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  Abstract.  The development of computational thinking and the 

construction of digital citizenship is part of Ecuador's approach to 

education in digital skills to understand the risks and challenges that 

life imposes in the digital age, in this way the human being must 

acquire the capacity to solve problems, design systems and 

understand human behavior with a variety of mental processes linking 

active methodologies that allow the teaching-learning process to 

adapt to digitalization,  so this research project aims to implement 

GeoGebra software in the study of the definite integral for the 

determination of the incidence in the academic performance of the 

high school students of the Educational Unit San Francisco, 

developing under a quantitative approach with a quasi-experimental 

design with a sample of 110 students belonging to the third year of 

high school separated into two groups:  38 control group and 72 as an 

experimental group. During the diagnostic phase, a survey was 

applied to the students who estimated that it is important to 

implement technological tools in the study of the definite integral to 

motivate, improve the teaching process, develop skills and improve 

their academic performance, estimating in this way as software To 

GeoGebra, the same pre test that determined the homogeneity of the 

groups was also developed; Continuing with the research process 

during the foundation phase, the operation of the software was 

investigated as well as the distribution of the contents of the defined 

integral to design the plans in phase 3 and apply them during the 

implementation phase, being the second part of the second semester. ; 

At the end of the implementation for the respective validation, a post 

test was carried out, obtaining an average of 6.32 for the control 

group and 7.18 for the experimental group. Using the T Student 

analysis, a calculated t of 2.09 and a Critical t of 1.98, thus rejecting 

the null hypothesis and accepting the alternative. This is how it is 

concluded that the implementation of the GeoGebra software in the 

study of the definite integral has a significant impact on the academic 

performance of the high school students of the San Francisco 

Educational Unit. 

 

 Keywords.  Integral, academic performance, digitalization, 

sustainability, foreign languages. 

I. INTRODUCTION 

The teaching of mathematics has become a challenge for 

secondary school teachers who, in search of achieving 

the learning expected by their students, have used 

different methodologies and resources that the medium 

offers them (Rivera, 2014), however, despite the fact that 

technology is an ally in the education of the XXI century, 

the traditional methodology is still used with tools such 

as:  TPL (chalk, blackboard and tongue). 

 

In this way, the way in which the teacher presents 

mathematics is evidenced worldwide a high rate of low 

performance due to the rejection and detachment that the 

student has towards it (López-Quijano, 2014), being 

necessary to reflect on the didactic resources that can be 

used according to the sociocultural environment of the 

student to maintain an interaction between teachers,  

students and a half, even more so in the virtual stage.  

 

According to the results of the PISA-D 2018 tests, it 

shows that in Ecuador learning in Mathematics is not 

significantly achieved, showing difficulties to function in 

situations that require the ability to solve mathematical 

problems, having as results 377 out of 1000 remaining 

within level 2 of performance. Jorge Vielma, Ph.D in 

Mathematics, director of the Department of Mathematics 

of ESPOL states that Ecuador is in intensive care in 

Mathematics according to the results, so it is important to 

look for strategies, resources, tools, to improve the 

process of teaching and learning of Mathematics at all 

educational levels. (THE UNIVERSE, 2019). 

 

Previous research shows that one of the most modern 

ways to bring students closer to reality is the use of 

technology, mathematical concepts are not real objects 

so incorporating educational software for the teaching 

and learning of mathematics is a necessity in the current 

context at different levels (Mamani,  2020). The dynamic 

geometry software GeoGebra has been promoting new 

forms of interaction inside and outside the classroom, 

which is why there is currently several investigations that 
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point to its use to improve the academic performance of 

students.  

 

According to the analysis of the SWOT established by 

the students of Third B.G.U. of the Educational Unit 

"San Francisco" is considered as a research problem the 

scarce management of mathematical software that links 

the contents of Mathematics with everyday applications, 

thus becoming a repetitive study topic full of formulas to 

be used and hundreds of exercises to solve. Similarly, 

teachers of Mathematics and Physics state that the 

academic performance of students is low in 

Mathematics, even more so when working the integral 

calculus unit, which must be worked quickly without 

fully reaching the skills with both basic and essential 

performance criteria. 

 

Within this context, the research problem in the "San 

Francisco" Educational Unit has different causes such as 

the outdated teaching technology, inadequate didactic 

methodology, absence of activity planning, time, limited 

use of didactic technological resources, scarce 

relationship of application problems with the contents; 

having as effects the disinterest of students to handle 

technological tools, unsatisfactory understanding, 

improvisation, monotonous classroom work, lack of 

development of skills with performance criteria and 

therefore low performance. 

 

The present work focuses on determining how does the 

implementation of GeoGebra software contribute to the 

study of the integral defined in the academic 

performance of high school students of the San Francisco 

Educational Unit? 

 

2. MATERIALS AND METHODS 

 

Research, methods and approach 

 

The present degree work is based on a quantitative 

approach because it is oriented to experimental studies, 

maintaining a quasi-experimental design where we will 

work with two groups, the control and the 

experimentation, aimed at third year high school 

students. 

 

Explanatory research was also considered, since it 

established how the implementation of GeoGebra 

software contributes to the study of the defined integral 

in the academic performance of students. 

 

With the two groups we worked on the same contents of 

integral defined during a period of 2 sessions per week, 

being an approximate time of 14 sessions for each group 

according to the class schedule. For their respective 

treatment, their grades obtained in the pre-test as well as 

in the post-test were analyzed and through a statistical 

analysis it was known how the implementation of the 

GeoGebra software influences the academic performance 

of the students. 

 

The methods used for the implementation of GeoGebra 

software in the study of the integral in high school 

students were inductive, deductive, statistical, analytical-

synthetic, comparative, bibliographic and heuristic. 

 

In the research, the study population was worked on the 

high school students of the San Francisco Educational 

Unit belonging to the 2020-2021 school year, being a 

total of 377 students, however, the third year high school 

students enrolled in parallels "A", "B" and "C" were 

considered as a sample, given that they maintain 

connectivity for two sessions of 60 minutes a week,  

being a total of 110 students, distributed 38 of control 

and 72 of experimentation. 

 

The techniques used were observation, survey and test, 

while the instruments were observational registration, 

questionnaire and objective test; Excel and SPSS were 

used for data processing. 

 

 

Didactic methodology 

 

For the present research study was developed during 5 

phases, being the following: 

 

Phase 1: Diagnosis: Diagnose the level of management 

of the GeoGebra software in high school students of the 

San Francisco Educational Unit. 

Activities:  

Survey application. 

Application of the pre test. 

 

Phase 2: Foundation: Substantiate the information in a 

scientific and theoretical way about the GeoGebra 

software as a didactic technological tool and the integral 

defined as study content. 

Activities: 

Application bibliographic method 

 

Phase 3: Design: Design experimental practices in the 

GeoGebra software for the study of the defined integral. 

Activities: 

Lesson plan design. 

Use of the heuristic method. 
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Phase 4: Implementation: Propose the experimental 

practices designed in the GeoGebra software to the 

experimentation group to improve academic performance 

during the second partial of the second semester of the 

2020-2021 school year. 

Activities: 

GeoGebra software application through lesson plans. 

 

Phase 5: Evaluation:  Validate the implementation of 

the GeoGebra software in the study of the defined 

integral through a statistical analysis of data on the 

academic performance of the control and 

experimentation group. 

Activities:  

Application of post test to the experimental and reference 

group. 

Hypothesis demonstration. 

 

 

3. RESULTS 

 

For the present research it should be considered that 

there is equivalence between the two groups, thus 

avoiding the deviation of the results, so for the control 

group the traditional methodology was maintained, while 

for the experimentation group the GeoGebra software 

was implemented as a heuristic method for the study of 

the defined integral.  therefore, in order to maintain 

equivalence between the groups, the following was 

considered. 

 

- Same teacher. 

- Same study content. 

- Same number of sessions. 

- Virtual development of classes. 

- Same autonomous activities, workshops and 

lessons. 

 

It is important to mention that the Educational Unit "San 

Francisco" during the virtual stage is teaching virtual 

classes every day through the Zoom platform from 8:00 

a.m. to 12:30 p.m. at a set time, while for the evaluation 

process it managed its evaluation instrument based on 

autonomous activities, workshops, lessons. 

 

 

Survey Analysis 

 

For the validity of the survey applied to third year high 

school students, 13 questions were analyzed using the 

expert judgment technique, with 3 experts selected 

according to relevant aspects such as experience within 

the area of study and research, while reliability was 

analyzed using the Cronbach alpha coefficient in view of 

the fact that its measures are not dichotomous.  having as 

a result 0.753 according to SPSS according to table 1, 

being in the high reliability range, in this way its format 

is accepted, these results served to develop the proposal 

for the implementation of the GeoGebra software for the 

study of the defined integral. 

 

Board 1: Reliability analysis in SPSS questionnaire-

survey. 

Source: SPPS Software. 

 

Pre Test Data Analysis 

 

For the validity of the objective test applied to the 

control and experimentation group, the expert judgment 

technique was used, for which there were 3 teachers 

from the study area, while the reliability was used the 

Kuder Richarson coefficient or KR-20 in view of the fact 

that a 10-item test was developed with questions of 

success and error,  being valued with 1 point for the 

correct answer and 0 points for the incorrect answer, 

allowing to determine the reliability of internal 

consistency having a value of 0.72 being in a high value, 

in this way its format is accepted. 

 

For the calculation of the descriptive statistics of the two 

groups, the SPSS software was used, being: 

 

Board 2: Descriptive statistical, pre test control group. 

 
Source: SPPS Software. 

 

Board 3: Descriptive statistical, pre test experimental 

group. 
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The normal distribution of data for the control group is 

analyzed using the Shapiro-Wilks test in the SPSS 

software, because it has 38 students, being a value less 

than 50. 

 

Board 4: Normality test, pre test control group. 

 
 

When obtaining a significance level greater than 0.05 

being 0.64 is considered a normal distribution. 

 

In the same way, the normal distribution of the data for 

the experimental group is analyzed using the 

Kolmogorov Smirnov test in the SPSS software, because 

it has 72 students, being a value higher than 50. 

 

Board 5: Normality test, pre test experimental group. 

 
 

When obtaining a significance level greater than 0.05 

being 0.053 is considered a normal distribution. 

 

For the verification of homogeneity between the control 

and experimental groups, the F test for variance of two 

samples is used, which is developed in Excel. 

 

 

 

 

 

 

Board 6: F-test results for variance of two samples. 

 
 

According to the results, F = 0.58 is obtained while 

critical F = 0.61, since F is critical greater than F, the 

groups are considered homogeneous. 

 

 

Post Test Data Analysis 

 

For the validity of the objective test applied to the 

control and experimentation group, the expert judgment 

technique was used, for which there were 3 teachers 

from the study area, while the reliability was also used 

the Kuder Richarson coefficient or KR-20 in view of the 

fact that a 10-item test was developed with questions of 

success and error,  being valued with 1 point for the 

correct answer and 0 points for the incorrect answer, 

allowing to determine the reliability of internal 

consistency having a value of 0.758 being in a high 

value, in this way its format is accepted. 

 

For the calculation of the descriptive statistics of the two 

groups, the SPSS software was used, being: 

 

Board 7: Descriptive statistical, post test control group. 

 
 

 

 

 

 

Board 8: Descriptive statistical, post test experimental 

group. 
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The normal distribution of data for the control group is 

analyzed using the Shapiro-Wilks test in the SPSS 

software, because it has 38 students, being a value less 

than 50. 

 

Board 9: Normality test, post test control group. 

 
. 

 

When obtaining a significance level greater than 0.05 

being 0.197 is considered a normal distribution. 

 

In the same way, the normal distribution of the data for 

the experimental group is analyzed using the 

Kolmogorov Smirnov test in the SPSS software, because 

it has 72 students, being a value higher than 50. 

 

Board 10: Normality test, post test experimental group. 

 
 

When obtaining a significance level greater than 0.05 

being 0.053 is considered a normal distribution. 

 

 

Hypothesis testing  

 

To test the hypothesis, the T-Student test was used for 

independent samples to have normal distributions, using 

the results obtained in the post test.  

 

            , The implementation of GeoGebra 

software in the study of the defined integral does not 

significantly affect the academic performance of high 

school students of the San Francisco Educational Unit. 

 

           , The implementation of GeoGebra 

software in the study of the defined integral significantly 

affects the academic performance of high school students 

of the San Francisco Educational Unit. 

 

Determination of significance level: When analyzing 

academic performance through the implementation of a 

didactic strategy, the research uses a significance level of 

0.05 and reliability of 95%. 

 

The T-Student test is applied because they are normal 

distributions, its calculation is developed in Excel. 

 

Board 11: T-Student test objective test post test. 

 
 

 

Analysis of results and decision making 

 

According to the Excel software is obtained as results 

and, so before accepting or rejecting the null hypothesis 

we proceed to analyze the regions of acceptance or 

rejection in the following figure:                    

 

 
Graphic 1: Identification of acceptance and rejection 

zones. 

 

As , the null hypothesis is rejected and the alternative 

hypothesis is accepted, in this way it is concluded 

that          , the implementation of the GeoGebra 
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software in the study of the defined integral significantly 

affects the academic performance of high school students 

of the San Francisco Educational Unit, where the means 

between the experimental and control groups in the 

objective test (post test) are significantly different,  being 

higher the value of the mean in the experimental group. 

 

 

Analysis of the observation sheet 

 

According to what was evidenced during the research, 

the data collected in the observation sheet is analyzed 

and the following aspects are interpreted: 

 

Management of GeoGebra software: When 

implementing the GeoGebra software  in the 

experimentation group, it was evident that the students 

easily handled it for the development of activities both in 

class time and in autonomous activities. 

 

Motivation  and interest: Students in the experimental 

group showed interest and motivation in learning the 

defined integral, while students in the control group were 

easily distracted by watching repetitive classes. 

 

Skills with performance criteria: With the 

experimental group, the development of skills with 

performance criteria was focused more than on the 

content, since activities were promoted that allowed 

the active participation of the students.   
 

Methodology: The methodology used in the control 

group did not project a towards significant learning 

working only with TPL (chalk, blackboard and 

language), while in the experimental group its 

constructivist approach together with the heuristic 

method allowed the student to be the protagonist of his 

learning. 

 

Academic performance: There was evidence of better 

academic performance in the experimental group unlike 

the control group. 

 

Planning: By implementing the GeoGebra software, 

improvisation of activities was avoided. 

4. CONCLUSIONS 

According to the analysis and interpretation of results 

according to the objectives set out in the research, it is 

concluded: 

The free mathematical software GeoGebra was accepted 

during the diagnostic phase through the application of a 

survey to third year high school students of the 

Educational Unit "San Francisco", who determined their 

level of management as well as the predisposition of its 

use as a didactic technological tool that allows to 

improve academic performance, empowering the 

construction of the advanced methodological and 

technological proposal for the study of the integral  

Defined; In the same way, through the application of the 

pre-test and under the statistical analysis, the 

homogeneity in the level of previous knowledge that 

each group maintained at the beginning of the research 

was determined. 

 

The foundation based on the application of the 

bibliographic method during phase two allowed to argue 

and support in a scientific and theoretical way the 

variables of the research, being the implementation of the 

GeoGebra software as a didactic tool, as well as the 

integral defined as study content to thus link them to the 

academic performance of the students of third year of 

unified general baccalaureate of the Educational Unit 

"San Francisco". 

 

The advanced methodological and technological 

proposal developed during phase three was based on the 

design of the lesson plans through the use of GeoGebra 

software for the study of the defined integral, as well as 

on the heuristic method for problem solving, in the same 

way the design was developed according to the 

Prioritized Curriculum presented by the Ministry of 

Education of Ecuador during the COVID-19 pandemic,  

as well as the time of application. 

 

The application of the advanced methodological and 

technological proposal designed for the study of the 

defined integral was developed in the experimental group 

during the second partial of the second semester of the 

2020-2021 school year virtually due to the COVID-19 

pandemic where interest and motivation for the study of 

the defined integral was awakened,  as well as the 

improvement in the academic performance of the 

students, thus guaranteeing the methodological proposal 

as a didactic tool; while in the control group we worked 

with the traditional methodology: chalk, blackboard and 

language (TPL). 

 

The validation of the implementation of the GeoGebra 

software for the study of the integral defined as a 

methodological proposal and advanced technology, was 

determined by applying an objective test to both control 

and experimentation groups during the evaluation phase, 

thus allowing through a statistical analysis T-Student to 

verify the hypothesis that  the implementation of 

GeoGebra software in the study of the defined integral 

significantly affects the academic performance of high 

school students of the San Francisco Educational Unit, 

since it was obtained as results        and , being 
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greater the calculated value than the critical 

one.              

 

 

5. RECOMMENDATIONS 

 

With regard to the conclusions established, the following 

recommendations are made: 

 

Analyze the level of knowledge, management and access 

of both students and teachers before implementing any 

mathematical software during the teaching and learning 

process. 

 

Investigate the different technological mathematical tools 

for their application and the contents that can be 

addressed with them. 

 

Socialize the importance of applying technological tools 

in the teaching and learning process to both teachers and 

students to avoid traditional methodologies. 

 

Constantly validate the application of didactic resources 

or technological tools to prevent the academic 

performance of students, as well as their learning from 

being affected. 
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