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Abstract

Purpose: The evolution of emerging technologies, such as virtual reality, has trans-
formed the way narratives are constructed and transmitted and their effectiveness
in both narrative and educational terms. This study examines the perception of
learning through VR narratives among secondary school students in Spain and
Germany. Methodology: A quantitative questionnaire approach (n=1042) was ap-
plied in six schools, using an adaptation of the Instructional Material Motivational
Survey (IMMS), validated by previous research. Results: The data, analysed us-
ing descriptive and inferential statistics, show significant differences between
the two countries in several pedagogical dimensions associated with perceived
learning, with Spanish students obtaining higher scores in relevance, attention
and confidence-related variables. However, no statistically significant differences
were found in the direct measure of perceived learning. Conclusions: The findings
highlight the primacy of pedagogical factors over technological factors and the
need for cultural and methodological adaptations to maximise the educational
impact of VR.

Keywords

Virtual reality; Immersive media; Educational innovation; Educational technology;
Visual media; STEM.
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Resumen

Propésito: La evolucion de las tecnologias emergentes, como la realidad virtual
(RV), ha transformado la forma en que se construyen y transmiten relatos y su
eficacia tanto en términos narrativos como educativos. En dicho contexto, este es-
tudio compara la percepcion de aprendizaje utilizando narrativas inmersivas elabo-
radas en RV entre estudiantes de Secundaria de Espafia y Alemania. Metodologia:
Se llevo a cabo una investigacién cuantitativa mediante cuestionario (n = 1042)
en un total de seis centros de Secundaria espafioles y alemanes. Se utiliz6 para ello
una adaptacion del test Instructional Material Motivational Survey (IMMS) validado
en anteriores trabajos. Resultados: Los datos, analizados con estadistica descripti-
va e inferencial, evidencian diferencias significativas entre ambos paises en diver-
sas dimensiones pedagdgicas asociadas a la percepcion de aprendizaje, obteniendo
los estudiantes espafioles puntuaciones superiores en relevancia, atenciéon y va-
riables relacionadas con la confianza. No obstante, no se encontraron diferencias
estadisticamente significativas en la medida directa de percepciéon de aprendiza-
je. Conclusiones: Los hallazgos destacan la primacia de los factores pedagodgicos
sobre los tecnolégicos y la necesidad de adaptaciones culturales y metodologicas
para maximizar el impacto educativo de la realidad virtual.

Palabras clave
Realidad Virtual; Medios inmersivos, Innovacién educativa; Tecnologia educativa;
Medios visuales; STEM.

Resumo

Objetivo: A evolucdo das tecnologias emergentes, como a realidade virtual (RV),
tem transformado a forma como as narrativas sdo construidas e transmitidas,
bem como sua eficacia tanto em termos narrativos quanto educacionais. Este
estudo compara a percepcao de aprendizagem por meio de narrativas imersivas
desenvolvidas em RV entre estudantes do Ensino Secundario da Espanha e da
Alemanha. Metodologia: Foi realizada uma pesquisa quantitativa por meio de
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questionario (n = 1042) em um total de seis instituicées de ensino secundario
espanholas e alemas. Para isso, foi utilizada uma adaptacao do teste Instructional
Material Motivational Survey (IMMS), previamente validado em estudos anterio-
res. Resultados: Os dados, analisados com estatistica descritiva e inferencial,
evidenciam diferencas significativas entre ambos os paises em diversas dimensoes
pedagdgicas associadas a percecao da aprendizagem, obtendo os estudantes es-
panhdis pontuacdes superiores em relevancia, atencao e variaveis relacionadas
com a confianca. No entanto, ndo foram encontradas diferencas estatisticamente
significativas na medida direta da percecao da aprendizagem. Conclusoes: Os
resultados destacam a primazia dos fatores pedagdgicos sobre os tecnoldgicos e
a necessidade de adaptacoes culturais e metodolégicas para maximizar o impacto
educacional da realidade virtual.

Palavras-chave
Realidade Virtual; Meios imersivos; Inovacao educacional; Tecnologia educacional;
Meios visuais; STEM.

1. Introduction and theoretical framework

The narrative is a fundamental component in human communication and plays a
crucial role in the transfer of knowledge, values, identity and cultural experiences.
With the breakthrough of emerging technologies, this inherent ability has under-
gone a significant evolution, facilitating the creation of more sophisticated and ef-
ficient ways of constructing and transmitting narratives. In this context, virtual re-
ality (VR) has positioned itself as a transforming tool, redefining the way in which
people perceive stories and interact with them (Gregor, 2024). VR has the ability to
generate immersive and multi-sensorial environments which extend the boundaries
of the traditional narrative. Its use in media such as cinema has made it possible to
create experiences which are more dynamic, interactive and all-surrounding than
those offered by conventional formats (Zhiyuan & Cheng-Hung, 2023; Huaman
Huillca & Garcia-Montero, 2022).

In this way, VR has become established as a disruptive technology which transforms
human interaction by making a complete immersion in simulated, three-dimensional
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environments possible. This innovation, based on the integration of advanced software
and devices such as visors and movement sensors (Krel3 et al., 2024), has extended its
reach to new fields. Its application covers sectors such as education (Zuiie et al., 2023),
health (Zoccali & Mallamaci, 2024), job-seeking (Sigmundstad & Fosli, 2024) or jour-
nalism (Peng, 2025; Li, 2024). In addition, VR has shown itself to be a versatile tool in
the evolution of contemporary narratives in different areas. Examples of these are to
be found in the activities of museums and cultural exhibitions which have used this
type of technology to reinterpret historic accounts thus allowing users to experience
past environments (Mufioz & Marti, 2020).

In the field of VR, the efficacy of the message may be understood as the nar-
rative’s ability to transmit key information concisely, whilst minimizing infor-
mation overload. This variable can be measured in terms of the retention and
comprehension of the information presented as well as the time it takes to reach
the established objectives. Although scientific literature in this area is scarce,
some studies do highlight key aspects for analysis. One fundamental element is a
concise and effective design whereby the user is guided progressively through the
new concepts, thus making the experience more motivational (Checa & Bustillo,
2020). Similarly, other authors underline the importance of minimal distractions
during the experience (Mondal, 2024) so that the user’s attention may focus on
the essential contents. To sum up, scientific research explores the efficiency of
the VR message from a construct in which the design and ability to hold the user’s
attention are paramount. Both dimensions are essential variables which will be
measured in this research work.

1.1. The efficiency of VR narratives applied to education

The use of VR in education has been the object of academic research for more
than two decades (Garcia-Marin et al., 2025). Despite that, some aspects have
barely been analyzed and there is an absence of comparative studies of differ-
ent centres and different countries. The quantity of resources needed to work
with the same VR equipment in different countries (which implies, among other
things, having to translate the material to the language of each country) makes
it difficult to carry out this type of study. Similarly, difficulties are faced when
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carrying out studies in different centres of the same country: transporting or
buying material for the participating institutions. These difficulties have led to
most of the studies until now being carried out in very limited contexts (a single
centre or country).

In a similar way, existing research tends to use immersive teaching material
which already exists and is available in the market. In other words, specific ad hoc
content is not produced for the research, which may make it more difficult to in-
corporate it into the field of work. Likewise, scientific literature has centered more
on the university context rather than earlier educational levels such as primary
and secondary (Garcia-Marin et al., 2025). On the other hand, the research which
has been carried out has tended to focus on practical or instrumental subjects us-
ing simulators or virtual laboratories (Muradova, 2020), with less attention being
paid to theory-based issues. As we shall see in the next section, the methodolog-
ical design of our work aims to solve these limitations.

VR has established itself as a technological tool with great potential in ed-
ucation. Recent studies have shown that the introduction of narratives in VR
environments may significantly increase motivation and improve performance in
these areas (Marrero Galvan & Hernandez Padron, 2022). However, not all narra-
tives are equally effective since factors such as the complexity of the story, the
level of interaction and the alignment with teaching objectives play a crucial role
in the results obtained, as do the visual and immersion features (Rubio Tamayo &
Gértrudix Barrio, 2022). At the same time, other authors highlight the need to act
with caution when using VR to teach specific concepts such as spatial learning -
certain restrictions are inherent in this approach (Belger et al., 2023).

The efficiency of the narrative in VR environments comes as a result of VR’s
ability to catch the user’s attention effectively. VR can create experiences which
improve the comprehension and retention of information, increase the relevance
of the content being presented and provide experiences which are considerably
more significant (Liu et al., 2021).

The narrative plays a crucial role by structuring VR activities in such a way
that they can become effective learning experiences. A well-designed narrative
can lead users through a flow of information which is logical and emotionally
relevant (Bucher, 2017), thus increasing not only knowledge retention but also
the ability to apply this knowledge in practical contexts. This type of technology
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is not exempt from problems such as stereoscopic visual fatigue caused by depth
perception in this type of environment (Guo et al., 2024), motion sickness, which,
although it has improved in recent years, still persists (Chiroque Landayeta, 2024),
or the ability to isolate the user from the real world (Grassini, 2024).

The analysis of the efficiency of the message in narratives applied to VR not
only contributes to the development of teaching tools which are more efficient
but also meets the need of adapting them to specific cultural contexts and ensures
equality in access to technology (Borja-Salazar, 2024). In education, specifically,
VR is a promising tool for tackling traditional challenges by offering interactive
and multisensory learning experiences which promote the comprehension of com-
plex concepts (Klingenberg et al., 2020). In addition, its ability to recreate re-
al-world scenarios or create simulated environments in a controlled way encourage
not only active learning but also the effective transfer of knowledge to practical
situations. This potential, however, is conditioned by the underlying teaching de-
sign, which includes factors such as narrative, interactivity and cultural adaptabil-
ity, which suggests a need to explore approaches which maximize its effectiveness
in different contexts (Itasanmi & Ajani, 2023).

One of the main problems found by scientific literature regarding the educational
efficiency of VR resides in the limited scope of existing research. It is common for
these studies to focus on a single school, or, in the best of cases, their study is made
up of national samples from a single country. It is, therefore, essential to expand
the focus of studies in this area, with international studies where we can compare
the efficiency of these tools in different environments particularly in countries with
different cultures. Therefore, the two central questions that guide our study are: (1)
How, in comparative terms, does the level of satisfaction with educational VR differ
among students from two culturally distinct countries, such as Spain and Germany?
and (2) Which factors may be associated with learners’ perceived learning outcomes
derived from the use of this technology in both countries?

2. Objectives and method

Bearing in mind the theoretical baggage mentioned above, our study set out the
following aims:
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01. To compare the level of satisfaction and perception of learning obtained in
the use of VR immersive narratives in secondary school students in Spain
and Germany.

02. To analyze the factors which influence the perception of learning obtained
from these technologies in both countries.

03. To observe the existence of gender bias in the perception of learning ob-
tained with the use of these tools among secondary school pupils in Spain
and Germany.

2.1. Research design

An eminently quantitative study was carried out, based on the assessment ques-
tionnaire of a total of four immersive VR narratives with teaching content related
to STEM subjects (Science, Engineering, Technology and Mathematics) as adapted
to the Secondary School curriculum (subjects of Physics, Chemistry, Mathematics
and Biology). The fieldwork was carried out in six public Secondary Schools -three
in Spain and three in Germany- in the months of May and June 2024.

One of the main advantages of this project is that the immersive narra-
tives analysed were created ad hoc and exclusively for this research in both
Spanish and German (for further information see https://doi.org/10.6084/m9.
figshare.27178068). The research was carried out in the following phases:

e Phase 1: Choice of content for the immersive educational narratives. The
contents chosen were: (1) Geometry and Space Visualization (Mathematics),
(2) The structure and function of cells (Biology) (3) The Periodic Table and
its elements (Chemistry) and (4) Concepts of electricity and magnetism
(Physics).

¢ Phase 2: Design and creation of the immersive activities by the company in
charge of educational software in VR, in conjunction with the research team.

e Phase 3: Training of teachers in the use of VR. Once the four VR materials
had been created, several teachers from the six Secondary Schools taking
part in the project attended a one-week training workshop organised at the
university of the research team.

e Phase 4. Application of VR software in the classroom.
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e Phase 5. Pupils fill in questionnaire. Upon completing each experiment with
one of the VR pieces, pupils had to fill in a questionnaire (Table 1), the re-
sults of which are published in this piece of work.

2.2. Sample and instruments

A total of 1042 replies were obtained from Secondary School pupils aged between
14 and 16 and specializing in science subjects, from both countries. We managed to
obtain an even sample distribution per country: 51.05% of answers from Germany
(n = 532) and 48.95% from Spain (n = 510). The average age of participants was
15.02 years old. 56.62% of the sample was male while 37.04% was female. 6.33%
of participants chose the “non-binary” option or preferred not to say. 57.77% of
interviewees had some previous experience in the use of VR. Just over half were
regular players of video games (53.45%).

The questionnaire was based on the IMMS (Instructional Material Motivational
Survey) test, designed by Keller (2010) and validated in later studies for mea-
suring the effectiveness of teaching technologies, such as those of Loorbach
et al. (2015) and Coézar Gutiérrez et al. (2019). Questions were grouped in four
essential dimensions for the teaching-learning process: (1) attention, (2) rele-
vance, (3) confidence and (4) student satisfaction with the technology or meth-
odology analyzed. The choice of these dimensions was based on the ARCS model
(Attention, relevance, confidence, satisfaction) defined by Keller (1987, 2010).
By applying this tool to the framework of our study, we understand “relevance”
to be the degree of educational usefulness for these immersive subjects, as per-
ceived by pupils. “Confidence” has to do with how sure the pupil is that they
will acquire knowledge during their interaction with the VR materials. These
dimensions converge on the fourth - the general level of satisfaction with the
technology analyzed.

The original version of the tool was made up of 12 items on a Likert scale with 7
options. For our research the questionnaire was adapted as follows: (1) new items
were introduced to cover the dimensions of design/gamification/interactiveness
and ease of use. The measurement of these potentially predictive factors for per-
ceived learning was considered relevant by the research team, as was also seen in
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the theoretical framework, and (2) the number of possible answers was reduced to 5
(1=totally disagree; 5=totally agree). For more detailed information about the
questionnaire used, see Table 1.

Table 1. Final Questionnaire

Variable (question) Categories
Q1. Gender Female

Male

Non-binary

Prefer not to say
Q2. Age 14

15

16

Q3. School Students indicated
where they studied

Q4. Immersive VR lesson Mathematics

Biology

Chemistry

Physics

Q5. I like the subject Likert (1-5)

Q6. Do you own or have you used VR glasses in the last? Yes

No

Q7. I play video games regularly Likert (1-5)

Instrument IMMS

Dimension 1. Design-Gamification-Interactivity (Likert 1-5)

Q8. The immersive piece is like a game

Q9. I liked the design of the application

Q10. Perception of interactivity

Dimension 2. Ease of use and navigation (Likert 1-5)

Q11. Perception of ease of use

Q12. Understanding of instructions

Q13. Perception of ease of navigation

Q14. Absence of sense of dizziness
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Dimension 3. Attention (Likert 1-5)
Q15. The VR experience helped me stay focused

Q16. The design of the experience helped me stay focused

Q17. Having a lot of activities helped me stay focused

Dimension 4. Relevance (Likert 1-5)
Q18. The VR piece is related to topics I had already studied

Q19. Intention to know more about the content after the experience

Q20. Perception of educational usefulness

Q21. Perception of learning

Dimension 5. Confidence / being sure of learning (Likert 1-5)

Q22. Confidence of learning

Q23. Being sure I would pass an exam on the subject after the immersive
experience

Q24. Confidence of learning thanks to the design of the immersive piece

Dimension 6. Satisfaction (Likert 1-5)
Q25. General satisfaction with the experience |

Source: authors” own material adapted from Keller (2010), Loorbach et al. (2015) and Cézar Gutié-
rrez et al. (2019).

It must be borne in mind that to satisfy 02, questions Q8-Q25 (except for Q21)
were considered independent variables for the study, whereas the dependent one
was Q21, which was related to the perception of learning using VR pieces.

Although initially considered, the use of control and experimental groups was
ultimately discarded. In multi-site school contexts, cluster-randomized trials—
appropriate when pursuing causal inference—entail substantial logistical and meth-
odological demands (e.g., risk of contamination due to the impossibility of fully iso-
lating the variables under measurement) that do not align with our research question.

2.3. Data analysis
Descriptive and inferential statistical studies were carried out. To decide between

the application of parametric calculations and non-parametric ones, Kolmogorov-
Smirnov normality tests were done whereby zero normality (p<.001) was observed
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in all items of the questionnaire (for full normality test results, see https://
doi.org/10.6084/m9.figshare.27178086). For that reason, non-parametric studies
were applied (Kruskal-Wallis test for non-dichotomic variables and Mann-Whitney
U Test for dichotomic ones) in order to test for the existence of significant dif-
ferences between the different categories of variables. For correlated studies, the
Spearman value was used. This is typical in non-parametric calculations.

For the study of predictive factors (02), multiple linear regressions were used.
The combination of Likert-type scales with multiple linear regression analyses for
conducting studies on predictive factors constitutes a widely employed strategy
across various fields and geographical contexts. Jiménez-Rodriguez et al. (2024)
applied this model in the domain of cognitive strategies for reading-writing
comprehension and university students’ motivation. Similarly, Posso-Yépez et al.
(2025) used this approach to predict burnout among higher education students.
Other studies have adopted the same methodological framework to examine fac-
tors associated with, perceived quality of learning in hybrid modalities in China
(Cheng et al., 2023), life satisfaction in adults, as well as university students’
engagement and academic motivation (Cobo-Renddn et al., 2022), stress levels in
university populations (Caldera Montes et al., 2024), or satisfaction with academic
services at a multicultural engineering university in Bangladesh (Umar & Hasan,
2024). More specifically, within the field of communication, studies such as those
Garcia-Marin & Salvar-Mantinrey (2022) and Garcia-Marin et al. (2025) employ
the same calculations based on multiple linear regressions to analyze predictive
factors.

To analyze the size of the effect in linear regressions, R? justea WaS taken as a
reference. This is commonly used in work of this nature (Dominguez-Lara, 2017).
Specifically, to measure the effect of the gender variable in the perception of
learning (03), a study was carried out using binary logistic regression, dichoto-
mizing both the gender variable and the one related to perception of learning, as
is explained in section. All statistical analysis was carried out using the SPSS v.26
software (full database at https://doi.org/10.6084/m9.figshare.27966612).

The study obtained a favorable resolution as good practice from the Ethics
Committee of one of the universities of the research team (internal registration
number: 200420242632024; approval date: May 7, 2024).
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3. Results

3.1. Comparative study Spain-Germany

Tables 2 and 3 show the results of the comparative study between the two coun-
tries (01). It should be borne in mind that in Table 2 the data in brackets relate to
Germany (whereas there are no brackets round the frequencies of the study carried

out in Spain).

Table 2. Frequencies of each variable in Spain and Germany*

Item / Variable 1 2 3 4 5 Diff. **
(4-5)
Dimension 1. Design-Gamification-Interactivity
Q8. The immersive piece is like a 6,1% 6,5% 14,5% | 26,1% | 46,9% 8,7%
game (6,4%) | (7,3%) | (22%) |(30,3%) | (34%)
Q9. I liked the design of the appli- 7,1% 3,9% 13,1% | 27,8% 48% 9,7%
cation (7%) | (8,1%) | (18,8%) | (32,5%) | (33,6%)
Q10. Perception of interactivity 5,1% 3,3% 12,2% | 26,3% | 53,1% | 16,2%
(5,3%) | (7,3%) | (24,2%) | (26,9%) | (36,3%)
Dimension 2. Ease of use and navigation
Q11. Perception of ease of use 6,3% 8,8% 20,6% 29,8% 34,5% 16,2%
(7%) | (14,7%) | (30,3%) | (27,8%) | (20,3%)
Q12. Ease of understanding of in- 7,1% 8,4% 18% 31,6% | 34,9% | 10,7%
structions (8,1%) | (12,8%) | (23,3%) | (28,2%) | (27,6%)
Q13. Perception of ease of navigation 8% 9% 18,8% | 33,1% 31% 16,2%
(6,6%) | (13,7%) | (31,8%) | (25%) | (22,9%)
Q14. Absence of perception of dizzi- | 27,8% | 14,7% | 15,3% | 15,5% | 26,7% 4,1%
ness (21,6%) | (19,2%) | (13%) | (14,7%) | (31,6%)
Dimension 3. Attention
Q15. The experience of VR helped me | 9,4% 7,5% 21% 27,3% | 34,9% | 19,3%
stay focused (14,1%) | (17,1%) | (25,9%) | (22%) | (20,9%)
Q16. The design of the experience 9% 8,6% 23,3% | 27,6% | 31,4% | 19,7%
helped me stay focused (13,2%) | (16,5%) | (31%) | (20,3%) | (19%)
Q17. Having a lot of activities helped | 8,4% 7,8% 26,3% | 29,8% | 27,6% | 20,3%
me stay focused (13,3%) | (16,7%) | (32,7%) | (21,1%) | (16%)
(continued)
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Table 2. Frequencies of each variable in Spain and Germany* (continued)

Item / Variable 1 2 3 4 5 Diff. **
(4-5)

Dimension 4. Relevance

Q18. The VR piece is related to topics | 9,4% 5,3% 14,9% | 22,5% | 47,8% | 20,3%

which I had already studied (12,4%) | (13%) | (24,6%) | (24,1%) | (25,9%)
Q19. Intention to know more about 13,7% | 10,4% 21% 25,1% | 29,8% | 22,2%
the content after the experience (17,7%) | (21,8%) | (27,8%) | (15,2%) | (17,5%)
Q20. Perception of educational use- 8,2% 10,4% | 16,9% | 28,6% | 35,9% | 15,5%
fulness (10%) | (13,7%) | (27,3%) | (24,6%) | (24,4%)
Q21. Perception of learning 20,4% | 14,7% | 23,5% | 18,4% | 22,9% 1,8%

(20,3%) | (16,4%) | (23,9%) | (20,5%) | (19%)

Dimension 5. Confidence / security of learning

Q22. Confidence in learning 15,1% | 14,9% 30% 19,4% | 20,6% 1,4%
(14,1%) | (16,2%) | (31,2%) | (20,9%) | (17,7%)

Q23. Confidence of passing an exam 20% 15,5% | 23,9% | 16,5% | 24,1% | 10,5%
on the subject after the immersive (25,4%) | (20,9%) | (23,7%) | (16,2%) | (13,9%)
experience

Q24. Confidence of learning thanks to | 14,7% | 11,8% | 28,2% | 21,1% | 24,1% | 13,1%

the design of the activity (16,9%) | (20,5%) | (30,5%) | (18,4%) | (13,7%)
Dimension 6. Satisfaction

Q.25. General satisfaction with the 7,5% 7,8% 11,6% | 22,2% 51% 1,6%

experience (6,8%) | (7,5%) |(14,1%) | (19,7%) | (51,9%)

*Results from Germany in brackets.
**Deviation between the total frequency scores 4 and 5, (expressing agreement) in both countries.
Source: authors’ own material.

Table 3. Average scores, SD and Mann-Whitney U tests in Spain and Germany*

Item / Variable | Spain | Germany | Total | p**
Dimension 1. Design-Gamification-Interactivity
Q8. The activity is like a game 4,01 (1,19) | 3,78 (1,17) | 3,89 (1,18) | < .001
Q9. I liked the design of the application 4,06 (1,18) [ 3,78 (1,19) | 3,92 (1,19) | < .001
Q10. Perception of interactivity 4,19 (1,10) | 3,82 (1,15) | 4,00 (1,14) | < .001
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Dimension 2. Ease of use and navigation

Q11. Perception of ease of use 3,77 (1,19) | 3,40 (1,16) | 3,58 (1,19) | < .001
Q12. Understanding of instructions 3,79 (1,20) | 3,55 (1,24) | 3,66 (1,23) [ < .001
Q13. Perception of simplicity of navigation 3,70 (1,22) | 3,44 (1,17) | 3,57 (1,20) | < .001
Q14. Absence of sense of dizziness 2,98 (1,57) | 3,15 (1,56) | 3,07 (1,57) | .062
Dimension 3. Attention
Q15. The VR experience helped me stay focused 3,71 (1,27) | 3,18 (1,32) | 3,44 (1,32) [ < .001
Q16. The design of the experience helped me stay | 3,64 (1,25) | 3,15 (1,27) | 3,39 (1,28) | < .001
focused
Q17. Having a lot of activities helped me stay 3,60 (1,20) | 3,10 (1,24) | 3,35 (1,25) | < .001
focused
Dimension 4. Relevance
Q18. The VR activity is related to topics I had 3,94 (1,29) | 3,38 (1,32) | 3,66 (1,34) [ < .001
already studied
Q19. Intention to know more about the topic 3,47 (1,37) |1 2,93 (1,33) | 3,19 (1,37) [ < .001
after the experience
Q20. Perception of educational usefulness 3,74 (1,27) | 3,40 (1,26) | 3,56 (1,28) | < .001
Q21. Perception of learning 3,09 (1,43) | 3,02 (1,39) | 3,05 (1,41) | .392
Dimension 5. Confidence / security of learning
Q22. Confidence of learning 3,15 (1,32) | 3,12 (1,27) | 3,14 (1,29) | .624
Q23. Confidence of passing an exam on the topic | 3,09 (1,44) | 2,72 (1,36) | 2,90 (1,41) | < .001
after completing the immersive experience
Q24. Confidence in learning thanks to the design | 3,28 (1,34) | 2,92 (1,26) | 3,10 (1,31) | <.001
of the immersive activity

Dimension 6. Satisfaction

Q25. General satisfaction with the experience

[ 4,01 (1,27) | 4,02 (1,25) | 4,02 (1,26) | .893

*Standard deviation (SD) in brackets

** Statistically significant differences when < .05
Source: authors’ own material.

The comparative analysis between Spain and Germany has shown that the im-
mersive narratives used are, in general, more highly rated by Spanish pupils than
German ones. There are considerable differences (of up to 15.5%) in the perception
of learning usefulness of the VR items analyzed: whereas 2 out of every 3 Spanish
students (64.5%) consider them useful from the education point of view, less
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than half German students acknowledge that usefulness (49%). Another relevant
discrepancy is to be found in the variable related to the intention to know more
about the content after the VR experience. 54.9% of Spanish participants state
that they intend to know more about content, a score which is 22.2% higher than
that of Germany (32.7%).

Similarly, there are very considerable differences (all with a difference of around
20%) in all the variables included in the dimension of attention. For example,
while 62.2% of Spanish students agree with the statement “The VR experience
helped me remain focused”, the percentage of German pupils only reached 42.9%.
Similar results are registered in the rest of the items in this dimension.

In the two most technical/structural dimensions, the differences are also signif-
icant. It is most noticeable in the variable related to the perception of interactivity
(the dimension related to design, gamification and interactivity): 79.4% of Spanish
participants perceive the activities as interactive as compared to 63.2% of Germans
(16.2% of difference). In the dimension about ease of use, the most significant
differences occur in (1) the perception of ease of navigation (64.1% of Spanish stu-
dents observed an ease of navigation of the tools as opposed to 47.9% in Germany, a
difference of 16.2%) and (2) in the perception of ease of use (64.3% agree in Spain
as opposed to 48.1% in Germany, which also represents a difference of 16.2%).

For greater granularity in the data, a Mann-Whitney U test was carried out to
compare the average for each of the items assessed in each country in order to
check for the existence of significant deviations (Table 3). For all variables the
averages are higher in Spain (except in the variable regarding absence of dizziness
which scored higher in Germany). As expected, significant statistical differences
were observed in practically all items. The only four variables in which no devi-
ations are registered are: (1) absence of perception of dizziness (p = .062), (2)
perception of learning (p =.392), (3) general confidence in learning (p = .624) and
(4) general satisfaction with the experience (p = .893).

Although Spanish students consistently obtained higher mean scores across
most variables analysed, statistically significant differences were not observed in
the specific item measuring perception of learning (Q21; p = .392). However, sig-
nificant differences were found in several key dimensions strongly associated with
perceived learning, particularly in relevance (Q18-Q20), attention (Q15-Q17), and
some confidence-related variables (023-Q24). These results suggest that, while di-
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rect self-reported learning perception does not differ significantly between coun-
tries, the pedagogical factors that predict such perception show a more favourable
pattern among Spanish students.

The greater familiarity of German pupils with VR may explain this more critical
attitude which German students showed regarding the immersive narratives used
in the study. According to the results obtained, young Germans acknowledged that
they have more experience with VR technology (67.85% of German pupils stated
that they either own VR glasses or have used them before, compared to 47.25%
of Spanish students). This may account for the smaller initial fascination for the
topics analyzed. The fact that the variable “Absence of a sense of dizziness” was
the one in which German pupils scored better than their Spanish counterparts
is coherent with a greater familiarity and use of this technology among German
students.

3.2. Predictive factors in the perception of learning

The study of predictive factors was done with the aggregate sample, including the
data from both countries (02). Firstly, the correlational study showed that all in-
dependent variables associated positively with the perception of learning (p <.001
in all cases). The most robust correlations (all those either strong or moderate)
relate to the following variables:

1. Perception of confidence in learning thanks to the design of the immersive
activity (Rho = .641; p < .001).
2. Perception of educational usefulness (Rho = .601; p < .001).

3. Perception of confidence of learning during their interaction with the im-
mersive activity (Rho =.599; p <.001).

4. Intention to know more about the content after the experience (Rho = .533;
p <.001).

5. Having a lot of activities helped me stay focused (Rho = .528; p < .001).

6. The design of the immersive experience helped me stay focused (Rho = .520;
p <.001).

7. Perception of being able to pass an exam after the immersive experience
(Rho = .504; p < .001).
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Summing up, the strongest correlations within the learning variable are found
in the dimensions related to (1) confidence / security of learning which they
generate among pupils (2) relevance and (3) attention. Bearing in mind these
data regarding associations between variables, linear regression tests were carried
out to determine the specific factors which predict the behavior of the dependent
variable.

Table 4 shows the data from the multiple linear regression model. Of all the associated
factors, only seven affect the dependent variable. The safety value in learning during
the activities is the one which best predicts a high perception of learning (B = .450,
p < .001), followed by the perception of educational usefulness (B =.212, p <.001),
the fact that the activity is related to topics already studied (B =.099, p < .001) and
the intention to know more about the content (3 =.088, p =.004). Although the effect
is more moderate, three other variables also predict the perception of learning: (1) the
absence of a sense of dizziness (3 =.072, p = .002), having a lot of activities to stay
focused (B =.080, p =.008) and, finally, the confidence in passing an exam about the
topic after the immersive experience (B =.061, p = .044). Altogether, these seven fac-
tors predict 55.6% of the behavior of the dependent variable (R? = .559; R?, diusted = .556)
[R=.747, F(7, 1042) = 175.07, p < .001], which constitutes a predictive capacity be-
tween moderate and strong (Ferguson, 2009).

Table 4. Predictive variables of the perception of learning

Predictive variable B p
Q22. Confidence of learning 450 | <.001
Q20. Perception of educational usefulness 212 | <.001
Q18. The VR experiment is related to topics I had already studied .099 <.001
Q19. Intention to know more about the content after the experiment .088 .004
Q14. Absence of a sense of dizziness .072 .002
Q17. Having a lot of activities helped me stay focused .080 .008
Q23. Sure I would pass an exam on the topic after the immersive experience .061 .044

Summary of the model (final step)
F p R R? (R uctea)
175.07 <.001 47 .559 (.556)

Source: authors’ own material.
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The model observes that the variables of relevance are the ones which best
predict the perception of learning, followed by those related to confidence/being
sure of learning. Only one attention variable and another about the usefulness of
VR technology are relevant. The null predictive capacity of design, gamification
and interactivity of VR pieces is significant.

In addition to these quantitative variables, in our study we also explored the
effect of the gender variable on the perception of learning (03). Given that this is
a qualitative variable, independent tests were carried out to check the predictive
capacity of this variable. It should be remembered that this calculation was made
using the data of those participants who had selected the option “male” or “female”
in the question about gender, with the other two categories being missing data. The
Mann-Whitney U Test observed statistically significant differences between males
and females from both countries (p < .001): whilst male participants scored their
level of perceived learning at 3.24 (Likert scale 1-5), female participants scored it
considerably lower (M = 2,78). Linear regression tests confirmed that the gender
variable does influence the perception of learning (f = .159, p <.001) (Table 5).

Table 5. Predictive models of gender for perception of learning

Linear regression
Predictive variable B p
Q1. Gender .159 <.001
Summary of model
F p R R? (R?,ucted)
25.218 <.001 .159 .025 (.024)
Binary logistic regression
Predictive variable B p Exp(B)
Q1. Gender 469 <.001 1.598
Summary of model
Omnibus coefficient test R? Nagelkerke
X?=12.122, gl=1, p<.001 .017

Source: authors’ own material.

To confirm this association, a logistic regression test was carried out, converting
the dependent variable into a dichotomy. From the variable related to perception of
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learning, a new variable called “high perception of learning” was created to group
the categories as follows: Likert score of 1-3: No, Likert score of 4 or 5: Yes.

The omnibus coefficient tests confirm the model (p < .001). It can be observed
that men have practically 60% more probability of perceiving a high level of learn-
ing with the use of the VR tools analyzed in the study [Exp(B) = 1.598; p < .001]
(Table 5).

Figure 1 sums up the complete predictive model including all variables which
affect the perception of learning with VR.

Figure 1. Predictive model of perception of learning with VR
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Source: authors’ own material.

4. Conclusions and discussion

According to the data obtained, Spanish students showed a more favourable eval-
uation of several pedagogical dimensions associated with the use of VR tools in
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education, particularly in relevance, attention and certain confidence-related vari-
ables. However, no statistically significant differences were found between Spain
and Germany in the direct measure of perceived learning. The differences observed
were therefore concentrated in the underlying factors that predict learning per-
ception rather than in the perception of learning itself.

The differences in perception between the two countries - which were signif-
icant in statistical terms - are particularly striking when it comes to motivation
to continue learning about the topics of the immersive experiment. This variable
falls under the category of relevance. It is precisely in this dimension where the
greatest differences are observed, and it is key to the perception of learning. In
fact, the second variable in terms of significant differences is also related to this
category: the connection between the VR activities and content studied previous-
ly. This last aspect shows the difficulty in applying the same educational content
in different contexts where the school curriculum and rhythms of learning diverge.
This is a drawback for educational solutions designed for countries where the syl-
labus is not the same.

It is, therefore, necessary for teachers to carry out analysis and adapt teaching
material - all of which can be very complex (Jakubowski et al., 2019). This lim-
itation in the application of VR in education has not been the subject of much
scientific literature which tends to focus more on other issues: the need for con-
tinuous updates of technology (Boetje & van Ginkel, 2021), the prevalence of
application in the field of health science as opposed to other areas of knowledge
(Cabrera-Duffaut et al., 2024), the problems associated with the design of tools,
the generation of unease, dizziness, burnout or fatigue in users(Marrero Galvan
& Hernandez Padrén, 2022), or the high investment in hardware and software
(Mallek et al., 2024). All of these factors mean that not all schools can afford to
acquire this technology.

The differences associated with gender may be caused by the difference in
previous experience with VR and video games. The data from our questionnaire
reveal statistically significant deviations by gender in both variables. On the one
hand, 58.1% of males interviewed state that they have previous experience with
VR tools whereas only 42.5% of females do. The Fisher test reveals relevant differ-
ences with this variable (p < .001). On the other hand, in the question about use
of video games, boys scored much higher than girls (4.07 as opposed to 2.74 on
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the Likert scale 1-5). There are also significant differences in the Mann-Whitney U
Test (p < .001). Previous research shows that male pupils tend to have more skills
than females in activities which require spatial ability (Heo & Toomey, 2020). This
ability is crucial when working with educational VR resources. It is perhaps for
that reason that female pupils experienced cognitive overload when working with
technologies that require high spatial skills, as is the case with VR. This may, in
turn, lead to poorer academic performance (Jian & Abu Bakar, 2024). Future stud-
ies may seek to confirm that hypothesis. Consequently, it is important to reduce
the cognitive load when producing immersive educational material to allow those
pupils with more limited spatial skills to enjoy a more appropriate learning envi-
ronment (Heo & Toomey, 2020).

The study of predictive factors with the aggregate sample reveals that, firstly,
the variables of perceived educational relevance in the immersive experience are
the ones which have most influence on the perception of learning. The second
most relevant block of variables is the one related to confidence/being sure of
learning during the use of VR pieces. The dimensions of attention and usefulness
are less transcendental. In the case of usability, only the variable of a sense of
dizziness is significant. It is the basic and evident one: an immersive activity is
unlikely to be useful from an educational point of view if it causes physical unease
in users. Similarly, no technical-structural variable related to design, gamification
and interactivity affected the perception of learning. Not even the use of gamified
activities nor a more attractive design and not even a greater interactivity seem
to have an impact on the perception of learning obtained and neither do other
variables related to usability such as ease of use, easy to understand instructions
or the perception of ease of navigation.

4.1. Limitations

This study sets out several limitations. The first is its focus on STEM subjects -
consequently it would not be appropriate to apply similar studies to other subject
areas. Secondly, the work was carried out in two countries which already boast a
certain development in immersive technologies, so it would be of interest to inves-
tigate the situations of other contexts where these tools have less of a presence.
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It is also necessary to consider the possible biases caused by pupils’ previous
experience using VR technologies (mitigated by the introductory explanations of
teachers about the narratives to be assessed). Another factor is the possible tired-
ness caused by the testing of several experiments in the same day (we tried to
solve this problem by dividing the experience into several days). Another possible
limitation comes, paradoxically, from one of the strengths of the study: the use of
ad hoc material may influence some results (integration into the curriculum, per-
ceived relevance, etc.) which could have been different if we had used educational
material designed by third parties and already available in the market.

Moreover, it could be of interest to complement the study with clustering analy-
ses in order to further strengthen the statistical examination, given that sufficient
data are available for this purpose and the dataset is being made accessible to the
scientific community.

Author contributions

Victoria Mora de la Torre: Conceptualization, Formal Analysis, Investigation,
Methodology, Validation, Visualization, Software, Writing - Original Draft, Writing -
Review & Editing.

Marina Santin: Conceptualization, Formal Analysis, Investigation, Methodology,
Validation, Visualization, Writing - Original Draft, Writing - Review & Editing.
David Garcia-Marin: Conceptualization, Formal Analysis, Investigation,
Methodology, Visualization, Writing - Original Draft, Writing - Review & Editing.
Ricardo Roncero Palomar: Conceptualization, Formal Analysis, Investigation,
Methodology, Visualization, Writing - Original Draft, Writing - Review & Editing.
Benjamin Dally: Conceptualization, Formal Analysis, Investigation, Writing -
Review & Editing. All authors have read and agreed with the published version of
the manuscript.

Conflict of interest

The authors declare that they have no conflict of interest.

DOI: 10.7195/ri14.v24i1.2330 | ISSN: 1697-8293 | 2026 Vol. 24 N° 1 | ICONO14


https://doi.org/10.7195/ri14.v24i1.2330


24 | Victoria Mora de la Torre, Marina Santin, David Garcia-Marin et al.

Ethics Committee

The study received approval from the Ethics Committee of Rey Juan Carlos University
(internal registration number: 200420242632024; date of approval: 7 May 2024).

Funding

This research is funded by the VIRION project (Virtual Reality Applied to School
Education), co-funded by the Erasmus+ Programme of the European Commission,
with reference number ES01-KA220-SCH-000089414.

Complementary material

Lessons in VR: https://doi.org/10.6084/m9.figshare.27178068
Normality tests (for statistical calculations):
https://doi.org/10.6084/m9.figshare.27178086

SPSS database: https://doi.org/10.6084/m9.figshare.27966612

References

Belger, Julia; Hans-Otto, Karnath; Arno, Villringer; & Thone-0tto, Angelika. (2023).
The Application of Immersive Virtual Reality and Machine Learning for the
Assessment of Unilateral Spatial Neglect. PRESENCE: Virtual and Augmented
Reality, 32, 3-22. https://doi.org/10.1162/pres_a_00380

Boetje, Josien; & van Ginkel, Stan. (2021). The added benefit of an extra practice
session in virtual reality on the development of presentation skills: a randomized
control trial. Journal of Computer Assisted Learning, 37, 253-264. https://doi.
org/10.1111/jcal.12484

ICONO14 | 2026 Vol. 24 N° 1 | ISSN: 1697-8293 | DOI: 10.7195/ri14.v24i1.2330


https://doi.org/10.7195/ri14.v24i1.2330

https://doi.org/10.6084/m9.figshare.27178068
https://doi.org/10.6084/m9.figshare.27178086
https://doi.org/10.6084/m9.figshare.27966612
https://doi.org/10.1162/pres_a_00380
https://doi.org/10.1111/jcal.12484
https://doi.org/10.1111/jcal.12484

Educational efficiency of VR visual media. Spain-Germany comparison and study... | 25

Borja-Salazar, Erika Cecilia. (2024). Estrategias digitales y su eficiencia en la
ensefianza aprendizaje del Idioma Inglés. MQRInvestigar, 8(3), 1212-1234.
https://doi.org/10.56048/MQR20225.8.3.2024.1212-1234

Bucher, John. (2017). Storytelling for virtual reality: Methods and principles for
crafting immersive narratives. Routledge.

Cabrera-Duffaut, Augusto; Pinto-Llorente, Ana Maria; & Iglesias-Rodriguez, Ana.
(2024). Immersive learning platforms: Analyzing virtual reality contribu-
tion to competence development in higher education —a systematic litera-
ture review. Frontiers in Education, 9. https://doi.org/10.3389/feduc.2024.
1391560

Caldera Montes, Juan Francisco; Nafiez Ifiiquez, Lizardo Yael; Macias Legaspi,
Paola; Zamora Betancourt, Maria del Rosario; & Reynoso Gonzalez, Oscar Ulises.
(2024). Estrés académico y autoconcepto en estudiantes universitarios mexi-
canos. Psicumex, 14(1), 1-26. https://doi.org/10.36793/psicumex.v14i1.538

Checa, David; & Bustillo, Andrés. (2020). A review of immersive virtual reality serious
games to enhance learning and training. Multimedia Tools and Applications, 79(9-10),
5501-5527. https://doi.org/10.1007/s11042-019-08348-9

Cheng, Xiaoliang; Mo, Weilan; & Duan, Yujing. (2023). Factors contributing to
learning satisfaction with blended learning teaching mode among higher edu-
cation students in China. Frontiers in Psychology, 14. https://doi.org/10.3389/
fpsyg.2023.1193675

Chiroque Landayeta, Victor Enrique. (2024). Experiencias en el uso de la Realidad -
Virtual. Cuadernos del Centro de Estudios de Diserio y Comunicacion, 225.

https://doi.org/10.18682/cdc.vi225.11247

Cobo-Rendén, Rubia; Lopez Angulo, Yaranay; & Saez Delgado, Fabiola; & Mella-
Norambuena, Javier. (2022). Engagement, motivacion académica y ajuste de es-

DOI: 10.7195/ri14.v24i1.2330 | ISSN: 1697-8293 | 2026 Vol. 24 N° 1 | ICONO14


https://doi.org/10.7195/ri14.v24i1.2330

https://doi.org/10.56048/MQR20225.8.3.2024.1212-1234
https://doi.org/10.3389/feduc.2024.1391560
https://doi.org/10.3389/feduc.2024.1391560
https://doi.org/10.36793/psicumex.v14i1.538
https://doi.org/10.1007/s11042-019-08348-9
https://doi.org/10.3389/fpsyg.2023.1193675
https://doi.org/10.3389/fpsyg.2023.1193675
https://doi.org/10.18682/cdc.vi225.11247

26 | Victoria Mora de la Torre, Marina Santin, David Garcia-Marin et al.

tudiantado universitario. Revista Electronica Educare, 26(3), 256-274. https://
doi.org/10.15359/ree.26-3.15

Cozar Gutiérrez, Ramoén; Gonzalez-Calero Somoza, José Antonio; Villena Taranilla,
Rafael; & Merino Armero, José Miguel. (2019). Analisis de la motivacién ante
el uso de la realidad virtual en la ensefianza de la historia en futuros mae-
stros. Edutec, Revista Electrénica De Tecnologia Educativa, 68, 1-14. https://
doi.org/10.21556/edutec.2019.68.1315

Dominguez-Lara, Sergio. (2017). Magnitud del efecto en analisis de regresion.
Interacciones, 3(1), 3-5. https://doi.org/10.24016/2017.v3n1.46

Ferguson, Christopher J. (2009). An effect size primer: A guide for clinicians and
researchers. Professional Psychology: Research and Practice, 40(5), 532-538.
https://doi.org/10.1037/a0015808

Garcia-Marin, David; Roncero Palomar, Ricardo; Santin, Marina; & Mora de la Torre,
Victoria. (2025). El estudiantado de secundaria ante la RV en materias STEM.
Efecto de la variable de género. RIED-Revista Iberoamericana de Educacion a
Distancia, 28(2), 275-297. https://doi.org/10.5944 /ried.28.2.43267

Garcia-Marin, David; & Salvar-Mantinrey, Guiomar. (2022) Viralizar la Verdad. Factores
predictitivos del engagement en el contenido verificado en Tik Tok. Profesional
de la Informacion, 31(2), 1-20. https://doi.org/10.3145/epi.2022.mar.10

Grassini, Simone. (2024). The Hidden Psychological Costs of Virtual Work: Examining
the Psychosocial Adverse Effects of Metaverse in the Workplace. Association for
Computing Machinery, 11, 1-6. https://doi.org/10.1145/3673805.3673834

Gregor, Noelia Soledad. (2024). Habitar, Construir y Narrar Mundos Virtuales.

Construcciéon de Narrativas en Minecraf. Cuadernos del Centro de Estudios de
Diserio y Comunicacion, 240. https://doi.org/10.18682/cdc.vi240.11790

ICONO14 | 2026 Vol. 24 N° 1 | ISSN: 1697-8293 | DOI: 10.7195/ri14.v24i1.2330


https://doi.org/10.7195/ri14.v24i1.2330

https://doi.org/10.15359/ree.26-3.15
https://doi.org/10.15359/ree.26-3.15
https://doi.org/10.21556/edutec.2019.68.1315
https://doi.org/10.21556/edutec.2019.68.1315
https://doi.org/10.24016/2017.v3n1.46
https://doi.org/10.1037/a0015808
https://doi.org/10.5944/ried.28.2.43267
https://doi.org/10.3145/epi.2022.mar.10
https://doi.org/10.1145/3673805.3673834
https://doi.org/10.18682/cdc.vi240.11790

Educational efficiency of VR visual media. Spain-Germany comparison and study... | 27

Guo, Mei; Gao, Haolin; Songyue, Yang; Kang, Yue; Liu, Yue; & Wang, Yongtian. (2024).
Evaluation of stereoscopic visual fatigue in virtual reality with exploration of
brain dynamics. Displays, 102898. https://doi.org/10.1016/j.displa.2024.102898

Heo, Misook; & Toomey, Natalie. (2020). Learning with multimedia: The effects of
gender, type of multimedia learning resources, and spatial ability. Computers
and Education, 146, 103747. https://doi.org/10.1016/j.compedu.2019.103747

Huaman Huillca, Melissa Stefanny; & Garcia-Montero, Rosario. (2022). Realidad
Virtual, nuevas formas de contar historias: aproximaciones de la narrativa cin-
ematografica inmersiva 360°. Discursos Fotogrdficos,19(32), 183-217. https://
doi.org/10.5433/1984-7939.2022v19n32p183

Itasanmi, Sunday Abidemi; & Ajani, Ayodele Oluwatoyin. (2023). Technology
self-efficacy and digital literacy among odl students: the moderating role
of gender. International Journal of Innovative Technologies in Social Science,
3(39). https://doi.org/10.31435/rsglobal _ijitss/30092023/8030

Jakubowski, Michal; Wardaszko, Marcin; Winniczuk, Anna; Podgdrski, Blazej; &
Cwil, Malgorzata. (2019). Cicero VR-public speaking training tool and an at-
tempt to create positive social VR experience. Lecture notes in computer sci-
ence, 11575, 297-311. https://doi.org/10.1007/978-3-030-21565-1_20

Jian, Yi; & Abu Bakar, Juliana Aida. (2024). Comparing cognitive load in learn-
ing spatial ability: immersive learning environment vs. digital learning me-
dia. Discover Sustainability, 111(5). https://doi.org/10.1007/s43621-024-
00310-6

Jiménez-Rodriguez, Virginia; Delgado-Garcia, Cinthia Maria; Ondé-Pérez, Daniel; &
Alvarado-Izquierdo, José Maria. (2024). Estrategias metacognitivas en relaciéon
con la metacomprension lectoescritora y la motivacién del estudiante univer-
sitario. Revista Colombiana de Educacion, 93. https://doi.org/10.17227/xce.
num93-19802

DOI: 10.7195/ri14.v24i1.2330 | ISSN: 1697-8293 | 2026 Vol. 24 N° 1 | ICONO14


https://doi.org/10.7195/ri14.v24i1.2330

https://doi.org/10.1016/j.displa.2024.102898
https://doi.org/10.1016/j.compedu.2019.103747
https://doi.org/10.5433/1984-7939.2022v19n32p183
https://doi.org/10.5433/1984-7939.2022v19n32p183
https://doi.org/10.31435/rsglobal_ijitss/30092023/8030
https://doi.org/10.1007/978-3-030-21565-1_20
https://doi.org/10.1007/s43621-024-00310-6
https://doi.org/10.1007/s43621-024-00310-6
https://doi.org/10.17227/rce.num93-19802
https://doi.org/10.17227/rce.num93-19802

28 | Victoria Mora de la Torre, Marina Santin, David Garcia-Marin et al.

Keller, John M. (1987). Development and use of the ARCS model of instruction-
al design. Journal of Instructional Development, 10(3), 2-10. https://doi.
org/10.1007/BF02905780

Keller, John M. (2010). Motivational design for learning and performance: The ARCS
model approach. Springer.

Klingenberg, Sara; Jgrgensen, Maria L. M.; Dandanell, Gert; Skriver, Karen;
Mottelson, Aske; & Makransky, Guido. (2020). Investigating the effect of
teaching as a generative learning strategy when learning through desktop and
immersive VR: A media and methods experiment. British Journal of Educational
Technology, 51(6), 2115-2138. https://doi.org/10.1111/bjet.13029

KreR, Alexander; Lappe, Markus; & Bremmer, Frank. (2024). Comprehensive VR
Dataset for Machine Learning: Head-and Eye-Centred Video and Positional
Data. Data in Brief, 111187. https://doi.org/10.1016/j.dib.2024.111187

Li, Hans. (2024). EngageNews: Your comprenhensive hub for interactive and
inmersive news experiences. Global Media Journal, 22(68). https://doi.
0rg/10.36648/1550-7521.22.68.430

Liu, Dejian; Dede, Chris; Huang, Ronghuai; & Richards, John. (2021). Virtual,
Augmented, and Mixed Realities in Education. Springer.

Loorbach, Nicole; Peters, Oscar; Karreman, Joyce; & Steehouder, Michdel. (2015).
Validation of the Instructional Materials Motivation Survey (IMMS) in a
self-directed instructional setting aimed at working with technology. British
Journal of Educational Technology, 46(1), 204-218. https://doi.org/10.1111/
bjet.12138

Mallek, Fatma; Mazhar, Tehseen; Faisal Abbas Shah, Syed; Ghadi, Yazeed Yasin; &
Hamam, Habib. (2024). A review on cultivating effective learning: synthesizing
educational theories and virtual reality for enhanced educational experiences.
PeerJ Computer Science, 10, €2000. http://doi.org/10.7717/peerj-cs.2000

ICONO14 | 2026 Vol. 24 N° 1 | ISSN: 1697-8293 | DOI: 10.7195/ri14.v24i1.2330


https://doi.org/10.7195/ri14.v24i1.2330

https://doi.org/10.1007/BF02905780
https://doi.org/10.1007/BF02905780
https://doi.org/10.1111/bjet.13029
https://doi.org/10.1016/j.dib.2024.111187
https://doi.org/10.36648/1550-7521.22.68.430
https://doi.org/10.36648/1550-7521.22.68.430
https://doi.org/10.1111/bjet.12138
https://doi.org/10.1111/bjet.12138
http://doi.org/10.7717/peerj-cs.2000

Educational efficiency of VR visual media. Spain-Germany comparison and study... | 29

Marrero Galvan, Juan José; & Hernandez Padron, Manuel. (2022). La trascenden-
cia de la realidad virtual en la educacion STEM: una revisién sistematica des-
de el punto de vista de la experimentacién en el aula. Bordon. Revista De
Pedagogia, 74(4), 45-63. https://doi.org/10.13042/Bordon.2022.94179

Mondal, Prodeep Kumar. (2024). Exploring the impact of digital distraction on
learning: A qualitative analysis of university students' experiences and strat-
egies. International Journal of Educational Knowledge Studies, 3, 625- 632.
https://doi.org/10.70333/ijeks-03-09-023

Mufioz, Adolfo; & Marti, Ana. (2020). New Storytelling for Archaeological Museums
Based on Augmented Reality Glasses. In: Hageneuer, S. (ed.) Communicating
the Past in the Digital Age: Proceedings of the International Conference on
Digital Methods in Teaching and Learning in Archaeology, pp. 85-100. Ubiquity
Press.

Muradova, Firuza Rashidovna. (2020). Virtual laboratories in teaching and educa-
tion. Theoretical & Applied Science, 82(2), 106-109. https://doi.org/10.15863/
TAS.2020.02.82.18

Peng, Zhao. (2025). Telling a Story with Graphs: How to Apply Narrative Visualization
Strategies and Visualization Techniques in Journalistic Storytelling. In:
Mutsvairo, B., Orgeret, K.S. (eds) The Palgrave Handbook of Global Digital
Journalism. Palgrave Macmillan.

Posso-Yépez, Miguel; Ledn Ron, Verdnica; Guzman Torres, Christian; & Bastidas,
Camila. (2025). Agotamiento (burnout) en estudiantes universitarios:
analisis desde la resiliencia, sexo, edad y el nivel de estudios. Formacion
Universitaria, 18(2), 59-74. https://doi.org/10.4067/S0718-50062025000
200059

Rubio Tamayo, José Luis; & Gértrudix Barrio, Manuel. (2022). Standards and

Classification of Information Representation and Levels of Virtuality in
the Medium of Extended Reality: Towards a Taxonomic Model of an XR

DOI: 10.7195/ri14.v24i1.2330 | ISSN: 1697-8293 | 2026 Vol. 24 N° 1 | ICONO14


https://doi.org/10.7195/ri14.v24i1.2330

https://doi.org/10.13042/Bordon.2022.94179
https://doi.org/10.70333/ijeks-03-09-023
https://doi.org/10.15863/TAS.2020.02.82.18
https://doi.org/10.15863/TAS.2020.02.82.18
https://doi.org/10.4067/S0718-50062025000200059
https://doi.org/10.4067/S0718-50062025000200059

30 | Victoria Mora de la Torre, Marina Santin, David Garcia-Marin et al.

Paradigm. TECHNO REVIEW. International Technology, Science and Society
Review Revista Internacional de Tecnologia, Ciencia y Sociedad, 11(2), 275-
291. https://doi.org/10.37467/revtechno.v11.3494

Sigmundstad, Therese; & Fosli, Frida. (2024). Boosting Motivation and Self-Efficacy
Through Formative Feedback in Virtual Reality Vocational Training and Career
Guidance. NTNU Open.

Umar, Mwebesa; & Hasan, Mahbub. (2024). Predicting students’ satisfaction with
academic services at a multicultural engineering university in Bangladesh:
A multiple regression analysis. PLoS ONE 19(9), e0309223. https://doi.
org/10.1371/journal.pone.0309223

Zhiyuan, Yu; & Cheng-Hung, Lo. (2023). Mapping the Viewer Experience in Cinematic
Virtual Reality: A Systematic Review. PRESENCE: Virtual and Augmented Reality,
32, 205-229. https://doi.org/10.1162/pres_a_00409

Zoccali, Carmine; & Mallamaci, Francesca. (2024). Exploring the metaverse: op-
portunities for nephrology in patient care and education, Nephrology Dialysis
Transplantation, gfae281, https://doi.org/10.1093/ndt/gfae281

Zuiie Chero, Limberg; Romero Paredes, Rolando; & Idrogo Burga, Edinzon. (2023).
Percepcidon estudiantil sobre el uso de una plataforma colaborativa de realidad
virtual en el aprendizaje de asignaturas de ciencias. Educacion, 32(63), 179-203.
https://doi.org/10.18800/educacion.202302.A009

ICONO14 | 2026 Vol. 24 N° 1 | ISSN: 1697-8293 | DOI: 10.7195/ri14.v24i1.2330


https://doi.org/10.7195/ri14.v24i1.2330

https://doi.org/10.37467/revtechno.v11.3494
https://doi.org/10.1371/journal.pone.0309223
https://doi.org/10.1371/journal.pone.0309223
https://doi.org/10.1162/pres_a_00409
https://doi.org/10.1093/ndt/gfae281
https://doi.org/10.18800/educacion.202302.A009

	Educational efficiency of VR visual media. Spain-Germany comparison and study of predictive facto
	1. Introduction and theoretical framework 
	1.1. The efficiency of VR narratives applied to education 

	2. Objectives and method 
	2.1. Research design 
	2.2. Sample and instruments 
	2.3. Data analysis 

	3. Results 
	3.1. Comparative study Spain-Germany 
	3.2. Predictive factors in the perception of learning 

	4. Conclusions and discussion 
	4.1. Limitations 

	Author contributions 
	Conflict of interest 
	Ethics Committee 
	Funding 
	Complementary material 
	References 


