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Abstract—This article presents a proposal for an Intelligent
Tutoring System (ITS) for teaching Trigonometry in K-12 pro-
grams, using the teacher as an active agent in the learning process
and employing the assumptions of the Theory of Mediated
Learning Experiences (MLE). In the current scenario where
Distance Learning (DL) has become a necessity, ITS offer an
alternative to individualized study, however, for the construction
of knowledge, mediation in learning is often necessary. MLEs
offer pedagogical support focused on mediating and addressing
learning problems, desirable characteristics for disciplines based
on problem solving. Therefore, this research aims to present a
proposal for an ITS to support the development of mathematical
knowledge in trigonometry problems, inserting the teacher as
an active agent in this process, exploring the potential of the
MLE for the construction of the ITS. The proposed system,
called CURUMIM, also has a Pedagogical Virtual Assistant (PVA)
with the function of clearing up doubts arising from the subject,
generating a dialogue according to the student’s reciprocity index.

Index Terms—Mathematical Education, Trigonometry, Intelli-
gent Tutoring Systems.

I. INTRODUCTION

Currently, the technology is explored in different environ-
ments and has been used in different fields of science. It is
indisputable that Information Technology takes more and more
space in society, most people, regardless of age group, have
their own technological resources, such as smartphones, tablets
or computers.

Faced with a new world scenario, impacted by the pan-
demic caused by Covid-19, the role played by technology in
providing the creation of important tools to make life easier
for the population becomes even more necessary. Technology
has been presenting itself as a fundamental piece for people
to be able to meet their contact needs with others, both in the
personal and professional spheres.

The changes caused by the pandemic provided a period
of challenges for Education with a sudden rupture in the
educational environment [1]. In this process, many educators
sought to adapt their classes to resources that could be used in
digital media and, in this aspect, to adopt different strategies
in order to be able to teach their classes at a distance. The
teaching plans and methods were reformulated and many
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subjects were affected by this change, such as the Mathematics
subject [2].

The teaching of a certain content with the help of com-
putational tools imposes a challenge to any developer, due
to the fact that there are variables of difficult computational
modeling, such as subjective data about the student’s impres-
sions about a content being worked [3]. In addition, it is
possible to observe that there are different groups of users
with cognitive limitations and their respective characteristics.
Therefore, teaching mediated with individual monitoring can
be a partner in the construction of knowledge.

In the mathematical scenario, more specifically in the teach-
ing and learning of Trigonometry. This intelligent feature is
realized with a system that can solve each step of simplifica-
tion trigonometric problems, due to the difficulties encountered
by students in learning this content [4] [5].

The use of Artificial Intelligence (AI) applied to Education,
proposes computational alternatives that can help in teaching,
an example is the use of ITS, which offer one-to-one tutoring,
which unite Al techniques with pedagogical theories to tutor
a student in a given domain [6].

However, ITS are traditionally designed as learning tools, so
the presence of the teacher is not necessary. In most cases, the
content base of an ITS is composed of activities and problems
to be solved by the student with the help of an artificial tutor.
From the student, decisions are made about the exercises that
should be proposed, with the help of heuristics and rules that
allow the construction of a diagnosis about a user.

Based on research and studies, the importance and feasibil-
ity of proposing an ITS model was identified to support the
educational process in the discipline of mathematics, more
specifically in trigonometric problems for high school. The
content was chosen based on the difficulties faced when
learning Trigonometry, being still a central theme to under-
stand topics in Physics, Architecture and many branches of
Engineering [3].

The main objective of this research was to develop and
analyze the usability features of the CURUMIM System with
the view of the faculty. From the above, the problematic
question of the present scientific research arises: Does the



CURUMIM System meet the main usability rules, making
it possible to achieve objectives such as ease of learning,
efficiency and user satisfaction?

In view of the above scenario, this research proposes to
present an ITS as a tool in the conception of knowledge in
Trigonometry, inserting the teacher as an active agent in this
process. In this way, the research will explore the potential of
the MLE Theory [7], for the construction of the ITS as it offers
pedagogical support focused on mediation and attendance to
learning problems.

II. BACKGROUND
A. Basics of Trigonometry

The study of Trigonometry was not elaborated or thought
of by a single individual, several thinkers at different times
were part of the construction of this area [8]. The concept of
Trigonometry comprises a branch of Mathematics that covers
the relationship between the measures of the sides and angles
of a triangle.

The most common applications are: the Law of Cosines,
Law of Sines and Trigonometric Relations in the Right Trian-
gle, as shown in Figure 1.

Fig. 1. Right Triangle

In Figure 1, as for the triangle ABC rectangle in A whose
line segments AB and BC are concurrent at points B and
BC and AC concur at point C, thus forming the angles o
and B respectively and that the line segments AB, AC and
BC are the sides of the right triangle and that AB and AC
are called legs (“perpendicular”) and are given special names
accordingly. with the position of the angle of analysis that
we will represent by b and c. The side BC, opposite the
right angle, is called the hypotenuse, which means “what is
understood below”.

B. Theory of Mediated Learning Experiences

Psychologist Reuven Feuerstein, who studied Vygotsky’s
socio-constructivist theory in depth, elaborated in his studies
the concept of the Theory of Mediated Learning Experiences.

Feuerstein [9] states that human beings can learn in two
ways. The first is the direct learning experience, that is, the
learner’s relationship with the environment, while the other is
the MLE, which configures the presence and activity of an

individual to organize, interpret and elaborate what has been
experienced.

The MLE reports three fundamental concepts that should
be the object of deliberate attention on the part of the medi-
ator: Intentionality/Reciprocity, Meaning and Transcendence.
Intentionality describes that the mediator deliberately interacts
with the subject, selecting and interpreting in the process of
knowledge construction. Reciprocity implies exchange, that
is, the mediator’s opening to the subject’s responses, in such
a way that the subject can feel that he is cooperating and
involved in the learning process.

Meaning refers to the value, the energy attributed to the
activity, objects and events, making them relevant to the
subject’s reality. At this stage, the mediator shows interest
and always evidences the reason for carrying out the activity,
analyzing whether the stimulus being presented is sensitizing
the mediated.

The third criterion is Transcendence, which seeks to pro-
mote the acquisition of principles or strategies that can be
generalized to other situations. It is the reach for knowledge
in other contexts in everyday life, which requires the develop-
ment of reflective thinking about what underlies the situation.

MLE is a pedagogical approach that can help individuals
to become more flexible, so that their ways of reasoning
can interact with new information, through new strategies for
perceiving this information [9]. In this sense, people become
more apt and able to perceive their weaknesses and potential.

C. Intelligent Tutoring Systems in Education

ITS are computer systems developed using Al techniques
with the intention of knowing what they teach, to whom and
how they do it, with the main aim of providing content and
instructional method adapted to the student [10].

An ITS is a computer system for teaching that has some
degree of autonomous decision-making regarding its interac-
tions with users (students). This decision process is necessarily
done online, during the system’s interactions with users, and
generally the system needs to access various types of knowl-
edge and reasoning processes to enable such decisions to be
made [11].

Within the ITS, Al techniques are applied to decide how
to present the content, as well as what content should be
presented and how to model the knowledge acquired by the
student until the given moment of using the system.

In general, an ITS is software capable of instructing the
learner through a curriculum that is usually composed of a
series of tasks while monitoring the learner’s progress [12].
These systems are capable of making pedagogical decisions
in real time (in execution), guiding the student in the learning
process and adapting the contents considering each user’s
profile.

III. RELATED PAPERS

MAZK [13] is an intelligent tutor for teaching and learning
different topics. In this environment, the identification of the
user’s knowledge levels, as well as the difficulty criteria of the



exercises, are automatically adjusted according to the student’s
interaction with the tutor. However, the platform still needs
a greater interaction with the user in view of the lack of a
conversation agent to assist students in the construction of
knowledge.

PAT2Math [14] is a Multi-agent based system that aims
to teach 1st and 2nd degree equations with one variable to
elementary school students through step-by-step solution. The
environment applies motivational instructional techniques to
students through an Animated Pedagogical Agent. However,
the system does not save errors to show them to students and
tutors in the long term.

ITS [15] was developed to support teaching and learning
that evolve solutions to first-degree equations. The system pro-
vides an environment to follow the equation solving process
and step-by-step guidance and identify specific problems and
provide feedback at each step supported by a Virtual Assistant
who explains basic concepts related to the subject. However,
this environment does not present the actions that the teacher
can take from the students’ difficulties.

Table I summarizes the main features supported by the
mentioned ITS.

TABLE I
FEATURES SUPPORTED IN APPLICATIONS

Functionalities [13] [14] [15] CURUMIM

Teacher Module X X X

Content Consultation X X X

Knowledge Assessment X X X X

Use of Virtual Assistant X X X
Pedagogical Theory N/A | Vygostky | Vygostky Feuerstein

In most of the papers, the difficulty in interacting the system
with the user is pointed out, which still requires adaptation of
the conversation systems, as well as the human teacher/tutor
does not participate in interactions directly in the systems
presented.

From Table I, it contributed and motivated the development
of this proposal, since the results serve as the basis for the
implementation of a system that has sought to meet the
needs found by focusing on student engagement in order
to support and improve knowledge and skills with a focus
on in solving problems involving trigonometry. Furthermore,
in this research, we propose the educational construct of
Mediated Learning as a learning theory that provides criteria
to assess educational potential and to involve the teacher as a
fundamental part of the evaluation process.

In the next section, we have a detailed description of
the development environment presenting an overview of the
platform and its functionalities.

IV. WORK DESCRIPTION

A. System Architecture

The system architecture is composed of three agents, each
with its specific function. Table II describes each of the
proposed agents and their respective roles.

TABLE II
AGENTS AND THEIR ROLES

Interacts with the student by activating the
student,answering questions and providing
the necessary information for the student.

Conversation Agent

Responsible for the student’s communication
interface with the environment, sends data and
consults information about the student,
requestsand sends content and questions to
show in the student interface.

Mediation Agent

Receiver, updater and issuer of student data,
storingthis information in the Apprentice Module
databasethat contains all relevant data about the
student, in addition to sending student actions to
the monitoring module.

Diagnostic Agent

The Mediation Agent requests data and receives it from
the Diagnostic Agent according to the student’s profile. The
Diagnostic Agent implements the concept of Meaning and
Transcendence, aiming to transform potential skills into real
skills and seeking to expand the student’s development capac-
ity in the studied topic. In this way, the Mediator Agent will
intervene in the interaction between the student with the MLE
concepts.

A function also of the Diagnostic Agent is to analyze the
behavior and performance of the student regarding the use of
the system and send it to the teacher. The Monitoring Module
will identify the student’s last access to the system and inform
about the performance of a specific event (example: there are
activities to be corrected).

In Figure 3, the Tutoring Cycle was divided into three
layers, presenting an overview of the ITS developed, as well
as their interactions:

1) Student Interface: The student interacts with the con-
versation agent whenever there are doubts about the
content. The Conversation Agent has a Dialog module
that contains all the data referring to the domain base.

2) Agents That Work in MLE: The Mediator and Di-
agnostic Agents are also responsible for observing the
real development of the student proposing the concepts
based on the MLE.

3) Teacher Interface: The teacher will have available the
data referring to the behavior and performance of the
student in the use of the system.

B. System Overview

The CURUMIM System has been developed in order to
assist in the teaching and learning process of Trigonome-
try, encouraging students to exercise their knowledge even
though they are geographically far from the classroom. There-
fore, to implement the desired features and resources, PHP
and Javascript programming languages, Framework Bootstrap,
HTML markup language (Hyper Text Markup Language), CSS
(Cascading Style Sheets) and MySQL for data persistence.

The web environment will have two modules, teacher and
student. The user needs to register in the system to gain access,
after registering he will be able to access the platform using
his login and password, as shown in Figure 2.
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Fig. 2. Login and Password Screen

When accessing the system for the first time, the teacher
will register by choosing the “Register” link, filling in the
necessary information and then clicking on the “Save” button.

Once registered on the platform, the teacher will create a
class for interaction with the class, being able to create as
many as they wish. When choosing the class want to manage,
will be presented with a list of all the students enrolled in the
class, in addition to graphs with the performance and progress
of the class. The teacher will have the option to select each
student individually and view their performance, progress and
experience level, on this same screen the date of the student’s
last access to the platform will be shown.

The teacher will have the option to send activities/materials
to the class, as well as correct the exercises that were submitted
by the students, always being alerted about the receipt for
correction and having the option to send it again to the student
after the activity is corrected.

The module will also have a direct channel for questions
sent by the student, where the teacher can answer and clarify
individual questions. Figure 4 shows the initial screen of the
teacher module.

In order for the student to access the activities on the
platform, he/she must also register in the system. The reg-
istration works in the same way as in the teacher’s area,
however the student registers with the user type “Student”.
After registering, when accessing the system for the first time
in ITS CURUMIM, the student will see the classes created
and will have to choose their respective class.

After choosing the class, in the first access, the system
will invite him to answer a placement test with 10 random
questions, according to Figure 5, on some topics of Trigonom-
etry, so that it can be possible to identify the level of that
student in relation to the course, adapting the user’s profile
to the challenges that will be presented, in such a way as to
consider the success and error rates of the proposed questions,
the degree of difficulty and knowledge.

After completing the placement test, the system will present
a tour guide for the student to understand where to find the
main features and how to use the platform in the best possible
way.

Course content will be divided into topics that are activated
based on student progress and performance. Each topic is

divided into: Study Materials, Supplemental Studies, Extra
Activities, Topic Review, and Challenge.

o Study Materials: Subjects already registered in the sys-
tem, with texts, images and videos that help students
understand the topics. The explanations of the content
will be based on the concepts of Meaning and Tran-
scendence [9], thus contextualizing the subject with its
reality, making it possible to have meaning in what is
being explained, and also, strengthening the autonomy of
the student.

o Complementary Studies: The teacher will have the
option of submitting their own materials.

« Extra Activities: The teacher will be able to prepare and
send to the students their own activities and assessments.

o Challenge: As registered in the database and evaluating
the experience level of each student. Each topic will
have a challenge with 15 multiple choice questions,
which must be answered before the next topic can be
activated. In addition to the concepts of Meaning and
Transcendence at this stage, Intentionality will also be
applied, customizing the tasks according to the profile of
each user.

C. Pedagogical Virtual Agent

PVA was implemented, which interacts with the student
when he/she requests contact. With courses in progress, some-
times the student has a content-related question and is there-
fore unable to proceed. It is by working with new concepts and
new challenges that the student is able to incorporate them.
As shown in Figure 6.

The student module will also have a Pedagogical Virtual
Assistant (PVA), as shown in Figure 6, with the aim of
interacting with the student, clearing up doubts and queries
about the topics covered. If the doubt persists, the student can
also contact the teacher by sending their questions and waiting
for a response later. Therefore, the concept of Reciprocity will
be present, that is, at the disposal of the mediator to place
himself on the same level as the student and pay attention to
his answers.

The technology adopted in the PVA implementation was
Google’s Dialogflow, which uses Natural Language Processing
(NLP) and Machine Learning to train intents [16]. The flow
of intents in Dialogflow was mapped with possible questions
from students, triggering the necessary responses.

In this study, Dialogflow will do the work of parsing the
user’s text. In this case, Dialogflow uses machine learning
to identify the meaning of what the user is typing, with
this, the system can improve the interaction according to the
user experience [16]. Based on that, this research uses the
tool in order to provide the student with a way to consult
basic concepts related to Trigonometry contents, through the
conversion interaction.

D. Teaching Strategies

The Teaching Strategies present in ITS CURUMIM are
responsible for adjusting the level of the question to the
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student’s level of knowledge, as well as choosing the time
to change the level of difficulty. For this, the MLE concepts
will be used throughout the process of using the environment.

The concepts of Intentionality/Reciprocity will be applied
in the student’s interaction with the conversation agent. As for
the concepts of Meaning and Transcendence, they will be used
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Fig. 6. Pedagogical Virtual Agent

in the questions to be solved and will be used to assess the
student’s level of knowledge.

For each of the questions, a summative assessment will
be used, occurring at the end of the teaching process [17].
The student’s knowledge level is computationally adjusted by
analyzing the number of hits and errors of each student.

The knowledge level is divided into: Beginner, Intermediate
and Experienced. For a concept to become learned, the stu-
dent must get 80% of the questions right and have received
some Transcendence and Meaning mediation and, therefore,
is approved for the next topic.

E. Knowledge Base

Each of the questions composed in each challenge is offered
based on the Teaching Strategies during interaction with the
Interface. The database has a total of 30 questions per topic



divided into 10 basic, 10 intermediate and 10 advanced. This
base is being fed as the research progresses.

The Knowledge Base is composed of three difficulty levels
(Basic, Intermediate and Advanced) and at all levels the MLE
concepts will be applied. Also, based on the resolution of
each question and the relationship with other contents of
Mathematics, the difficulty level of each question is also
defined.

In this way, the Basic level relates to three steps to arrive at
the answer to the question and addresses only a single content
of the subject. Intermediate level requires between 4 to 6 steps
to reach resolution and addresses up to 2 issues. And at the
Advanced level, it covers more than 6 steps and employs more
than 2 themes in the question.

FE. System Usability Assessment

There are several questionnaires available for Usability
Testing that can help you assess the usability of a product
or service. Many of these questionnaires are used to assess
specific types of interfaces, while others can be used to assess
a wider range of interface types.

The System Usability Scale (SUS) is a test that can be used
to assess the usability of a variety of products or services.
SUS is one of the most used tools to measure the usability
perception of a system or product [18]. The SUS method is
quite popular for labs and unmoderated usability testing, as it
provides insights into what users think about the usability of
the tested product or website [19].

The characteristics of the SUS that make its use attractive
[19], are:

o Comprised of only ten statements: it is relatively quick
and easy for study participants to complete and for
administrators to score;

o Non-proprietary: profitable to use and can be scored
quickly, immediately upon completion

+ Technology independent: can be used by a wide range
of usability professionals to evaluate virtually any type
of user interface;

Therefore, for data collection, the SUS questionnaire was
used, consisting of 10 items, with 5 response options. The
participant, when answering the questionnaire, marks his an-
swer on a Likert scale ranging from 1 (I totally disagree) to
5 (I totally agree) as seen in Figure 7.

Strongly
disagree

Strongly
agree

1. | think that | would like to | | ‘ I } ‘
use this system frequently

1 2 3 + 5

Fig. 7. Example of SUS items

The SUS scale allows a simple subjective assessment of
the usability (effectiveness, efficiency and satisfaction) of
products, services, software, hardware, websites and interface
applications. The statements of the 10 items of the scale seek
to map the usability of a system by alternating positive and

negative meanings. Table 3 presents the items of the SUS
questionnaire.

According to studies by Tullis and Albert [20], to obtain
a valid result in usability testing, a sample of between 12
and 14 users is required. Thus, the target audience selected
for the statistical data collection in this study included 12
Mathematics teachers, 5 of whom are PhDs, 4 Masters and
3 with specialization. The procedures used for data collection
were divided into four stages, all supervised by the researcher.
The details of the activities are presented below:

1) Guided by the researcher, the teachers accessed the
platform, being able to browse and explain all the access
settings to the learning environment.

2) The researcher performed some examples of practical
steps and activities that could be used in the system.

3) Theoretical concepts about software usability evaluation
were also explained, as well as the purpose and func-
tioning of the System Usability Scale (SUS) tool.

4) Application of the Questionnaire — At this stage, the
researcher presented the ten questions of the SUS ques-
tionnaire, showing the functioning of the likert scale.

TABLE III
SUS QUESTIONNAIRE
NUMBER | ITEM
1 I think that I would like to use this ballot frequently.
2 I found the ballot unnecessarily complex.
3 I thought the ballot was easy to use.
4 I think that I would need the support of a poll official to be
able to use this system.
5 I found the various parts of this ballot were well integrated.
6 I thought there was too much inconsistency in this ballot.
7 I would imagine that learn to use this ballot very quickly.
8 I found the ballot very awkward to use.
9 I felt very confident using the ballot.
10 I needed to learn a lot of things before I could get going
with this ballot.

After completing the questionnaire, the selection and tabu-
lation of information was performed according to the method-
ology of the SUS system. The analysis consists of a scoring
system, as shown below.

SUS produces a single number representing a composite
measure of the overall usability of the evaluated system called
the Score. To calculate the Score, use the following procedure:

o For odd answers (1,3,5,7 and 9), subtract 1 from the score
that the user answers;

e For even answers (2,4,6,8) subtract the answer from 5.
That is, if the user answers 2, count 3. If the user answers
4, count 1; in this way the values obtained will be from
0 to 4 (four being the most positive answer);

o Multiply the sum of the Scores by 2.5 to obtain the overall
SUS value on a scale from 0 to 100;

Once the data has been computed, the result obtained will
be the user satisfaction index in relation to the evaluated
system. Any Score equal to or above 68 points is considered an
adequate product or service, however if the score is lower than



this value, the evaluated system is not satisfactorily meeting
the usability requirements.

Bangor et al. [21], suggest in their studies the use of
an adjective rating scale instead of a numerical scale as an
alternative to understand the absolute meaning of a SUS score.
This scale is similar to the traditional school classification, ie:
A= 90-100; B=80-89; C= 70-89 and so on until the letter F,
each letter related to the degree of usability satisfaction of the
evaluated system, as shown in Figure 8.
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Fig. 8. Adjective Rating Scale

From the perspective of Brook [22], the scores for individual
SUS items are not significant on their own, aiming to measure
only the global measure of satisfaction with the system.
However, recent studies show that the instrument allows the
individual assessment of usability items and learning to use
[20].

Brook [22] state in their research that the usability attributes
defined by Nielsen [23] can be observed in the following items
of the SUS questionnaire, as shown in Table 4.

TABLE IV
USABILITY ATTRIBUTES VERSUS ITEMS — SUS
Usability Attributes | Items — SUS
Learning Facility 3,4,7 and 10
Efficiency 5, 6 and 8
Ease of Memorization | 2
Error minimization 6
Satisfaction 1,4 and 9

The data obtained were analyzed and presented globally and
individually (per item) for a better understanding of the points
that stood out, seeking correlations, with the aim of answering
the research problem. The analysis of the data collected and
the results achieved are presented in the next chapter.

V. ANALYSIS AND PARTIAL RESULTS

The evaluation of Usability of the environment, carried out
by the participants using the System Usability Scale, revealed
that the global result (Score) is 82.50 points, well above the
global average obtained in the studies by Sauro [19], shown
in table 5.

As pointed out in the studies by Bangor et al. [21], usability
evaluation of the CURUMIM system can be considered ex-
cellent, since in its adjective classification, it received a 'B’ =
between 80 and 89 points. To assess usability attributes such as
ease of learning, efficiency and user satisfaction, the individual
score index of each SUS question was verified.

TABLE V
EVALUATION OF USABILITY OF THE ENVIRONMENT

SUS: System Usability Score Calculation

USERS| Q1| Q2 Q3| Q4| Q5 Q6| Q7 |Q8|Q9|Q10| SUS SCORE
U1 4 2 3 2l 50 3 5 1 5 1 82,5
u2 4 2l 5 2] 3 1 5 1] 5 2 85,0
u3 4 1 5 2] 3] 1 5 1] 5 1 90,0
U4 3 1 5 1 3] 1] 5 1] 4 2 85,0
us 3 3] 5 1 5/ 2| 5 1] 5 1 87,5
ue 5 1 4 1 5] 4 5 2| 5 2 85,0
u7 5 1 5 3] 5] 2| 5 1] 5 2 90,0
us 3 1 5 1 5| 1] 5 1] 4 1 92,5
ug 5 2l 5 3] 4 2| 4 1] 5 2 82,5
u10 4 1 S5 1 3| 2| 5 1] 4 1 87,5

Average SUS Score: 82,50

Q - Questions

« Ease of Learning: this criterion can be observed in ques-
tions 3, 5, 7 and 10 of the SUS questionnaire. The mean
referring to the grouping of these items was 92.00. This
average receives an 'A’ in the adjective classification, so
it is concluded that users were very easy to learn to use
the environment.

« Efficiency: efficiency is represented in questions 5, 6 and
8, such questions totaled an average of 80.00 points. It can
be observed that even though this score is slightly below
the other items, it is in accordance with the usability
standards referenced in the usability assessment, with 'B’
on the adjective scale.

o User Satisfaction: the criteria corresponding to user
satisfaction in relation to the system are referenced in
items: 1, 4 and 9, the average score of such questions
was 86.00 points. According to the adjective scale, this
score is categorized as 'B’. The average obtained is above
the 68 points defined by the SUS Score, therefore, users
are satisfied with the usability of the CURUMIM system.

VI. CONCLUSION

The proposed scientific research aims to generate a con-
tribution through an Intelligent Tutor System, to the area of
Informatics in Education Trigonometry learning process.

The usability evaluation of the CURUMIM Environment,
carried out with the teachers through the SUS, presented a
score (Score) of 82.50 and an adjective classification “B”.
These results demonstrate that the system meets the main
usability criteria, such as ease of learning, efficiency and user
satisfaction. After the results of these evaluations, there was a
need to improve some aspects relevant to the efficiency of the
system.

Therefore, for future work, an application will be carried
out in the classroom in order to obtain results in relation
to the use of the tool and the development of mathematical
knowledge in trigonometry problems by the students. Finally,
from the previous citations, it was demonstrated that this
research fully achieved the proposed objectives, adding values
and knowledge in the academic field.
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