the chi-square test has a high error and therefore, the use of the Fisher’s exact test is sug-
gested, also based on the same sample contingency showed in Table 1. Pused considering 
a = 0.05 significance for the observed sample, Fisher’s exact test refers to a Pcalculated = 
0.641. Since Pcalculated > Pused, there is not enough statistical weight to reject the hypothesis 
that the groups had similar performance, regardless of the origin of school. The private 
school students did not achieve statistically better approval when compared to public 
schools and the differences observed for this sample, can be casual.

Second Test: study time versus approval
The purpose of this test is to analyze the association of the linear increase in study time 
with the approval ratings in the course. We used a similar approach to that presented in 
the first test to analyze approval and disapproval as a function of extra room hours of 
dedication.

As again evidenced expected frequencies lower than 5, procedure similar to that 
performed in the first test was executed and achieved a Pcalculated = 0.449. Therefore, as 
Pcalculated > Padopted (0.05), the null hypothesis can not be rejected, that is, different times 
of study for the observed sample, statistically, also did not affect the observed approval 
ratings.

Third Test: school of origin versus ease (in the understanding of the content)
Considering the lack of statistical relationship in previous tests that found approval 
rates and, as mentioned, to prevent any intrinsic errors that the conventional assessment 
systems can present, some measurements were done with levels of “facility” (from 1 
to 5) ordinally indicated by students. Then, the groups were compared using the “U 
Mann-Whitney” test, designed for two independent and ordinal groups (Normando and 
Tjaderhane, 2010).

As seen in Vieira Junior (2014), for samples with 8 and 18 elements, the reference 
value, for a significance of 5%, Ucritical = 36. The calculated value to the existing sample 
indicates a value of Ucalculated = 58.5. As Ucalculated ≥ Ucritical, there is no statistical weight 
to prove direct relationship between the school of origin and the facility for the study 
of this course.

Fourth Test: study time versus facility (in the understanding of the content)
As done in the third test, to prevent the mistakes from the evaluation of the course, 
analyses were made among the students divided into study time and levels of “facility”, 
attributed by them to the course. Normando and Tjaderhane (2010) suggest the Kruskal-
Wallis test for analyses involving more than two independent and ordinal groups. 

According to Meyer and Seaman (2014), the reference value for this analysis is 
hlisted = 7.37 and the value calculated for the sample, in particular, is hcalculated = 1.39. 
Considering that the null hypothesis must be accepted, that the different characteristics 
of the groups do not influence the results, if Hcalculated < hlisted, there is no significant dif-



C. Nobre et al.264

ference between the increase of hours of extra room study and the facility indicators for 
the content understanding.

Fifth Test: contribution of the use of educational software in the design of the two 
groups (reference and test)
Considering that statistical relation in the previously seen features was not identified, 
what is left to be evaluated is whether or not the indication of the contribution, given 
by the two different groups of students when using educational software, has a signifi-
cant difference. Again, for two independent and ordinal groups, Mann-Whitney was 
applied.

As seen in Vieira Junior (2014), for samples with two groups containing 17 elements 
each one, the reference value for a significance of 5%, Ucritical = 87. The calculated value 
for the existing sample indicates Ucalculated = 82.5. As Ucalculated ≤ Ucritical, the ratings given 
by the groups indicate that there is a significant difference in the individual conception 
about the importance of using Geogebra during the study (the different scores were not 
obtained without justification).

4.4. Results of Statistical Analysis

There is no statistical significance that identifies dependency between the variables “ap-
proval rating” and “increase of extra-class study time”, contrary to our previous expec-
tation. Flaws in the evaluation process are always discussed in literature, which may 
explain the lack of relation between these variables.

There is no clear statistical relation between the variables “difficult” and “increased 
study time,” which suggested that some contents, particularly in Calculus, require more 
abstraction for understanding. This need for abstraction could be further explored in 
teaching methodologies.

According to statistics, it is possible to state that the second group assigned greater 
importance after the use of software experience. In other words, the students found 
that the methodology can help in understanding the abstractions of Calculus, which 
reinforces the importance of the use of information technology in the teaching of these 
subjects.

5. Final Considerations

This study evaluated the Geogebra software as a support tool for teaching Calculus 
course in Computer Science Course of a brazilian Education Institution. Three activi-
ties that contemplated part of the course content were planned. Many Calculus books 
authors emphasize, in their works, the importance of problem solving with graphical 
interpretation (Stewart, 2012; Zill, 2009). During the described activities, the diffi-
culty of students to understand the statement and achieve the goal of the exercises was 
observed. In most cases, this fact was associated with the difficulty of students relat-
ing the practical activities to the concepts associated with these teaching units. Also a 
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significant deficiency in the graphic recognition of studied themes was found, such as 
the definition of tangent, identification of features roots and other contents covered in 
elementary school and in high school.

With regard to the motivational aspect, it was observed that, as the activities were be-
ing carried out, students could justify their answers by associating the graphical results 
to manual calculations and contents discussed in class. This fact increased the motiva-
tion of students to participate in subsequent activities. The less formal environment, 
which, in addition to the presence of the professor, counted on the participation of the 
monitor and the scientific initiation scholarship holder, was important for students to feel 
comfortable and participate in discussions of the proposals.

In this context, it is possible to conclude that the proposed activities provided a con-
nection between the content covered in class and its graphical interpretation. The preview 
of the study content by means of mathematical software applications is recognized as a 
stimulus to the construction of mathematical knowledge. The analysis of class produc-
tion showed the difficulty in understanding the concepts during algebraic manipulation, 
producing incomplete justifications and, in some cases, rating errors. When using the 
software, some of the Geogebra resources were used incorrectly in the early activities. 
The errors were minimized as the activities were being performed.

Therefore, a greater incentive for the professors is suggested, so that students as-
sociate, in their practical study, the theoretical part and the graphics part through the 
use of software applications, demystifying the fact that the resolution exercise is more 
important than understanding the theoretical concept. A regular study option would be to 
propose activities to be developed algebraically before classes and that could be worked, 
graphically, during practical activities. As students realize the relationship between the 
study content and the practices of their daily lives and problems related to their future 
area of   expertise, it increases their interest in the content covered in class. The software 
can become a support tool and a motivating tool in the teaching and learning process. As 
for the motivational aspect, the results confirmed the positive contribution of Geogebra 
in Calculus course in a Computer Science class.

References

Alves, D.O. (2010). Ensino de funções, limites e continuidade em ambientes educacionais informatizados: 
Uma proposta para cursos de introdução ao cálculo. Dissertação (mestrado em educação matemática), 
Universidade Federal de Ouro Preto.

Anton, h. (1998). Calculus, A New Horizon. 6th ed. New York: John Wiley & Sons, Inc.
botana, F., Abánades, M.A., Escribano J. (2014). Using a free open source software to teach mathematics. 

Computer Applications in Engineering Education, 22(4), 728–735.
Cavasotto, M. (2010). Dificuldades na aprendizagem de cálculo: o que os erros cometidos pelos alunos podem 

informar. Dissertação (Mestrado em Educação em Ciências e Matemática) – Pontifícia Universidade Ca-
tólica do rio Grande do Sul, Porto Alegre.

Conti F. (2015). Biometria: qui-quadrado. belém: UFPA, 2011. Acesso em: 15 set. 2015. Disponível em: 
http://www.cultura.ufpa.br/dicas/biome/bioqui.htm.

Costa, P. (2010). Educação online na universidade: O processo de ensinar e aprender cálculo na era das tecno-
logias digitais. Dissertação (Mestrado em Educação) – Universidade Federal de Uberlândia.

Gama, C.L.G. (2007). Método de construção de objetos de aprendizagem com aplicação em métodos numéri-



C. Nobre et al.266

cos. Master’s thesis, Universidade Federal do Paraná.
Maia, M.D.C., Mendonça, A.L., Góes, P. (2005). Metodologia de ensino e avaliação de aprendizagem. Con-

gresso Internacional de Educação a Distância. Acesso em: 18/11/2015. Disponível em: 
http://www.abed.org.br/congresso2005/por/pdf/206tcc5.pdf

Marin, D. (2009). O Uso de tecnologia de informação e comunicação por professores de matemática no ensino 
superior. In: IX Encontro de Pesquisas em Educação da região Sudeste, 2009, São Carlos – SP. Anais do 
IX Encontro de Pesquisas em Educação da Região Sudeste. Pesquisa em educação no brasil: balanço do 
século XX e desafios para o século XXI, v. 1. 1–13. 

Meyer, J.F.C.A., Souza Jr, A.J. (2002). A utilização do computador no processo de ensinar-aprender cálculo: A 
constituição de grupos de ensino com pesquisa no interior da universidade. In: (UNICAMP), F.-U. editor, 
Simpósio Brasileiro de Informática na Educação, 10, 113–142.

Meyer, J. P., Seaman, M. A. (2014). A comparison of the exact Kruskal-Wallis distribution to asymptotic ap-
proximations for all sample sizes up to 1. Journal of Experimental Education, 81(2), p.139–156.

Normando, D.; Tjaderhane, L.Q.C.C.A. (2010). A escolha dos testes estatísticos – um tutorial em forma de 
apresentação em powerpoint. Dental Press Journal Orthodontics. Acesso em: 02 abril. 2016. 15(1), 101–
106. Disponível em: 
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S2176-94512010000100012

Pimenta, G.V., Silva, G.b., Eufrásio, A.r., Porto, A.A., Junior, N.V. (2012). Os modelos mentais relacionados 
ao aprendizado de sistemas lineares no ensino superior. Revista Alexandria de Educação em Ciência e 
Tecnologia. (UFSC). 5(1), 205–226. Disponível em: 
https://periodicos.ufsc.br/index.php/alexandria/article/view/37704

rocha, E.M., Santiago, L.M.L., Lopes, J.O., Andrade, V.S., Moreira, M.M., Souza, T.G., barroso, A.M., Neto, 
H.B. (2008). Uso do geogebra nas aulas de matemática: reflexão centrada na prática. In Simpósio Brasileiro 
de Informática na Educação, 776–784.

rocha, M.D. (2010). Desenvolvendo atividades computacionais na disciplina de cálculo diferencial e integral 
I: estudo de uma proposta de ensino pautada na articulação entre a visualização e a experimentação. Dis-
sertação de mestrado – mestrado profissional em educação matemática, Universidade Federal de Ouro 
Preto.

Stewart, J. (2012). Calculus, 7th ed., Pacific Grove: Cengage Brain.
Vieira Junior, N. (2014). Atuação junto ao grupo de pesquisa “informática na educação” e o desenvolvimento 

de um aplicativo móvel para escolha de testes em análise inferencial. Relatório (Pós-doutorado em Infor-
mática) – Instituto de Ciências Exatas e Informática, PUC MINAS, belo horizonte.

Vieira Junior, N., Colvara, L.D. (2010a). Os modelos mentais de alunos em relação a vetores em duas e três di-
mensões: uma análise da dinâmica da aprendizagem e da inadequação das avaliações tradicionais. Revista 
Ciências e Cognição. rio de Janeiro, 15(2), 055–069.

Vieira Junior, N., Colvara, L.D. (2010b). Os modelos mentais de frações: como universitários lidam com con-
ceitos fundamentais de matemática? Revista Ciências e Cognição. rio de Janeiro, 15(1), 124–136.

Zill, D.G. (2009). A First Course in Differential Equations With Modeling Applications. 9th ed., Cengage 
Learning.

Žilinskienė, I., Demirbilek, M. (2015). Use of GeoGebra in primary math education in Lithuania: an explor-
atory study from teachers’ perspective. Informatics in Education, 14(1), 129–142.



The Use of Geogebra Software as a Calculus Teaching and Learning Tool 267

C. Nobre is an associate professor at the Institute of Mathematical Sciences and Infor-
matics of the Pontifical Catholic University of Minas Gerais (PUC Minas) in Brazil. She 
holds a Dr.Sc. in bioinformatics from the Federal University of Minas Gerais, a M.Sc. 
in Electrical Engineering from the Federal University of Minas Gerais and a degree in 
Computer Science from the Federal University of Ouro Preto. her research interests are 
related to Bioinformatics, Human Computer Interaction and Artificial Intelligence.

M. Meireles is an associate professor at the Institute of Mathematical Sciences and In-
formatics of the Pontifical Catholic University of Minas Gerais (PUC Minas) in Brazil. 
She holds a Dr.Sc. in Information Science from Federal University of Minas Gerais 
(UFMG), a M.Sc. from Federal Center for Technological Education of Minas Gerais 
(CEFET-MG) and a b.E. in Electrical Engineering from UFMG. her research interests 
are related to knowledge organization, information systems and applied computational 
intelligence. In 2013–2014, she was a Visiting Professor with the Faculty of Science and 
Engineering at Queensland University of Technology (QUT) in Australia.

N. Junior received a b.S. degree in Electrical Engineering from Educational Founda-
tion of barretos in 2004, licentiate degree in Math and Physics from Faculty Capixaba 
of Serra in 2012, M.Eng. and Dr.Eng. degrees in Electrical Engineering from São Paulo 
State University, UNESP, in 2007 and 2012 respectively. Currently, he is Professor of 
Mathematics at the Federal Institute of Minas Gerais, IFMG. his research interests in-
clude engineering education, math education and educational technology. Dr Vieira Jr 
has served as a reviewer for IEEE Transactions on Education since 2008.

M. Resende is a student of the fourth year of Computer Science at the Federal Univer-
sity of São João del-rey, state of Minas Gerais, brazil. She was approved into the Sci-
ence Without borders Program in 2013 to study abroad for over a year at the University 
of Alberta, Edmonton, Canada. During this period, as part of the program, she worked 
as Web Developer in an unpaid internship in the Technology North Corporation. She has 
been working on a project called Sureway (www.sureway.com.br) which aims to ease 
the access to traffic information.

L. Costa is a student of the fourth year of Computer Science at the Federal University of 
São João del-rei, state of Minas Gerais, brazil. She had been part of the brazilian un-
dergraduate program called Science Without borders with classes taken at University of 
Alberta, Canada. She has worked as an intern at Draxware Solutions, Edmonton Canada. 
She is also IT intern at the Advanced Metallurgical Group (AMG) in brazil since 2015. 
Her studies field includes implementing mobile solutions to automate processes inside 
the metallurgical industry.

R. Rocha is an adjunct professor at Federal University of São João del-rei, Minas 
Gerais State, Southeast of brazil, teaching Statistics and Calculus for 13 years in the 
Engineering, Computation Science and business courses. She holds both a M.Sc. and 
Dr.Sc. degrees in Statistics from Federal University of Lavras, Minas Gerais State. She 
has been involved in many researches in Times Series subjects.




