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This research describes the impact of including virtual and augmented reality as a teaching tool, in 
schools placed in vulnerable sectors of El Salvador. The purpose of the experiment was to measure 
the incidence of this technology in two different fundamental variables of education: retention and 
motivation. The studied subjects were 297 students from ninth grade that belong to 13 different 
schools of limited resources. Two-groups pretest-posttest experimental design was used. The 
treatment group received Science and Social Studies classes with virtual reality. Results revealed an 
increase of 6.7% in knowledge retention in all the students exposed to the technology, with more 
incidence in subjects such as Social Sciences and a trend towards better results on retention with 
longer interventions. Related to the motivation variable, an increase of 21% was achieved in 
commitment, expectation and affectivity from the treatment group that received classes with VR, 
but the most significant finding is the gap between both groups in conduct dimension (+31%). The 
research allows to state, based on experimental evidence, that virtual reality stimulates different 
cognitive processes linked with academic development. The multisensorial aspect of technology 
allows students to recall more information and commit to their own learning process, improving the 
key indicators of quality and educational outcomes.



 immersion, virtual reality, extended reality, technology, educational innovation.
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Public education in Latin America faces three 
major challenges: reducing technological gaps, 
maximizing the educational trajectory of the 
most vulnerable students, and ensuring that 
education generates employable and productive 
learning outcomes.



Each of these mentioned challenges implies a 
tremendous effort by policymakers to create 
cost-effective plans that cover the basic 
functioning of massive bureaucratic structures 
while aiming to improve educational quality and 
continuity indicators.



The incorporation of technology as a tool to 
enhance education is a globally discussed topic 
that has gained even more relevance in Latin 
America due to increasingly marked 
technological disparities compared to 
industrialized and economically developed 
countries. 

According to a study by the 
Inter-American Dialogue[1], as 
of November 2021, only 33% of 
the region's schools had 
access to high-speed 
internet, contrasting with a 
Gallup study revealing that by 
2019, 78% of public school 
teachers in the United States 
used digital tools at least twice 
a week as a pedagogical aid[2].

 INTROduCTION
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Within the spectrum of technologies aimed at 
improving educational indicators, 'meaningful 
connectivity,' a term used by the Alliance for 
Affordable Internet, is prioritized, necessitating 
the convergence of three elements in schools:
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access to stable and sufficient internet, 
availability of smart devices, and teacher 
training[3]. Subsequently, various 
comprehensive solutions have emerged, aiming 
to transform the educational experience by 
incorporating elements of science and 
engineering to encourage cognitive 
development and critical thinking, such as 
STEAM methodologies that employ robotics, 
programming, and other information 
technologies.



Extended reality, XR for short, has emerged in 
recent years as the technological promise to 
enhance educational quality across all levels of 
teaching, from basic to professional education, 
owing to its immersive and experiential 
nature[4]. Added to these benefits is the 
multisensory component, which, according to 
studies by the Games For Change association, 
reduces cognitive load in learning by utilizing 
technology as a teaching tool in the 
classroom[5].



This research is an experimental study seeking 
to identify and analyze the impact of extended 
reality (virtual and augmented reality) on two 
key education indicators, retention, and 
motivation, in schools located in vulnerable 
sectors of Central America, specifically in El 
Salvador.



Building upon previous experiments conducted 
by the research team and based on the guided 
use methodology of technology, 10 rural schools 
from different vulnerable communities in El 
Salvador, part of the “Educar y Convivir” project 
by USAID implemented by FEPADE, were 
selected. Each school was equipped with a lab 
comprising 16 virtual reality devices, utilizing the 
educational platform Class VR by the British 
company Avantis Education. 

Teachers underwent a 12-hour in-person training 
endorsed by the Technology Department and 
Teacher Training Directorate of the Ministry of 
Education, Science and Technology of El 
Salvador. The goal was to have the same 
teachers from beneficiary schools conduct the 
virtual and augmented reality classes. Finally, the 
pedagogical adaptation of Science and Social 
Studies subjects corresponding to the last 
month of the academic year for ninth-grade 
students was carried out to be taught using 
extended reality.



This article is organized into five sections. The 
first section, the theoretical framework, 
describes the most important definitions of 
extended reality technologies and previous 
research, both from the authors and third 
parties, which led to the conceptual design of 
the experiment. The second part contains the 
research methods, leading to the results 
obtained after a month of intervention in the 
beneficiary schools. Finally, the analysis of 
results, conclusions, and key findings are 
presented, summarizing the identified 
contribution of this technology to the key 
education indicators for Latin America.




At a global level, society is immersed in a reality 
characterized by constant technological 
changes that have given rise to new paradigms, 
expanding exponentially across the world. The 
educational sphere has also undergone 
significant transformations due to these 
advancements, particularly in the teaching and 
learning processes, which now exhibit 
substantially different characteristics from 
traditional conceptions. These dynamic and 
revolutionary processes have led to a 
redefinition of educational paradigms across all 
levels and modalities, marking a fundamental 
shift in how education is conceptualized



In this context, new educational models 
associated with technology have emerged to 
revolutionize teaching paradigms[6]. The 
inclusion of technologies such as  Virtual   Reality 
(VR)   and  Augmented   Reality (AR)   has 
transformed the way classes are conducted


turning them into powerful teaching tools for 
educators.  Numerous studies demonstrate that 
this technology goes beyond its recreational 
application and significantly contributes to the 
development of cognitive skills such as 
retention, comprehension, perception, attention, 
memory, motivation, etc [7][8].



In the educational realm, for instance, 
simulations of historical contexts or interactions 
with natural resources can be employed, making 
the student the primary protagonist of their own 
learning process [9]. 

Virtual Reality offers an 
immersive experience where 
students can engage with all 
their senses: sight, smell, touch, 
taste, and hearing. 



2.1 Virtual and Augmented Reality as a 
Pedagogical Tool


 Theoretical framework
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Based on the aforementioned aspects, the 
integration of Virtual Reality for educational 
purposes enables the creation of a participatory, 
collaborative, practical, and immersive learning 
environment that potentially enhances learning 
indicators and educational continuity.
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2.2 Retention

Retention, as a memory process, has been 
extensively studied in the educational field as it's 
fundamental for learning. Among prevalent 
theoretical frameworks, retention is understood 
as an individual's ability to maintain and recall 
learned information or skills over an extended 
period[10]. 



Emerging trends in education emphasize 
learning as a collaborative construction between 
teachers and students, a significant factor 
influencing retention. When students take an 
active role in their learning process, higher levels 
of information and content retention are 
observed[11]. 



Studies indicate that teaching with VR impacts 
knowledge retention because students engage 
in interactive, practical, and innovative learning 
experiences. Given that newer generations are 
highly accustomed to interactive environments, 
it's presumed that VR would be highly beneficial 
for cognitive processes like retention[12]. 



In this regard, the REDEM platform (2023)[13] 
states the following:



The premise is as simple as it is 
didactically perfect: learning in 
interactive environments that feel 
real, where mistakes can be made 
without suffering consequences, 
thus enhancing the effectiveness of 
learning. Virtual Reality (VR) has 
evolved from a futuristic concept to 
providing immersive experiences 
with immersive images and 
surround sound, enabling students 
to experience each situation from 
various perspectives, analyze the 
consequences of their decisions, 
and even observe the time taken to 
respond to each question.


Importantly, meaningful learning occurs when 
the learning object is functional or interactive, as 
it integrates in a simple way while the 
participant develops the necessary cognitive 
structures, enabling them to establish 
connections with the new knowledge.


Motivation is a key element in learning and is 
also considered one of the determining 
variables, alongside retention, for academic 
success. In this sense, educators should seek 
technological alternatives to capture students' 
attention in order to enhance motivation and 
improve academic performance. Students must 

2.3 Motivation
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maintain a positive attitude towards new 
learning, which translates into greater interest, 
ultimately driving their engagement in learning. 
Carrillo, Padilla et al. (2009)[14] suggest that 
'Motivation is that internal, positive attitude 
towards new learning; it is, therefore, an 
endogenous process. Undoubtedly, motivation 
plays a fundamental role in this process'. This 
process is primarily generated by the 
participant's interest in the subject matter. A 
topic of interest sparks motivation and 
undoubtedly aids in facilitating learning.



Within the multiple lines of research on 
motivation, the work of Pintrich[15] stands out, 
primarily integrating motivational and cognitive 
variables to gain a comprehensive view of the 
learning process within the school context. He 
indicates that learning is regulated by three 
components or dimensions directly linked to 
motivation: Cognition, Emotion, and Behavior.



The primary insights related to motivation 
research in the field of education have been 
condensed into the Motivated Strategies for 
Learning Questionnaire (MSLQ), one of the most 
widely accepted instruments globally. It has 
been adapted for highly diverse populations due 
to its robust structure[16]. Students 
characterized by high levels of motivation 
display personal involvement in their learning 
and demonstrate the ability to persist and exert 
effort in tasks to achieve their set goals.



Certainly, the use of VR in the classroom allows 
for, among other advantages, the development

of cognitive, spatial, perceptual-motor, and 
affective skills. In students, it enhances attention, 
retention, and learning. These are significant 
advantages, as suggested by Marín-Díaz et al. 
[17]:

 Provides an effective communication 
environment for educational work by 
reducing uncertainty about knowledge 
concerning an object

 Increases students' positive attitude towards 
learning and their motivation or interest in 
the subject matter, reinforcing abilities and 
competencies.





2.4 Vulnerable Schools (Previous 
Experiment)

One of the key objectives of educational training 
is universal access to information and 
knowledge. For these reasons, governments 
must promote and ensure inclusive and quality 
education, providing technology in schools, 
especially in more deprived sectors where 
access to information and innovative technology 
becomes critical. Vulnerable schools (hereafter 
referred to as VS) are characterized by 
experiencing a series of difficulties influenced by 
context and resources, hindering students from 
benefiting fully from the curriculum and 
classroom teachings throughout their school 
journey[18]. VS commonly exhibit high dropout 
rates[19].
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This study helps to understand VR as a 
pedagogical tool that drives knowledge 
retention and therefore positively impacts 
students' academic performance. Due to its 
immersive, playful, and multisensory nature, it 
enhances students' motivation and 
engagement with their learning process. It 
becomes crucial to operationally define these 
latter two variables, which are key to predicting 
educational success and continuity.


In marginalized areas, educational quality 
is compromised by various factors, 
including the limited provision of 
educational resources. 
 

For this reason, an experiment was 
conducted in partnership with the 
“Fundación Salvador del Mundo” 
(FUSALMO), involving students from 12 
educational institutions in vulnerable 
sectors through an educational 
reinforcement program.



Nine science classes were adapted to be 
delivered through VR, and subsequently, 
knowledge retention and motivation 
(engagement) were measured. The same 
measurements were conducted for a 
group of students not exposed to VR. 
Among a total of 550 students, it was 
found that the VR-exposed group:

Produced 10.4% more passing 
students than the non-VR 
group.

Produced 8.7% more correct 
answers than the non-VR 
group.

Rated their classes 9.1% better in 
terms of interactivity and 
dynamism.

Rated their classes 9% better in 
terms of enjoyment

Selected the highest option to 
describe the class as more fun 
14.59% more often.




 To measure the impact of using virtual and 
augmented reality as a pedagogical support 
tool on retention and motivation variables in 
schools within vulnerable sectors of El 
Salvador.

 The study consists of 297 ninth-grade 
students from schools located in rural areas 
of El Salvador, ranging in age from 14 to 19 
years old

 A stratified sampling technique was 
employed, which divides the population into 
homogeneous subgroups or strata before 
selecting samples[20]. In this case, each 
school was considered as a stratum to ensure 
a proportional representation of different 
schools in the sample.


Retention:  
A five-question questionnaire for each Science 
and Social Studies class was designed. These 
assessments encompass the content that will be 
taught in each class, addressing the 
predetermined performance indicators in the 
national educational curriculum. A higher score 
on the questionnaire indicates a higher level of 
retention of the recently taught class.
 

 Additionally, a purposive approach was 
implemented, intentionally selecting 
participants based on specific criteria[21], 
facilitating the inclusion of key individuals for 
the research objectives and enhancing the 
quality of the collected data in each 
educational context. Ninth-grade students 
were chosen as this grade represents a 
critical point for school dropout rates in El 
Salvador[22].

3.1 Research Objective: 

3.2 Study Participants:

3.3 Variables

 methods
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Motivation:  
The Motivated Strategies for Learning 
Questionnaire (MSLQ)[23], a self-report 
instrument designed to assess students' 
motivational orientations, was used. The MSLQ is 
based on a broad cognitive perspective of 
motivation and learning strategies. In this study, 
the questions were adapted to fit the 
educational level of the treatment population 
(ninth grade), and only the items related to the 
motivational aspect of the questionnaire were 
included.



The adaptation of the MSLQ maintained the 
five-point Likert scale, where participants rate 
their level of agreement or disagreement 
(ranging from 1 = completely disagree, 2 = 
disagree, 3 = neutral, 4 = agree, to 5 = completely 
agree) with six statements related to three 
psychological dimensions

 Dimension of expectations: based on the 
student's beliefs regarding whether they find 
the classes useful or not.



 Dimension of affectivity: focused on the 

student's concerns and rejection towards the 
classes

 Behavioral dimension: centered on the 
student's willingness or unwillingness to 
attend classes.
 

 group, with students being randomly assigned 
to these groups. The following outlines the 
characteristics of the groups

 Treatment Group: Students who received 
Science and Social Studies classes using 
virtual and augmented reality as an 
immersive pedagogical support tool. 


 Control Group: Students who received 
Science and Social Studies classes through a 
standard class format taught using a 
PowerPoint presentation.



Both the treatment and control groups were 
given the retention test before the class to 
determine the level of understanding of the 
concepts to be addressed in the academic 
session. Both groups were re-evaluated using 
the same test one week after receiving the class, 
in virtual reality for the treatment group and in 
the traditional way for the control.



For the purposes of this study and to standardize 
the control group, a traditional class is defined 
as delivering the didactic sequence of the topic 
using PowerPoint slides as a supporting tool for 
presenting the content



Sixteen academic sessions were conducted for 
Science (10 sessions) and Social Studies (6 
sessions), adapted from the national curriculum 
program. These sessions were conducted during 
the months of September and October at the 
participating schools involved in the research. 
Both interventions, the treatment and control 
groups, were led by the respective school's 
teachers who underwent training on delivering 
classes in virtual reality. They were certified by 
the Teacher Training Ministry of Education's 
Directorate.  

Two methodological designs were conducted, 
one for each variable under study: retention and 
motivation.



Retention:  
An experimental pretest-posttest design was 
carried out with both a treatment and a control

3.4 Research design
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Motivation:  
A pre-experimental design of pretest-posttest for 
the treatment group and a measurement for the 
control group was conducted. Below are the 
characteristics of the groups::

 Treatment Group: Students involved in the 
project "Incorporation of Virtual Reality as a 
tool to enhance the quality and educational 
continuity" (IVR-TEQC), part of the “Educar y 
Convivir” program by USAID, implemented by 
FEPADE. They received Science and Social 
Studies classes utilizing virtual and 
augmented reality as an immersive 
pedagogical support tool.

 Control Group: Students from schools 
situated in rural sectors of El Salvador who are 
not part of the "Incorporation of Virtual 
Reality as a tool to enhance quality and 
educational continuity" project, located in 
areas adjacent to those of the treatment 
group.



For the treatment group, the initial MSLQ 
measurement was conducted in the first week 
of the experiment's implementation, and a 
posttest was done in the final week of the 
intervention. For the control group, the 
instrument was administered during the last 
week of the project. 



Both measurements, for both the treatment and 
control groups, were administered by the 
school's own teachers, consistent figures within 
the students' learning process.



Similarly, conducting classes using virtual and 
augmented reality methodologies enhances the 

 
among the beneficiaries.
commitment and willingness to study

The exposure of students to science and social 
classes using virtual reality enhances the level of 

 compared to those 
students who received the same content 
through the traditional method (PowerPoint 
presentation).


knowledge retention

The data was collected through self-
administered printed questionnaires (retention 
test and MSLQ questionnaire) by the students 
without any assistance, over a period of five 
weeks (September 21 - October 26, 2023). 
Additional requested information included: date, 
institution, gender, and age; all administered 
surveys were anonymous.



The questionnaire results were organized using 
SPSS version 25 software, manually inputting the 
data into two databases, one for the Retention 
variable and another for the Motivation variable. 
In both cases, an exploratory data analysis was 
conducted to identify outliers and missing 
information.



Among the statistical analyses performed, a one-
way ANOVA was used for the Retention variable. 
This helped control variability between the 
experimental and control groups, allowing us to 
identify if the observed differences were 
attributable to the intervention and not external 
factors. This approach helps determine if the 
impact can be attributed to the VR intervention.



For the Motivation variable, the means between 
the treatment group, pretest and posttest, and 
the control group were compared. Multiple 
Student's t-tests were used, a robust and 
effective parametric test even with small 
samples, to verify if there were significant 
differences between the two groups. It's a useful 
significance test in situations with limited 
sample sizes.


3.5 Theory of change:

3.6 Data processing:



Sample of the treatment group consisted of 130 
students, from 5 out of the 10 participating 
schools in the 'Incorporation of Virtual Reality as 
a Multisensory Tool to Enhance Educational 
Quality' program, with an equal gender 
distribution (see Table 1), and ages ranging from 
14 to 19 years old (see Chart 1), all attending the 
ninth grade.


Gender:

Age:

Schools:

Table 1. Percentage of male and female students per study groups.

Table 2. Number of students per evaluation moment per school

Table 3. Number of students per school (control group)


For this study, the sample was obtained from 13 
educational institutions located in different rural 
areas of El Salvador. The distribution per school 
is detailed in Tables 2 and 3.


4.1 Demographic Data

 results
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Groups

Schools

Schools

Treatment Group

Control Group

Age Distribution

Control Group

Mano Amiga

La Reforma

Bedout

San Juan de las Minas

57.14%

37

25

55.38%

40

25

164

40

23

25

14

42.86%

20

19

25

44.62%

19

19

26

125[24]

20

52

19

14

10

16

17

21

26

130

167

Total

Total

With Virtual Reality Without Virtual Reality

Treatment  Group

Caliachura

Soldado Óscar Ortiz

Fe y Alegría

El Pedregal

Caserio Santa Rita

Cosme Spessotto

Escobar Guillén

Juan Pablo Rodríguez

Gesuina Melzi

Male

Pretest

Female

Posttest

Population

Total

Population

[24] Five respondents did not report their gender.

14 years

15 years

16 years

17 years

18 years

19 years

100%

75%

50%

25%

0%

Chart 1. Age distribution per study group (treatment group=With 
Virtual Reality | control group=Without Virtual Reality)
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Retention

The data collected in the retention tests show 
averages above the minimum passing score (>= 
5 points) for both the treatment group and the 
control group (see Table 4). Similarly, there are 
similar averages between the control group and 
the treatment group (TG=6.73 vs CG=6.63) before 
the implementation of the intervention. As a 
result of the intervention, there is an increase in 
the average scores of both groups at the time of 
the second measurement (TG=6.7% vs CG=4.1%) 
(see Chart2).



Chart 3 details the average obtained by each 
group, treatment and control, in the pre and 
post-intervention measurements for Science 
classes 

Chart 4 displays the results for the treatment 
and control groups regarding retention in the 
pretest and posttest for the Social Studies 
subject, indicating a tendency to increase 
retention levels for the treatment group (X=7.41 < 
X=7.87), while the control group tends to 
decrease its levels (X=7.55 > X=7.49). The 
percentage variation for the treatment group is 
6.20%

Retention by subject:

On the other hand, it was also relevant to 
consider the results regarding the retention 
variable when we isolate the subjects of Science 
and Social Studies. 

4.2  Results per Variable

Treatment X=6.73 X=7.18 S=2.56 S=2.36

X=6.63 X=6.9 S=2.63 S=2.54Control

Group Pretest Posttest Pretest Posttest

Table 4. Average retention levels and standard deviation (0-10) for 
the treatment group and control group (Pretest and Posttest)


Retention General Results

Retention Results - Science

Evaluation Period

Evaluation Period

6.50

6.00

6.75

6.25

7.00

6.50

Le
ve

l o
f 

R
e

te
n

ti
o

n

Le
ve

l o
f 

R
e

te
n

ti
o

n

7.25

6.75

7.50

7.00

Posttest

Posttest

Pretest

Pretest

With Virtual Reality Without Virtual Reality

With Virtual Reality Without Virtual Reality

Chart 2. Average retention level (0-10) for the treatment and control 
groups (Pretest and Posttest)

Chart 3. Average retention level (0-10) for the treatment and control 
groups (Pretest and Posttest) in Science subject

The treatment group achieves a higher 
score than the control group in both 
measurements







Similarly, the increase in retention for the 
treatment group is 7.1%


6.31 6.03

6.76 6.54

Pretest

Posttest

Treatment G. Control G.

>
>
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Retention by classes:

Here are the results of the treatment and control 
groups in each of the science classes (see table 
5) and social studies classes (see table 6); in 10 
out of the 16 classes, the treatment group had 
higher average retention scores than the control 
group.



Motivation

For the motivation variable, the treatment group 
had a 19% change between their pretest and 
posttest (X1=3.67 < X2=4.37), in the final outcome 
of the MSLQ questionnaire adaptation, using a 5-
point Likert scale. The control group, which 
served as a contrast to compare the results, 
obtained an average motivation of X=3.56 with a 
standard deviation of S=0.8. The difference 
between the average of the treatment group 
(posttest) and the control group was 23%.


Retention Results - Social Studies

Evaluation Period

7.00

7.25

7.50

Le
ve

l o
f 

R
e

te
n

ti
o

n 7.75

8.00

PosttestPretest

Treatment Group Control Group

Chart 4. Average retention level (0-10) for the treatment and control 
groups (Pretest and Posttest) in Social Studies subject



Treatment Group

Treatment Group

Control Group

Control Group

Class 1

Class 1

Class 5

Class 5

Class 3

Class 3

Class 7

Class 9

8.00

8.46

6.04

6.81

7.64

7.82

4.54

3.52

9.00

8.00

7.23

6.97

7.25

8.73

5.51

4.69

8.89

8.77

6.45

6.00

7.65

8.38

4.70

4.29

8.44

4.60

6.47

6.56

7.94

8.11

5.27

4.40

8.74

6.82

3.13

6.60

8.64

8.38

6.48

4.67

8.85

7.43

4.37

7.11

8.43

8.38

6.21

4.44

8.41

8.38

2.36

6.56

8.36

8.03

5.03

3.88

8.88

7.62

3.72

6.50

8.07

8.61

7.03

5.09

Class 2

Class 2

Class 6

Class 6

Class 4

Class 4

Class 8

Class 10

Class

Class

Pre

Pre

Post

Post

Pre

Pre

Post

Post

Table 5. Average motivation level (0-5) for the treatment group 
(Pretest and Posttest) and control group


Table 6. Average retention for the treatment and control groups for 
Social Studies class



Treatment X=3.67 X=4.37 S=0.60 S=0.37

X=3.56 S=0.87Control

Group Pretest Posttest Pretest Posttest

Table 7. Average motivation levels and standard deviation (0-5) for 
the treatment group (Pretest and Posttest) and control group


Motivation General Results

Groups

3.50

3.75

4.00

M
o

ti
va

ti
o

n
 L

ev
e

l 4.25
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Chart 5. Average motivation level (0-5) for the treatment group 
(Pretest and Posttest) and control group
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Motivation Dimensions: 

When reviewing the results separately for each 
dimension of the motivation variable, it is 
evident that the highest levels are found in the 
behavioral dimension for the treatment group 
(X=4.6), and in the dimension of expectations for 
the control group (X=3.69), as shown in tables 9 
and 8 respectively. For the control group, the 
dimensions of affectivity and behavior had an 
average of X=3.48 and X=3.52 respectively. 



In the case of the treatment group, the 
dimension of expectations had an average of 
X=4.29, and the affectivity dimension had an 
average of X=4.22. When analyzing the 
percentage difference, it shows that the group 
with VR surpasses the group without VR by 16% 
in the dimension of expectations, 27% in 
affectivity, and 31% in behavioral aspects (see 
chart 6)



Table 8. Results in the 3 dimensions of the Motivation variable (0-5 
pts) for the control group


Table 9. Results in the 3 dimensions of the Motivation variable (0-5 
pts) for the treatment group


Dimension

Dimension

Control Group

Treatment Group

Expectations

Expectations

Behavioral

Behavioral

167

130

167

130

3.69

4.29

3.48
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3.52

4.60

0.94

0.62

0.98

0.52
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0.52

167

130
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Motivation Dimensions
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Chart 6. Comparison of results in the 3 dimensions of the 
Motivation variable (0-5 pts) for the treatment and control groups



With Virtual Reality Without Virtual Reality



Table 4 and chart 2 reveal that the average 
retention results (both in sciences and social 
studies) improved by 2.6% more in the group 
exposed to classes in virtual and augmented 
reality compared to the control group.



While larger gaps in the retention variable were 
expected between the group exposed to virtual 
reality classes, based on previous experiments 
conducted through the VR HUB in FUSALMO - 
Soyapango, the results are satisfactory, 
considering that the intervention lasted only 
four weeks, corresponding to the last month of 
the academic year.



Furthermore, the slope of the curves in Chart 2, 
comparing the retention variable results 
between the group exposed to virtual reality and 
the control group, indicates that with more 
implementation time, the differences will be 
greater, and the impact on knowledge retention 
will be better.


Likewise, in 62.66% of the classes taught, 
irrespective of the subject (see tables 8 and 9), 
the results for the retention variable were better 
in the group that received virtual reality classes 
than the group that wasn't exposed to VR. It's 
worth noting that by using a different 
intervention in the control group, such as classes 
through a PowerPoint presentation with a 
multimedia video projector, the scores obtained 
were higher than in a class with no participation. 
This positive effect in the non-VR group (positive 
control group[25]) is largely due to this 
intervention, as various studies affirm that the 
use of multimedia projectors significantly 
enhances academic performance in 
students[26].



5.1 Improvement in retention with a 
tendency towards a wide gap:

 Results Analysis
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The results of the MSLQ questionnaire 
administered to students demonstrate that the 
group exposed to classes delivered through 
Virtual Reality achieves significantly higher levels 
of motivation than those who received 
traditional classes (see Chart 5). 

 The 
difference between the means of the treatment 
group and the control group is also statistically 
significant, indicating that the results are due to 
the intervention and not by chance (at a 
significance level of 5%; the Student's t-test 
provides a p-value of 0.000), with a 23% 
difference between both groups.




These results highlight the impact of Virtual 
Reality on student motivation. Exposure to this 
type of technology serves as an extra incentive 
for students, especially those from schools with 
limited resources and vulnerable areas, where 
incentives to study and attend classes are lower. 
Therefore, integrating classes with virtual and 
augmented reality increases the level of interest 
and desire to attend classes among 
students[28]. 

Specifically, 
students in the treatment group reported a 
19% improvement in the aggregated MSLQ 
score (without discriminating between the 
dimensions that constitute the variable).

Contrary to some previous assumptions 
before the experiment, when 
discriminating the retention variable by 
the subject taught, better results were 
obtained in Social studies classes, showing 
an increase of 6.2%. One possible 
explanation is the indirect effect that 
motivation has on knowledge retention 
results.



Social studies classes, particularly those 
within the study period, tend to be less 
interesting for students. Therefore, by 
incorporating the immersive and 
multisensory component offered by virtual 
reality, greater engagement is triggered, 
impacting attention and consequently 
knowledge retention[27].


5.2 Greater and highly positive 
impact on retention in subjects 
associated with social studies:

5.3 Motivation and interest in attending 
classes show a 23% improvement in the 
VR-exposed group:
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This result was the most significant and relevant, 
both statistically and in terms of the contribution 
of virtual reality to educational continuity 
indicators.



As described in the framework, motivation can 
be estimated in three dimensions: the first being 
expectations, understood as the student's beliefs 
and ideas associated with performance and the 
usefulness of studying. In this aspect, the 
treatment group obtained a significant 16% 
difference compared to the control group (see 
Chart 6). This allows us to indicate that exposure 
to VR establishes new and better frames of 
reference in which the student can value classes 
and the learning process as a useful aspect for 
their academic development.



On the other hand, there is the dimension of 
affectivity, which refers to the degree of rejection 
and emotion that classes can generate. In this 
regard, the treatment group surpasses the 
control group by 27%. This difference implies a 
change in perception, rejection, and fear that 
the student may have about the classes. As a 
ludic-educational tool, the class is emotionally 
approached from a more positive perspective 
and with a lower degree of concern. This 
consequence is also linked to the result obtained 
in the retention for Social Studies classes, where 
the subject receives a more attractive 
appreciation when VR is used.



Finally, the behavioral dimension refers to the 
student's willingness to act, execute actions, and 
make specific decisions aimed at attending 
classes. 

Chart 6 shows a 31% difference in the behavioral 
dimension of the motivation variable between 
students who had virtual reality classes and 
those who received classes through PowerPoint 
presentations.



This result shows that the use of these 
immersive, multisensory, and experiential 
experiences has a positive impact on the 
commitment shown by the student 
towards their educational process. This 
translates into concrete actions aimed at 
greater involvement in attending classes 
and studying, enhancing their academic 
performance, and reducing the risk of 
student dropout.


5.4 Positive effect on all three 
dimensions of motivation, increasing 
their commitment to the educational 
process by 31%:



The positive impact of Virtual Reality (VR) on 
knowledge retention and engagement with 
studies is directly linked to its multisensory and 
immersive nature. Being an immersive 
experience, VR stimulates attention to details, 
providing students with the ability to assimilate 
and retain key information necessary for 
learning more effectively. The playful-
educational blend of the tool grants students 
superior capacity to memorize, retain, and 
comprehend abstract and complex content[29]. 
This phenomenon is evident in the retention 
results in areas like social studies, where 
understanding complex definitions and terms is 
favored by immersion in virtual environments 
(see Chart 6 in the results analysis section). VR, 
by simplifying abstract and complex concepts, 
becomes an invaluable educational tool, making 
complex ideas more accessible and 
understandable for students[30]. The connection 
between the multisensory experience of VR and 
the improvement in knowledge retention 
reinforces its potential to positively transform 
education.

6.1 Impact of Virtual Reality:

 conclusions
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The above suggests that with 
increased intervention and 
measurement time, the gap in 
retention between the VR-exposed 
group and the non-VR group could 
be much wider, resulting in a more 
decisive impact. Extended 
exposure to this multisensory tool 
would imply a significant 
improvement in student success, 
harnessing the benefits of Virtual 
Reality in an extended manner. 
These results support the premise 
that VR is not only an innovative 
tool but an essential educational 
resource for addressing 
challenges associated with 
academic performance and 
meaningful learning.
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In the analysis of predicting academic success 
and school continuity, it has been observed that 
Virtual Reality displays its maximum impact on 
subjects that traditionally are less appealing to 
students. In this context, VR emerges as an 
innovative and sophisticated tool that 
transforms the way content is delivered, turning 
less stimulating subjects into engaging 
educational experiences. VR not only 
complements but revolutionizes teaching by 
providing a fresh and captivating approach, 
crucial factors in the development of academic 
motivation.



The results obtained reinforce the notion that VR 
can help create a positive image of the 
educational process, especially due to the value 
attributed by students to the classes, their 
perception of their own performance, and how 
engaging they find actively participating in their 
learning process. By providing a fresh and 
immersive approach, it stands as a significant 
catalyst for enhancing motivation and, 
consequently, improving academic 
performance[31].



Virtual Reality not only serves as a driver of 
academic success[32] but also plays a crucial role 
in promoting school continuity by offering 
extraordinary educational experiences that 
influence students' willingness to attend classes. 
The opportunity to engage in fun and 
stimulating learning experiences not only 
reduces levels of fear and rejection toward 
classes but also fosters active participation, 
contributing to the creation of a more inclusive 
educational environment less prone to student 
dropout. 

Consequently, the findings suggest that the 
effective integration of VR in education not only 
benefits the academic sphere but also stands as 
a valuable strategy to address challenges 
associated with motivation, academic 
performance, and student retention.



The results of this research pave the way for 
broader implementations that allow for further 
evidence to support the initially proposed theory 
of change, confirmed by experimental findings: 
virtual and augmented reality are among the 
technologies with the most significant impact 
on educational quality and continuity indicators.

 

6.2 Prediction of success and school 
continuity
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