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Abstract—Education has taken a big turn due to the current
health situation, and as a result the use of technology has become
a great ally of education, achieving important benefits.
Augmented reality is being used by teachers and students
especially in distance and/or face-to-face learning through
didactic learning, self-instruction and the promotion of research.
This article shows the development and influence of a mobile
application with augmented reality that serves as a reinforcement
for the learning of Science and Technology in students of sixth
grade of Primary and first year of Secondary School. The Mobile
D methodology is used during the development process of the
application, the research design is Pre-Experimental since the
Pre-Test and Post-Test tests are performed to a single group of
students being the total of 30, obtaining as final result the
increase in the level of interest of the students to 100%, in the
level of understanding there was an improvement of 5096 and the
level of satisfaction is maintained in a range of 40% satisfaction
and very satisfied of 60%, which implies that the application
helps them to improve their learning.

Keywords—Augmented reality; learning; mobile application;
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I.  INTRODUCTION

In this sense, the Program for International Student
Assessment (PISA) of the Organizacion para la Cooperacion y
el Desarrollo (OCDE), which is carried out every 3 years,
evaluates 15-year-old students in the areas of reading,
mathematics and science, contributing to systematically assess
the knowledge of young people [1].

According to OECD results [2], the 10 countries evaluated
in Latin America are below average in Reading and
Mathematics, with Peru being one of the countries that is
showing small growth. In 2018, Peru participated voluntarily
with 342 schools and a total of 8028 students (6086 of whom
took the cognitive competency and 1942 took the Financial
Education competency) [3], 70% of which were state schools
and 30% private schools. According to the results obtained by
PISA in 2018, the average obtained by Peru were the
following: reading comprehension of 401, mathematics of 400
and science of 404 placing it in 64th place out of 77 countries,
although in some points a slight improvement has been
achieved but it is still worrisome.

In the national evaluations of learning achievements carried
out in 2019 [4], [5] where students at 1st secondary school
were evaluated, to test if the learning obtained are those

expected by the National Curriculum of Basic Education
(CNEB), the national results exposed in Table | were obtained,
making a comparison of the national results of the year 2018
and 2019. It was identified that we remain in "Level in
process”, where the student managed to partially learn the
expected learning, but still shows difficulties, since the
academic performance that students are obtaining is very low
compared to other countries.

One of the ways to establish improvements in the
educational world is using technological tools [6], [7], these
can be used by teachers and students especially in remote
and/or face-to-face learning by combining traditional teaching
with technology. One of them being Augmented Reality (AR),
which consists of the overprinting of one or more virtual
elements in real time [8], this is given thanks to the mobile
camera being an appropriate means of entertainment for
educational purposes.

What we want to achieve in this research is to provide a
technological proposal, which will serve to improve the
learning of students in the Science and Technology course,
thus showing a significant increase in their level of interest in
the course, their understanding of the information they are
being taught and an increase in their level of satisfaction using
the mobile application with reality, thus achieving a dynamic
learning.

TABLE I. NATIONAL RESULTS BETWEEN 2018 AND 2019
Average Mean (MP)
Areas evaluated
2018 2019
Reading 571 567
Mathematics 560 567
Science and Technology 500 501

Il. BIBLIOGRAPHIC STUDY

The accelerated advance of technology together with
mobile devices has led us to redefine current teaching and
communication methods. A lot of research has conducted
studies on the impact of Information and Communication
Technologies (ICTs) both in everyday life and in specific areas
such as education [9]-[11], aiming to demonstrate the results
focused on the skills acquired by students. This technological
development can use new technologies as an aid in the
teaching and learning process for both teachers and students
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[12]. Adolescents are during these changes and usually make
use of the artifacts and technologies that are being incorporated
into our daily lives [13], familiarizing themselves with them
and allowing them to take advantage of them in a way that
contributes to their intellectual development, aiming to achieve
an education based on results.

This section presents a review of the latest research
conducted regarding the topic in common, to show the benefits
and effects achieved from AR implemented in education.
Articles from academic journals and academic research
databases between the years 2016-2021 were considered,
presenting a summarized analysis of studies.

In the research [14], an application was proposed for
learning the Quechua language with augmented reality in pre-
school students, serving as support as teaching material inside
and outside the classroom. The activities developed within the
application were adapted by means of written and audiovisual
comprehension, showing favorable results within the
population. A 30% improvement in the students' performance
was evidenced after being used in the classes as a support tool.

In the research work [15] proposes a mobile application
called GEO+. The application would be used by elementary
school students allowing them to have a better acquisition of
knowledge based on the geometry course, making use of
augmented reality, and generating a greater interest in the
course. The effectiveness of learning was measured through
post-test and pre-test evaluations, finally the results obtained
were effective regarding the increase of satisfaction and
learning before and after the implementation of the application,
allowing them the ease of use of technology and achieving
autonomous learning.

Finally, the present research [16], shows an application to
demonstrate particle physics experiments using AR and the
Kinest sensor to create an experience that immerses users in
the subject. The results obtained were profitable, according to
the qualitative analysis 85% of the participants were satisfied
and recommended the application.

The studies shown allow us to identify how AR has made a
great contribution to education.

I1l. METHODOLOGY

The Mobile-D Methodology is used for a collaborative
work to deliver a ready product within a maximum of ten
weeks by a team of no more than ten developers, including
test-driven  development, continuous integration, and
refactoring, as well as software process improvement tasks
[17]. The Mobile-D methodology has 5 phases: Exploration,
Initialization, Production, Stabilization and System Testing.

A. Exploration
At this stage the Stakeholders were established.

e Interest Group: Companies focused on the education
sector.

e Application User: (30) Students of 6th Grade of Primary
and 1st Grade of Secondary.
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e Developers: Researchers/Developers of the present
project.

B. Initialization

In this phase, the technological resources (hardware and
software) for the development of the research project are
established.

Hardware:

o 2 laptops with 4-core processor or more, 8 GB RAM.
e Samsung A20S mobile device.

Software:

e Unity: This is a video game development tool that also
serves to create interactive experiences in Virtual or
Augmented Reality [18], being processed, rendered,
and displayed in real time.

o Blender: A software capable of creating new 3d
visualizations [19] (still images, animations, video
editions, etc.), it has a high-quality architecture,
allowing an optimal workflow.

e Vuforia: Vuforia is an augmented and mixed reality
application development tool, oriented for the Unity
engine [20]. Offering text recognition, image
recognition, tracking, target detection.

e Visual Studio: is an integrated development
environment (IDE) being a program that has several
features around software development [21].

C. Production
In this phase the ideas are organized, and the functions of

the application are prototyped. Fig. 1 shows the general
architecture of the application called ARST.

Through the mobile device captures the scene taken
through the camera and the Vuforia SDK will create frames of
the captured scene converting the image to a different
resolution for the proper processing of the tracker. The Vuforia
SDK will analyze the images through the tracker looking for
similarities in the database that is composed of the targets, and
then the application verifies the status of the targets to update
the logic programmed in Unity, and finally present the virtual
content on the screen of the device to be observed in
augmented reality.

D. Stabilization

In this stage, the development of the components and the
integration between them is carried out.

1) Application prototypes: Fig. 2 (a) shows the design of
the main menu of the application, with its respective options
where students can interact, then Fig. 2 (b) shows the initial
interface of the presentation of the topic to be performed with
its respective classification, in Fig. 2 (c), the interface of the
ARST Application quiz is shown, finally in Fig. 2 (d), shows
the application questionnaire where students interact by asking
questions about the topic, giving a score.
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Fig. 2. Interfaces of the RST Application.

In Fig. 3, when entering the start option, buttons about
foods and their classification will be listed, where 3D models
of foods and their classification are visualized by means of
targets. For example, the food with a brief information, the
classification of food (by origin, by nutritional value).

E. Test

For this research, the population will be made up of 30
students from |.E.P. Magister in the city of Lima, district of
Villa Maria del Triunfo. It is applied to students in 6th grade of
Primary and 1st Grade of Secondary. The design used was pre-
experimental, with a pre-test and a post-test since the online
method was used (1). Table Il shows the definition of the
items.

Ge 0, X 0, 1)

-
Los Alimentos
Los alimentos son sustancias de
naturaleza que contienen [0S
elementos necesarios
permitiendo que nuestro cuerpo
crezca y nos proporcionan la
energia necesaria para
desarrollar nuestras actividades
diarias

Fig. 3. Visualization of 3D Models of Foodstuffs by means of Targets.

TABLE Il.  DESCRIPTION OF PRE-EXPERIMENTAL ELEMENTS
Elements (1) Description
Ge Experimental Group
01 Level of learning before applying the system. (Pre-test)
X Mobile application with augmented reality
02 Level of learning applied to the system (Post-test)
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IV. RESULTS

The objective of this research is to determine to what extent
the mobile application with augmented reality will improve
learning in the Science and Technology course. For this
purpose, the first tests were conducted on one of the most
touched topics of the course "Food and its classification”,
considering the following criteria: The level of interest (KPI-
1), the level of understanding (KPI-2) and the level of
satisfaction (KPI-3). The information was collected by means
of a survey through the Google Forms platform and the results
were analyzed with the SPSS tool. The results are shown in
Table I1I.

The first indicator of level of student interest is measured
on a Yes/No scale, the second indicator of level of
understanding is evaluated on a scale of Beginning to
Outstanding Achievement, and the third indicator of level of
satisfaction is evaluated on a scale of Very Dissatisfied to Very
Satisfied.

1) KPI-1: Level of student interest: Fig. 4 shows the
results obtained from the experimental group with respect to
the Pre-Test and Post-Test, it is observed that the level of
interest of the students increases by 30% over the interest they
have during the development of the Science and Technology
course.

In Fig. 5, the KPI-1 summary report on the level of interest
after implementation of the application is shown, which
obtained the following results: About 20% of students do not
feel a level of interest and 80% do with respect to the science
and technology course, also through a 95% confidence interval
for the mean, 2 limits 0.61 and 0.99 were obtained.

TABLE Ill.  TEST RESULTS: PRE AND POST
Indicators Group Pre-Test Post-Test
Level of Interest Experimental | 78% 100%
Level of Understanding | Experimental | 30% 50%
Satisfaction Level Experimental | Very Satisfied Satisfied
eo% 55% 80%
50%
40%
30%
20%
10%
0%
Ws @Eno Ws [ no
Pre - Test Post - Test

Fig. 4. Pre-Test and Post-Test of Students' Level of Interest.
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Fig. 5. KPI-1 Summary Report Post-Test Level of Interest.

2) KPI-2: Students' level of understanding: Fig. 6 shows
the results obtained by the experimental group with respect to
the Pre-Test and Post-Test, showing that the level of
understanding of the students has increased by 50%, since half
of the students have reached an achievement in their
comprehension.

In Fig. 7, the KPI-2 Summary report on the level of
understanding after implementation of the application is
shown, which obtained the following results: Through the
tabulation, 50% in process, 30% in Expected Achievement and
20% in Outstanding Achievement of the students with respect
to their level of knowledge and understanding on the topic of
Food and its classification of the Science and Technology
course, with the use of the mobile application with augmented
reality.

In Process; 12

In Process;
10

expected
accomplishment;
6

expected
accomplishment;

4

oulstanding
achievement

Start; 4 Il

Pre-Test Post-Test

Fig. 6. Pre-test and Post-test of Students' Level of understanding.
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INFORME DE RESUMEN DE KP-2 NIVEL DE COMPRENSION POSTEST

Estadisticos KPI2_Post_Notas (Agrupada)

KPI2 Post Notas {Agrupada

N Valido 20 B
Perdidos 0
g )
13
e x|
: EnProcese Lagro Previsty Lagro Destacada
KPI2_Post_Notas (Agrupada)
KPi2_Post_Notas (Agrupada
Porcentaje Porcentaje
Frecuencia  Porcentaje vilido acumulado
Vilido  EnProceso 10 50,0 50,0 50,0
Logro Previsto 6 30,0 30,0 80,0
Logro Destacado 4 200 200 100.0
Total 20 1000 100.0

Fig. 7. KPI-2 Post-Test Comprehension Level Summary Report.

3) KPI-3: Student Satisfaction Level: Fig. 8 shows the
results obtained by the experimental group with respect to the
Pre-Test and Post-Test, showing that the level of satisfaction
has decreased, but is still maintained in a degree of satisfaction
(Very Satisfied and Satisfied) by the students.

Very Very

satisfied; 20 satisfied; 12

Satisfied;
8

Pre -Test Post -Test

Fig. 8. Pre-test and Post-test of Student Satisfaction Levels.

INFORME DE RESUMEN DE KP-3 NIVEL DE SATISFACCION POSTEST
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N Vilido 20 =
Perdidos 0
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My S
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Porcentaje Porcentaje
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Valido Satisfecho 8 40,0 40,0 40,0
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Total 20 100,0 100.0

Fig. 9. KPI-3 Post-Test Satisfaction Level Summary Report.
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Fig. 9 shows the KPI-3 summary report on the level of
satisfaction after implementation of the application, which
obtained the following results: Through the tabulation, 40% of
the students feel satisfied and 60% of the students feel very
satisfied with respect to the application with augmented reality
applied during the class with the topic of Food and its
Classification in the Science and Technology course.

V. CONCLUSION

This research article has presented a review of research in
recent years regarding the benefits of AR in education,
concluding that it contributes greatly to their academic
performance, self-learning, and creativity, in addition to
increasing their enthusiasm in courses by encouraging
research.

An AR application was developed as a tool to improve
learning in the science and technology course for regular
elementary school students, providing additional didactic
information together with questionnaires to measure learning.

It has been observed that the use of a mobile application
with augmented reality significantly improves learning in the
Science and Technology Course due to the 50% increase in the
Comprehension Level (Fig. 4 and Fig. 5), applied in the
questionnaire of students in 6th grade of primary education and
1st grade of secondary education (experimental group). There
were not many changes in the students' satisfaction (Fig. 6 and
Fig. 7), but it remains between the intervals of 40% of Satisfied
Students and 60% of Very Satisfied Students. There was an
increase of 30% of students who showed interest in the Science
and Technology course (Fig. 8 and Fig. 9).

The results showed that the proposed ARST application has
succeeded in promoting self-learning, didactic learning, and
research. It is recommended for future research to develop
more topics applying augmented reality focused on education.
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