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This article presents the research results in relation to an interdisciplinary teaching
innovation project—Teaching and Learning of Social Sciences and Teaching and
Learning of Natural Sciences—with Early Childhood Preservice Teachers (ECPT) at the
University of Alcala (Spain) in the pandemic context by COVID-19 during 2020-2021 (N =
55): 52 women (94.55%) and 3 men (5.45%) from 20 to 22 years of age. The main research
problem is to know if the ECPT improves the learning to learn competence after a
challenge-based learning (CBL) linked to virtual tour in a museum. The main objective
was to improve the learning to learn competence, during a virtual tour at the Community of
Madrid Regional Archaeological Museum (MAR) (Alcala de Henares, Spain) for a reflective
training of students to understand problems of the past and present and future global
challenges, promote collaborative and multidisciplinary work, and defend ethics and
leadership. In order to ascertain the level of acquisition of this competence in those
teachers who were being trained, their self-perception—pretest—posttest—of the
experience was assessed through a system of categories adapted from the European
Commission. ECPT worked, in small groups and using e/m-learning tools, ten challenges
and one storytelling cooperatively with university teachers to solve prehistoric questions
related to current situations and problems. Subsequently, two Early Childhood Education
teachers from a school in Alcala de Henares reviewed the proposals and adapted them for
application in the classroom of 5-year-old boys and girls. The results show an
improvement in this competence in Early Childhood Preservice Teachers: total score
pre-post comparison paired-samples Wilcoxon test result shows a statistically significant
difference (p > 0.001); an evaluation rubric verified the results of self-perception. Second,
we highlight the importance of carrying out virtual museum tours from a challenge-based
learning for the development of big ideas, essential questions, challenges, and activities on
socioeconomic, environmental, and emotional knowledge, skills, and attitudes. Third, this
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experience shows the insufficient educational adaptation of the virtual museum tour to the
Early Childhood Education stage from a technological and didactic workshops point of
view, but there is a diversity of paleontological and archaeological materials and a
significant sociocritical discourse.

Keywords: challenge-based learning, learning to learn competence, Early Childhood Preservice Teachers, museum
education, virtual tour, e/m-learning, prehistory

INTRODUCTION

Teaching can be considered as a meaningful process where
knowledge is constructed, negotiated, and learned
collaboratively (Adell, 2004). In relation to this, an article
based on challenge-based learning is proposed under the
recent global health crisis caused by COVID-19. This type of
learning (hereinafter CBL) is an experience where participants
develop solutions that require an interdisciplinary and creative
approach for the development of competences (Olivares et al.,
2018).

The CBL actively engages the student in a global and real
problem situation related to the environment which implies not
only the definition of a challenge but also the implementation of a
solution (Johnson et al., 2009). The CBL, therefore, is constituted
as a different learning opportunity through the experience and
collaboration of the students to respond to a challenge of
motivational involvement.

One of the most widely demanded competences today is the
ability of learning to learn (Romero Ariza, 2010). International
reports call for competency-based teaching, such as the
Programme for International Student Assessment (PISA)
report (Organisation For Economic Co-Operation and
Development (OECD), 2020). We think that it is a key
competence for building societal knowledge (Publications
Office of the European Union, 2006) and indispensable for
university students (Pérez-Pérez et al., 2020).

This interdisciplinary project has been carried out with the
students of two subjects of the Bachelor’s Degree in Early
Childhood Education (third year; first semester) of the
University of Alcald (Spain) during the academic year
2020-2021: Teaching and Learning of Social Sciences and
Teaching and Learning of Natural Sciences. Contents of the
two subjects connected to a virtual tour at the Community of
Madrid Regional Archaeological Museum (MAR) (Alcala de
Henares, Spain) have been considered. Finally, the challenges
for 5-year-old students of the Santa Maria de la Providencia
School (Alcald de Henares) are elaborated.

The contribution of this study to the field of teacher training is
double. First, the Early Childhood Preservice Teachers
(hereinafter ECPT) conduct an innovative and educational
virtual museum tour using e/m-learning tools from a CBL
approach. Second, the ECPT’s self-perception of their learning
to learn competence was assessed at two moments of the teaching
and learning process (pretest and posttest). To achieve this, our
ECPT collected data and analyzed the results to solve research
questions related to the teaching opportunities offered by the
museum as an educational resource for children.

In short, the CBL, the work in the visit museum tour, and the
acquisition of the learning to learn competence were valued,
adapting to the two educational levels, ECPT and children of
Early Childhood Education, although in this work we focus on
university students. Regarding this, the contribution of
schoolteachers and their experience is highlighted since they
participated as advisers to the ECPT.

LITERATURE REVIEW

Challenge-Based Learning and

Competences: Learning to Learn

According to Tecnoldgico Tecnologico de Monterrey (2016),
challenge-based learning has its roots in experiential learning,
which states that students learn better when they actively
participate in open learning experiences, facilitates self-
discovery, and offers opportunities to apply what they have
learned in real and problem situations and test solutions and
interact with other students in different contexts. Therefore,
challenge-based learning is an integrative holistic approach to
learning, which combines experience, cognition, and behavior
(Akella, 2010) for the acquisition of long-term educational
competences.

The concept of competence is a recent insertion in the
educational curriculum. Its conceptual complexity and the
different conceptualizations in the legislation of each country
and European and international reports make this an imprecise
and undefined concept (Loynes et al., 1997; Lee et al., 2020). The
Organization for Economic Co-operation and Development
provides the following definition (Organisation For Economic
Co-Operation and Development (OECD), 2007, p. 8): “Key
competences involve a mobilization of cognitive and practical
skills, creative abilities and other psychosocial resources such as
attitudes, motivation and values.” In Spain, according to current
educational legislation, the competences are relevant in terms of
personal fulfillment, active citizenship, adult life, and work
(Ministry of the Presidency, 2006, 2015; 2020).

Learning to learn competence is understood as the basis of
learning (Jornet Melid et al., 2012). Hautamaki et al. (2002, p. 39)
define the learning to learn competence as “the ability and
willingness to adapt to new tasks, by activating the
commitment to think and a perspective of hope through the
maintenance of cognitive and affective self-regulation in the
learning activity.” According to Recommendation 2006/962/EC
(Publications Office of the European Union, 2006, p. 16),
“Learning to learn is the ability to pursue and persist in
learning, to organize one’s own learning, including through
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effective management of time and information, both individually
and in groups.” This competence addresses three educational
dimensions (Draghicescu et al., 2015): affective, cognitive, and
metacognition.

As teacher trainers, a deep analysis of what we understand as
learning is required to teach how to learn. This means, from a
practical level, the exhaustive and detailed design of activities
aimed to achieve this competence from any area of knowledge
(Vazquez, 2009). Therefore, it is necessary to attend to different
educational aspects involved in the teaching-learning processes,
such as previous ideas, protagonism and autonomy, planning and
realism, knowledge, skills and strategies, reflection and
supervision, and evaluation.

Many authors defend the value of experiential learning for
promoting the ability of learning to learn (Department for
Education and Skills, 2006). In this sense, outdoor education
in Social and Natural Sciences encourages this type of experiential
learning (Dillon et al., 2006), including its relevance in the field of
teacher training. The acquisition of skills has been achieved, for
example, through qualitative analyses linked to the interpretation
of landscapes (Morales et al., 2014), archaeological sites (Moron
Monge et al., 2018), or visits to museums (Achurra and Morentin,
2017), with students of the Master’s Degree, Primary Education
Bachelor’s Degree, and Early Childhood Education Bachelor’s
Degree, respectively.

In the Early Childhood Education stage, experiential
learning takes on special importance, since the child
explores and builds their world based on the direct
interaction between their senses and the environment
(Wilson, 1994; Canal, 2006). The teaching situation under
which this research is carried out is a museum education aimed
at developing the learning to learn competence.

Museum Education

The CBL associated with the resources offered by museums is
positive for bringing together aspects of school, society, and
science. Therefore, the relations between museums, heritage,
and education must maintain an interdisciplinary, holistic,
constructivist, and sociocritical vision (Cuenca et al., 2013;
Martin ~ Caceres et al, 2014) for the promotion of
competences. ~ Museums are  important  educational
environments and offer a considerable learning potential:
multifaceted experiential learning and as living environments
during lifelong learning (Akamca et al.,, 2017).

Field trips in the teaching of social and natural sciences have
been developed for a long time (Anderson et al.,, 2008). Their
educational importance appears in the educational curricula of
Spain, from the stage of Early Childhood Education to university
education (Delgado and Alario, 1994; Romero Ariza, 2010; Canto
et al., 2013). Despite these circumstances, field trips in Spanish
schools are usually carried out as nonscheduled activities,
decontextualized from the educational program and from a
traditional perspective of science (Costillo et al.,, 2014; Mateo,
2019).

The museums of the 21st century face the great challenge of
attending to competency teaching by adapting their way of
communicating to new technologies (Morales Agudo, 2015).

Challenge-Based Learning for Competences

The educational proposals of schools have been complemented
with outdoor activities such as visits to museums or settlements/
sites and colonies and Prehistory workshops (Boj, 2001). The
learning scenarios can be numerous if the teacher knows how to
use them. Each space (museums, parks, aquariums, botanical
gardens, etc.) offers a multitude of educational opportunities
where outdoor experiences can be developed (Morén-Monge
et al., 2020).

Some educational experiences during the early childhood stage
are developed in museums to work on specific knowledge,
although without statistical analysis, such as that described by
De los Reyes, (2009), through a proposal called the “children’s
classroom museum,” aimed at children from 5 to 8 years of age,
focused on children learning about the past from their
relationships with the present. The daily objects used were
turned into historical objects. Therefore, an inductive research
method was employed for observation, description,
documentation, classification, and interpretation, and it
facilitated the valuation of cultural heritage (family and social).

Bardavio et al. (2013) undertook workshops and activities on
the understanding and preservation of archaeological heritage.
The results contributed to the modification of previous ideas
(stereotypes), historical knowledge, active participation, and the
rights and duties of citizens, through a didactic strategy of guided
discovery.

Escribano-Miralles and Molina (2015) conducted a tour of the
Ramén Gaya Museum (Murcia, Spain) from an inquiring
perspective, with 5-year-old children. The qualitative and
quantitative results confirmed the high degree of satisfaction
and motivation of the students and their greater relationship
with the artistic heritage. This was possible thanks to the
development of four phases (questions, new information,
structuring, and learning).

Dominguez Castro and Pineda Alfonso, (2019) developed an
experience based on art and creativity, in fine arts centers of
Seville (Spain), through activities and drawings for 5-year-olds, to
overcome the traditional educational cards. The results of various
activities contributed to an improvement in the originality and
creativity of the students, through the use of a category system
and a progression hypothesis.

At the international level, and from a nonformal education
perspective, museums are increasing their services for very young
children, offering a greater number of educational proposals adapted
to infants (Bowers, 2012; Munley, 2012). However, there are still few
outdoor experiences dedicated to Early Childhood Education (Monti
et al, 2019) and fewer educational proposals developed for formal
education in museums.

There are not many trips to museums with Social Sciences
content in the training of Early Childhood Education teachers.
Munoz Garcia and Jiménez Pablo, (2020) developed an
experience in two museums in the Community of Madrid:
National Museum of Anthropology (MNA) and Museum of
America (MAM). Through a qualitative methodology, the
development of social and civic competences and cultural
expressions was promoted, revaluing the cultural heritage
through dioramas and reproductions of houses typical of
American indigenous cultures. The results made it possible to
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detect, in undergraduate students, high levels of significance on
training around cultural diversity.

We selected the Community of Madrid Regional
Archaeological Museum, very close to the Santa Maria de la
Providencia Early Childhood School. This educative institution is
interdisciplinary, exhibits contents that cover areas of social and
natural sciences, and shows the society and environment of the
past. This museum can also work on other educational areas from
a global approach, as recommended for the Early Childhood
Education stage.

Due to COVID-19, we opted for the virtual tour. Although
virtual exhibition spaces lack the contextual space of the physical
visit (Orellana and Andreu, 2014), they present the following
advantages: planning from home; facilities against geographical,
physical, and economic impediments; and the display of
numerous materials from other museums or located in
warehouses (Arambarri and Baeza, 2012).

Education in COVID-19 times: e/m-Learning
In today’s world, e/m-learning has a very important role,
especially among the younger population born in the digital
era of new information technologies. E-learning or electronic
learning involves a multimedia system (text, audio, video, and
imagery) for carrying out virtual training over the Internet (Bates,
2005), characterized by its simplicity of use and lack of distance
between the transmitter and receiver, as well as the fact that it is
economical for students, interactive, and accessible.

M-learning or mobile learning is a branch of m-learning with
the following purpose: “Promote information collection and
exchange, improve communication and collaborative
interaction, encourage active learning, and enhance the
learner’s feedback process, and acquire content quickly” (Lan
et al,, 2012, p. 1124).

For our experience, CBL and an e/m-learning approach were
integrated. This proposal is interesting for developing skills such
as learning to learn, and it can act as a benchmark in times of
pandemic. This approach is characterized by focusing on the
student, who establishes their own work plan and formulates real,
close, and observable problems that connect with their interest
and that can be raised with the help of the teacher (Fernandez-
Ferrer and Gonzdlez-Garcia, 2017). Likewise, virtual teaching
entails a lower probability of contagion.

MATERIALS AND METHODS

Participants

This educational experience was carried out with a nonrandom
group of 55 Early Childhood Preservice Teachers (third academic
year, University of Alcald, Spain), as part of the subjects Teaching
and Learning of Social Sciences and Teaching and Learning of
Natural Sciences, during 2020-2021 academic course. There were
52 women (94.55%) and 3 men (5.45%). The age of the
participating sample is between 20 and 22 years. They were
proposed to take part in the study voluntarily, and all
participants responded. All ECPT were native Spanish
speakers and born and raised in Spain, although two of them

Challenge-Based Learning for Competences

had an Ecuadorian background. The study was conducted
according to the guidelines of the Declaration of Helsinki:
informed consent, right to information, protection of personal
data, guarantees of confidentiality, nondiscrimination, free of
charge, and the possibility of abandoning the study on any phase.

Methodology

This research focuses on a quasiexperimental design according to
a quantitative methodology. In general terms, quasiexperimental
design aims to test a causal hypothesis by manipulating (at least)
one independent variable where for logistical or ethical reasons it
cannot be randomly assigned to the groups (Fernandez et al,
2014). This research involves an analysis of the results of the
implementation of an innovative didactic proposal regarding
competence acquisition. From this perspective, we use an
instrument shaped by different complex levels (Bisquerra,
2009; Krippendorff, 2013). The main evaluation instrument for
this research is the ECPT’s self-perception of their level of
competence acquisition, and it was designed in Google Forms
according to the Likert-type scale (scale 1-4). Figure 1
synthetically presents the study.

Taking into account that a challenge is an activity, task or
situation that involves the student a stimulus and a challenge to
carry out, in this study the research question is How do the ECPT
improve the learning to learn competence after to the CBL and
their experience in the virtual museum tour? To approach this
question, we designed a category system-like data collection and
analysis instrument based on the European Commission (2012)
about the learning to learn competence.

With this instrument, the ECPT’s self-perception was assessed
at two moments of the teaching and learning process (pretest and
posttest). This experience is based on a CBL and e/m-learning
approach. These educational proposals were evaluated with an
evaluation rubric that complemented the results of self-
perception. Although this study focuses on the self-perception
of competence, assessing the process followed by the experience
gives a holistic vision of the teaching-learning process developed.

Category System

We present a category system with four levels of progression for
the evaluation of the acquisition of learning to learn competence
(European Commission (2012, p. 15): “1. Why I learn (attitude
towards learning and willingness to learn). 2. What I learn
(setting objectives and planning activities), 3. How I learn
(organized and targeted learning activities) and finally 4. I
reflect on my process (reflection on learning activities and
outcomes and self-assessment).” The Likert-type scale answers
were as follows: (1) first steps, (2) going in the right direction, (3)
close to the target, and (4) competence acquired.

Levels of learning progression are levels of complexity of
knowledge from reductive to holistic thought (Morin, 1990;
Alonzo and Steedle, 2009; Jin and Anderson, 2012). The
category system justifies and structures the whole research
(Cuenca et al., 2017; Abril-Lopez et al., 2020).

The students accessed “Blackboard Learn” to fill in the
questionnaire by levels of progression, which were disordered
to avoid distortions. This system was implemented in the
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How do the ECPT improve the learning to learn competence after to the CBL and their experience in the
virtual museum tour?
CATEGORY SYSTEM ADQUISITION
BY LEVELS OF PROGRESSION LEVEL
METHODOLOGICAL PROPOSAL:
il - VIRTUAL MUSEUM TOUR HEHIE

4

QUESTIONNAIRE (Likert-type):
Can the virtual museum tour be a teaching resource for childhood education?

4

CHALLENGE BASED LEARNING & E/M-LEARNING

FIGURE 1 | Outline of the investigation.

FIGURE 2 | QR code of the category system by progression levels
(pretest—posttest). Own elaboration based on the European Commission
(2012).

Lithuanian educational system, which “demonstrates how the
‘learning to learn’ competence can be described as levels that help
learners and their teachers to assess progress” (European
Commission, 2012, p. 16).

This questionnaire was designed in Google Forms, which the
students accessed from a QR code (Figure 2). The use of these
open-access digital tools, through mobile devices, provides
students with a positive, innovative, and current image of
education (Garcia-Tormo, 2018) and allows information to be

collected in an efficient and effective manner (Pérez-Sanagustin
et al., 2016).

The questionnaires were completed at two moments—before
(pretest) and after the experience (posttest)—like other similar
studies (Dugard and Todman, 1995; Solis-Espallargas and
Morén-Monge, 2020).

PROCEDURE

The university degree students were proposed to take part in this
study in the beginning of October 2020. Due to mobility
restrictions due to COVID-19 affected Spanish schools, the
students were not able to go to school to work with the
infants or the Community of Madrid Regional
Archaeological Museum with the children. Taking these
circumstances into account, different challenges and materials
were proposed on the three Prehistory rooms and their
environmental context, thanks to e/m-learning, to bring MAR
to the school environment.

visit

Phase 1: Before the Virtual Tour

The teacher worked in the classroom, through Blackboard
Learn, with the ECPT before the virtual tour. First, a debate
was held to obtain prior knowledge on three main pillars,
including competences, museums, and e/m-learning, through
different questions: What are competences? What is the
learning to learn competence? Why is it important? Are
museums suitable spaces for acquiring skills and why? How
can we work, in these institutions, on challenges for Early
Childhood Education and applied e/m-learning? The
responses manifested, mainly, substantive deficiencies:
confusion in the meaning of the competences, stereotypes
about museums, and few links between museums and
e/m-learning.
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FIGURE 3 | Community of Madrid Regional Archaeological Museum. (A) Facade of the museum. (B) Archaeological/paleontological excavation. (C) Prehistory
(room “Before the time of Man”). (D) Paleoenvironment (palynology). (E) Paleoenvironment (fauna). (F) Hunting (arrowheads). (G) Domestication (cheese and container).
(H) Harvesting and agriculture. (l) Lithic artifacts for everyday life. (J) Interior of a house. (K) Individual burial (social complexity).

Afterward, the general characteristics of the teaching
experience were explained, including the e/m-learning tools
(Blackboard Learn and websites) and information related to
the Community of Madrid Regional Archaeological Museum
(Mérquez and Baquedano, 2004; Mendoza and Lliso, 2011;
Community of Madrid Regional Archaeological Museum,
2021a).

Finally, the students organized themselves into working
groups of five members. Each group (N = 11) selected one of
the ten interdisciplinary challenges (Social and Natural Sciences),
plus one storytelling, to investigate in the virtual tour of the
museum based on data collection and collaborative and
autonomous work.

Phase 2: Virtual Tour

The Community of Madrid Regional Archaeological Museum
was opened in May 1999. Access to the museum is free. Within
the building, there is a comfortable and clear, perfectly
demarcated tour around the permanent exposition regarding
different settlers’ past lives and cultures since the Paleolithic
(Mérquez and Baquedano, 2004).

The virtual tour can be viewed through PCs, tablets, and
smartphones. It includes photos, videos, descriptions of materials
(stone, ceramic objects, bronze, iron, etc.), and 360° panoramic
views of the nine rooms of the permanent exposition. The objects
reveal center Iberian Peninsula inhabitants’ way of living: houses,
clothing, work, leisure, food, etc. (Community of Madrid
Regional Archaeological Museum, 2021b).

We consider the Community of Madrid Regional
Archaeological Museum to be very important for the Early
Childhood Education stage (3-6 vyears). It contains very
diverse and appropriate materials to explain socioeconomic
relations, the environmental context, and differences and
similarities with the present time. The museum also
incorporates a virtual tour.

During the virtual tour, the ECPT freely observed the
exhibition, collecting data on the museum that they believed
were relevant to answering the research question posed
(Figure 3). To complement this observation, the ECPT was
offered a questionnaire designed by the teachers and accessed
by a QR code (Figure 4). The Likert-type questionnaire, with
values ranging from 1 to 5 (from least agreement to most
agreement), allowed various questions about the museum, in
terms of both form and content (virtual tour, adaptations,
Information and Communication Technology (ICT)/Learning
and Knowledge Technologies (LKT), didactic workshops,
sociocritical ~ discourse, complete and diverse contents,
interdisciplinary ~ contents, attitudinal contents, didactic
documentation, and the relationship between activities and the
museum), to be assessed.

Phase 3: After the Virtual Tour

After, in the classroom, the ECPT shared their experience with
the whole class. The data collected were shared, in addition to the
evaluations made from the questionnaire about the virtual tour
(Likert-type). In relation to the challenges/storytelling (10 + 1)
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FIGURE 4 | QR code for accessing the questionnaire about the
virtual tour.

discussed, different issues, potentialities, and weaknesses of each
topic were assessed as an educational resource for Early
Childhood Education.

First, a team from ECPT created storytelling so that children
could easily internalize the content. In other words, each
challenge began with an oral, emotional, motivating story, and
a quick and effective connection (Robin, 2006; Sanchez-Vera
et al., 2019). In addition, the storytelling is associated with a
didactic guide that helped the Early Childhood Education
teachers to carry out the manipulative activities associated
with the ten challenges.

After the exposition of the storytelling, the ten challenges were
exhibited by each team with e-learning, and there were
interactions with the rest of the students (feedback). The
essentials questions associated with the challenges were the
following: (1) What does an archaeologist/paleontologist study
do? (2) What tools does he use? (3) What is Prehistory/
Paleontology? (4) What fauna and flora coexisted with
humans in Prehistory? (5) Was the fauna hunted or
domesticated? (6) Was the flora collected or cultivated? (7)
How did they hunt, gather, or fish? (8) Where did prehistoric
people live? (9) What was the clothing of these settlers? (10) Were
there inequalities in society? The challenges/storytelling
incorporated big ideas related to current affairs (climate
change, sustainability, conflicts, and economy), and they
allowed the realization of activities with different objectives,
competences, contents, methodology, assessment, etc.

The established teams made videos of the challenges/
storytelling adapted to 5-year-old students. QR codes linked to
YouTube were created. Later, the Early Childhood Education
teachers shared it with their students (Figure 5).

FIGURE 5 | QR code to view videos related to the MAR (virtual tour):
challenge 1 (left) and challenge 6 (right).

Teaching challenges/storytelling was evaluated with a rubric
organized into four complexity levels and seven variables based
on the main educational elements for the teaching-learning
process (Table 1). This modified rubric was validated during
the experience of the Guadalajara Museum (Spain) (Abril-Lopez
etal., 2021). As we have justified, our main data analysis involved
the ECPT’s self-perception, but we also considered analyses on
the teaching activities designed by the ECPT, to obtain a more
holistic view of the teaching and learning process.

RESULTS

The results shown here correspond to the pre- and posttest
questionnaires. The four levels of complexity, based on the
European Commission (2012), appear in the QR code (see
Figure 2): (I) first steps; (II) going in the right direction; (III)
close to the target; and (IV) full competence acquired. The results
do not show percentage differences based on the different
challenges/storytelling.

As we can see in Figure 6 (pretest), the ECPT considers that
they exhibit level III and level IV for the four assessed
dimensions: 1, 39 = 70.91% (level IV); 2, 33 = 60.00% (level
III); 3, 32 = 58.18% (level III); and 4, 36 = 65.45% (level IV).
Dimension 2 (What I learn) was the lower level IV chosen by the
ECPT: 14 = 25.45%.

In relation to the lower levels of I and II, their sum is below
25% of the total for the four levels. The maximum value of level I
corresponds to the fourth dimension (8 = 14.55%), while in level
II, it corresponds to the four dimensions (I reflect on my
progress), with a value of 4 = 7.27%.

The results of the posttest are presented in Figure 7. The
highest results of the four dimensions can be observed for level IV
or the reference level. Level I is nonexistent in the first dimension;
the other three variables do not reach 11% of the total responses.
Level II also shows a large decrease (below 8%), being between
0.00% (N = 0) and 7.27% (N = 4) for the first/second and third
variables, respectively.

Level IIT (close to the target) was the second most chosen by
the students for the four variables: 1, 10 = 18.18%; 2, 11 = 20.00%;
3, 18 = 32.73%; and 4, 5 = 9.09%. It surpassed the data of the
previous levels (I and II). Finally, level IV obtained the best scores,
since the evolution with respect to the pretest is noticeable for the
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TABLE 1 | Rubric for evaluating ECPT’s challenge-based learning.

Variables

Title, sections, and internal structure

Justification, objectives and competences

Contents

Methodology

Conclusions

References

Spelling and syntax

Level

Descriptors

The title does not correspond to the content of the challenge/storytelling, the internal structure is incoherent, and the
information is not balanced.

There is some coherence, but there is a lack of balance in the development of the sections. There is irrelevant
information.

There are coherence problems (inappropriate title, some underdeveloped section), but a logical structure is maintained.
The title is didactic and meaningful, it includes the required sections, and they are developed in a coherent and
balanced way.

The challenge/storytelling has no justification. There are neither objectives nor they are they formulated based on the visit
museum. There are no competences.

Justification is inadequate. Many goals are inconsistent. Competences are not related to objectives.

There is justification. Most of the objectives are properly planned. Competences are related to objectives.

Strong justification. Challenge/storytelling with related objectives and competences, and adapted for Early Childhood
Education students.

Mainly conceptual content. There is no adaptation for Early Childhood Education students.

Procedural and attitudinal contents are included.

Consistent information: from simplicity to complexity.

Contents with problems, both past (Prehistory) and current (real world). Idea of global importance.

Methodology is not consistent with the challenge/storytelling and does not allow the transmission and assimilation of
content observed in the virtual tour.

Methodology shows important weaknesses for the transmission of content.

Methodology is coherent, although it contains some weaknesses for the assimilation of the contents.

Methodology has been correctly selected for the transmission and assimilation of the contents to the students of Infant
Education.

There are no conclusions, or they are not consistent. There are no proposals for improvement based on the knowledge
acquired and the conclusions reached.

Conclusions are not adequate for lack of reflection and synthesis. There are inconsistent improvement proposals.
Conclusions are generally consistent in accordance with the objectives. There are some suggestions for improvement.
Conclusions are accurate and consistent with the objectives, providing data with a critical sense. There are excellent
proposals for improvement: solution—action.

Virtually all sources are unreliable or out of date. Most of them are incorrectly referenced.

More than 30% of references come from unspecialized or outdated sources. There is confusion about the authorship of
some citations.

Some references come from unspecialized sources. Most of the references are well used and correctly attributed.
Sources come from specialized publications and are diverse and up-to-date. All references are well used and attributed.
There are serious problems with spelling, syntax, and grammar.

There are more than 30% of problems with spelling, syntactic, or grammatical rules.

There are few spelling, syntactic, or grammatical errors.

The text does not contain any spelling, syntactic, or grammatical problems.
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FIGURE 6 | Acquiring learning to learn competence (pretest) by dimension and level of progression (N = 55).
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TABLE 2 | Skewness, kurtosis, and p values for normality Shapiro test.

Score Skewness Kurtosis Shapiro
test’s p values
Item 1-Pre -1.77 5.53 p < 0.001
ltem 2-Pre -0.96 4.08 p =0.003
ltem 3-Pre -0.96 4.00 p =0.002
ltem 4-Pre -1.24 2.92 p < 0.001
Total score-pre -1.35 4.45 p < 0.001
Item 1-Post -1.77 5.24 p < 0.001
ltem 2-Post -2.21 7.09 p < 0.001
ltem 3-Post -1.26 3.80 p < 0.001
ltem 4-Post -1.99 5.36 p < 0.001
Total score-post -1.30 3.98 p < 0.001

four variables: 1, 45 = 81.82%; 2, 40 = 72.73%; 3, 29 = 52.73%; and
4, 43 = 78.18%. The most prominent dimensions are 1 (“Why I
learn”) and 4 (“T reflect on my progress”).

If we compare the pre- and posttest results, for levels I and II of
the four dimensions, percentage variation is observed, especially
for dimensions 1 and 2 of level II: 7.27% versus 0.00%. At level IV,
an increase can be observed for all dimensions: 1, 70.91% versus
81.82% = +10.91%; 2, 25.45% versus 72.73% = +47.45%; 3,
27.27% versus 52.73% = +25.46%; and 4, 65.45% versus
78.18% = +12.73%. In short, these self-perception data show
the progress of the acquisition of competence after the experience
carried out.

With the contrast of all previous data, a total score for each of
the two questionnaire administrations was calculated. As a result,
we accounted for 10 quantitative scores for each of the 55
participants, namely, four scores and one total score from
each of the two pre-post questionnaires administrations.
Although the sample size criteria for big sample is met
(sample size >50) and consequently we could have well used a
paired Student test for pre-post comparison for the intrasubject 5
scores available, we firstly checked kurtosis and skewness, and

Shapiro tests for each of the scores were performed. As Table 2
shows, none of the scores have a normality distribution, namely,
skewness = 0 and kurtosis = 3. Additionally, Shapiro tests for
normality are statistically significant for all scores calculated.
These data show considerable deviance from normal
distribution; therefore, we decided to use the nonparametric
paired-samples Wilcoxon test to compare each of the four
pre-post and the pre-post total scores.

In relation to Item 1, pre-post comparison paired-samples
Wilcoxon test result shows a statistically significant difference
(p = 0.008). Item 2 pre-post comparison paired-samples
Wilcoxon test result shows a statistically significant difference
(p > 0.001). Item 3 pre-post comparison paired-samples
Wilcoxon test result shows a statistically significant difference
(p = 0.003). Item 4 pre-post comparison paired-samples
Wilcoxon test result shows a statistically significant difference
(p = 0.006). Finally, total score pre-post comparison paired-
samples Wilcoxon test result shows a statistically significant
difference (p > 0.001).

DISCUSSION

In Spain, there are not many educational experiences in
childhood teacher training like the one described herein.
Studies on competence acquisition and outdoor experiences
(Achurra and Morentin, 2017; Morales et al., 2014; Mordn
Monge et al., 2018; Mufioz Garcia and Jiménez Calvo, 2020),
and others (Codes, 2017; Sanz and Zuzuarregui, 2017; Mordn-
Monge et al.,, 2020), show a qualitative methodology based on
three major phases: initial (students’ previous ideas),
development (direct and systematized observation), and
evaluation (research and didactic proposals). The use of
instruments for the collection of information and data analysis
provides results that are mainly the product of description,
interpretation, and reflection.
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In our case, together with the category system (see Figure 2),
questionnaire about the virtual tour (see Figure 4), and
evaluation rubric (see Table 1), we developed a quantitative
methodology (quasiexperimental design) pretest-posttest with
statistical analysis. On the other hand, we work on an innovative
triple didactic link: the acquisition of the learning to learn
competence thanks to the development of 10 + 1 challenges/
storytelling (CBL) related to the virtual museum tour (e/
m-learning).

In this sense, we can obtain some reflections after the
comparative analysis between two very similar studies on
competence acquisition, related to the Community of
Madrid Regional Archaeological Museum (MAR) and the
Museum of Guadalajara (MG) (Abril-Lopez et al., 2021).
The system of categories by level of progression on the
competence learning to learn showed visible differences

between the pretest phase and the posttest phase for the
four dimensions.

Figure 8 shows the results of the pretest. Levels I and II are not
very relevant in both cases. In the MAR experience, we highlight
higher values in dimension 1 (“Why I'learn”) in levels IIl and IV.
It seems that, from an educational perspective, students attribute
the greatest importance to reflection and search for solutions to
different problems, past and current, for the benefit of the social
majorities, as we evaluate in their challenges. Johnson et al. (2009)
expressed these conclusions after a study on the CBL in six
schools in the United States. The experience in the MG yielded
more traditional previous knowledge, since dimension 2 (“What I
learn”) predominates in levels III and IV; Maynard and Waters
(2007) also observed this vision of teaching in practicing Early
Childhood Education teachers in South Wales, giving greater
importance to content-based learning.
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TABLE 3 | MAR (Community of Madrid Regional Archaeological Museum) vs. MG (Museum of Guadalajara), acquiring learning to learn competence (pretest-posttest)—

descriptive statistics.

Learning to 1]

learn Pretest Posttest
1. Why | learn 3.6/2.9 3.8/3.5

2. What | learn 3.0/3.0 3.6/3.5

3. How | learn 3.1/2.9 3.3/3.5

4. | reflect on my progress 3.3/2.6 3.5/3.6

After the educational experience (Figure 9), levels I and II
are not significant in the two cases. In the MAR experience,
dimension 3 (“How I learn”), related to the use of different
learning methods and various information sources, most of
them are at level III; and dimension 1 was again the most
numerous in level IV. In the experience at MG, dimension 2
prevailed again at level III; dimension 4 (“I reflect on my
progress”), in level IV, increased from 18.99% (pretest) to
74.81% (posttest). The ECPT, in the posttest of the two

experiences, attaches greater importance to changes
attitudes and behaviors, reflecting on their own learning
process in an autonomous way: it is related to

metacognition and is considered a transversal competence
of the curriculum (Hoskins and Fredriksson, 2008).

Statistically (Table 3), in relation to the four
dimensions that analyzed, after the
experiences, the ECPT practically reached level IV in
the posttest. However, there are some differences,
partly linked to the sample number: MAR (N = 55)
versus MG (N = 258). First, the mean or average (p)
pretest-posttest progresses at a lower rate than the MG
experience; that is, there is greater self-perception in the
initial acquisition of the learning to learn competence.
Second, the standard deviation (o) and coefficient of
variation (CV) of the MAR experience show less
dispersion of the data or greater homogeneity.

This translates—along with the results of the rubrics for the
evaluation of the students—into an improvement in self-
confidence, autonomous and cooperative work, enthusiasm,
responsibility, planning, new challenges, completion of tasks
on time, successful goals, and, finally, an evident increase in
the acquisition of the learning to learn competence. In this
experience, the rubric results were high: 65% for levels III-IV,
25% for levels II-III, and just 10% for level II.

This study is based on an approach of the level of achievement
of the learning to learn competence from ECPT’s perception and
complemented these results with their teaching activities. The
study could be enhanced by the implementation of other
improvements:

were two

e We must increase the sample size and add control groups.

e We need to replicate this research with other challenge-
based learning projects/contents.

¢ COVID-19 pandemic limited our initial research design as it
was planned to do an actual visit to the Museum. Results
obtained would have probably been even more telling.

o Coefficient of variation (%)
Pretest Posttest Pretest Posttest
0.3/0.9 0.2/0.9 9/30 5/26
0.4/0.7 0.4/0.7 12/22 11/20
0.4/0.8 0.4/0.8 12/29 12/22
0.6/0.8 0.4/0.9 16/31 13/24

e Other measures/questionnaires apart from the one used are
desirable so we can double-check the learning to learn
competence.

In short, this work should be understood as an approximation
to the phenomenon that has served to validate both the category
system and the rubric described here and that will be used and
improved in future experiences.

CONCLUSION

As teacher educators, based on the results obtained in this
experience, we highlight three important educational teaching
implications. First, the interdisciplinary CBL has involved the
adequate design of strategies to allow the acquisition of learning
to learn competence, as reflected in the state educational
curriculum, and the reflective and decisive training of students
(Mufioz, 2009; Vieites, 2009; Urefia, 2013) in the face of past,
present, and future problems. In addition, other transversal
competences were developed, such as collaborative and
multidisciplinary work, ethics, and leadership, as well as in a
multitude of challenges (Tecnoldgico de Monterrey, 2016). In this
sense, we achieved results where there is a progression in the
teaching and learning processes, evidenced in both the category
system and the rubric.

Second is the importance of museum education and the use of
e/m-learning tools for the acquisition of competences in the
ECPT. Not all museum education has the same implication in
the teaching-learning processes, since, in many cases, they are a
reproduction of the indoor lesson (Maynard and Waters, 2007).
The virtual tour has led to a different context of the classroom
that allows the proximity of the ECPT to other didactic
environments. The students from the virtual museum tour
improved the learning to learn competence, as a basis of
learning for life (Akamca et al., 2017). We highlight the need
to design virtual tour with a challenge-based learning, in order to
improve the scientific knowledge and skills required to solve
social and natural problems. But virtual tours must include
adequate technologies—satisfactory design of the webpages,
three-dimensional (3D) environments, and worldwide web
technologies—and supplementary contents which could be of
use for learning purposes (Kabassi et al, 2019). During the
COVID-19 pandemic, museums should take up the challenge
of spreading knowledge in virtual space and treat it as a mission in
which the reward is to build economic diversification, new jobs
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and revenues through the development of cultural and creative
quarters, diffusion of creativity, and identity and education to
worldwide communities (Gutowski and Klos-Adamkiewicz,
2020).

Third, and connected with the above, it is necessary that the
museums be adapted to Early Childhood Education (Bowers,
2012; Munley, 2012). We obtained this observation from the
analysis carried out in the Community of Madrid Regional
Archaeological Museum as an educational resource for early
childhood education. The virtual museum tour is an optimal
didactic alternative under the COVID-19 pandemic, according to
the result of the questionnaire (see Figure 4). This virtual tour, on
the other hand, presents deficiencies for the Early Childhood
Education student. There are questions that did not exceed 50% if
we only included the scores 4 (agree) and 5 (strongly agree): the
adaptation for the 5-year-old students; the technological
resources; and the didactic workshops. However, the Museum
of Guadalajara provided worse results (Abril-Lopez et al., 2021): it
does not present resources that favor manipulation or interaction
with the visitor, or that invite the exhibition, all of which are
relevant issues for learning in the Early Childhood Education
stage. Despite this, the two experiences present other interesting
educational possibilities for children in early childhood
education, such as diversity of the material register, that
benefits past-present (and future) comparatives and
complete—conceptual, procedural, attitudinal—and
interdisciplinary contents.

The adaptation of the challenges/storytelling, due to the
COVID-19 situation and the contribution of the Early
Childhood Education teachers, resulted in the design and
development of different activities, carried out both inside and
outside the classroom. Thanks to the virtual tour and the analysis
and interpretation of the material record of the rooms of
Prehistory, teaching-learning processes for the knowledge of
the environment were developed. The evaluation of the 5-
year-old students was quite satisfactory and was based on the
analysis of previous knowledge, direct observation,
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