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HIGHLIGHTS

o The incorporation of virtualization in the experimental techniques teaching

o Improvements in the teaching-learning process in multidisciplinary groups

e Acquisition of skills and professional development

» Technological resources in innovation, improvement of teaching and its goals

ABSTRACT

In this research, through the development of a teaching innovation project, the aim is to highlight the importance
of educational and pedagogical changes that require both the adaptation of teaching to new situations and the
possibility of taking advantage of the available resources to be applied in different degrees (master and degree)
simultaneously.

For this, the innovation experience carried out by a group of professors from the University of Granada who
teach subjects in the CiTPA Master, MARA Master and Degree in Conservation and Restoration of Cultural Assets
is presented. It addresses the development of unpublished teaching material (videos, manuals for the
application of analytical techniques and the use of specialized software, all in a bilingual version), for its
integration into different subjects in which it is necessary to make different research techniques known, use of
specific software and precise operational activities that are used for the characterization of materials.

Competency-based learning through innovation offers students a real and applied experience that has an
immediate practical and professional implication, taking advantage of the skills of the new generations. The
results, expected in future evaluations, must be analyzed both individually and for the group of subjects, being
recognized in advance the good result and the facilities that teamwork, the recognition of skills and the facilities
entail in the field of the teacher, the selection of common competences between different subjects and training
levels.

Keywords: technological resources, experimental research techniques, educational innovation, multidisciplinary
experience, skills.

1. INTRODUCTION improvement in student training processes and
specific training of university teachers.

Competency-based teaching-learning models

have been included in the last decades in Higher
Education to creatively and dynamically face the
changes and new proposals in the education of
students, through the use of new technologies,
thus achieving the improvement of teaching
quality.

For this, innovation has been consolidated as the
best strategic line in university policies
promoting educational change, problem solving,

The implementation of the EHEA represented a
change of great importance for higher education
institutions, moving the training processes
towards the learning processes by competences
[1], its fulfillment implied the review of the
references and the implementation and
promotion of innovative teaching experiences -
learning by incorporating new didactic strategies
using the resources offered by ICT and
generating the distribution of materials, all of this
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through the institutionalization of improvement
and innovation plans that were launched by the
different universities.

In the historical moment in which we live, the
contribution of new alternatives and innovative
experiences with respect to the conventional
teaching-learning process, as well as the
inclusion of technological resources and the use
of information technologies, are of fundamental
interest.

In fact, keeping students at different educational
levels sufficiently motivated is a major challenge,
even for more experienced teachers.

The innovation project that is presented aims to
achieve in part the motivation of students
through the visualization of topics that interest
them and that are important for their training and
professional development [2], [3].

The most important competence of the digital
age that students must acquire is that of learning
to learn. For this reason, since the
implementation of the EHEA, learning has gone
from being an individual construction of
knowledge, to becoming a collective and social
process [2]. In this context, competency-based
learning is designed to be carried out in a
technological environment supported by
computer and audiovisual resources.

The idea of responsible learning leads to more
personalized, more efficient and more oriented
towards the acquisition of competences. For
this, flexible methodologies are required, for
which the telematic means are optimally
adapted, and not only for individual learning, but
also for cooperative work [4].

Focused on the context of innovation, according
to [5], the word "innovate" is identified with other
terms such as  ‘"change', “renewal”,

"transformation", "reform", "modification", which
entails a sequence of decisions, a systematic
and organized work that generates the
innovation proposal that in a broader sense is
understood by the same authors as “the art of
applying, in new conditions, in a specific context
and with a precise objective, the sciences,
techniques, and therefore it supposes that the
introduction of something new that produces
improvement, promotes advances in substantial
aspects in the object of innovation ”, and in the
participating agents (students and teachers-
teachers).

In the educational context, the term innovation is
considered for the planned actions that seek to
produce a change in educational institutions,
which favors an improvement fundamentally in
the development of practices that represent the
prelude to the student's professional
performance, counting on the acceptance and
approval of the educational community.

In this way, teaching innovation allows
interaction in all areas and processes of the
educational space, such as the centers,
departments, laboratories and classrooms and
even the institution itself, generating in them the
necessary conditions to advance in the
improvement of the quality, having to assume in
all cases its ‘'permanent, integrating and
transforming" character [5].

In a broader sense, educational innovation is
considered to be the changes that can be
incorporated in the teaching-learning process,
applying both to the theoretical, methodological,
procedural, evaluation and curricular contents,
accepting in all cases the modification of the
relationships teacher-student.

Said changes are recognized in the need for
commitment and participation of the agents, all
of whom are beneficiaries of the results obtained.
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In the case of the group of students, center or
focus of attention, they will be the main
beneficiaries since the innovation is focused on
the acquisition of valid skills throughout life,
which will allow them to assume responsibilities
in their professional field. For the group of
teachers, being the main protagonists, they will
be those who play the guiding and facilitating
role of knowledge as well as those who manage
the use of resources that allow the development
of new knowledge, being according to [6] those
who focus the capacity to achieve the essential
challenges of university excellence. In addition
and as confirmed [1], the role of the teacher
changes from the transmission of knowledge to
a mediator in the construction of their own
knowledge [7], [8], [9].

Focused on the learning model, at present,
recognized the change of scenery, the use of
technologies is not simply a tool of interest for
individualized learning but also a support for
group learning and the joint creation of
knowledge, facilitating with its | use the
acquisition of skills necessary for continuous
learning.

In the educational field, never like now, after the
exceptional situation experienced with COVID-
19, had a situation been experienced for
teachers to integrate technological resources
into their teaching designs and practices
“without exception”. That is why through this
study, it is intended to publicize the teaching
experience that resorts to the use of teaching-
learning systems in virtual environments as a
process of affordable innovation, based on the
creation of material to develop the ability to learn
and adapt, both for teachers and students, thus
understanding innovation as a systematic and
planned  process, thus achieving an

improvement in the training and
process. [1], [10], [11], [12], [13].

learning

In this line, [14] establish the teaching website as
the basic vehicle for effective communication
that gives access to the set of computer and
telematic resources for both learning, as well as
for knowledge management and of course for
cooperative work between participants in the
learning process.

As a whole, all the above, according to [1],
constitutes an innovation considering that it is
any project that involves the use of technological
resources, methodological changes and the
training of university professors.

Focusing on the degrees in which the
participating teaching team teaches, and
analyzing the main needs originated in the
context of said degrees, it was confirmed that
teaching dedicated to one of the most important
and widely used techniques in the
characterization of heritage materials historical,
X-ray diffraction (XRD), showed that students
required additional practical training dedicated
to sample preparation and the use of specialized
software for the interpretation of the data
obtained, recognizing that in the classroom the
time available was limited to adequately cover
the wide range of analytical techniques in the
corresponding subjects.

The previous analysis carried out and the
innovation approach proposed offering new and
better opportunities for training in skills, through
a specific teaching innovation project for these
degrees and needs, which will train future
professionals in the development of activities
and analysis own profession, thereby
emphasizing the value of laboratory practices in
any of the degrees, to gradually configure the
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professional identity with a teaching approach
based on the acquisition of competences.

The plan in which the present teaching
innovation project called Plan FIDO UGR [15] of
the University of Granada is developed, is
included within the basic actions of teacher
training, which address the fundamental and
necessary aspects for the performance of tasks
teachers. As stated in his report this "type of
actions are focused on the awareness of
teachers towards different aspects related to
teaching, the introductory approach of different
contents, the theoretical training, the
methodological and/or basic didactic
development for the exercise of the teaching and
the development of teaching materials and
practical applications on a certain topic ”.

This paper shows the Teaching Innovation
Project (PID) [16] entitled "X-ray Diffraction (XRD)
- Qualitative and Quantitative Analysis applied to
historical heritage materials as The Manual for
students of the Master in Science and
Technology in Architectural Heritage (CiTPA -
UGR), Master's Degree in Architectural
Rehabilitation (MARA - UGR) and the Degree in
Conservation and Restoration of Cultural Assets
(UGR) ”.

It was developed within the framework of the
2020-2022 call for Innovation and Teaching
Improvement Projects, Plan FIDO of the
University of Granada (UGR) as any Innovation
Project, it arises from the evident need to offer
specific training.

In this specific case about the DRX technique so
that students can carry out in the Department of
Mineralogy and Petrology the characterization of
a large number of samples that need to be
analyzed, during the development of their TFG /
TFMs or scientific publications .

The project can be considered a continuity of two
Teaching Innovation Projects prepared by
professors from this same PID, specifically: "Use
of advanced tools in structural crystallography
for students of geology, chemistry, physics and
chemical engineering" and "Free distribution
computer tools (“Freeware”) for the practical
teaching of structural crystallography in a virtual
environment”.

The objective of both projects was, as in this
case, to provide tools for the practical training of
students in the use of specialized software for the
application of X-ray diffraction in the field of
historical heritage, facilitating self-learning.

This project focuses on the development of an
innovation product, specifically audiovisual and
written material, available on a website created
for this purpose, which exposes the XRD
technique in detail in order to achieve training in
skills, emphasizing the promotion of the skills
and techniques established in the teaching
guides as well as providing content, knowledge
and rigor to the development of the activities to
be carried out in the laboratory

Focused on competencies, those established in
the teaching guides for each degree (see Table
1) are directly related to specific professional
competencies, with which students can form an
image of the possibilities of expert action within
the chosen degree [17], in addition to
incorporating technological skills, data collection
and interpretation, etc. into its application. [18],
[19].

Advances in Building Education / Innovacién Educativa en Edificacion | ISSN: 2530-7940 |
http://polired.upm.es/index.php/abe
| Cod.2103 | Septiembre - Diciembre 2021 | Vol. 5N23 | pp. 27/40 |
|31 ]



Virtual environments of teaching-learning for training in experimental techniques. Innovation in multidisciplinary
groups
M@ Paz Saez-Pérez, Kerstin Kelert, Carlos Rodriguez-Navarro, Encarnacién Ruiz Agudo, Aurelia Ibanez Velasco, Carolina
Cardell Fernandez, Maria del Rosario Blanc Garcia, Giuseppe Cultrone, Pedro Bel Anzue

Table 1: Competences in the participating degrees
Degree of Conservation and Restoration of Cultural Assets (Analysis
Techniques I1)

Master CitPA (Module 4: Techniques and Procedures Applied in
Architectural Heritage)

Master MARA (Module 1: Research and documentation technigues in
architectural heritage)

On the other hand, the development of the
practical sessions also offers during their
realization, the opportunity to assume
responsibilities and competences both in the
process of preparing the material, as well as in
the handling and care of the instruments and
apparatus. Not forgetting the tasks of managing
software and interpreting results.

2. AIMS

The aims on which the developed innovation
project has been based have been structured
into two groups:

2.1. Plan FIDO UGR aims

The aims set out in the first group for the actions
applicable to this research project are:

- Improve the identification, integration and / or
generation of good and innovative teaching

practices as a continuous process of
improvement.

- Promote research on teaching and the
construction of teaching materials, the
development of practical applications, and
the creation of resources to be shared by the
university community and the
communication and transfer of knowledge.

- Progress in the digitization and virtualization
of teaching in aspects related to its design,
management and evaluation.

2.2. Teaching Innovation Project (PID) aims

For its part, the main aim of the PID is focused on
trying to improve the teaching-learning process
based on the acquisition of competencies, taking
advantage of the opportunities offered by new
learning and knowledge technologies, for
students enrolled in the subjects and titles
involved.

For this second group, the specific aims are
established in a double aspect oriented towards
the teacher and the student, being the following:

- Improve the resources available to students
to acquire skills in the management of
analytical techniques (XRD) applied to the

characterization of historical heritage
materials.
- Increase interest in the subject by

introducing new technologies (specialized
software) in the corresponding subjects of
the Bachelor's and Master's degrees.

- Improve student performance through
practical training adapted to the needs of
students, especially in the context of
research for the TFG / TFM and future
professional activities in the field of historical
heritage.
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- Encourage self-learning and self-evaluation
through bilingual visual and auditory
teaching materials.

3. METHODOLOGY

Innovation as a planned methodological system
requires the study of all the elements involved
through different techniques and instruments
[20].

In this case, the first of the instruments is
established by the Permanent Training Program
for the improvement of teaching established by
the University of Granada, in which various
training actions organized in different lines and
levels are contemplated.

Within the priority lines of action, this project is
included in the so-called Dimension 3. Adequacy
of teaching and educational innovation to today's
society, developing its content in lines 3.1. and
3.4:

- - Line 3.1. Improvement of teaching skills in
today's university: Actions to train teachers in
adjusting their teaching practices to the
requirements of society and the University of
the XXI century.

- - Line 3.4. Digitization and virtualization of
teaching: Actions to train teachers for
digitization, virtualization of teaching and face
the challenges of the digital society.

That is why it is a fundamentally practical
methodology that welcomes different activities
that are developed from collective activity,
through team action [21], [22] to end with
individual action.

In line with what was stated by [5], the
methodological approach is carried out as a
systematic  process, supported by an
established planning in which it is essential to
“direct attention” to the needs that arise as a

starting point for innovation. , the participating
agents, the product of said innovation and the
evaluation of the process and the results. That is,
the techniques of evaluative research are applied
[20].

The methodology is always proposed in
conjunction with all the teaching participants of
the project, which guarantees its proper
development and operation during its
implementation.

The work plan proposed in the development of
the PID and the sequence of activities is shown
below, represented in the following figures and
tables:

- PID work plan (Figure 1)
- Chronology of the PID Work Plan (Table 2)

Fig. 1: Work plan developed in the PID

Table 2: Work plan timetable

TASKS 1 Manth
| Sharing |
| Sample pr i | |
Bibliographic review
Analysis and d
Results interpretation
Results i
image preparation software
Writing text
Revision

2" Month | 3°Month | 4" Month | 5" Month | 6" Month

ion of samples

==

Producto evaluation
Diffusion
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The first action carried out after the initial meeting
of the working group consisted in determining
the content of the material (product) that would
be obtained from the PID. For this, in addition to
the content, the subjects in which it was going to
be applied were determined and a common
format was established for all the videos,
manuals and complementary material, so that
they included both theoretical explanations and
practical development, with an extension and
duration appropriate to each content.

Subsequently, the documents generated would
be included in a web page and would be
classified according to the subject matter in each
case. Subsequently, the web link has been made
available to all students through the teaching
guides of the subjects as well as other websites
usually used by them (pages of master's and
bachelor's degrees, website of research groups,
etc.).

The documents generated during the
development of the PID were the following:

Manuals: they addressed content that
allowed students to identify basic content to
be able to attend the videos properly,
correctly interpreting all the processes. The
results were compiled in documents of
variable length (between 20 and 44 pages)
depending on the information and detailed
exposition required in each one, including
images in which the process of applying the
technique was decomposed. To carry it out,
the guidelines established by [23], [24] were
followed, trying to achieve a suitable
presentation for the type of document. In this
sense, in order to simplify the process and
following the recommendations of [25],
images of machines, real and laboratory
equipment were previously prepared, which

facilitate the visualization and assimilation of
the theoretical and practical concepts
presented.

In addition, and according to the nature of
each content, a different digital format was
used. In the case of downloadable
documents, the most appropriate standard
for the distribution of this type of material was
used, the PDF, which allows the inclusion of
links, links, formulas, etc. that offered the
possibility of printing only the parts that were
considered most interesting.

Videos: the production of the videos involved
in the first place making a synthesis of content
that managed to make sense on its own,
trying to reduce as much as possible the
references of other possible resources. The
recording was made with the help of a mobile
phone camera. The capture program was
incorporating the video and audio recorded in
different tracks, which could be later edited if
necessary. The last step was to create the
video, exporting it to one of the typical formats
for viewing on all types of devices. In this
work, the program used for the layout and
insertion of texts and audios was Imovie
(version 2020), and they were exported to the
high definition MP4 format.

Software: lastly, the presentation of the
necessary software was included, which as a
tool for this project facilitated practical and
applied training, allowing the autonomous
use of specialized free access software
(XpowderX, JD Martin-Ramos, ISBN 84-609-
1497- 6, 2004).

In relation to evaluation, two different types were
carried out at the PID, the first one the design
evaluation, carried out by the Secretariat for
Teacher Training, Innovation and Evaluation,
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with the support of the Teacher Training and
Innovation Commission (Commission FIDO) that
carried out the evaluation and selection of
applications for all the calls included in this Plan
and the second the evaluation of the derived
products and the implementation of the project,
carried out by the participating teaching team
through the survey shown in Figure 2 [2.a
(Design evaluation), 2.b (Process evaluation)
and 2.c. (Product evaluation)].

EVALUATION SURVEY
1. Design evaluation

About the objectives and contents

Questionnaire to be answered by all members of the project according to
surveys rating from 1 to 5

(with 1 totally disagreeing and 5 totally agreeing):

1. Are the objectives clear and concise?

2. Are the objectives adapted to the needs of the students regarding the use of
XRD for the characterization of historical heritage materials?

3. Is the content approach adequate to promote the use of the proposed
software autonomously?

4, Is the procedure for evaluating progress and the teaching material derived
from the project adequate?

5. Comments, observations and suggestions.

About the activities

Questionnaire to be answered by all members of the project according to
surveys rating from 1 to 5

(with 1 totally disagreeing and 5 totally agreeing):

1. Are the activities to be carried out by each member of the working group clear
and well established?

2. Is the distribution of tasks tailored to the specific training / skills of each
member of the project?

3. Are the activities adequate to advance the objectives of the project?

4, Do the activities contribute to an improvement in the teaching capacity of the
project members?

5. Comments, observations and suggestions.

2.a Design evaluation

2. Process evaluation

About dynamics work

Questionnaire to be answered by all members of the project according to
surveys rating from 1to 5

(with 1 totally disagreeing and 5 totally agreeing):

1. Does the work plan promote group work?

2. Is the participation of each member of the project promoted?

3. Is the workload properly distributed?

4, Have regular meetings been held throughout the project to assess the
progress of the project and ensure compliance with the development of the
project by all participants?

5. Comments, observations and suggestions.

About times and resources

Questionnaire to be answered by all members of the project according to
surveys rating from 1to 5

(with 1 totally disagreeing and 5 totally agreeing):

1. Are the objectives achievable in the established period of time?

2. Can the tasks be completed in the specified period of ime?

3. Are the necessary resources available to achieve the project objectives?
4. Comments, observations and suggestions.

3. Evaluacion de productos

2.b Process evaluation

About the results

Questionnaire to be answered by the members of the project according to
surveys valuing from 110 &

(with 1 totally disagreeing and 5 totally agreeing):

1. Are the results in accordance with the objectives of the project?

2. Do the results meet the expectations of the project participants?

3. Ave the results adapted to the educational level of the students of the
Bachelor's Degree and the two Master's degrees?

4, Comments, observations and suggestions.

About the products

Questionnaire to be answered by Bachelor's and Master's degree students
according to surveys evaluating from 1 to 5

(with 1 totally disagreeing and 5 totally agreeing):

1. Is the information provided in the different products derived from the project
presented in a clear, concise and well-structured way?

2. Is the scientific level of the derived teaching material adapted to the
knowledge of the students?

3. Does the information provided in the teaching material improve understanding
of the analytical technique and its application?

4. Do the project teaching materials promote self-learning?

5. Is the design of the teaching material attractive and easy to use?

6. Comments, observations and suggestions.

2.c Product evaluation
Fig. 2: PID evaluation survey

4. RESULTS

Regarding the resulting product, different views
of the documents and educational material
derived from this project are shown below
(manual and PowerPoint with bilingual audio and
video). Figures 3 to 6.
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PRESENTACION WEB

Enlaces

Videos

Manuales

£n esta seccion se pueden
encontrar los enlaces a los

masteres, grados y grupos de

investigacion relacionados con
el proyecto de innovacion

docente.

Fig. 3: PID product web page cover

The resulting material exposed in images aims to
fill the existing gap in relation to the
competencies identified for the application of
analytical techniques, helping the student during
the research period and future professional
activities in the field of historical heritage.

Preparacin de muestras en polvo Preparacién de muestras solidas

maxl\kmmmr«mmhmk

XRD analysns of samples
The equpment has an automatic charger system for Up to 45 samgles.
The sl e’ et Sl t Vo v g

;?4 —

Oriented aggregates (OA) - Treatments

Heat treatment (S50 * C) Causes the dsappearance of kaclnte peaks (brown
comes. amorphous

Fig. 4: Manual 1 in bilingual version. Sample preparation
and analysis

Identificacion y cuantificacion manual

Identificaciin y cuantificacion de Una mezcla de minerales

Fig. 5: Manual 2 in bilingual version. Manual identification
and quantification (XRD Practices)

In addition, the wuse of the available
documentation will allow each student to
become familiar with the software at their own
pace, self-evaluating the learning progress
through the resources provided.

10 B g il st 8 e s ot 4 g ool da AV 13. Por defecto ef programa seleccona 1 primena muestra para analzac. S
hacer el andisis de otra muestra, tenemos que seleccionario con doble «cior del botdn
derecho del ratén y eige «Take a5 Anchor Scans.

A i gt Qanlicalin cooadrg

18T Winiore pogem sows
the selected mineral reference fles in the «<Accepted Patterm

Fig. 6: Manual 3 in bilingual version. Identification and
quantification using HighScore.

Finally, indicate that in relation to the expected
results and according to previous experiences
and research [26], [27], [28], in the case of
students, it is expected to confirm that the use of
the product resulting from the experience of
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teaching innovation does not It has taken away
study time, increased their motivation to study
the different subjects and has contributed to
improving the teaching-learning process, in this
modality through teaching videos.

In addition and specifically according to similar
studies [20], the results of the PID applied to the
teaching-learning process will favor the
improvement of the following questions:

- Improvement of own knowledge for the
development of practices

- Expansion of students' knowledge by
studying new techniques used in the
characterization of heritage, which otherwise
they would not know in detail

- Getting in touch with the process of
preparation and implementation of the
analytical technique, which are not the object
of study in the theory classes, or in any other
subject of the degrees involved.

From the teaching point of view, it is expected to
be able to confirm in the coming years the
following benefits of the application of the
product of the innovation project:

- The content is related to the acquisition of
skills in direct contact with professional
reality

- Clear objectives and activities to be carried
out, possible to fulfil and that motivate
adequately.

- Coherent and temporarily manageable
stages of project development.

- Compliance with the Schedule.

- Helps and facilitates obtaining better results

5. CONCLUSIONS

The modalities of innovation supported by
technological resources lead to new teaching
processes that emphasize the active

involvement of the student in the learning
process, attention to skills and abilities and
preparation to assume responsibilities in their
professional field [8].

Similarly, the role of teaching staff also changes
in an environment rich in technological
resources. The teacher is no longer a source of
all knowledge and begins to act as a teaching
guide, accentuating his role as a guide and
mediator, as well as standing out as a manager
of resources, facilitating the use of the tools they
need to explore and develop new knowledge
and powers [29].

In this context, teachers must be involved in their
preparation, which requires specific training in
teaching techniques and methodologies, be
aware of the necessary resources and software,
use manuals and specific user guides that allow
them to be an active participant, putting their
knowledge and skills for the good result and
effectiveness of the process assuming all this in
a multidisciplinary team.

Furthermore, for the teacher, being an essential
part of the process, it represents a new
opportunity to learn from an innovative practice,
performing teaching functions of the teaching
professional through the approach of training
needs, task planning, multidisciplinary
teamwork, analysis systematic of the proposed
activities and finally evaluation of the model and
the results obtained.

For the student, and focused on their training
through the development of competencies, it is
intended to increase the level of knowledge and
skills in a discipline (analytical technique) trying
to achieve a high level of skill in that specific
context, which in parallel is complemented with
theoretical knowledge and its application to
practical knowledge. In addition, the proposed
teaching innovation and more specifically its
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implementation constitutes a means that allows
the student to develop a more individual and
flexible training, facilitating the conditions that
allow meeting the needs related to the temporary
arrangement, the combination of the working
day and the study, the pace of learning, place,
individual work, level of qualification, etc.

Realizada la practica totalidad del proyecto, se
confirma en linea con lo indicado por [25] que
tratindose de actividades faciles de
implementar 'y totalmente replicables en
cualquier area de conocimiento, hay que
destacar que requieren de una cierta dedicacion
de tiempo por parte del profesorado,
especialmente la actividad de elaboracion de los
videos y manuales y posteriormente su
seguimiento y evaluacion.

In turn, the result of the product produced in the
PID includes all the competences and learning
outcomes in the field of the degrees involved, in
addition the material is available and serves to
support teaching both for the staff directly
involved and for any other interested party. in
learning and knowing better the practical and
competency concepts of the application of the
technique.

This allows to conclude that the didactic material
derived from this project will help the student in
the acquisition of competences and in the
performance of the required tasks (preparation
of samples and analysis and interpretation of the
XRD results) independently, respecting the
rhythm of learning of each.
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