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ABSTRACT

In recent years, there has been a growing interest in the integration of various Emerging Technologies in the
field of Education, especially immersive technologies such as Virtual Reality (VR) and Augmented Reality
(AR). This research aims at assessing the perceived usefulness of these technologies by pre-service teachers
at the Faculty of Educational Sciences of the University of Granada, specifically in the STEM field, and how
they evaluate their potential for integration into their future teaching practices. A mixed-methods approach
was used, including a pre-questionnaire administered to the entire population (N=544) to describe the
participants' perceptions, followed by a post-test conducted with a subset (N=58) after having participated in
a Complementary Training program focusing on the creation of immersive educational resources using the
CoSpaces platform. The results revealed a high perceived utility of immersive technologies, highlighting their
potential for enhancing teaching and learning in the STEM domain. However, challenges related to ease of
integration and the lack of adequate training in the use of these technologies were identified. The importance
of promoting teacher training and digital literacy to fully leverage the benefits of these emerging technologies
in education is emphasized. Further research is suggested to delve into teacher training strategies and explore
other educational contexts to expand the understanding of the implications and advantages of immersive
technologies.

Keywords: scientific education; educational technology; educational innovation; teacher education;
didactics; STEM education.

RESUMEN

Durante los dltimos afios se ha detectado un progresivo interés por la integraciéon de diversas Tecnologias
Emergentes en el ambito de la Educacion, especialmente aquellas de tipo inmersivo como la Realidad Virtual
Inmersiva y Realidad Aumentada. En la presente investigacion se tiene por objetivo valorar la utilidad que le
atribuyen los docentes en Formacioén Inicial en la Facultad de Ciencias de la Educacion de la Universidad de
Granada a este tipo de tecnologias, especificamente en el &mbito STEM, y como evaltan la capacidad de
integrarlas en sus futuras précticas docentes. Se utiliz6 una metodologia mixta, donde se aplic6 un
cuestionario previo a toda la poblacion (N=544) para describir las valoraciones de los participantes, seguido
de un post test a una submuestra (N=58) luego de participar de una Formacién Complementaria para la
creaciéon de recursos educativos inmersivos desarrollados con la plataforma CoSpaces. Los resultados
revelaron una alta utilidad atribuida a las tecnologias inmersivas, destacando su potencial para mejorar la
ensefanza y el aprendizaje en el ambito STEM. Sin embargo, se identificaron desafios relacionados con la
facilidad de integracion y la falta de formacion adecuada en el uso de estas tecnologias. Se enfatiza la
importancia de promover la capacitacién docente y la alfabetizacién digital para aprovechar plenamente los
beneficios de estas tecnologias emergentes en la educacion. Se sugiere la realizacién de futuras investigaciones
que profundicen en estrategias de formacién docente y que aborden otros contextos educativos para ampliar
el conocimiento sobre las implicaciones y ventajas de las tecnologias inmersivas.

Palabras clave: educacion cientifica; tecnologia de la educacién; innovacion pedagogica; formaciéon de
profesores; didactica; educacién STEM.
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INTRODUCTION

In the field of education, particularly in the teaching of Sciences, the STEM
(Science-Technology-Engineering-Mathematics) approach has gained increasing
relevance in recent years. This approach focuses on promoting interdisciplinary
integration of these knowledge domains to foster critical thinking, problem-solving,
and creativity in students (Martin-Paez et al., 2019; Thibaut et al., 2018; Toma & Greca,
2018). Among its various goals, STEM education seeks to prepare students to face the
challenges of the 21st century, where technology plays a fundamental role in society
and the economy (Bybee, 2013; Sanders, 2009). The implementation of STEM
education in national and international curricula is grounded in research
demonstrating the benefits of these pedagogical approaches for developing
fundamental skills in students (Fleer, 2013; Toma & Meneses-Villagra, 2019; Zollman,
2012).

As this approach strengthens, there is an increasingly recognized importance in
integrating emerging technologies as an integral part of Science Education, especially
within the STEM framework (Makhoka, 2017; Chng et al., 2023; Ferrada et al., 2020;
Silva-Diaz et al., 2021; Xia & Zhong, 2018). The incorporation of Emerging
Technologies in STEM education has demonstrated a positive impact on student
learning, offering numerous benefits, including improved attitudes toward science
(Aguilera & Perales-Palacios, 2018; Cabello et al., 2021; Makransky et al., 2020;
Thibaut et al., 2018). Among the most relevant Emerging Technologies are Immersive
Virtual Reality (IVR), Augmented Reality (AR), 3D Printing, Educational Robotics, and
Sensors, just to name a few (Freeman et al., 2017; Dubé & Wen, 2022; Silva-Diaz et al.,
2022).

However, the integration of technology in education has also posed new challenges
for teachers (Barroso et al., 2019; Cabero-Almenara, Romero-Tena et al., 2021; Silva-
Diaz et al., 2021). In many cases, educators do not feel adequately prepared or lack the
necessary competencies to effectively use technological resources in the classroom.
This gap between the demand for technology in the educational environment and
teacher preparedness has been a subject of concern and debate (Christensen, 2002;
Ertmer et al., 2012; Boel et al., 2023; Sanchez-Prieto et al., 2019). The need for
developing digital teaching competence has become increasingly evident because
educators must acquire skills and knowledge to get the most out of these technological
tools and ensure quality teaching within the STEM context (Del Moral et al., 2022;
Cabello et al., 2021). Furthermore, it is a must for teachers to develop the ability to
design and create innovative technological resources to enrich and enhance their
educational activities (Cabero-Almenara, Vazquez-Cano et al., 2021; Cviko et al., 2014;
Del Moral et al., 2022). Therefore, teachers can adapt to the demands and challenges
of the digital era, promoting more interactive and meaningful learning for their
students. However, in order to achieve effective activity design that involves
technological integration in STEM education, it is essential to provide teachers with
opportunities for training and professional development. Of equal necessity is ensuring
the access to technological resources and institutional support needed to effectively
implement these tools in the classroom (Buss et al., 2018; Cabero Almenara, Romero-
Tena et al., 2021; Nistor et al., 2019).

Regarding the use of Emerging Technologies as didactic resources, several studies
highlight their increasing importance all over the world, especially in the context of
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STEM education (Freeman et al., 2017; Dubé & Wen, 2022; Hod, 2017; Hung & Khine,
2006; Lui & Slotta, 2014).

Taking into account the insights already mentioned, a research study has been
designed stating four objectives:

O1. To characterize the point of view of pre-service teachers towards technology,
the use of Virtual Reality (Augmented and Immersive), the ease of use of
technologies for STEM learning, and the potential of technologies for learning
and teaching.

O2. To analyze perceptions and experiences of pre-service teachers regarding
additional training for creating immersive resources with CoSpacest.

03. To identify the benefits and challenges of integrating Emerging Technologies
by delivering a seminar and the design of educational resources in the training
of future STEM educators.

O4. To provide recommendations for integrating Emerging Technologies into the
initial teacher education program in the field of STEM education, considering
the findings and results obtained in the research.

METHOD

This study uses a mixed-methods research methodology with a sequential
explanatory design of two phases (Hernandez Sampieri et al., 2014). In the first phase,
a descriptive quantitative approach is used to analyze data collected through a
questionnaire. The second phase involves a more specific analysis of a sample of
respondents by using the questionnaire's six specific items that assess the ease and
potential of using Virtual Laboratories (items 13 and 19), Augmented Reality (14 and
20), and Immersive Virtual Reality (15 and 21). The post-test application is conducted
to the specified items because these technologies were only used during Phase 2. The
difference between pre-test application to the total sample and post-test application to
participant sample of the CoSpaces Immersive Resource Creation Activity (ACRI,
being its acronym in Spanish) allows researchers to obtain a deeper understanding of
the results obtained in the descriptive analysis. Additionally, a qualitative approach is
used based on content analysis for open-ended questions that belongs to the same
instrument. The purpose of mixing these approaches is to provide a comprehensive
and detailed insight into the study's findings in order to provide some knowledge and
understanding in the research field.

Participants

The research was conducted as part of a seminar offered to students from different
undergraduate programs. The majority of the students were enrolled in courses related
to the Didactics of Experimental Sciences at the University of Granada during the
academic years 2020/21, 2021/22, and 2022/23. In relation to the 2020/21 and
2021/22 academic years, it is worth noting that, despite the challenges presented by
the COVID-19 pandemic, the University of Granada implemented measures to ensure
the continuity of in-person activities. These activities were always carried out under
strict safety protocols. In particular, the Department of Didactics of Experimental
Sciences decided to deliver laboratory activities in a face-to-face format, adapting
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laboratory and classroom capacity and making sure that safety protocols were fulfilled
to protect both the students and the faculty.

In the first phase, participants were selected through intentional non-probabilistic
sampling (Cardona, 2002) due to accessibility criteria. The sample consists of 554
participants who completed the questionnaire in a single application before the
seminar was delivered. These participants belonged to 16 class groups (twelve class
groups from 3'd year and one from 2nd year of the Primary Education degree, one class
group from 2nd year, and two class groups from the Master's degree in Secondary
Education, Vocational Training, and Language Teaching).

In the second phase, there is a subsample of 58 participants (62.1% female and
37.9% male, as self-identified), who selected themselves based on their interest of post-
seminar autonomous work activities proposed to four class groups (three class groups
from the 3'd year of the Primary Education degree — 53.4% of participants — and one
class group from the Master's degree in Secondary Education, Vocational Training, and
Language Teaching, specializing in Biology and Geology — 46.6% of participants). They
completed the questionnaire in a second post-intervention application after
completing these activities.

Data collection method

For data collection, the Emerging Technologies in STEM Education Questionnaire
(CUTE-STEM, being its acronym in Spanish) was used, which was specifically
developed for this study. The questionnaire consists of 27 items, with 23 close-ended
questions and four dimensions for quantitative items. Seventeen questions (items 1-5
and 12-23) were rated using a 5-point Likert scale, while the remaining five items were
dichotomous (items 6-11). The reliability of the questionnaire was determined by using
Cronbach's alpha coefficient for all Likert-type items (17 items), obtaining an
acceptable reliability (a= 0.823).

Additionally, four open-ended questions were included: a) to assess attitudes,
beliefs, and knowledge related to the integration of technology in STEM education
(PA_o01); b) to evaluate the differences between Augmented Reality and Immersive
Virtual Reality (PA_02); ¢) to describe the advantages and disadvantages of using
Virtual Reality as a resource for STEM education (PA_03); and d) to provide a space
for reflection in which students could contribute any observations they consider
relevant regarding the inclusion of technology in STEM education (PA_04). Table 1
shows the distribution of questionnaire items grouped by dimensions, and their
descriptions.

Table 1
Distribution of Questionnaire Items and Dimensions

Dimensions and Items Definition

A. Point of View towards technology. (a = 0.806)

1. I am interested in technology. This category examines the degree of

interest in technology, their personal use
of it, and their technological competence
for educational purposes. It also involves

2. T use technology for my personal leisure.
3. I use technology in my learning process.
4. I have critical thinking skills when it comes to digital assessing their critical thinking skills

content. regarding digital content (Internet,
5.1 am competent in the use of technology. social media, etc.).
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Dimensions and Items Definition

B. Use of Virtual Reality (Dichotomous Items)

6. Augmented Reality for recreational purposes. This category measures the frequency

7. Augmented Reality for learning in a subject. and purpose of using Virtual Reality for
personal entertainment or educational
activities. The goal is to assess the extent
to which participants integrate

10. Immersive Virtual Reality for learning in a subject. technological tools and devices into their

8. Augmented Reality for teaching purposes.
9. Immersive Virtual Reality for recreational purposes.

11. Immersive Virtual Reality for teaching purposes. daily routines.

C. Ease of use of Technologies for STEM Learning (a = 0.734)
12. Ease of use of 3D Printing. . .
This category assesses the feasibility of
] using Emerging Technologies as
14. Ease of use of Augmented Reality.* educational resources. The focus is on
15. Ease of use of Immersive Virtual Reality.* evaluating the practicality and potential
ease of implementation of these
technologies in STEM education.

13. Ease of use of Virtual Laboratories.*

16. Ease of use of Educational Robotics.
17. Ease of use of Sensors.

D. Potential of Technologies as a Resource for STEM Learning (a = 0.847)
18. Potential of 3D Printing.
19. Potential of Virtual Laboratories.*

20. Potential of Augmented Reality.* This category refers to the assessment of
the potential use of specific technologies

21. Potential of Immersive Virtual Reality. for teaching and learning in STEM areas.

22, Potential of Educational Robotics.
23. Potential of Sensors.

Note: Dimension B consists of dichotomous items, so Cronbach's alpha calculation is not applicable.
* Used for the post-test application (items 13, 14, 15, 19, 20, and 21).
Source: elaborated by authors.

Data Processing

The statistical analysis of the quantitative data in the research was conducted by
using SPSS v26 software, while MAXQDA software, version 2020, was used for
qualitative analysis.

Procedure

The research was conducted in two phases (Figure 1). The first phase involved the
administration of the instrument described earlier, allowing us to characterize the
students’ needs regarding the design of a training program focused on the integration
of Emerging Technologies in STEM education. The initial administration of the CUTE-
STEM questionnaire to different courses enabled us to make continuous
improvements in the seminars. The second phase was developed based on the
identified needs resulting in the design of two formative training sessions for university
students.
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Figure 1
Phases of Research Implementation

O=
O
O

CUTE-STEM
POST
N=58

O=
O
O

CUTE-STEM
PRE
N= 544

LY

(PHASELD

The first of these phases corresponds to a two-hour Seminar conducted in a face-
to-face format. It is aimed at providing an overview of Emerging Technologies for
STEM education, with an emphasis on Augmented and Immersive Virtual Reality.
Additionally, there is an optional and additional training session, in an asynchronous
virtual format, offered to participants of the Seminar. In this training session the
students have to design an immersive educational resource using the CoSpaces
platform. The post-test was administered after completing the activity, with an
estimated time frame of three weeks.

Source: elaborated by authors.

Seminar "Emerging Technologies for STEM Education" (TEC-STEM)

In the TEC-STEM Seminar, an overview of technologies, that are being
implemented as learning resources, is presented. Within the technologies, didactic
activities that involve the use of Immersive Virtual Reality for a learning situation are
developed. Students use various Virtual Reality headsets (PlayStation VR, Oculus Go,
Oculus Rift-S, Meta Quest 2, Pico Neo 3 Pro, and mobile VR headsets), which allow
them to better understand their use and the integration of headsets as learning
resources.

Among the activities, the RVI application "Titans of Space Plus"2is used with Quest
2 headsets simultaneously. As part of the activity, students are asked to express their
previous ideas in regard to the proportional relationships in size and distance among
the planets of the Solar System by drawing. Then, they carry out the immersive
experience (Figure 2).
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To ensure that students understand the proper distribution of technological
resources, "collaborative workstations" were set up. Each one comprises of a Quest 2
headset and an Android-based tablet (Lenovo M10). The tablets are used to project the
image that students are watching while using the headsets, making it possible to know
what students can see whilst using the RVI application and therefore offer to assist
them quickly and easily. Additionally, it provides a solution for those students who are
not wearing glasses as they "accompany" their peers on the journey through the Solar
System. The activity also involves searching for relevant information for subsequent
activities, which is contained within the immersive experience. This way, all team
members are engaged in the process of searching for and collecting information.

Figure 2
Seminar "Emerging Technologies for STEM Education”

Source: authors' compilation.

In order to replicate the settings used in this research, the authors recommend
using an independent wireless connection system. A good solution for this is the use of
mobile internet (mobile chip) and a 4G/5G wireless router.

Immersive Resource Creation Activity with CoSpaces

Regarding virtual training, the "Complementary Activity for Immersive Resources
with CoSpaces" (ACRI) was implemented asynchronously, and it was offered as part of
the TEC-STEM Seminar. This activity was offered voluntarily to students from the four
groups participating in this training session. The main objective of this activity was to
design an immersive educational resource by using the CoSpaces platform. They were
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asked to design a 360-degree scene that integrated various objects and elements
available on the platform, to apply them to school activities in relation to teaching
sciences and STEM approaches. To provide support and guidance, a detailed self-study
video was developed and provided to students, outlining step-by-step how to design a
scene in CoSpaces. Additionally, a video tutorial developed by the authors of this
research was provided. This activity was carried out to promote the use of immersive
resources and encourage the practical application of knowledge acquired in the field of
experimental science education. Figure 3 provides examples of some activities
developed by students.

Figure 3
Immersive Resources developed in CoSpaces

Source: authors' compilation.
RESULTS

The results of this research are presented in relation to the phases and types of
analyses conducted. In the first phase, descriptive statistics were performed to
characterize the sample. In the second phase, mixed analyses were conducted. In terms
of quantitative analysis, non-parametric pre-post comparison tests, using the
Wilcoxon test, were applied. The sample did not meet normality criteria. Additionally,
effect size was used to complement statistical analysis, evaluating Cohen's delta (d)
value.

Regarding qualitative analysis, a content analysis of participants' responses was
conducted to identify thematic patterns and gain a deep understanding of their
experiences and perceptions.

Phase 1

Four dimensions were analyzed based on the initial administration of the CUTE-
STEM questionnaire: A) Point of view towards Technology, B) Use of Virtual Reality,
C) Ease of Use of Technologies for STEM Learning, and D) Potential of Technologies
for Learning and Teaching.

The mean scores of the questionnaire obtained by the sample of participants in the
complementary ACRI training and those who did not participate in it are presented
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(Figure 4). In order to determine the existence of statistical differences between both
groups, the U-Mann Whitney test was applied. The results revealed that there were no
significant differences except for five items.

In the item "I use technology in my learning process" (item 3), a statistically
significant difference (sig = 0.016) was found between the participant and non-
participant groups. The mean score of the participant group (X = 4.02) was lower than
that of the non-participant group (X = 4.37), indicating that participants reported that
they used technology less frequently in their learning process than the non-participant
group.

In the items "Ease of use of Virtual Laboratories" (item 13), "Ease of use of
Immersive Virtual Reality" (item 15), and "Ease of use of Sensors" (item 17),
statistically significant differences were also found (sig = 0.001, sig = 0.007, and sig =
0.010, respectively). While participants rated items 13 and 17 favorably compared to
non-participants, in the case of item 15, the non-participant group reported a better
mean score.

Figure 4
Mean Scores per Likert Scale Item of the CUTE-STEAM Instrument

Participants ACRI Non-participants
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Source: elaborated by authors.

Finally, in the item "Potential of Augmented Reality" (item 20), a statistically
significant difference was found (sig = 0.009). However, in this case, the mean score
of the participant group (X = 3.91) was lower than that of the non-participant group (X
= 4.27), indicating that participants perceived less potential in Augmented Reality
compared to the non-participant group.

These results suggest that although there are differences between both groups,
these differences are slight, and they do not show a great divergence in the responses
to the initial questionnaire by those who participated in the ACRI training compared
to those who did not. This allows us to determine that the post-test results are likely
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representative of the initial sample. In the following section, the initial results for the
four dimensions of the questionnaire are presented.

Point of view towards Technology (Dimension A)

High mean scores were observed in all evaluated items. Participants demonstrated
a strong interest in technology (X = 4.11), indicating that they used it in their leisure
time (X = 4.41) as well as in their learning process (X = 4.34). They also showed a
thoughtful attitude towards digital content (X = 4.07). However, their perception of
competence in using technology was slightly lower (X = 3.84) (Table 2 and Figure 4).

Table 2
Frequency, Mean, and Standard Deviation of Items in the “Point of View towards
Technology” dimension of the CUTE-STEM Instrument

N 1 2 3 4 5 X SD

1. I am interested in technology. 489 1 12 119 156 201 4.11 0.872
2. T use technology for my personal leisure. 489 1 5 55 160 268 4.41 0.744
3. I use technology in my learning process. 489 0] 9 63 172 245 4.34 0.770

4. I have critical thinking skills when it
comes to digital content.

5. I am competent in the use of technology. 489 2 24 148 191 124 3.84 0.875

489 3 14 94 213 165 4.07 0.834

Note: Likert Scale: 1: Very Little; 2: Little; 3: Intermediate Level; 4: Much; 5: Very Much. X = Mean; SD =
Standard Deviation.
Source: elaborated by authors.

Ease of Use of Technologies for STEM Learning (Dimension C)

Differences in mean scores were observed for the evaluated items. Participants
perceived greater difficulty in using 3D Printing (X = 2.72). On the other hand, they
considered the use of Immersive Virtual Reality (X = 2.94), Virtual Laboratories (X =
3.06), and Augmented Reality (X = 3.22) slightly easier (Table 3 and Figure 4).

Table 3
Frequency, Mean, and Standard Deviation of Items in the Ease of Use of
Technologies for STEM Learning Dimension of the CUTE-STEM Instrument

N 1 2 3 4 5 Na X SD

12. Ease of use of 3D Printing. 544 50 168 170 88 21 47 272 1.006
13. Ease of use of Virtual

Laboratories. 544 33 124 171 132 45 39 3.06 1.060
14. Ease of use of Augmented Reality. 544 24 096 185 140 56 43 3.22 1.032
15. Ease of use of Immersive Virtual
Reality.

16. Ease of use of Educational
Robotics. 544 68 136 157 123 34 26 2.84 1125
17. Ease of use of Sensors. 544 43 131 179 115 22 54 2.88 1.010

Note: Likert Scale: 1: Very Difficult; 2: Difficult; 3: Intermediate Difficulty, Neither Easy nor Difficult; 4: Easy; 5:
Very Easy. X = Mean; SD = Standard Deviation. Na = Does Not Know / Did Not Answer.
Source: elaborated by authors.

544 42 122 168 118 29 65 2.04 1.045
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Potential of Technology for STEM Learning (Dimension D)

High average scores were obtained in all the evaluated items. Participants
recognized the high potential of Sensors (X = 4.03), 3D Printing (X = 4.04), Virtual
Laboratories (X = 4.21), Augmented Reality (X = 4.23), and, above all, Immersive
Virtual Reality (X = 4.31) and Educational Robotics (X = 4.34) as valuable resources
for STEM learning (Table 4 and Figure 4).

Table 4
Frequency, mean, and standard deviation of items in the Potential of Technology for
STEM Learning dimension of the CUTE-STEM instrument

N 1 2 3 4 5 Na X SD
18. Potential of 3D Printing. 544 5 17 117 202 186 17 4.04 0.888
19. Potential of Virtual Laboratories. 544 4 13 84 193 231 19 4.21 0.852
20. Potential of Augmented Reality. 544 1 13 74 208 220 28 4.23 0.799
21. Potential of Immersive Virtual Reality. 544 1 12 61 178 243 49 4.31 0.795
22, Potential of Educational Robotics. 544 4 10 48 192 252 38 4.34 0.793
23. Potential of Sensors. 544 2 25 99 187 167 64 4.03 0.895

Note: Likert scale: 1: Not useful at all; 2: Slightly useful; 3: Somewhat useful; 4: Quite useful; 5: Very useful. X =
Mean; SD = Standard Deviation. Na= Don't know / No answer.
Source: elaborated by authors.

Use of Virtual Reality (Dimension B)

In terms of the dichotomous items, related to Augmented Reality, a considerable
participant percentage (43.6%) indicated that they have used it for recreational
purposes, while a much smaller proportion (19.7%) has used it as a learning tool for a
specific subject. Additionally, only a small participant number (12.1%) has used
Augmented Reality for teaching purposes in their role as teachers.

Regarding Immersive Virtual Reality (IVR), a similar frequency of use is observed
compared to Augmented Reality. Approximately one-third of the participants (32.4%)
have used Immersive Virtual Reality for recreational purposes, while a much smaller
percentage (12.7%) have used it as a learning resource in a subject. In relation to the
use of Immersive Virtual Reality for teaching purposes, the frequency is even lower,
with only 7.7% of participants declaring they have used it in their role as teachers
(Table 5 and Figure 5).
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Figure 5
Evolution of the Frequency of Use for Augmented and Immersive Virtual Reality for
each Year
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Note: Values expressed in percentage.
Source: elaborated by authors.

An examination of the responses related to the use of Augmented and Immersive
Virtual Reality that were divided into the year of application of the instrument, reveal
that no clear trend of evolution over time is shown, regardless of the fact that ratings
may vary to a certain extent. Additionally, a "sawtooth" distribution is observed with
peaks in the use of Augmented Reality and Immersive Virtual Reality in recreational
contexts, but with a lower evaluation in educational contexts.

Table 5
Frequency and standard deviation of the items in the Virtual Reality Use dimension
of the CUTE-STEM instrument

N Si No X SD

6. Augmented Reality for recreational purposes. 544 237 307 1.56  0.496
7. Augmented Reality for learning in a subject. 544 107 437 1.80 0.398
8. Augmented Reality for teaching purposes. 544 66 478 1.88 0.327
9. Immersive Virtual Reality for recreational

purposes. 544 176 368 1.68 0.468
10. Immersive Virtual Reality for learning in a

subject. 544 69 475 1.87  0.333
11. Immersive Virtual Reality for teaching purposes. 544 42 502 1.92 0.267

Note: X = Mean; SD = Standard Deviation.
Source: elaborated by authors.

The results presented suggest a positive attitude and a favorable perception
towards the use of technology in STEM education. However, areas for improvement
were also identified, such as the perception of competence in using technology and the
difficulty that participants experienced in using some technologies. Regarding
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technologies assessed in this research project, it is clear that their application in the
educational field is still limited. Although, this study revealed that participants were
more familiar with Augmented and Immersive Virtual Reality and that they also had
more experience using them in recreational contexts, it is evident that much effort is
needed to promote the use of these technologies as teaching and learning tools, both
in specific subjects and in teaching practice.

Phase 2

The results obtained in the items that assess the ease of use of Virtual Laboratories,
Augmented Reality, and Immersive Virtual Reality (items 13, 14, and 15) are presented
(Table 6). Likewise, the items that evaluate the potential of these technologies as
resources for teaching and learning in the STEM field in Primary/Secondary Education
(items 19, 20, and 21) are shown (Table 6). Due to the data collection method being
optional, there is variability in the sample. Additionally, in the case of items 14 and 20,
which were specifically focused on the evaluation of Augmented Reality, it is stated that
only one group designed activities based on this technology, so the post-test
instrument application was limited to that group.

Table 6
Results of the Wilcoxon test and effect sizes for CUTE-STEM items pretest and post-
test

Pretest Post-test
N Y X Min Max Mo N > X Min Max Mo Sig d
item13 56 195 3.5 1 5 4 56 195 3.5 2 5 4 0.906 (o}
item14 25 67 27 1 5 2 27 100 3.7 1 5 4 0.005"  0.975
item1s5 51 130 2.6 1 5 2 58 176 3.0 1 5 3 0.019" 0.461
item19 58 240 4.1 1 5 5 57 257 4.5 3 5 5 0.024"  0.460
itetm20 27 99 3.7 1 5 4 26 101 39 1 5 4 0.302 0.199

item21 53 222 4.2 1 5 5 58 247 4.3 1 5 5 0.742 0.068
Note: N = participants; Y = sum; X = mean; Min = Minimum; Max: Maximum; Mo = Mode; Sig = Bilateral
significance (0.05); d = Cohen's delta.

Source: elaborated by authors.

Regarding the results, in item 13 (virtual laboratories), results for pre and post-
tests with a sample of 56 participants were obtained. The pretest mean score (X = 3.5)
indicates a perception of intermediate difficulty in using virtual laboratories, while in
the post-test, the same value is obtained (X = 3.5), indicating consistency in the
perception of difficulty. Both the Wilcoxon test (p = 0.906) and the Effect Size (d = 0)
did not reveal significant differences between pre and post scores.

In relation to item 14, which assessed Augmented Reality, there were 25
participants in the pretest and 27 in the post-test. The pretest mean suggests a certain
perception of difficulty (X = 2.7), while the post-test mean (X = 3.7) shows a significant
improvement in the perception of ease. The Wilcoxon test revealed significant
differences between pre and post scores (p = 0.005), with a large Effect Size (d =
0.975), indicating a substantial improvement in the perception of ease of use of
Augmented Reality as a resource for STEM learning and teaching in
Primary/Secondary Education.
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Regarding item 15, which evaluated IVR, there were 51 participants in the pretest
and 58 in the post-test. The pretest mean (X = 2.6) indicates a perception of difficulty,
while the post-test mean (X = 3.0) reflects a slight improvement in ease of use. The
Wilcoxon test revealed significant differences between pre and post scores (p = 0.019),
with a moderate Effect Size (d = 0.461), indicating a statistically significant
improvement in the perception of ease of use for IVR.

On the other hand, regarding the potential of these technologies (items 19, 20, and
21), high mean scores were observed both in the pre and post-tests.

The results reveal several important findings about participants' perception of the
use of Virtual Reality (Augmented and Immersive) in educational settings. Participants
assessed positively the potential of these technologies in both the pretest and post-test,
demonstrating recognition of their educational and learning possibilities. These high
mean scores on items that evaluate the potential of technologies (items 19, 20, and 21)
support the idea that participants perceive their relevance and value in educational
contexts.

Differences in the perception of the ease of use of emerging technologies were
observed. Regarding the use of virtual laboratories (item 13), the results indicated a
perception of intermediate difficulty both in the pretest and post-test, where no
significant differences were found. This suggests that the perception of difficulty
remained constant over time, indicating some need to address aspects related to the
accessibility and usability of virtual laboratories in educational contexts.

However, a significant improvement in the perception of ease of use was observed
in the post-test compared to the pretest regarding Augmented Reality (item 14) and
Immersive Virtual Reality (item 15). These results indicate that the complementary
training (TEC-STEM + ACRI) had a positive impact on participants' perception of the
ease of use of these technologies. The presence of significant differences between pre
and post scores, based on substantial effect sizes, emphasizes the importance of
providing appropriate training to promote the adoption and effective use of these
emerging technologies in educational contexts.

Content Analysis (Open-Ended Questions)

The qualitative evaluation of the questionnaire was conducted through inductive
coding of responses (N=58) to understand reality from the participants' perspectives
and discover new insights from them. Figure 6 presents the results of the open question
(PA_03): In your opinion, what advantages or disadvantages do you think the use of
Immersive Virtual Reality can have in teaching Sciences in Primary/Secondary
Education?

In general, the responses reflect a positive perception of Immersive Virtual Reality
in educational contexts. For example, some responses indicate that "the use of
Immersive Virtual Reality significantly increases student motivation and
engagement, so learning sciences would be easier." (P_41). Furthermore, it is
observed that immersive experiences serve as a facilitating resource in the acquisition
of abstract or complex concepts because "Among the numerous advantages of this
resource, it has the advantage to make abstract or hard-to-access concepts/facts
easier to understand by students..." (P_42).

Nevertheless, there are also some concerns and challenges related to cost and
resource availability. For example, among the responses, it is mentioned that not all
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schools can afford necessary resources to work with Immersive Virtual Reality,
making some disparities between different schools. (P_28). On the other hand, the
potential loss of control during classes concerns teachers, because it could become a
distractor during the teaching process: it is a very distracting element, depending on
the type of student, you can use it or not, you must be aware of every detail in class...
(P_10). Another important factor in the use of Immersive Virtual Reality relates to the
shortcomings in Teacher Training: "Limited teacher literacy to deliver classes”
(P_57), because "Not all teachers have the skills to use this type of tool." (P_33).

Figure 6
Qualitative Results
. Immersive learning experience Cost and resource availability
. Learning motivation “ Distraction and classroom control

. Teacher training and skills

Development of key competencies ‘ Curricular integration and activity design

0 Enhances understanding and learning

Note: Values expressed in percentage.
Source: elaborated by authors.
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DISCUSSION AND CONCLUSIONS

The quantitative results obtained in this research are supported by the qualitative
assessments provided by the participants. These qualitative assessments highlight a
positive perception of Immersive Virtual Reality in educational contexts, emphasizing
its impact on student motivation and engagement. These results are aligned with other
research that has also concluded that the use of Augmented Reality (Del Moral et al.,
2022; Nikimaleki & Rahimi, 2022; Martinez Pérez & Fernandez Robles, 2018) and
Immersive Virtual Reality (Alvarez et al., 2023; Radianti et al., 2020; Silva-Diaz et al.,
2021) significantly enhances student motivation and engagement. It may also improve
the learning process, especially in the field of science. Furthermore, it has been
identified that immersive experiences can be beneficial for understanding abstract or
complex concepts and suggests that these technologies make these concepts more
comprehensible to students (Chang et al., 2019; Cheng & Tsai, 2020; Liu et al., 2020).

Moreover, concerns and challenges related to the use of Virtual Reality, especially
Immersive Virtual Reality, in education are also evident. One of the main challenges
that has been identified relates to the cost and availability of the resources required to
implement technology, which can create inequalities among educational institutions.
These concerns have already been observed in previous studies (Garcia-Vandewalle et
al.,, 2022; Silva-Diaz et al., 2021). Additionally, there is some concern about the
potential loss of classroom control by teachers during lessons, as Immersive Virtual
Reality can become a distracting element in the teaching process if it is not managed
properly (Barroso et al., 2019; Nistor et al., 2019). Another relevant aspect to be
considered is the lack of teacher training in the use of these tools. This study shows
evidence of promoting digital literacy training for teachers to fully leverage the
potential of Immersive Virtual Reality in educational settings (Boel et al., 2023; Del
Moral et al., 2022; Nistor et al., 2019; Pellas et al., 2019).

Overall, the qualitative assessments complement and support the quantitative
findings by providing a more detailed and contextualized perspective of participants'
perceptions. These assessments reveal the importance of considering both the benefits
and challenges associated with the use of Immersive Virtual Reality in education. They
also emphasize the need to address aspects such as accessibility, resource
management, classroom control, and teacher training to maximize the benefits of this
emerging technology in the teaching and learning processes.

The main findings of this research provide relevant information in the design of
strategies that promote the development of technological skills and better integration
of technologies in educational contexts in order to foster learning and teaching in the
STEM field.

To conclude, there is significant interest in future teachers in the use of various
Emerging Technologies, and the high potential attributable to technology, especially in
immersive technologies. This demonstrates that their integration into educational
environments can enhance motivation, engagement, and content comprehension, and
promote more immersive and meaningful learning experiences.

Furthermore, the importance of developing Initial Teacher Training strategies that
introduce students to these types of technologies, and also allow them to understand
how to integrate them into the classroom is emphasized. It also highlights the need to
incorporate these technologies into teacher training programs to improve pedagogical
practices.
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In future research, the evidence suggests the exploration of innovative approaches
for teacher training and addressing the practical implications and advantages of
immersive technologies in various educational contexts.

It is important to consider the following limitations when interpreting the results
of this research. Firstly, the Seminar (TEC-STEM) on Emerging Technologies in
Education has experienced some changes over time, which may have affected the
results in different phases of the study. Secondly, the variability in the sample size in
the pre and post measurements should be considered. However, it is important to
mention that measures were taken to minimize any bias related to sample size
variation (application of the Wilcoxon test, which considers differences in sample size
when comparing pre and post mean scores).
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