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Preface

Education is the cornerstone of any society, and it serves as one of the foundations for
many of its social values and characteristics. The state-of-the-art and novel method-
ologies and technologies allow researchers, designers, and domain experts to pursue
Technology-Enhanced Learning (TEL) solutions targeting not only cognitive processes
but also motivational, personality, or emotional factors. Nowadays, we can identify two
main legs, providing necessary and complementary strengths to a TEL-oriented design
process: appropriate technologies should be applied, and appropriate methods should
guide such application. Technologies in TEL can deliver smart, personalized, tailored,
and motivating learning solutions. Methods come from different fields, such as psychol-
ogy, medicine, computer science, and from diverse communities, where collaboration
and co-working is used, such as maker communities and participatory design commu-
nities. In addition, learning analytics can help manage (big) data to enhance learning
opportunities for learners and educators alike, for instance, by supporting self-regulated
learning or adaptation of the learning material.

As to these topics, the annual appointment of MIS4TEL established itself as a consol-
idated fertile forum where scholars and professionals from the international community,
with a broad range of expertise in the TEL field, share results and compare experiences.
The calls for papers of the 13th edition of the conference welcomed novel research in
TEL and expands on the topics of the previous editions: it solicited work from new
research fields (ranging from artificial intelligence and agent-based systems to robotics,
virtual reality, Internet of Things, and wearable solutions, among others) concerning
methods and technological opportunities, and how they serve to create novel approaches
to TEL, innovative TEL solutions, and valuable TEL experiences.

The result of the call for papers is that both the main track of MIS4TEL 2023 and its
four related workshops: Integration of emerging technologies into education and training
(ETELT), Interactive Environments and Emerging Technologies for eLearning (IEETeL),
Technology Enhanced Learning in Nursing Education (NURSING), and Technology-
Enhanced Learning for Future Citizens (TEL4FC), contribute to novel research in TEL
and expand on the topics of the previous editions. This volume presents the papers that
were accepted for the main track of MIS4TEL 2023.

All papers underwent a peer-review selection: each paper was assessed by four
different reviewers, from an international panel composed of about 76 members from
30 countries. From a total of 40 articles, the program of MIS4TEL 2023 counts 26
contributions (13 full papers and 13 short papers) from diverse countries.

This conference is organized by the LASI and Centro Algoritmi of the University
of Minho (Portugal). We would like to thank all the contributing authors, the members
of the Program Committee, the reviewers, the sponsors, and the Organizing Committee
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Statistical Analysis of the Influence of Teaching
Experience on the Perception of Virtual Reality

Alvaro Antén-Sancho! , Diego Vergaral(&) , Pablo Ferndndez-Arias' @,

and Sara Rodriguez-Gonzilez?

I Catholic University of Avila, 05005 Avila, Spain
diego.vergara@ucavila.es
2 University of Salamanca, 37008 Salamanca, Spain

Abstract. The use of virtual reality (VR) technologies applied to higher educa-
tion is experiencing a vertiginous increase, mainly in scientific-technical areas. In
this work, quantitative descriptive research is carried out on the perceptions of the
didactic use of VR technologies by Latin American professors of engineering and
health sciences. Specifically, a statistical analysis is carried out to identify signifi-
cant gaps in the assessments carried out by the participating professors according
to their area of knowledge and to study the influence exerted on these assessments
by the teaching experience of the professors. For this purpose, a questionnaire
designed for this purpose has been used, which has been answered by 432 profes-
sors of engineering and health sciences from different Latin American universities.
The results reveal that engineering professors give better evaluations than health
sciences professors of the didactic aspects of VR and that teaching experience
positively influences engineering professors’ evaluations but negatively those of
health sciences professors. It is recommended to increase teacher training in the
use of VR, considering the specificities identified in each area of knowledge.

Keywords: Virtual Reality - Didactic Resource - Teaching Experience

1 Introduction

In recent years, the use of Information and Communication Technologies (ICT) for
didactic uses in higher education has been gradually increasing. This is mainly due to
the increase in demand for online education [ 1], the digitalization process that universities
around the world have carried out due to the COVID-19 pandemic [2, 3], the various
potentialities presented by the higher education metaverse [4, 5], and the increasing
progress in the development of technologies and algorithms [6, 7]. The specialized
literature emphasizes that the use of ICTs has a significant positive influence, mainly
in the motivation and involvement of students in the development of teaching-learning
activities and in the acquisition of more significant and lasting learning [8, 9].

Virtual Reality (VR) technologies have grown faster in recent years because of the
diversity of their applications in many technical fields in which geometric and spatial
visualization is relevant [10]. Specifically, VR technologies are among the technologies

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
M. Milrad et al. (Eds.): MIS4TEL 2023, LNNS 764, pp. 1-10, 2023.
https://doi.org/10.1007/978-3-031-41226-4_1
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of the training metaverse that are of most interest to researchers [11, 12]. They are
computational technologies that can recreate certain environments in a realistic and
interactive way, so that the user can experience and interact with those environments
[13]. Although the didactic use of VR technologies can be extended to a wide range of
knowledge areas, the literature shows that the areas of engineering and health sciences
are particularly prolific in terms of the applicability of VR in lectures and in terms of
the publication of research papers on the didactic use of VR in higher education, whose
trend is increasing in the last 25 years [14].

The main utility of VR is that it allows illustrating complex concepts in a more realis-
tic and interactive way than traditional methodologies can, both in the technological [15]
and health areas [16]. Specifically, VR is applied to engineering education in the design
of virtual laboratories [17] or 3D visualization environments [18, 19], manufacturing
[20], or interior design [21]. In health education, VR is applied to the three-dimensional
recreation of anatomical models [22] or the simulation of realistic situations, for example
in the field of nursing or surgery [23].

A fruitful line of research on the didactic use of VR consists of analyzing the assess-
ments that university professors make of these technologies [24]. The expression pro-
fessor will be used throughout the article to designate lecturers, assistant professors,
associate professors, and full professors. The literature has shown that both engineering
and health sciences professors give good assessments of VR, in the sense that they con-
sider these technologies as tools that effectively help in the acquisition of knowledge and
increase academic performance [14, 25]. However, the same works identify the main
disadvantages for its implementation as the costs involved and, above all, the lack of
specific training for professors in its use [14, 25]. Engineering professors identify as
the main didactic benefits of VR the motivation it arouses in students and the increase
that the use of these technologies causes in the interest shown by students in the sub-
ject of study [26]. In this sense, the literature identifies notable differences between the
perceptions of professors and those of engineering students. Indeed, although students
recognize that they feel more motivated to study when using VR technologies [27], they
especially value the ease of use and the realism of virtual designs [28]. In the area of
health sciences, professors also highlight the motivation aroused in students by VR, in
addition to the increase in their academic performance it causes [29]. Engineering pro-
fessors emphasize the technical advantages of VR, such as 3D design [30], interactivity
[31], realism [32], or immersiveness [33], more strongly than health sciences professors,
who emphasize the didactic benefits of VR to a greater extent [14, 34].

The literature has identified factors that influence the perceptions given by profes-
sors about VR. In particular, the private or public ownership of the professors’ university
influences their perceptions, with professors from private universities giving higher rat-
ings to both VR and the digital competencies for its use [15]. Among professors at
private universities there is greater homogeneity between male and female ratings than
among professors at public universities [14]. Sociodemographic factors have also been
identified, such as the level of digitization of the professors’ country of origin, which
condition their opinions on VR [35]. Specifically, it has been found that in the Latin
American and Caribbean region, which is precisely where the present study is framed,
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a higher level of digitization of the countries leads to a correction of the age gaps, but a
widening of the gender gaps in the assessments of VR [35].

The main research objective is to quantitatively analyze the existence of significant
differences between the assessments of VR technologies given by Latin American engi-
neering professors and health science professors, as well as to study the influence of
teaching experience on these assessments in both areas of knowledge. Specifically, this
work analyzes the influence of the professors’ teaching experience on their assessment
of VR comparing, in addition, the assessments of professors of engineering vs. profes-
sors of health sciences and the behavior of the teaching experience in the two areas of
knowledge analyzed. This objective is intended to help show the need for faculty training
in the development of techno-pedagogical skills and to provide opportunities for the use
of VR technologies. It also aims to analyze the convenience of adapting this training and
experience to the specificities of each area of knowledge, carrying out a study focused
on the two areas —engineering and health sciences— in which the use of VR is more
frequent. In this way, it is intended to contribute to provide keys to promote the use of
VR technologies in relation to learning activities in higher education.

2 Materials and Methods

2.1 Participants

The criteria for inclusion in the study were the following: (i) to be an active professor
at a university in the Latin American region; (ii) to be a specialist in one of the fields
within the areas of Engineering or Health Sciences; and (iii) to teach in degrees assigned
to the areas of Engineering or Health Sciences. The areas of knowledge were defined
in terms of the integrated classification standardized by UNESCO [36]. A total of 432
professors participated in the study (36% Health Sciences professors and 64% Engineer-
ing professors) and all responses were validated as complete. The most frequent range
of teaching experience is, in the two areas of knowledge analyzed, from 6 to 10 years
(Fig. 1), although there is an approximately homogeneous distribution of participants
by range of teaching experience, without significant differences by area of knowledge
being identified in these distributions (x> = 2.32, p-value = 0.80).

2.2 Variables

The main explanatory variable is the area of knowledge, which is nominal dichotomous
(health sciences or engineering). The secondary explanatory variable is the teaching
experience, which is a polytomous nominal variable with six possible values (<5 years,
6 to 10 years, 11 to 15 years, 16 to 20 years, 21 to 25 years, and >25 years). Likewise,
the following explained variables have been defined: (i) assessment of technical aspects
of VR; (ii) assessment of didactic aspects of VR; (iii) level of disadvantages of the use of
VR in higher education; and (iv) future projection perceived for the use of VR in higher
education. All the explained variables are quantitative ordinal and are valuedina 1 to 5
Likert scale, where 1 is very low, 2 is low, 3 is intermediate, 4 is high, and 5 is very high.



4 A. Antén-Sancho et al.

30

25 A

20 A

20.0
17.6 1 17.8
16.6 16.715.7 15.6
15 4 13.3
11.8 11.8
o] I
0 h T T T T T 1

<S5years 6tol0years 11tol5S 16 to 20 21to 25 > 28 years
years years years

Teaching experience

7.6

Proportion of the sample (%)

(9]
!

® Engineering © Health

Fig. 1. Distribution of participants (%) by years of teaching experience.

3 Methodological Approach

3.1 Instrument

A questionnaire of 18 questions has been used, distributed in four families of questions
corresponding to the four explained variables that have been defined (Table 1). Therefore,
the survey is divided into four families of questions: (i) on technical aspects about the
use of VR, which include assessments of the graphical characteristics of the 3D design
of VR applications, the user experience, the ease of use and usability for the objectives
pursued, the degree of immersion in the designed virtual environments, the realism of
the recreated environments, and the employability of VR technologies in engineering or
health sciences lectures; (ii) on the didactic usefulness of VR in engineering or health
sciences education, including assessments of the expected user experience for students,
the impact of VR use on academic outcomes, increased motivation for learning, and
the benefits of using VR in lecture delivery; (iii) on the disadvantages attributed to the
implementation of VR in engineering or health sciences education, including economic
costs, space, human resources and equipment requirements, the limitations in terms
of specific teacher training in VR, and the obsolescence of equipment and the need
to update it; and (iv) on the participants’ perspective on the future projection of the
implementation of VR technologies, both immersive and non-immersive, in engineering
or health sciences education. Cronbach’s alpha parameters (all of them greater than 0.70)
indicate that the instrument has a good level of internal consistency (Table 1).
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Table 1. Questions of the questionnaire.

Variable Cronbach’s alpha Question
Technical aspects of VR 0.86 3D design

User experience
Usability

Immersion

Interaction

Realism

Employability in lectures

Didactic aspects of VR 0.70 Expected experience of students

Increase of academic performance

Motivation of students

Lecture development

Disadvantages 0.74 Costs

Space required

Technical and human resources required

Lack of teacher training

Technical obsolescence of equipment

Future projection 0.83 Immersive VR

Non-immersive IVR

3.2 Methodology

Quantitative descriptive research of the assessment of the didactic use of VR in health
science education and engineering education has been carried out. The following phases
have been followed in the research process: (i) definition of objectives and variables and
design of the research instrument; (ii) delivery of initial training on VR, selection of par-
ticipants, and data collection; (ii) statistical analysis of the data obtained; and (iv) drawing
conclusions. For the statistical analysis, the descriptive statistics of the responses have
been obtained and parametric hypothesis contrast tests have been applied (specifically,
the t-test and the multifactor analysis of variance -MANOVA-) to identify significant
differences in the mean responses of the different families of answers according to the
area of knowledge of the participants and their teaching experience. All tests have been
performed with a significance level of 0.05.

4 Results

The participants of the two areas of knowledge analyzed give high evaluations to VR, both
in its technical and didactic dimensions, and attribute a high future projection to its use in
higher education (Table 2). However, in both areas the assessment of the technical aspects
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is higher than that of the didactic (14.9% in health sciences and 19.0% in Engineering).
Despite this, the level of perceived disadvantages is also high (Table 2). The results
of the mean comparison t-test allow to assume that there is a statistically significant
difference in the assessment of the technical aspects of VR (Table 2), which is greater
among engineering professors. However, no significant differences were identified in
the mean responses of the rest of the variables analyzed.

Table 2. Mean responses of the different families of questions.

Variable Engineering Health Sciences t-statistic p-value
Technical aspects 4.25 4.09 7.24 0.01"
Didactic aspects 3.57 3.56 0.01 0.92
Disadvantages 3.56 3.58 0.04 0.84
Future projection 3.95 3.92 0.13 0.72
*p <0.05

The way in which teaching experience influences the ratings of engineering profes-
sors and health science professors is different in the technical, didactic, and disadvantage
dimensions of VR, according to the MANOVA test statistics. Regarding the technical
and didactic aspects of VR (Tables 3 and 4), engineering professors with more expe-
rience are those who give lower ratings, while in health sciences the ratings given by
professors to the technical and didactic aspects show a significant increase in the higher
levels of teaching experience (F' = 5.45, p = 0.0001 for technical aspects; F = 3.40, p
= 0.0047 for didactic aspects). Regarding the identification of disadvantages for the use
of VR, the engineering professors maintain an approximately homogeneous assessment
as teaching experience increases, but in health sciences, the perception of the level of
difficulties increases with teaching experience in the last stages of teaching experience
(F =2.84, p = 0.0150).

Table 3. Mean responses of engineering professors, differentiating by teaching experience.

Variable <Syears | 6-10 years | 11-15 years | 16-20 years | 21-25 years | >25 years
Technical 4.18 4.36 4.18 4.35 4.32 4.14
aspects

Didactic 3.63 3.42 3.71 3.83 3.54 3.38
aspects

Disadvantages | 3.51 3.83 3.49 3.32 3.63 3.49
Future 3.87 3.83 3.97 3.98 4.10 3.98
projection

*p < 0.05
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Table 4. Mean responses of health science professors, differentiating by teaching experience.

Variable <S5 years | 6-10 years | 11-15 years | 16-20 years | 21-25 years | >25 years
Technical 4.10 3.73 3.84 4.00 443 4.39
aspects

Didactic 3.68 3.44 3.97 3.11 3.67 3.60
aspects

Disadvantages | 3.33 3.47 3.00 3.69 3.93 3.89
Future 3.70 3.49 4.20 3.93 4.03 4.09
projection

*p < 0.05

5 Discussion

Throughout this research it has been shown that the ratings made by Latin American
professors about VR are very high, being the engineering professors those who better
value the technical aspects, but there are no significant differences in the valuation of the
didactic aspects between engineering and health sciences professors (Table 2). The high
ratings obtained are in line with the results of previous studies focused on populations
of university professors in general [34], engineering professors [15], or health sciences
professors [25]. However, the results obtained show that there is greater homogeneity
between the responses of engineering professors and health sciences professors than
those described in previous studies [14].

The main novelty of the present study consists in the identification of teaching
experience as an explanatory variable of the perceptions of the participating professors
on VR. In general, as teaching competence increases, engineering professors give worse
evaluations of the didactic and technical aspects of VR (Table 3), while health sciences
professors increase their evaluations in this regard (Table 4).

The main implication of this study is that the training received by Latin American
professors in the two areas of knowledge analyzed should be increased and improved.
Universities should also consider the influence of the professors’ teaching experience
in the training sessions they design. They should be especially sensitive to the digital
integration of engineering professors with a higher level of teaching experience, who
are the ones who give lower evaluations of VR.

The main limitations and lines of future research of this investigation are the fol-
lowing: (i) it would be convenient to carry out an analogous analysis with a sample of
professors homogeneously distributed by areas of knowledge, in order to corroborate the
results obtained here; (ii) it would be interesting to complement the results obtained here
through a qualitative analysis that addresses the reasons that explain the gaps identified;
(iii) carrying out an analogous analysis with a sample of professors from all areas of
knowledge or from different geographic regions would also allow for a deeper identifica-
tion of gaps by areas of knowledge and the identification of explanatory socioeconomic
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and geographic factors; and (iv) analyzing the influence that other variables not ana-
lyzed here, such as experience with the use of a particular VR application, may have on
professors’ assessments.

6 Conclusions

Latin American professors of engineering and health sciences give very high ratings
to VR, although they also identify strong limitations for its implementation, mainly in
terms of their own lack of specific training to use it. In this sense, engineering professors
report ratings of the technical aspects of VR almost 4% higher than those of health
sciences professors. The teaching experience of Latin American professors in the areas
analyzed influences their perceptions of VR, but in different ways. Specifically, the more
the teaching experience of engineering professors increases, the more the ratings of the
technical and didactic aspects of VR decreases. On the other hand, the more the teaching
experience of health science professors increases, the more the rating of VR grows.
These results imply that the training of university professors, as well as providing
equipment and opportunities for its application in the classroom, are crucial to grow in
the process of integrating VR in higher education. However, this training must have a
sensitive approach to the specificities of each area of knowledge. In particular, the training
of more experienced engineering professors should be reinforced, while, among health
sciences professors, the training of younger professors should be strengthened.
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Abstract. Designing a high-quality multiple-choice test is a challeng-
ing task. Typically, to validate a test, this must be administered to a
sample of the target population, allowing one to estimate the difficulty
of each question and its consistency. In several scenarios, this admin-
istration is costly and time-consuming, so predicting the difficulty of
multiple-choice questions before field testing could reduce costs and time
during the test validation process. In this article, we propose three deep-
learning approaches which aim to reduce the resources required to esti-
mate the difficulty of multiple-choice questions during test development
of high-stakes tests. These data-driven approaches use Neural Network
architectures such as Recurrent Neural Networks (RNN), Bidirectional
Long Short-term Memory (BiLSTM), and Bidirectional Encoder Repre-
sentations for Transformers (BERT). The models are trained on a data
source built with a sample of the standardized high-stakes exams for
university admissions in Chile. Our approaches consider different config-
urations specific to each architecture and a set of features that represent
the readability level and the similarities between the response options.
The results show that BiLSTM performs best and is the most suitable
model for the task, even though it could be considered outdated by the
appearance of contemporary architectures. Finally, we elaborate on how
this data-driven approach might be improved.
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1 Introduction

Multiple-choice questions (MCQs) are widely used in educational assessment.
In several countries, high-stakes tests such as university admission exams are
constituted mainly by MCQs. Therefore, a high-quality design for this type of
question becomes critical. One relevant MCQ feature is item difficulty: MCQs
should be neither too difficult nor too easy; tests should include a balance of easy,
medium, and difficult questions; and when different test forms are administered
to different examinees, these forms should be equivalent in terms of difficulty [1].

Consequently, high-stakes test developers are deeply interested in obtain-
ing the best difficulty estimate possible for the MCQs they plan to include in
their final tests. In this scenario, the most common method to obtain item diffi-
culty estimates is pretesting, i.e., administering MCQs to a sample of examinees
whose response accuracy is analyzed before the final test assembly. Pretesting
is time-consuming and associated with an item exposure issue but enables the
acquisition of valid and reliable measures of difficulty [2].

Still, items of all over the difficulty range should be pretested, and test devel-
opers must thus estimate item difficulty even before pretesting. This task is
classically performed by domain experts, who are asked to estimate, catego-
rize or rank item difficulty. However, this approach requires significant time and
human resources, and experts’ prediction accuracy can be disappointing [3]. For
instance, experts might struggle to provide reasonable estimates for difficult
items [1]. Predictions of item writers and reviewers can be combined to get more
accurate estimates [4], and accuracy can be improved through training [5], but
this makes this approach even less cost-effective. Moreover, experts’ intuitive
judgments of item difficulty can be acceptable when items have to be ranked
or categorized, but it is usually a lot harder for humans to provide an accurate
difficulty score [3]. As a result, alternative methods, such as predicting item dif-
ficulty with machine learning algorithms, potentially offer a new and efficient
approach to overcome the limitations of traditional methods [2].

2 Related Work

In the last decade, several studies presented strategies to predict item diffi-
culty automatically. Most studies have obtained question difficulty estimation
from text, by analyzing the textual content of MCQs with Natural Language
Processing (NLP) techniques, focused on designing computational algorithms
and representations for processing natural human language [2]. Using Neural
Networks (which is a set of Machine Learning algorithms composed of intercon-
nected nodes, called neurons, organized in layers) has recently proven to be a
promising approach for predicting item difficulty [6]. Recurrent Neural Networks
(RNNs) can perform much better than traditional machine learning models for
several tasks when working with short natural text. An RNN allows for retaining
the information provided in sequence across the multiple layers of the network.
However, when the sequence of words given to a simple RNN is too large, the



