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Abstract: Teaching in Higher Education is with increasing frequency completed within a Learning
Management System (LMS) environment in the Blended Learning modality. The use of learning
objects (activities and resources) offered by LMS means that both teachers and students require
training. In addition, gender differences relating to the number of students in STEM (Science,
Technology, Engineering, and Mathematics) and Non-STEM courses might have some influence
on the use of those learning objects. The study involves 13 teachers (6 experts in e-Learning and
7 non-experts) on 13 academic courses (4 STEM and 9 Non-STEM) and a detailed examination of
the logs of 626 students downloaded from the Moodle platform. Our objectives are: (1) To confirm
whether significant differences may be found in relation to the use of learning objects (resources and
activities) on Moodle, depending on the expertise of the teacher (expert vs. non-expert in e-Learning);
(2) To confirm whether there are significant differences between students regarding their use of
learning objects, depending on the expertise of the teacher (expert vs. non-expert in e-Learning);
(3) To confirm whether there are significant differences for the use of learning objects among students
as a function of gender. Differences were found in the use of Moodle learning objects (resources
and activities) for teachers and for students depending on the expertise of the teacher. Likewise,
differences were found for the use of some learning objects as a function of gender and the degrees
that the students were following. Increased technological training for both teachers and students is
proposed, especially on Non-STEM qualifications, in order to mitigate the effects of the technological
gap and its collateral relation with the gender gap and the digital divide.

Keywords: learning styles; teaching styles; Moodle; blended learning; learning-objects; gender gap;
digital gap

1. Introduction

Teaching is increasingly performed with greater frequency in digital environments
known as Learning Management Systems (LMS). This form of teaching, especially signifi-
cant in the context of higher education, has expanded due to the effects of the COVID-19
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health crisis [1]. All these aspects mean that greater investigation is necessary into what
sort of teaching is imparted and what sort of learning is developed in those environments.

The above-mentioned aspects are at present very relevant because of their direct
relation with sustainability in the field of education. The training of both teachers and
students in an educational context and in an increasingly digitalized society is fundamental
to overcoming gender [2,3] and to achieve a sustainable society. It is all understood to take
place within life-long education, as is proposed in Agenda 2030 [4] and it is precisely this
challenge that educational authorities face, especially in Higher Education [5]. Early in-
tervention in these aspects will facilitate the achievement of an increasingly sustainable
society [6] and will surmount both the gender gap and the digital divide. All of this will
bring with its greater opportunities and well-balanced choices of professional careers,
which will imply equilibrium at work in the future within all knowledge areas [7]. In what
follows, the key aspects of teaching in Blended Learning and e-Learning environments
will be approached within the framework of Higher Education through an analysis of the
situation with its possible gender gaps and digital divides.

A first aspect to consider is that the mere use of LMS will not in itself ensure effective
teaching. Effectiveness appears to depend on what learning objects (resources and activities)
are used and the way that they are implemented within a particular group of students [2,8].
Among the tools that LMS offers, some have shown themselves more effective than others,
depending on the type of student and the characteristics of the content to be learned [9]. It is
necessary to study the type of learning object that is applied and its usability for a student
or group of students [10]. The results of this investigation highlight the personalization of
the teaching proposal as a key to successful teaching-learning processes in on-line teaching
environments [11]. This fact implies that the teacher has to use various learning objects
within the LMS in order to provide a response to the learning needs of each student. Hence,
the need, first of all, is to study the possibilities that LMSs have to offer. For example,
an LMS similar to Moodle (Modular Object-Oriented Dynamic Learning Environment)
offers two teaching possibilities: resources and activities [12], which facilitate interaction
between teacher and students, the students themselves, and the students with the resources
and activities [13]. The resources refer to “objects” (in Information Technology (IT) terms)
that a teacher can use as assistance in the teaching—learning process. A description of
Moodle resources may be consulted in Table A1 (Appendix A). Likewise, Moodle offers
activities that are tasks that the student can complete alone or in interaction with other
companions. The tasks can be evaluated and the teacher can provide feedback both
on the product and on the problem-solving processes of a student or group of students
(see Table A1l). In Figure 1 the resources and in Figure 2 the activities that Moodle offers
are shown, including some from the personalized Moodle platform for the University of
Burgos (UBUVirtual).

ctivities Resources
File Folde Label
o i L1 o
Tab display URL
o P e

Figure 1. Resources that Moodle offers in the v. 3.8 on UBUVirtual platform.
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Figure 2. Activities that Moodle v. 3.8 offers on the UBUVirtual platform.

1.1. Form of Teaching and Form of Learning in Blended Learning Environments

As within the modality of presential teaching, the design of the teaching-learning
process is, for teachers, essential [10]. The sort of pedagogic design that the teacher im-
plements in Moodle (choice of resources and activities) will have consequences that can
affect student motivation and, therefore, student learning. One form of contrasting the
effectiveness of a resource or an analysis is a frequency-of-use analysis [14]. This analysis
may be carried out in a relatively simple way through the extraction of the records or
the logs of the resources and the activities. The extraction can be done in an accessible
manner using plugins. They facilitate both the ordering and the extraction of information
and specifically, in the Moodle environment, the plugin that Saiz et al. [15] developed has
shown itself to be very effective. This type of tool facilitates the detection of the student at
risk of abandonment during the learning process on the LMS [16]. In summary, it implies
the confluence of two variables: the teaching style (form of teaching) and the style of
learning of the student (form of learning) in the virtual learning environments. Throughout
two centuries, many investigations have inquired into the challenge of explaining how
learning takes place in presential or Face-to-Face (F2F) teaching sessions. Particularly worth
highlighting are the investigative studies on teaching and learning styles and learning
strategies within the university environment [17-19]. Nevertheless, there are few studies
that have approached the investigation of those aspects in virtual learning environments
(e-Learning or Blended Learning), because investigation in this context is still at an early
stage [20-22]. With respect to the learning style, the studies of Camarero et al. [18] defined
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four learning styles in accordance with the classification of Kolb [23]: active style (learning
based on direct experience), reflexive style (learning based on observation and data collec-
tion), theoretical style (learning based on abstract conceptualization and the preparation of
conclusions), and pragmatic style (learning based on active experimentation and the search
for practical applications). Likewise, the styles are related to learning strategies, which fol-
lowing the classification of Roman and Poggioli [24] may be divided into the strategies
of acquisition, codification, recuperation, and metacognitive strategies and support for
information processing. Moreover, in accordance with the classification of Veenman [25],
the following metacognitive skills may be distinguished: orientation, planning, evaluation,
and elaboration. Relating to the styles of teaching and following the studies of Abello
et al. [26], it appears that the best structural equations model will be one that includes
teacher-student interaction, negotiation over decision-making, the structuring of teaching,
and behavioral control.

In summary, the challenge for investigation into instruction within virtual settings is
centered on knowing the teaching styles of the teacher and the learning styles of the stu-
dent [20] and, as a function of those teaching and learning styles, to know which would be
the most effective interaction to apply in LMS spaces such as, for example, on Moodle [22].
Active teaching in e-Learning and Blended Learning environments is related to the use and
utilization of tools that make possible the construction of the student’s own knowledge.
To do so, the teacher has to use resources and activities in which oriented process rather
than only product feedback is included. Among these tools, we can highlight: (1) orienta-
tion towards information (strengthening the use of metacognitive skills for orientation);
(2) planning (strengthening the use of metacognitive skills for planning); (3) self-evaluation
(strengthening the utilization of self-evaluative metacognitive skills); and (4) self-reflection
(strengthening the use of elaborative metacognitive skills) [27]. Likewise, an effective
teaching style in these environments appears to be related to: the competences and the
teaching experience of the teacher within these environments, the use of evaluation meth-
ods that facilitate process-oriented rather than only product-oriented feedback, and the
use of hetero-evaluation (self-evaluation and co-evaluation) of both the student and the
teacher through the use of the ‘Feedback’ activity in Moodle [28].

In fact, 6 levels are defined in the European Framework for the Digital competence
of Educators (DigCompEdu): Al. Newcomers (have had very little contact with digital
tools guidance to expand their repertoire). Explorers (A2) (have started using digital tools,
however, without having followed a comprehensive or consistent approach. Explorers
need insight and inspiration to expand their competences). Integrators (B1) (use and
experiment with digital tools for a range of purposes, trying to understand which digital
strategies work best in which contexts). Experts (B2) (use a range of digital tools confi-
dently, creatively, and critically to enhance their professional activities. They continuously
expand their repertoire of practices. Leaders (C1) (rely on a broad repertoire of flexible,
comprehensive, and effective digital strategies. They are a source of inspiration for others).
Pioneers (C2) (question the adequacy of contemporary digital and pedagogical practices,
of which they themselves are experts. They lead innovation and are a role model for
younger teachers) [29].

1.2. The Digital Society in Higher Education Learning in Both STEM (Science, Technology,
Engineering, and Mathematics) and NON-STEM Subject Matter

In this way, therefore, the challenges of both teaching and learning in e-Learning and
Blended Learning spaces depends on having professionals and users with digital compe-
tencies who can skillfully use the tools on offer in 21st society. In relation to this point,
students and teachers from STEM (Science, Technology, Engineering, and Mathematics)
academic courses would, in principle, have more competences to approach learning and
teaching in Blended Learning environments. Nevertheless, recent investigations have
highlighted that if teachers possess digital competences for teaching within these envi-
ronments, the behavioral patterns of the students in Blended Learning environments are
similar in both STEM and non-STEM qualifications [2]. Another aspect to consider is the
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gender variable. The STEM qualifications attract higher percentages of male students than
female students [3,5,7,30-32]. In fact, numerous international projects have been under
development over past years to increase the percentage of female students studying STEM
qualifications [30-35]. In contrast, the percentage of students studying for Health Sciences
and Social Sciences qualifications (for example, Education Science) is inversely related
(the percentage of female students is much higher than the percentage of male students).
This fact should also be studied to promote parity in these lines of knowledge. It is a
reality that is reflected in the data from the CRUE 2017-2018 report [CRUE: Universidades
Espafiolas, a non-profit association formed of a total of 76 Spanish universities (50 public
and 26 private), is the main interlocutor on behalf of the universities with the central gov-
ernment and plays a key role in all regulatory developments that affect Higher Education
in Spain. http://www.crue.org/] [36], which in turn cites EUROSTAT 2019 as its data
source [37]. According to these reports, the average percentage of students who complete
STEM qualifications is 28.1% of all qualifications (from least to most ranging from 23.4% in
Spain up to 37.5% in Germany). In concrete, in Spain, among the 23.4% of students studying
for STEM qualifications, only 26.82% are women. With regard to the qualifications in the
branch of Health Sciences, an inverse percentage was found, only 26.2% of all students
following these studies are men.

In view of this situation, it might be important to verify whether the gender gap is
related to a possible digital divide in the use of technological resources among both teachers
and students in virtual teaching environments for STEM vs. Non-STEM qualifications.
It should be borne in mind that increasing the digital skills of the general public and
social inclusion both figure among the objectives of Agenda 2030 (The 2030 Agenda for
Sustainable Development) [4] to achieve quality education [38].

In summary, the road towards equal opportunities starts with quality education that is
only achieved through reflection on current practice. Besides, the COVID-19 [1] pandemic
has very clearly revealed the digital gaps within education, which have to be overcome to
achieve sustainable, quality, and inclusive education [1,38].

The investigation must center on the knowledge of which tools the teacher utilizes
within Blended Learning environments in order to respond to the above questions and,
by doing so, will be able to define the most effective teaching styles. Likewise, student
behavior on the platform must be known in order to define the most effective learning
styles [22]. Finally, the possible relations between teaching and learning styles should be
studied in virtual settings [39]. It must all be supported through necessary innovation
in the form of teaching that implies the use of technological resources [40]. It implies
facilitating teaching staff with different instructional methods in virtual environments,
so that they use the method that is best suited to their teaching styles and the learning style
of their students, to achieve effective and personalized teaching [41,42].

In view of the investigations mentioned earlier, the research questions of this study
are as follows:

RQ1 Will there be significant differences in the use of Moodle resources depending on the
expertise of the teacher (e-Learning expert vs. non-expert)?

RQ2 Will there be significant differences in the frequencies of access to Moodle resources
between students studying different subjects depending on the expertise of their
teachers (e-Learning expert vs. non-expert)?

RQ3 Will there be significant differences in the use of Moodle activities depending on the
expertise of the teacher (e-Learning expert vs. non-expert)?

RQ4 Will significant differences be found for the frequency of access to Moodle activities
between students as a function of the type of teacher (e-Learning expert vs. non-
expert) giving the classes?

RQ5 Will significant differences be found for the frequency of access to resources among
students as a function of the variable gender and the co-variable degree course
(STEM vs. Non-STEM) followed?
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RQ6 Will significant differences be found for the frequency of access to activities among
students as a function of the variable gender and the co-variable degree course
(STEM vs. Non-STEM) followed?

RQ7 Will significant differences be found for the frequency of access to Moodle resources
among students as a function of the variable gender and the co-variable type of
teacher (expert in e-Learning vs. non-expert)?

RQ8 Will significant differences be found for the frequency of access to Moodle activities
among students as a function of the variable gender and the co-variable type of
teacher (e-Learning expert vs. non-expert)?

2. Materials and Methods
2.1. Participants

Convenience sampling was used following the application of the Fisterra formula [43]
for sampling calculation to the population of all possible students at the University of
Burgos. From among a total population of 7186 students at a confidence level of 99%, at a
precision of 3% and a proportion of 5%, the estimated sampling size was established at 334,
with an envisaged proportion of losses of 15%, which pointed to an adjusted sample size of
393 students. In this study, a sample of 626 students (334 women and 292 men) was selected
of whom 581 were degree students and 45 were Master’s students. Hence, the number of
students estimated with the sampling formula was almost doubled. Likewise, the sam-
ple was anonymized by a specialist in data coding, in compliance with data protection
regulations [Regulation (EU) 2016/679 of the European Parliament and the Council of
27 April 2016)] [44]. The only data that were processed related to information on gender,
age intervals (on degree [20-24 years old] and on master’s [27-34 years old] courses),
and the knowledge branch of the courses. A sample of 13 university teachers was consti-
tuted, of whom 11 were female and 2 were men. Among the university teachers, 6 were
specialists in e-Learning and Blended Learning teaching environments (all with specialist
certificates in “Virtual Teaching” issued by the University of Burgos within the teaching staff
training program (https://www.ubu.es/instituto-de-formacion-e-innovacion-educativa-
ifie/planes-de-formacion-pdi/plan-de-formacion-para-la-ensenanza-virtual-pfev) and 7
non-specialists in virtual teaching.

The teacher training program in digital competences for Teaching and Learning in
Higher Education that is offered at the University of Burgos comprises the following
modules: Module 0. ‘“Transition of Face-to-Face (F2F) teaching to online teaching includes
"Transition towards online teacher” (30 h). Module 1. Technology that comprises “Technological
tools” (68 h), “Advanced use of the Moodle Platform” (9 h), ‘Lesson module on Moodle’
(8 h), ‘Creation of Virtual Classrooms’ (7 h), ‘Social networks applied to teaching’ (12 h),
‘Blogs and microblogging applied to teaching’ (12 h), ‘Google and Office365 tools for Higher
Education’ (16 h). Module 2. Content creation that includes ‘Creation of educational digital
content’ (30 h), ‘Design of multimedia applications’ (20 h), “Active Presenter applied to
teaching’ (5 h), ‘Collaborative Wikis in Moodle’ (2 h), “Creation of Online Presentations
and Courses with Microsoft Office Mix” (5 h). Module 3. Teaching Action that comprises:
‘Teaching Action’ (142 h), ‘eLearning in Online teaching’ (30 h), “Efficient use of tools in
online Teaching’ (30 h), ‘Skills for preparing documents with still and moving images
for online teaching’ (20 h), “Tools for manual entries of formulas and their integration in
Educational content’ (3 h), ‘Dynamic communication and interaction in virtual contexts’
(16 h), ‘iPad as a teaching tool’ (3 h), “‘Active methodologies in university teaching: project-
based learning in Moodle” (32 h), ‘Moodle Workshop Module” (8 h). Module 4. This module
includes: “Training design and evaluation (110 h)’, ‘Design and management of training
actions’ (30 h), ‘eActivities for skills development’ (30 h), ‘Evaluation in educational online
contexts’ (30 h), ‘Moodle questionnaires’ (20 h). The total possible training hours amounted
to 742 h. This training plan meets the standards of the European Framework for the
Digital Competence of Educators (DigCompEdu) https://ec.europa.eu/jrc/sites/jrcsh/
files/digcompedu_leaflet_en-2017-11-14.pdf.
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It is, therefore, considered that teachers who have received this training are experts
in eLearning and are ranked at level C1 (Leaders) of the European Framework, while the
teachers who are considered as non-experts are ranked at level A2 (Explorers) [29].

The teachers also imparted courses related both to STEM (Engineering) and to non-
STEM (Science and Health Education) subjects on 9 degrees in presential classes, 1 on-line
(non-presential degree), 1 Master’s course in presential classes, and 2 Blended Learning
Master’s course, involving a total of 13 study units. All participants collaborated on a
voluntary basis, having previously given their informed consent in writing and without
having received any economic incentive (see Table 1). The average percentages of male
and female students on STEM academic courses were 84.16% and 15.84%, respectively.
In relation to the Non-STEM degree courses, the percentages of male and female students
were 9.20% and 90.80%, respectively; and in Education Science, 7.77% and 92.23%, respec-
tively. Work proceeded with an initial sample of 626 students, although the sample lost
12 students throughout the process.

Table 1. Sample characteristics.

Students Gender

Degree Type Subject Type Teacher Type  n (Students)
en Y% Women Y%
Degree (F2F) STEM 2 90 80 88.89 10 11.11
Degree (F2F) Non-STEM (Education Science) 1 38 1 2.63 37 97.37
Degree (F2F) STEM 2 116 108  93.10 8 6.90
Degree (e-Learning) STEM 2 27 20 74.07 7 25.93
Master (Blended Learning) Non-STEM (Health Sciences) 1 15 1 6.67 14 93.33
Degree (F2F) Non-STEM (Health Sciences) 2 52 7 13.46 45 86.54
Degree (F2F) Non-STEM (Education Science) 1 77 13 16.88 64 83.12
Degree (F2F) Non-STEM (Education Science) 2 13 1 7.69 12 92.31
Master (F2F) Non-STEM (Education Science) 1 15 1 6.67 14 93.33
Master (Blended Learning) Non-STEM (Health Sciences) 2 15 1 6.67 14 93.33
Degree (F2F) STEM 1 36 29 80.56 7 19.44
Degree (F2F) Non-STEM (Health Sciences) 1 60 6 10.00 54 90.00
Degree (F2F) Non-STEM (Education Science) 1 60 3 5.00 57 95.00

Note: Type of teacher: 1 = non-specialist teachers in Blended Learning environment; 2 = specialist teachers in Blended Learning
environments; F2F = teaching face-to-face.

2.2. Instruments

(a) UBUVirtual Platform. This platform is an LMS developed in the Moodle environment,
version 3.8. All the resources and activities that Moodle has to offer were studied
(see Tables A1l and A2).

(b) “eOrientation” Moodle Plugin. This plugin was developed within an ongoing research
project funded by the Junta de Castilla y Ledn (Spain). The plugin can be used to set
up customized access to the course (subject) modules that are available on each course.
Likewise, personalized notifications related to learning process monitoring can be
sent to a student or a group of students using the plugin through emails sent via a
platform-messaging system. In addition, a table with all or part of the information
that is registered can be exported in different formats (.csv, .xIsx, HTML table, .json,
.0ds, .pdf). More detailed information on the “eOrientation” plugin is presented in
the development of objective 1 (see point 6: Patents) in the results section [15,45].

2.3. Statistical Analysis

A 2 x 2 x 2 factorial design (type of teacher, type of degree, gender) was applied.
A non-parametric statistical test (Mann-Whitney U-test for independent samples) was used
to test research questions RQ1 and RQ3, as work was done with 13 teachers. ANOVA tests
were used to test RQ2 and RQ4 and the eta-squared effect value. Likewise, ANCOVAs were
used to test the eta-squared effect value. These analyses were completed with statistical
software package SPSS v.24. [46].
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2.4. Procedure

The authorization of the Bio-Ethics Committee of the University of Burgos was suc-
cessfully requested. Likewise, as indicated under point 2.1, participation was voluntary
with informed consent provided in writing and without any financial incentives. The study
took place during the first semester (six months) of the 2019/20 academic year. At the
end of the semester, the Moodle logs of the 13 study units were extracted. Subsequently,
the Moodle plugin “eOrientation” [41] that, as pointed out under 2.2, is used to arrange
the logs in a comprehensible manner, was used to study the resources and activities that
the participating teachers had selected. In Table A2, the resources and activities that
may be used on Moodle are presented and those used for each subject are noted. Finally,
the statistical analyses described in Section 2.4 were applied.

3. Results

A non-parametric statistical test, the Mann-Whitney U-test for independent samples
[type of teacher (expert in e-Learning vs. non-expert)], was applied to test RQ1, as it
involves a sample of n = 13 teachers. Significant differences were found for the use of
resources, specifically those of ‘Label” and ‘Page’ (see Table 2). The teachers used 5 resources
of the 8 that Moodle v.3.8 has to offer, which implies a percentage utilization of 62.5%,
without there being a difference in the variable type of teacher (expert in e-Learning
vs. non-expert). The resources used as a function of this variable may be consulted in
Figures 3 and 4.

Table 2. Mann—-Whitney U-test for independent samples (type of teacher: non-expert teachers in
e-Learning vs. expert teachers) with respect to the utilization of Moodle resources.

Mean Rank
Mann-Whitney
Resource G1 G2 U-Test p
n="7 n=6

File 7.50 6.42 17.50 0.28
Folder 5.71 8.50 12.00 0.80
Label 5.29 9.00 9.00 0.03*
Page 443 10.00 3.00 0.003 *
URL 7.07 6.92 20.50 0.95

* p < 0.05. Note: G1 = non-expert teacher in e-Learning; G2 = expert teacher in e-Learning.

Resources use in no e-learning teacher

1.2

0.8

0.6

0.4

0.2

1 2 3 4 5 6 7
e BOOK File Folder
IMS content package el abel e Page
e | JRL e Resources FAQ

Figure 3. Resources use in no e-learning teacher.
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Resources use in e-learning teacher
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Figure 4. Resources use in e-learning teacher.

Subsequently, a fixed-effects ANOVA type of teacher (expert in e-Learning vs. non-
expert teacher) was applied to test RQ2. Significant differences were found between
students for the frequency of utilization of ‘Folder’, ‘Page’, and “URL’ resources. The stu-
dents belonging to the groups with expert e-learning teachers made greater use of the
‘Page’ and the "URL’ resources (see Table 3).

Table 3. Single fixed-effects ANOVA (type of teacher: non-expert teachers in e-Learning vs. expert
teachers) for Moodle resources used.

G1 G2
N df F |4 n?
n M (SD) n M (SD)

File 625 308 70.55(51.54) 317 77.82(52.85) (1,623) 3.03  0.08 0.1
Folder 510 193 12.80(20.63) 317 584(19.57) (1,508) 1458 0.00*  0.03
Label 446 129  056(3.98) 317 283(13.22) (1444) 368 056  0.01
Page 355 38 0.03(0.16) 317 11.05(16.70) (1,353) 1652 0.00*  0.05

URL 521 189  201(5.96) 332 1492(25.07) (1,519) 4854 0.00* 0.09

*p < 0.05. Note: G1 = non-specialist e-learning teacher; G2 = specialist e-Learning teacher; M = Mean;
SD = Standard Deviation; df = degrees of freedom, n? = eta squared effect value.

The Mann-Whitney U-test for independent samples was applied to test RQ3. No sig-
nificant differences were found for the utilization of activities to which both types of
teachers had access on Moodle (‘Assignment’, ‘Feedback’, ‘Forum’, ‘Glossary’, ‘Quiz’),
only a tendency towards a difference in the utilization of the ‘Quiz’ activity (see Table 4).
In addition, the teachers utilized 66.66% of the activities available on Moodle v.3.8. In this
case, differences were detected for the percentages of use of the range of activities. The non-
expert and the expert e-Learning teachers, respectively, utilized the learning objects at
levels of 33.33% and 66.66%, respectively (see Figures 5 and 6).

An ANOVA (type of teacher: expert in e-Learning vs. non-expert teacher) was applied
(see Table 5) to test RQ4. Significant differences were found for the use of Moodle activities
among the students, depending on the variable type of teacher. Average use was higher
among the group of students with an expert e-Learning teacher.
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Table 4. Mann-Whitney U-test for independent samples (type of teacher: non-expert vs. expert in
e-Learning) with respect to the utilization of Moodle activities.

Mean Rank
Moodle Mann-Whitney p
Activities Gl G2 U-Test
n="7 n==6

Assignment 7.00 7.00 21.00 1.00
Feedback 5.86 8.33 13.00 0.19
Forum 7.00 7.00 21.00 1.00
Glossary 6.00 8.17 14.00 0.11
Quiz 5.43 8.83 10.00 0.06

*p < 0.05. Note: G1 = non-expert e-Learning teacher; G2 = expert e-Learning teacher.

Use of activities: non-specialist e-learning teacher

1.2
1
0.8
0.6
0.4
0.2
0
1 2 3 4 5 6 7
e Assignment Chat Choice Database External tool
Feedback Forum e GlOSSATY 5P e LeSSON
e—Quiz e SCORM Survey Wiki Workshop

Figure 5. Frequency of use of Moodle resources among non-specialist e-Learning teachers.

Use of activities: specialist e-learning teacher

12
1 —
0.8
0.6
0.4
0.2
0
1 2 3 4 5 6
e Assignment e Chat Choice Database
e External tool Feedback ~ e====Forum e GlOSSATY
e H 5 e eSSON — QU1 Z e SCORM
Survey Wiki Workshop

Figure 6. Frequency of use of Moodle resources among specialist e-Learning teachers.



Sustainability 2021, 13, 1166

11 of 21

Table 5. Single fixed-effects ANOVA (type of teacher expert vs. non-expert in e-Learning) for activities utilized on Moodle.

G1 G2
Activities on Moodle N df F p n?
n M (SD) n M (SD)
Assignment 603 296  59.40(119.82) 307  168.83 (179.76) (1,602) 5671 0.000*  0.09
Feedback 364 60 0.27 (0.52) 304 7.80 (19.70) (1,362) 876  0.003*  0.02
Forum 564 232 2.16 (8.79) 332 21.38 (48.97) (1,562) 3493 0.00*  0.06
Quiz 320 18 4794 (36.07) 302 99.39 (166.24) (1,318) 1.71 0.19 0.01

* p < 0.05. Note: G1 = non-specialist e-Learning teacher; G2 = specialist e-Learning teacher; M = Mean; SD = Standard Deviation;
df = degrees of freedom, n? = eta squared effect value.

The activities used by the teachers for the different study units may be consulted in
Table A3.

RQ5 was tested with a single fixed-effects ANCOVA (student gender and co-variable
type of degree, STEM vs. Non-STEM). No significant differences were found, neither for
the utilization of resources, nor for the gender variable, nor for the covariable type of
degree. Nevertheless, the effect values of both the variable and the covariable were high
for the ‘Folder’ resource (see Table 6).

Table 6. Single fixed-effects ANCOVA results for the dependent variable student gender and co-variable type of degree

(STEM (Science, Technolo
‘frequency of use of Moodl

gy, Engineering, and Mathematics) vs. Non-STEM) in relation to the independent variable

e resources’.

G1 G2
N df F 4 n?
n M (SD) n M (SD)

Independent Variable

Co-variable Type of Degree

File 626 334 74.14(54.76) 292  74.09 (49.51) 1,1 007  0.83 0.07
Folder 511 273 11.14(18.60) 238 5.38(21.57) 1,1) 524 026 0.84
Label 447 199 2.89(11.58) 248  1.59 (11.20) 1,1 004  0.88 0.04
Page 356 135 893 (11.61) 221 10.41(18.36) 1,1) 052  0.60 0.35
URL 522 237 12.32(27.45) 285  8.46(13.93) 1,1) 040  0.64 0.28

File 1,1) 001 093 0.01
Folder 11 1657 0.15 0.94
Label 1,1) 020 073 0.17
Page 1,1) 006 084 0.06
URL 1,1) 202 0.39 0.67

*p <0.05. Note: G1 = female student gender; G2 = male student gender; M = Mean; SD = Standard Deviation; df = degrees of freedom,

12 = eta squared effect value.

Subsequently, a single-factor fixed-effects ANCOVA was applied to test RQ6, in re-
lation to student gender and type of degree (STEM vs. Non-STEM) and the dependent
variable ‘use of Moodle activities’. Significant differences were found with regard to the in-
dependent variable gender for the use of ‘Assignment” activities (p = 0.009) and an effect of
the covariable type of degree was found for the ‘Glossary’ activity (p = 0.007) (see Table 7).

A single-factor fixed-effects ANCOVA was applied to test RQ7 for the dependent
variables student gender and expertise of teacher (expert in e-Learning vs. non-expert) in
relation to the dependent variable ‘Use of Moodle resources’. Neither significant differences
nor a large effect size was found for the covariable except in ‘Page” and ‘URL’ (see Table 8).
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Table 7. Single-factor fixed-effects ANCOVA results for the dependent variable student gender and the co-variable type of
degree (STEM vs. Non-STEM) in relation to the independent variable ‘frequency of use of Moodle activities’.

G1 G2

N df F p n?
n M (SD) n M (SD)

Independent Variable Assignment 604 321  83.67(132.27) 283  150.36 (185.21)  (1,1) 493219  0.009*  0.99
Feedback 364 139 13.75 (27.17) 225 2.12 (5.56) (L1) 2.21 0.38 0.69
Forum 564 284 8.77 (26.07) 280 18.25 (48.53) (1,1) 1.05 0.49 0.51
Glossary 87 61 3.13 (3.93) 26 0.88 (2.25) (1,1) 5.09 0.27 0.84
Quiz 320 84 83.76 (154.16) 236  101.03 (164.96)  (1,1) 1.16 0.48 0.54
Co-variable Type of Degree ~ Assignment (1,1) 118.03 0.06 0.99
Feedback (1,1) 1.87 0.40 0.65
Forum 1,1) 0.59 0.58 0.37
Glossary (1,1)  8070.72  0.007*  0.99
Quiz (1,1) 9.78 0.20 0.91

*p <0.05. Note: G1 = students gender female; G2 = students gender male; M = Mean; SD = Standard Deviation; df = degrees of freedom,
1’ = eta squared effect value.

Table 8. Single-factor fixed-effects ANCOVA for the dependent variable student gender and the co-variable expertise of
teacher (expert in e-Learning vs. non-expert) in relation to the independent variable ‘frequency of use of Moodle resources’.

G1 G2
N df F p n?
n M (SD) n M (SD)

Independent Variable File 625 333 74.36 (54.69) 292  74.09 (49.51) (1,1) 0.27 0.69 0.21
Folder 510 272 11.18(18.62) 238 5.38 (21.57) (1,1) 1.44 0.44 0.59

Label 446 198 291 (11.60) 248 159(11.20) (1,1) 032 067  0.24

Page 355 134 899 (11.62) 221 10.41(18.36) 1,1 1.06 0.49 0.51

URL 521 236 12.38(27.49) 285  8.46(13.93) 1,1 1.02 0.50 0.51

Co-variable Expertise of Teacher File (1,1) 1.32 0.46 0.57
Folder (1,1) 0.28 0.69 0.22

Label (1,1) 1.15 0.48 0.53

Page (1,1) 13993 0.05 0.99

URL 1,1) 498 0.27 0.83

*p <0.05. Note: G1 = students gender female; G2 = students gender male; M = Mean; SD = Standard Deviation; df = degrees of freedom,
n? = eta squared effect value.

Finally, a single-factor fixed-effects ANCOVA was applied to test RQ8 for the depen-
dent variables student gender and expertise of teacher (expert in e-Learning vs. non-expert)
in relation to the dependent variable ‘Use of Moodle activities’. No significant differences
were found with regard to the independent variable student gender, although the effect-
sizes of the activities ‘Forum’, ‘Glossary’, and ‘Quiz” were high. Likewise, an effect was
found for the covariable expertise of teacher on the Forum activity (p = 0.04) and high
effect-size values were found for the activities ‘Forum’, ‘Glossary’ (p = 0.007), and ‘Quiz’
(p = 0.09) (see Table 9).

Table 9. Single fixed-effects ANCOVA applied to test RQ8 for the dependent variable student gender and co-variable type
of teacher (e-Learning expert vs. non-expert) in relation to the independent variable ‘Frequency of use of Moodle activities’.

G1 G2

N df F p n?
n M (SD) n M (SD)

Independent Variable Assignment 603 320 83.93(132.39) 283  150.36 (185.21)  (1,1) 0.07 084  0.06
Feedback 364 139  13.75(27.17) 225 2.12 (5.56) (1,1) 1.06 049 052
Forum 564 284 8.77 (26.07) 280 18.25 (48.53) (1,1) 3.83 030 079
Glossary 87 61 3.13 (3.93) 26 0.88 (2.25) (L1) 5.09 027  0.84
Quiz 320 84  83.76(154.15) 236 101.03 (164.96) (1,1) 10.89 019 092
Co-variable Type of Degree ~ Assignment (1,1) 4.55 0.28 0.82
Feedback (1,1) 1.49 044  0.60
Forum (1,1) 200.23 0.04* 099
Glossary (1,1) 8070.72  0.007* 0.99
Quiz (1,1) 5191 009 098

* p <0.05. Note: G1 = students gender female; G2 = students gender male; M = Mean; SD = Standard Deviation; df = degrees of freedom,
1? = eta squared effect value.
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4. Discussion

We begin with a significant data item, which is that the average percentage of male
students following STEM qualifications was 84.16% and 15.84% were female students.
The same percentages both for Non-STEM Health Sciences and for Education Science
qualifications were 9.20% and 90.80% followed by 7.77% and 92.23%, respectively. This fact
initially supported the existence of a gender divide on STEM vs. Non-STEM courses, in the
former towards a higher presence of female students and in the second towards a higher
presence of male students [3,5,7,30-35].

In addition, it has been found that the utilization of Moodle resources differed depend-
ing on whether the teacher was an expert in e-Learning vs. a non-expert regardless of the
teaching modality (F2F, Blended Learning, or e-Learning). In particular, the expert teachers
used more resources with their students linked to the implementation of metacognitive
skills for planning, such as ‘Label’ (a resource that facilitates the cognitive structuring of
information) and ‘Page’ (a resource that facilitates the embedding of videos) [22,27,28].
Even so, it must be pointed out that the expert teachers only utilized 62.5% of possible
resources, which indicates that this type of teacher could still increase the inclusion of
other resources and activities that enrich teaching in virtual spaces such as ‘IMS content
package’ and ‘Resources FAQ'. Likewise, greater homogeneity was found for the resource
type and for the frequency of use in the group of expert e-Learning teachers, which indi-
cates that resources were used in the group of the non-experts, though with neither the
same frequency nor uniformity. With regard to the use of the Moodle-related activities in
teaching, an important difference was found between the number of activities utilized as a
function of the variable type of teacher. The expert e-Learning teachers utilized 66.55% of
all possible activities and the non-expert teachers only used 33.33%. In addition, within the
activities in which both types of teachers coincided over the use (‘Assignment’, ‘Feedback’,
‘Forum’, ‘Glossary’, ‘Quiz’), the expert e-Learning teachers utilized the ‘Feedback’ resources
that facilitate the use of self-evaluation and evaluation on the platform, as well as a higher
frequency of use of the ‘Forum’. Likewise, in this case, greater homogeneity between the
expert e-Learning teachers was found, in opposition to less uniformity among the non-
expert teachers. The expert e-Learning teacher, moreover, utilized more Moodle resources
and activities that may be related to the strengthening of all the metacognitive skills among
the students. In contrast, the non-expert teachers fundamentally utilized activities related
to orientation and planning skills [22,27,28]. These teachers probably compensate the
presential activities with the use of the other skills. However, the aim of this study was
to analyze the use of the platform and how it occurs from the perspective of a teaching
system increasingly conducted in non-F2F classrooms. Nevertheless, the expert teachers
only utilized 66.66% of all possible activities, others such as ‘Chat’, ‘Choice’, ‘Database’,
‘Lesson’, ‘Survey’, ‘Wiki’, and ‘“Workshop” were not utilized in a homogenous way and
their frequency of use was low.

Likewise, it was confirmed that the teaching style appears to condition student be-
havior on the LMS, which supports what has been found in other investigations [1,2,8-12].
This aspect sheds light on the frequency of use of resources and activities, suggesting that
it depends on the instructional design that the teacher implements. It is of relevance to
the study of the pedagogic designs within the LMS that activate the options that these
environments have to offer.

Nevertheless, the results of this study have to be treated with prudence as the work
over one academic year involved teachers and students from a single university and with
a limited number of qualifications. In future investigations, therefore, the number of
universities and qualifications in the sample will be enlarged and the timeline of the study
extended.
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5. Conclusions

In the knowledge society of the 21st century, the use of technological teaching tools is
very necessary. This necessity has been accentuated by the COVID-19 health crisis that is
affecting humanity. The results that have been found in this study coincide with warnings
from international bodies over the past few years. It relates to the existence of a gender
gap and a digital divide [3-5,7,36-38]. The gender differences found in this study relating
to the use of Moodle resources and activities among students and teachers may, in part,
be explained by a higher number of expert e-Learning teachers on STEM degrees. This fact
is understandable because these qualifications have traditionally contained technologies
that have facilitated teacher training. In addition, as previously indicated, the percentage
of male students on STEM qualifications is significatively higher, which can explain the
gender differences that have been found. It is, therefore, quite clear that there is an
urgent need for teachers and students to be trained to utilize the tools that LMS has to
offer [26-28], so as to mitigate the gender gap found as a function of the type of STEM v.
Non-STEM qualification [30-35]. Along the same lines, the expert e-Learning professors
utilized more resources and activities from among all of Moodle’s possibilities, although
not all of them employ those resources and activities with the same frequency. It follows
that their use should be facilitated by providing training and support to the teaching
staff because the development of any of those tools in the LMS entails a lot of time and
dedication. This aspect is important because it is related to a previously detected need
that the European Commission has underlined, related to the importance of taking into
account the digital competences of teachers. These competences should be evaluated
against the standards of the European Framework for the Digital Competence of Educators
(DigCompEdu) [29]. However, if government organs and educational institutions are
to do so, procedures need to be in place to evaluate digital training at the 6 levels of
competence that the European Commission has established to achieve equal standards for
the evaluation of digital skills.

These aspects are important points upon which university managers might do well
to reflect, with the objective of trying to find responses that can mitigate these effects and
increase the utilization and the frequency of use of the tools that the LMS has to offer and
so that their utilization is neither related with the type of teacher, nor with the type of
qualification that, as has been seen, is related with gender. It will all mean that students
can be offered the same opportunities for on-line teaching that is up to date and effective.
It is, therefore, important to underline that both aspects are objectives of Agenda 2030 [4]
attempting to achieve inclusive quality education that reduces the effects of the gender gap
and the digital divide [36].

Finally, it may be highlighted that future research works will approach the study
of student motivations behind the choice of STEM vs. Non-STEM degrees. In addition,
the question will be analyzed of whether teaching on STEM vs. NON-STEM degrees and
the teaching modality (F2F vs. e-Learning) are related to certain didactic designs. Likewise,
whether the digital competences of the students can influence these teaching processes will
also be studied. Along these lines, it would be recommendable for the governance bodies
of universities to consider the need to design training courses on digital competences,
to alleviate the possible gender gap on degree courses that have no study modules with
these curricular contents as part of their curricular content.

6. Patents

Saiz-Manzanares, M.C.; Marticorena-Sanchez, R.; Escolar-Llamazares, M.C. eOrienta-
tion Computer Software for Moodle. Detection of the student at academic risk at University;
00/2020/588; General Registry of Intellectual Property: Madrid, Spain, 16 January 2020 [45].
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Appendix A

Table A1. Moodle resources and relations with the metacognitive skills following Veenman classification [25].

Relation with Metacognitive Skills

Resources Definition Following the Classification of Veenman [20]
Book Creates multi-page resources with a similar format to a book. Orientation Metacognitive skills
e Opersa ledn dude pon e o cample  openaton Metcognite sl
Folder Displays a group of related files within a single folder. Orientation Metacognitive skills
IMS is a body that helps define technical standards for
various actions, including material for e-learning. The IMS
IMS content package content package specification makes it possible for Orientation Metacognitive skills

materials to be stored in a standard format, which can be
reused in different systems, without the need to convert the
material into new formats.
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Table A1. Cont.

Resources

Definition

Relation with Metacognitive Skills
Following the Classification of Veenman [20]

Label

The tag module permits the insertion of text and
multimedia elements on the course pages between the
links to other resources and activities. This module
facilitates the orientation of the student towards the
contents and resources of the subject and therefore the
cognitive structuring of the information.

Orientation and Planning Metacognitive skills

Page

This resource is more accessible and easily updateable than
the file resource. It also facilitates the embedding of videos.

Orientation and Planning Metacognitive skills

URL

It includes Internet links as a course resource (documents
or images, videos, etc.) and an URL option as embedded or
open in a new window. URLs can also be added to other
resources or activities through the text editor.

Orientation and Planning Metacognitive skills

FAQ

A very common tool in all types of online communities
that are used to save time looking for help.

Orientation Metacognitive skills

Activities

Assignment

With this module, the teacher can evaluate the learning of
their students and give process or product-oriented
feedback on the learning response. Students can present
any digital content, such as text documents, spreadsheets,
images, audio, and videos among others.

Evaluation and Elaboration Metacognitive skills

Chat

Chat can be a one-off activity or it can be repeated at the
same time every day or every week. Chat sessions are
saved and can be made public for all to see or can be
limited to users with permission. The chats are especially
useful when a group has no opportunity to meet up
physically for F2F conversations and the sharing of
experiences with other classmates from the same course
but from different cities or countries.

Orientation and Planning Metacognitive skills

Choice

The module allows the teacher to ask a question specifying
the possible answers. The results of the election can be
published immediately after the consultation, on a certain
date, or not published. This tool can be used to take a quick
survey to check student understanding of a specific topic.
All of the above help the teacher when making decisions.

Orientation and Planning Metacognitive skills

Database

Participants can create, maintain, and search for
information in a repository of records. The teacher defines
the structure of the entries according to a list of fields.
Database activities have many uses, such as a collection of
collaborative web links, books, book reviews,
journal references, among others.

Orientation Metacognitive skills

External tool

Participants can interact with resources and learning
activities that comply with data protection and intellectual
property regulations.

Orientation and Planning Metacognitive skills

Feedback

The teacher can create customized surveys to obtain
participant feedback on a variety of question types:
multiple choice, yes/no, or open-ended. Survey responses
can be anonymous. Likewise, the results can be shown to
all participants or only to teachers.

Evaluation and Elaboration Metacognitive skills
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Table A1. Cont.

Relation with Metacognitive Skills

Resources Definition Following the Classification of Veenman [20]

Participants can have asynchronous discussions and the
Forums can be of different types. The teacher can give
permissions for files to be attached to forum posts. Forum
posts can be graded by teachers or students (peer review)
and ratings can be added to a final grade that is recorded
in the gradebook.

Forum Orientation and Planning Metacognitive skills

The teacher can define the key concepts of the subject in the
Glossary. Likewise, the teacher can give permissions to
students to include partial definitions of a concept and can
Glossary supervise their content before they are entered. Entries can  Orientation and Planning Metacognitive skills
be searched and browsed alphabetically or by category,
date, or author. This is a very useful resource for
student learning.

H5P is an abbreviation for HTML5 Package. The teacher
can create content with it, such as: interactive videos,
exams, and presentations. H5P activities can be created,
edited, and added to Moodle.

H5P Orientation and Planning Metacognitive skills

The teacher can use this module to present content and/or
practical activities in an interesting and flexible way.
Lesson can be used to create a linear set of content pages
and educational activities that offer the student various
pathways or options. In either case, teachers can choose to
increase student engagement and aid understanding by

Lesson including different types of questions, such as
multiple-choice, short answer, and matching answer.
Depending on the answer chosen by the student and how
the teacher develops the lesson, students can go to the next
page, go back to a previous page, or follow a totally
different itinerary. A lesson can be graded
in the gradebook.

Orientation, planning, and elaboration
Metacognitive skills

The teacher can design and post questionnaires with
multiple-choice, true/false, coincidence, short answer,
and numerical answer questions. The teacher can limit the
completion of the questionnaire to multiple attempts,
with the questions ordered or randomly selected from the
question bank. A time limit can be set. Each attempt is
automatically graded, and the result is saved in the
gradebook. The teacher can determine if and when the
results, feedback comments, and correct and incorrect
answers are displayed to the student and the reasons and
where the solution and explanation can be found in the
subject materials.

Quiz Evaluation and Elaboration Metacognitive skills

A set of files that are packaged according to a standard rule
for learning objects. Using the SCORM activity module,
SCORM SCORM or AICC packages can be uploaded and added to  Orientation and Planning Metacognitive skills
course material as zip files. SCORM activities can be used
for the presentation of multimedia content and animations.
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Table A1. Cont.

Resources

Definition

Relation with Metacognitive Skills
Following the Classification of Veenman [20]

Survey

This tool provides a number of verified survey instruments,
including COLLES (Constructivist Online Learning
Environment Survey) and ATTLS (Attitudes Toward
Thinking and Learning Survey), which have been found
useful in assessing and stimulating learning in online
environments. Teachers can use them to gather data to help
them reflect on their own practice.

Evaluation and Elaboration Metacognitive skills

Wiki

A collaborative participative environment that is basically
a web page that all the participants of a class can create
together from the Internet browser, with no prior
knowledge of HTML.

Orientation, Planning, Evaluation,
and Elaboration Metacognitive skills

Workshop

The workshop activity module connects collections,
reviews, and peer evaluations of student work. Students
can submit any digital content (files), such as a word
processor or spreadsheet documents, and can also type the
text directly into a field using a text editor (within Moodle).
Submissions are evaluated using a teacher-defined
multi-criteria evaluation format. Students will have two
grades for the workshop activity: one grade for submitting
it and one for peer review. Both grades are saved
in the gradebook.

Orientation, Planning, evaluation,
and elaboration Metacognitive skills

Table A2. Resources utilized by the teachers for the different academic courses.

Subject

Resources

Teacher Type Study Type IMS Content

Book File Folder

Package

Label Page URL Resources FAQ

OIS Ul W=

—_
o

e
WN =

Rl N RPN = NP N

Degree (F2F) -
Degree (F2F) -
Degree (F2F) -
Degree (e-Learning) -
Master (Blended
Learning)
Degree (F2F) -
Degree (F2F) -
Degree (F2F) -
Master (F2F) -
Master (Blended
Learning)
Degree (F2F) -
Degree (F2F) -
Degree (F2F) -

XXX XKX 1 XX XX

XXX X XXXX X X XX

>

XX XX

XXX XK XXX XK

x
b x
XX X X XX X XX XX
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Table A3. Activities utilized by the teachers on the different academic courses.

Study Type

Activities

Assignment

Chat

Choice

Database

External
tool

Feedback

Forum

Glossary

H5P

Lesson

Quiz

SCORM

Survey

Wiki

Workshop

B~ WN -

NelleclbN o)y a1

11
12
13

N — N~ N —_

UGN

Degree (F2F)
Degree (F2F)
Degree (F2F)
egree
(e-Learning)
Master
(Blended
Learning)
Degree (F2F)
Degree (F2F)
Degree (F2F)
Master (F2F)
Master
(Blended
Learning)
Degree (F2F)
Degree (F2F)
Degree (F2F)

X XXX

XXX X XXXX X

XX

XXX X

XXX X XXXX X

X

X

X

X
X

X X
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