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Abstract: The aim of this study was to determine the post-pandemic learning adaptation scenarios
from the perspective of university students from the Faculty of Education Science of the University
of Seville (Spain) as a function of the competencies identified in the context of digital transformation.
This was a non-experimental, descriptive study that used a short version of the Scale of Attitudes
on the Perceptions of Future Teachers toward the New Post-pandemic Educational Scenarios
(SANPES). The sample consisted of 972 students of the University of Seville (Spain) (72% women,
28% men), registered in the academic year 2021-2022. A cluster analysis was performed, using a
hierarchical procedure (dendrogram), followed by a non-hierarchical procedure (k-means algo-
rithm). The results show significant differences in the responses of the university students. Conclu-
sions: progressive models or scenarios of adaptation to post-pandemic learning based on some stu-
dent competencies, such as motivation, collaboration, self-learning and digital methodology: (a) in-
itial adaptation model, (b) moderate adaptation model, and (c) advanced adaptation model.

Keywords: post-pandemic; higher education; digital competence; motivation; collaboration; digital
methodology

1. Introduction

The education community, in general, and Higher Education (HE), in particular, are in
a constant process of digital evolution. Undoubtedly, the COVID-19 pandemic caused un-
expected learning situations in which everyone had to adapt to a different way of communi-
cating. This led to deep reflections on aspects that impact the educational organisations, the
students and the educators. The educational scenarios have changed, although in the last
few decades, new active methodologies have been rapidly developed as a consequence of
the advance of the digital resources, generating new educational actions. However, the pan-
demic forced us to rethink the teaching methods and to incorporate online teaching meth-
ods; therefore, it is important to explore the effect of these new learning models on future
teachers, which resources are the most adequate, what educational benefits have been ob-
tained, and how the new learning landscapes (are interdisciplinary educational situations
that are designed in active learning methodologies, and allow to have diverse and inclusive
processes in the classroom) must be designed. The present study contributes to the literature
on the perceptions of students during the state of alarm [1].
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2. Literature Review

The hangover caused by the passage of the COVID-19 pandemic in Higher Education
(HE) has provided us with a lot of information on the learning models adopted. This is
not a statement without arguments, we can corroborate that there have been abundant
systematic reviews [1] on the needs that have been detected during this period (organisa-
tional variables, material resources, perceptions of students, teachers, etc.). The objectives
have been very diverse, we would like to highlight how the research sought to understand
the impact of what had happened in different areas, for example, to understand the land-
scape of sustainability [2], as indicated by these authors, there has been a change in the
objectives that higher education had set globally. The Sustainable Development Goals
(SDGs) of the United Nations were the challenge, but these priorities were changing due
to the pandemic. With this premise of change in teaching and learning situations in Higher
Education we are fortunate to find ourselves with assessments of the prior situations es-
sential for authentic sustainability studies plans to be developed [3]

2.1. The Influence of Motivation in Post-Pandemic Scenarios

Motivation has been the focus of numerous studies [4,5]. It is a combination of mul-
tiple cognitive, metacognitive, motivational and social factors that affect the performance
of the aspects inherent to the learning process. The key scientific research on motivation
aims to identify the internal state of students, with the aim of determining its activation
mechanisms in learning [6].

Motivation is linked to the students’ freedom of choice regarding the education itin-
eraries: the purpose is that each student can design his/her own education itinerary or
Personal Learning Environment (PLE). This option allows advancing in Educational Dig-
ital Transformation (EDT). In the educational scope, it is possible to develop the multiple
learnings and opportunities offered by Learning Ecologies (LEs). Moreover, we had the
chance to identify the key elements that allow for these learning situations, thanks to the
experience of the New Post-pandemic Scenarios [7]. This newly acquired knowledge leads
us to continue working on the concept of autonomy and the self-regulated learning of our
students, which are key in the participation of the educational robotics practical lectures.

Overcoming this challenge will give students the opportunity to incorporate to the
new social projection, where the labour environments emerge in constant crisis manage-
ment (health, economic or social), and thus they must be very sensitive to the demands of
development agendas, such as the 2050 Agenda.

2.2. Collaboration in the Post-Pandemic Scenarios

Cooperative learning is defined as an educational methodology based on working in
small groups, generally heterogeneous, in which the students work together to improve
their own learning and that of the other members of the group [8]. In educational robotics,
cooperative learning is an essential aspect to attain this open and flexible pedagogy. How-
ever, personal learning is a fundamental element for the significance of the entire process.
In the last few decades, new methods have been proposed to integrate the digital and
physical spaces in Higher Education. In this sense, the COVID-19 pandemic caused the
modification of the traditional roles, placing the focus of learning on the student and rec-
ognising his/her face-to-face and online work. Personal Learning Environments (PLEs) are
key; the studies conducted on these environments analyse the positive attitudes that stu-
dents must develop to make the most of this work proposition. Thus, studies such as that
performed by [9] lead us to reflect on capacities related to self-regulation, e.g., metacogni-
tion and time management.

Students must be aware of their own PLE, which requires them to be literate in
emerging digital tools.
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2.3. Self-Learning in Post-Pandemic Scenarios

Learning-by-doing is generally considered the most effective way of learning [10].
Situated learning is a modality that emerges from practice, in meaningful situations of real
life, which requires the dynamic and conscious participation of the student. In this learn-
ing approach, all knowledge is defined as situated, since it occurs in a certain context, as
a result of the activity, context, culture and social interaction with other people. Similarly,
to attain a situated learning, this must be accompanied by reflective and experiential
teaching-learning strategies that allow transforming the daily practices of the classroom.
In this sense, the experiences of educational robotics meet this objective. Thus, it can be
asserted that the paradigm of situated learning goes beyond “doing” and performing ac-
tivities, as it involves a social practice within a context in which the student participates
in a community. The great potential of digital situated learning is the improvement of
student motivation, due to its interactive nature, which allows manipulating the robot and
verifying, with the group of students, the problems and solutions proposed [11].

2.4. Digital Methodology in the Post-Pandemic Scenarios

Educational communities are composed by users who share similar views and be-
haviours, establishing knowledge networks. Therefore, the changes in interactive learning
environments are ecologically related among individuals and communities. In this sense,
research has been focused on academic performance, the efficacy of learning (both cogni-
tive and emotional), satisfaction and self-efficacy. Baturay (2011) identified a strong rela-
tionship between the content proposed and the students in interactive learning [12]. Con-
sequently, it is especially interesting to know how learning ecologies and the communities
that compose them adapt to the changes in the educational environment caused by the
COVID-19 pandemic, particularly in higher education and future teacher training. Thus,
studies must go beyond isolated digital training actions. Universities must design and
develop adequate strategies, such as in the case of teacher digital competence, with poli-
cies of teacher recognition, counseling and support in the use of digital resources [13].
Likewise, several studies have pointed out the key elements of institutional strategies [14].

Students must develop their critical thinking, becoming content curators in the era of
information overflowing. They must be able to integrate emerging resources and technol-
ogies and carry out activities that allow them to express themselves creating digital prod-
ucts and developing communication processes with their peers in networks collabora-
tively.

Derived from the above, this research aims to find out whether there are different
scenarios of adaptation to post-pandemic learning depending on the competences identi-
fied in the context of digital transformation (motivation, collaboration, self-learning and
digital methodology), that influence the learning of future education professionals.

3. Materials and Methods

The aim of this descriptive, non-experimental study was to identify the possible sce-
narios of adaptation to post-pandemic learning from the perspective of university stu-
dents of Early Childhood and Primary Education from the Faculty of Education Science
of the University of Seville (Seville, Spain) as a function of the competencies identified in
the context of digital transformation.

Considering the accessibility of university students as the selection criterion, a non-
probabilistic sampling was applied, which produced a sample of 972 students from the
University of Seville, registered in the Faculty of Education Science in the academic year
2021-2022. Specifically, 716 students were registered in the Degree of Early Childhood
Education and 256 students were registered in the Degree of Primary Education.

Next, Table 1 presents the characteristics of the sample.
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Table 1. General and specific characteristics of the selected sample.

Students of the Faculty of Education Science = 972
Characteristics of Early Childhood Characteristics of Primary Education
Education students students

*  Most of the participants were women <«  Most of the participants were women
(86.5% women; 13.5% men). (77% women and 23% men).

+  Of this subsample, 43.2% were 18-24 «  Of this subsample, 85.9% were 18-24
years old. years old.

. Of the entire sample of 972 students, Of the entire sample of 972 students,
716 were registered in the Degree of 256 were registered in the Degree of
Early Childhood Education. Early Childhood Education.

*  The percentages of students according *«  The percentages of students according
to year of the degree were 20.3%, to year of the degree were 36.5%,
34.4%, 3.1% and 42.2% in the 1st, 2nd, 12.9%, 21.3% and 29.3% in the 1st, 2nd,
3rd and 4th year, respectively. 3rd and 4th year, respectively.

The instrument selected in this study was the Scale of Attitudes on the Perceptions
of Future Teachers toward the New Post-pandemic Educational Scenarios (SANPES) [15].
This questionnaire emerged from the exploration of previous questionnaires [4,16,17]. To
create the SANPES, from among the cited instruments, we selected 32 items (scored in a
Likert scale, where 1 = “I totally disagree”, and 5 = “I totally agree”) that encompass ques-
tions gathered in the following dimensions: resources (hardware-software) used in online
teaching; professional collaboration among students in this modality; knowledge about
digital pedagogy; and student empowerment. Moreover, we added another 5 items re-
lated to the creation of the respondent profile (sex, age, degree year, group and degree).

Next, Table 2 presents the structure of the selected instrument.

Table 2. Structure of the Scale of Attitudes on the Perceptions of Future Teachers toward the New
Post-pandemic Educational Scenarios (SANPES).

Dimensions Items
1. Sex

2. Age

3. Year

4. Group

5. Degree

Sociodemogr
aphic data

6. If the computers of the faculty were available to me, I would have used
them instead of my own computer.
7. My devices/tools help me to better learn the subjects compared to those
Resources  provided by the faculty.
(hardware- 8. My devices/tools meet the requirements of the platform.
software) 9. How difficult was it to learn the use of the digital environment of the
platform?
10. In the future, I would rather use my own resources (devices/tools)
instead of those provided by the faculty.
11. How does online education affect your interaction with your peers?
(very negatively—very positively).
. 12. How frequently do you ask your peers for help during online teaching?
Professional .
13. To what extent do you ask other students for help exclusively for
academic purposes?
14. How frequently are your online meetings with other students focused

collaboration

on academic purposes?
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15. How much do you miss being face-to-face (without masks) with your
classmates?
16. How important do you think it is that the teacher uses a web cam in the
lectures?
17. In my opinion, I learn better in face-to-face lectures than in online
lectures.
18. How important is it for you to verbally interact with the teacher every
week?
19. To what extent does the teacher help you to understand the topics of
the subject if you can ask questions during the online lecture?
20. Do you prefer online lectures in the future?
21. Is it difficult to adapt to the situation of online theoretical lectures?
22. Is it difficult to adapt to the online practical

Digital assignments/activities/tasks?

pedagogy  23. To what extent did you participate in the online lectures?
24. Do you believe that online education is useful?
25. To what extent do you enjoy online education?

26. In an online lecture, I prefer the material of the subject that truly
challenges me to learn new things.

27. I believe that online teaching significantly improves the quality of
university education.

28. Online lectures are less interesting than face-to-face lectures.

29. If I study adequately, I can learn the subject matter.

30. I think I can use what I learn in this subject for other things.

Student 31. I believe that I will get an excellent mark in this subject.
empowerme 32. Obtaining a good mark in this subject is most satisfactory to me at
nt present.

33. For me, it is important to learn the topics of this subject.

34. When I take an exam, I think about the consequences of failing.
35. I am strongly interested in the contents that I am learning in this
subject.

36. 1 am sure I can do a great job in the assignments and exams of this
subject.

37. I believe that the material of subject is useful for learning.

Source. Developed by author from Diaz-Noguera et al., (2022) [15].

The factors that integrate the SANPES define a model that determines the capacity of
students to adapt to digital transformation in university education through their percep-
tions. This questionnaire was administered in November 2021 through the Google Forms
platform. All participants were informed that their anonymity was guaranteed, and they
gave their consent to participate voluntarily; it was explained to them why the research
was being conducted, how their data would be used and that there were no associated
risks. Ethical approval is not required for this type of study. Therefore, after ethical ac-
ceptance of the research, the questionnaire is sent to the study population. The final sam-
ple participates voluntarily by providing their contact e-mail address for further study
results. To respond to the objective set in this study, a cluster analysis was conducted.
Firstly, an exploratory, hierarchical cluster analysis was performed, following the group
clustering method and using Squared Euclidean Distance as the interval measure, obtain-
ing a dendrogram, which was employed to determine the number of groups for the next
classification test. Then, a K-means cluster analysis was carried out, with K being the num-
ber of groups determined by the mentioned dendrogram, applying the iterate-and-clas-
sify method. Lastly, after this analysis, we interpreted the final centres of the clusters that
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would determine the classification. These analyses were performed using IBM SPSS Sta-
tistics software v26.

4. Results
4.1. Scenarios of Adaptation to Post-Pandemic Learning and Associated Competencies

This section presents results that demonstrate the scenarios of adaptation to post-
pandemic learning from the perspective of university students of the Faculty of Education
Science of the University of Seville, based on the competencies identified in the context of
digital transformation. Firstly, the exploratory hierarchical cluster analysis revealed that
there are two natural types; however, with the approximation of the perceptions of the
university students of Early Childhood and Primary Education and the variables, three
groups were identified. This phenomenon is reflected in the dendrograms generated in
the first analysis. Exploratorily, these data reveal that there are different scenarios of ad-
aptation to post-pandemic learning as a function of the competencies identified in the
context of digital transformation.

Secondly, to ensure this classification, a K-means cluster analysis was performed,
which showed that, based on the perspective of the Early Childhood and Primary Educa-
tion students, there are three types of scenarios of adaptation to post-pandemic learning
and four competencies linked to them (motivation, collaboration, self-learning and digital
methodology). Specifically, Table 3 gathers the characterisation of these scenarios of ad-
aptation and the competences.

Table 3. Characterisation of the types of scenarios of adaptation to post-pandemic learning and as-
sociated competence levels.

Final Cluster Centres

Cluster of Primary Cluster of Early
Education Childhood
Students Education Students
1 2 3 1 2 3

Scenarios of adaptation to post-pandemic learn- 345 270 342 399 299 354

ing (global)
Global valuation 378 157 277 411 224 327
Motivation 390 148 260 411 212 321
tsetﬁiizt OMPE Collaboration 454 400 406 405 241 344
Self-learning 337 163 276 419 241 350
Digital methodology 401 142 281 410 191 280

The data gathered in Table 3 show that there are three groups of scenarios of adap-
tation to post-pandemic learning and four competencies that develop in the students that
are immersed in such scenarios. Moreover, the perceptions of the Early Childhood and
Primary Education students are quite similar.

Cluster 1 includes scenarios of adaptation to post-pandemic learning in which the
impact of the competencies received a medium-high score, with an average score in the
range of 3.45-3.99, in a scale of 1-5. Thus, these scenarios favour the development of com-
petencies for the personal growth of students and for the improvement of group interac-
tions. Regarding the competence levels of the students immersed in these scenarios, me-
dium-high values were reached, since the average scores range between 3 and 4 in all the
itemised dimensions (motivation, collaboration, self-learning and digital methodology).
A total of 31.15% and 36.22% of the Primary and Early Childhood Education students,
respectively, reveal the presence of this type of scenario and the associated competence
levels (Table 4).
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Table 4. Number of cases in each cluster (%).

Primary Education Students  Early Childhood Education Students

1 31.15% 36.22%
Cluster 2 24.60% 21.33%
3 44.25% 42 .45%

Cluster 2 encompasses scenarios with considerably lower score compared to those
included in Cluster 1 (x = 2.70-2.99); in addition, these scenarios correspond to low com-
petence levels of the Early Childhood students (x=1.57 — 2.24). The perception of the Pri-
mary Education students was different, as the level of collaboration was valued with an
average score of 4 points (Table 3). A total of 24.60% and 21.33% of the Primary and Early
Childhood Education students, respectively, show the existence of this type scenarios of
adaptation to post-pandemic learning and these associated competence levels (Table 4).

Lastly, Cluster 3 integrates scenarios of adaptation to post-pandemic learning in
which the impact of the competencies was valued with a medium-high score (X' =3.42 —
3.54), although such score was slightly lower than that obtained in Cluster 1. The Early
Childhood students linked to these scenarios were associated to medium competence lev-
els (Table 4). However, as in the case of Cluster 2, according to the perception of the Pri-
mary Education students, it is surprising that the average score of the level of collabora-
tion was, once again, above 4 points. In this case, this is the most common type of adapta-
tion scenario and associated competence levels based on the perception of the Primary
and Early Childhood Education students, with a frequency of 44.25% and 42.45%, respec-
tively (Table 4).

Both the characterisation of the clusters (Table 3) and the appearance frequency pro-
portion (Table 4) reveal that there is a correlation between the perceptions of the Early
Childhood and Primary Education students about the existence of heterogeneity of sce-
narios of adaptation to post-pandemic learning and student competence levels. That is,
these results show that the impact of technologies on the adaptation scenarios and the
acquisition of competencies is not uniform, identifying gradients.

Specifically, we obtained three types of scenarios of adaptation to post-pandemic
learning associated with different student competence levels, generated by the use of tech-
nologies. Cluster 1 includes scenarios of adaptation to post-pandemic learning in which
the impact of technologies is greater than in the other scenarios, associated with students
of greater competence level. On the other hand, Cluster 2 encompasses the adaptation
scenarios that were least influenced by technologies, associated with the students of lower
competence levels. In an intermediate position, Cluster 3 comprises the most frequent sce-
narios, according to the perceptions of the students (Table 4).

Therefore, we detected progressive models or scenarios of adaptation to post-pan-
demic learning as a function of some student competences, such as motivation, collabora-
tion, self-learning and digital methodology. These models are: (a) initial adaptation model
(Cluster 2), (b) moderate adaptation model (Cluster 3), and (c) advanced adaptation model
(Cluster 1).

4.2. Discriminant Variables in the Classification of Scenarios of Adaptation to Post-Pandemic
Learning and Associated Competences

Once the adaptation scenarios and learning levels were distributed into three clus-
ters, the next step was to determine the relevance of these variables in the discrimination
of these typologies. In other words, we analysed whether the variables used for the clas-
sification (i.e., scenarios of adaptation to post-pandemic learning and competence levels:
motivation, collaboration, self-learning and digital methodology) generate valuable infor-
mation about the actual impact of technologies in the classroom.

The results of the ANOVA reveal that all variables were significant (p < 0.05), that is,
all dimensions considered to describe the impact of technologies are relevant for these
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groupings (Tables 5 and 6). Moreover, it was shown that each typology is different from
the rest, since p < 0.005, which indicates that the average scores for each of the variables
are statistically different; therefore, the null hypothesis of equality is rejected, that is, the
obtained means are significant in each of the dimensions.

Table 5. ANOVA of the perceptions of Early Childhood Education students.

Cluster Error

Root Mean df Root Mean df F Sig.
Square Square

Motivation 32.202 31 0.165 1318 194.852 0.000
Collaboration 23.736 31 0.166 1318 142.936 0.000
Self-learning 35.452 31 0.164 1318 216.117 0.000
Digital methodology 50.338 31 0.190 1318 265.604 0.000
Global valuation 23.555 31 0.042 1318 555.555 0.000
Global adaptation scenario 17.821 31 0.209 1318  85.306 0.000

Note. The F tests should only be used with descriptive purposes, since the clusters were selected to
maximise the differences between the cases of different clusters. The significance levels observed
are not corrected for this and, therefore, cannot be interpreted as tests for the hypothesis that the
cluster means are equal.

Table 6. ANOVA of the perception of Primary Education students.

Cluster Error

Root Mean df Root Mean daf F Sig.
Square Square

Motivation 32.202 31 0.165 1318 194.852 0.000
Collaboration 23.736 31 0.166 1318 142.936 0.000
Self-learning 35.452 31 0.164 1318 216.117 0.000
Digital methodology 50.338 31 0.190 1318 265.604 0.000
Global valuation 23.555 31 0.042 1318 555.555 0.000
Global adaptation scenario 17.821 31 0.209 1318 85.306 0.000

Note. The F tests should only be used with descriptive purposes, since the clusters were selected to
maximise the differences between the cases of different clusters. The significance levels observed
are not corrected for this and, therefore, cannot be interpreted as tests for the hypothesis that the
cluster means are equal.

Once the intergroup differences were determined, the distribution of the surveyed
students was graphically plotted (Figures 1 and 2).
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Figure 1. Scatter plot of cases according to the perception of Early Childhood Education students.
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Figure 2. Scatter plot of cases according to the perception of Primary Education students.

As is shown in Figures 1 and 2, a certain parallelism is observed again in the cluster-
ing of the three groups by the students of both Early Childhood and Primary Education.
It is worth highlighting that the sample of the former is considerably greater than that of
the latter, thus more cases are classified. However, the three groups detected are close to
each other and, in some cases, they can include individuals who are quite similar.

Furthermore, once the significance of the variables was verified, the next step was to
obtain canonical discriminant functions that can predict future positionings of cases as a
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function of the perceptions of students. Table 7 presents the values of the coefficients of
both canonical functions.

Table 7. Standardised coefficients of canonical discriminant function.

Primary Education Early Childhood
Students Education Students

1(B) 2(B) 1(B) 2
Motivation 0.684 -0.602 0.485 -0.031
Collaboration 0.063 -0.196 0.346 0.560
Self-learning -0.306 0.688 0.520 0.260
Digital methodology 0.109 0.359 0.712 -0.664
Global valuation 0.494 0.006 0.213 -0.119
Global adaptation scenario -0.023 0.561 0.485 -0.031

In the case of the perception of Primary Education students, the canonical discrimi-
nant functions were:

YPerception_Students (Primary Education) 1 = 0.684 * Motivation + 0.494 * Global
valuation - 0.306 * Self-learning + 0.109 * Digital methodology + 0.063 * Collaboration -
0.023 * Global adaptation scenario

YPerception_Students (Primary Education) 2 = 0.688 * Self-learning — 0.602 * Motiva-
tion + 0.561 * Global adaptation scenario + 0.359 * Digital methodology — 0.196 * Collabo-
ration + 0.006 * Global valuation

In the first canonical function, the variables with the greatest discriminant power to
predict future cases were motivation (3 =0.684), global valuation (p =0.494) and self-learn-
ing (3 =-0.306). In the second function, the standardised coefficients were greater in more
discriminant variables. In this case, the variables with the greatest predictive power were
self-learning (3 = 0.688), motivation (3 = -0.602), and global adaptation scenario (3 =0.684),
with a decrease in the effect of the global valuation of the competence level. Despite the
fact that the first canonical function explains 97.1% of the variance and the second function
only explains 2.9% (Table 8), they are both significant, since the contrast statistic reveals p
values below 0.05 (Table 9).

Table 8. Self-values of the canonical functions of the Primary Education students.

Self-Values
Function Self-Value % of Variance % Accumulated Canom(.:al
Correlation
1 6.269 2 97.1 97.1 0.929
2 0.186 2 29 100.0 0.396

Note. @ The first 2 canonical discriminant functions were used in the analysis.

Table 9. Significance of the canonical functions of the Primary Education students.

Wilks Lambda
Function Test Wilks Lambda Chi-Squared df Sig.
1to2 0.116 119.575 12 0.000
2 0.843 9.485 5 0.001

In the case of the perception of the Early Childhood Education students, the canonical
discriminant functions were:

YPerception_Students (Early Childhood Education)_1 = 0.712 * Digital methodology
+0.520 * Self-learning + 0.485 * Global adaptation scenario + 0.485 * Motivation + 0.346 *
Collaboration + 0.213 * Global valuation
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YPerception_Students (Early Childhood Education)_2=-0.664 * Digital methodology
+0.560 * Collaboration + 0.260 * Self-learning — 0.119 * Global valuation - 0.031 * Motiva-
tion - 0.031 * Global adaptation scenario.

In the first canonical function, the variable with the greatest discriminant power was
digital methodology (3 =0.712), followed by self-concept (3 = 0.520) and global adaptation
scenario and motivation, with the same standardised coefficients (3 = 0.485). In the second
function, the standardised coefficients are lower in more discriminant variables and, once
again, the variable with the greatest predictive power was digital methodology ( =
-0.664), followed by collaboration (3 = 0.560).

In the case of the perception of Early Childhood Education students, the first canon-
ical discriminant function explains 99.2% of the total variance, whereas the second one
only explains 0.8% (Table 10). However, as was observed with the functions related to the
perception of Primary Education students, they were both significant, since the p values
of Wilks Lambda test were below 0.05 (Table 11).

Table 10. Self-values of the canonical functions of the Early Childhood Education students.

Self-Values
Function Self-Value % of Variance % Accumulated Canom(.:al
Correlation
1 5.031a 99.2 99.2 0.913
2 0.043 2 0.8 100.0 0.203

Note. @ The first 2 canonical discriminant functions were used in the analysis.

Table 11. Significance of the canonical functions of the Early Childhood Education students.

Wilks Lambda
Function Test Wilks Lambda Chi-Squared df Sig.
1to2 0.159 2473.232 10 0.000
2 0.959 56.486 4 0.000

The analysis of the standardised coefficients () generated new matrices that en-
riched our results, since, despite the correlation between the typologies of adaptation sce-
narios and competence levels perceived by both groups of students, the variables analysed
in the perceptions of Early Childhood and Primary Education students show different
discriminant relevance.

Lastly, we analysed the confounding matrices obtained for the Primary Education
students (Table 12) and for the Early Childhood Education students (Table 13), with the
aim of determining the goodness of fit based on Fisher’s linear function, that is, whether
the classifications were conducted correctly.

Table 12. Results of the classification performed as a function of the perception of the Primary Ed-
ucation students.

Classification Results 2

Group Belonging Predicted

Cluster Number Total
1 2 3
1 94.7 0.0 53 100.0
Original % 2 0.0 93.3 6.7 100.0
3 0.0 3.7 96.3 100.0

Note. 2 95.1% of original grouped cases correctly classified.
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Table 13. Results of the classification performed as a function of the perception of the Early Child-
hood Education students.

Classification Results 2

Group Belonging Prediced

Cluster Number 1 > 3 Total
1 98.6 0.0 14 100.0
2 0.0 97.9 2.1 100.0

iginal %
Original % 3 03 12 984  100.0
Ungrouped cases 219 204 57.6 100.0

Note. 2 98.4% of original grouped cases correctly classified.

The data presented in the previous tables indicate an adequate goodness of fit of the
analysis, which guarantees that the classification was performed correctly and that it dis-
criminates between groups. Based on the perception of the Primary Education students,
it was revealed that 95.1% of the grouped cases were correctly classified (Table 12),
whereas, in the case of the Early Childhood Education students, the result improved con-
siderably, since the fit increased to 98.4% of the grouped cases being correctly classified
(Table 13). This reveals the consistency of the obtained results.

To summarise, the presented results show the existence of heterogeneity in the sce-
narios of adaptation to post-pandemic learning and the student competence levels, as a
result of the impact of technologies. Moreover, these variables are significant and con-
sistent in the determination of the typologies, since all of them are statistically relevant in
terms of the description of adaptation scenarios and student competence levels. Further-
more, the reciprocity detected between the itemisation levels of the competencies and its
global valuation strengthen the understanding of what is theoretically addressed in this
study.

5. Discussion

As we can see from the results, the data show that there are different scenarios of
adaptation to post-pandemic learning depending on the competencies identified in the
context of digital transformation. We identified that there are three types of post-pan-
demic learning adaptation scenarios and four competencies linked to them (motivation,
collaboration, self-learning and digital methodology). These results coincide with other
research carried out in this research focus [15]. They also reveal that there is a correspond-
ence between the perceptions of university students of Early Childhood Education and
those of Primary Education, on the existence of heterogeneity of adaptation scenarios to
post-pandemic learning and students’ levels of competence. In other words, it is clear that
the impact of technologies on adaptation scenarios and the achievement of competences
is not uniform, with gradients being detected [2].

Progressive models or scenarios of adaptation to post-pandemic learning are there-
fore identified according to certain student competences, such as motivation, collabora-
tion, self-learning and digital methodology. These models are: (a) initial adaptation model
(Cluster 2), (b) moderate adaptation model (Cluster 3) and (c) advanced adaptation model
(Cluster 1).

Having detected the distribution of adaptation scenarios and learning levels in three
clusters, the aim is now to find out the weight of these variables in the discrimination of
these typologies. In other words, it will be determined whether the variables used for the
classification: post-pandemic learning adaptation scenarios and competence levels (Moti-
vation, Collaboration, Self-learning and Digital methodology) are determinant in provid-
ing valuable information about the real impact of technologies in the classroom.

The results presented here highlight the existence of heterogeneity in post-pandemic
learning adaptation scenarios and students’ levels of competence as a result of the impact
of technologies. Moreover, these variables are meaningful and consistent in determining



Sustainability 2022, 14, 14291

13 of 15

the typologies, as they are all statistically relevant in describing the adaptation scenarios
and students’ competence levels. On the other hand, the reciprocity detected between the
levels of competence breakdown and the overall assessment of competence reinforces the
understanding of what has been theoretically addressed in this work.

This assertion is in line with the studies conducted in the last decades, which con-
clude that universities, as well as the rest of the members of the educational and scientific
system, promote the digital ecosystem that will dominate this century [18-22]. The sce-
narios that we identified in the post-pandemic adaptation are in agreement with other
studies in which the competences associated with them were motivation, collaboration,
self-learning and digital methodologies [5,6,8,23].

The findings of this study demonstrate the existence of heterogeneity in the scenarios
of adaptation to post-pandemic learning and in the student competence levels, as a result
of the impact of technologies [24-26]. Similarly, the variable are significant and consistent,
thereby contributing to the literature on this topic.

6. Conclusions

The aim of this study was to identify the scenarios of adaptation to post-pandemic
learning from the perspective of university students from the Faculty of Education Science
of the University of Seville (Spain), as a function of the competencies identified in the
context of digital transformation. However, we believe that there are many factors that
need to be considered for an in-depth analysis of the situation. We know from systematic
reviews [2,3] that there is a critical need to better understand the effects of the COVID-19
pandemic on the sustainability of teaching and learning practices. This research perspec-
tive allowed us to delve into the different scenarios that emerged in the literature review
[1]. It was observed that the adoption of these tools has increased, along with the great
variety of training experiences, that is, activities based on the informative use of the Inter-
net, multimedia resources, e-learning, b-learning, etc... [27]. We also explored some strat-
egies, tasks and activities founded on discovery learning, meaningful learning, infor-
mation processing and learning associated with quality of life [5]. In the scope of digital
transformation in education institutions, there are numerous challenges related to funda-
mental competencies from the technological framework that future teachers must acquire.
The resources are a means to attain this objective; the international organisations work in
this line through the global application of their educational policies, such as the OECD
Learning Compass 2030 [28], which is an evolving learning framework that establishes an
ambitious view for the future of education. It provides guiding points toward the future
we want: individual and group well-being. We identified a model that can explain the
willingness of teachers to adopt Educational Digital Transformation (EDT).

7. Limitations

It is important to continue research along the lines proposed [2,3] in relation to chang-
ing priorities identified in higher education institutions in relation to incorporating sus-
tainability into curricula. We agree with these authors on the need to continue to address
the unique challenges of developing nations.

Author Contributions: Conceptualization, M.D.D.-N., CH.-G. and G.L.M.-P.; Data curation,
M.D.D.-N. and C.H.-G.; Formal analysis, AM.-G, M.D.D.-N., C.H.-G. and G.L.M.-P.; Funding ac-
quisition, C.H.-G.; Investigation, AM.-G, M.D.D.-N., C.H.-G. and G.L.M.-P.; Methodology, AM.-
G., MD.D.-N,, CH.-G. and G.L.M.-P.; Project administration, M.D.D.-N.; Resources, AM.-G,,
M.D.D.-N., C.H.-G. and G.L.M.-P.; Software, A.M.-G., M.D.D.-N., C.H.-G. and G.L.M.-P.; Supervi-
sion, AM.-G., M.D.D.-N., C.H.-G. and G.L.M.-P.; Validation, AM.-G., M.D.D.-N., C.H.-G. and
G.L.M.-P.; Visualization, A.M.-G., M.D.D.-N., C.H.-G. and G.L.M.-P.; Writing — original draft, A.M.-
G, M.D.D.-N,, CH.-G. and G.L.M.-P.; Writing — review & editing, AM.-G., M.D.D.-N., C.H.-G. and
G.L.M.-P. All authors have read and agreed to the published version of the manuscript.



Sustainability 2022, 14, 14291 14 of 15

Funding: This research was funded by Junta de Andalucia (Consejeria de Economia y Conoci-
miento). Proyectos I+D+ FEDER Andalucia 2014-2020 (Spain). Project entitled “Design, Production
and Evaluation of T-MOOCs for the Acquisition of Digital Competencies of University Professors”
(US-1260616).

Institutional Review Board Statement: Ethical review and approval for this study was waived be-
cause the subjects participating in the study (972) responded to the signed consent form before an-
swering the questionnaire. This is a non-interventionist study (we have used the Attitudes Scale on
the Perceptions of Prospective Teachers towards New Post-Pandemic Educational Scenarios -
SANPES-). All participants were informed that their anonymity was guaranteed, and they gave their
consent to participate voluntarily; it was explained to them why the research was being conducted,
how their data would be used and that there were no associated risks. Ethical approval is not re-
quired for this type of study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Due to confidentiality and privacy agreements, it is not possible to
make these data publicly available.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bond, M,; Bedenlier, S.; Marin, V.I.; Handel, M. Emergency Remote Teaching in Higher Education: Mapping the First Global
Online Semester. Int. |. Educ. Technol. High. Educ. 2021, 18, 50. https://doi.org/10.1186/s41239-021-00282-x.

2. Crawford, J.; Cifuentes-Faura, J. Sustainability in Higher Education during the COVID-19 Pandemic: A Systematic Review.
Sustainability 2022, 14, 1879. https://doi.org/10.3390/su14031879.

3. Lengyel, A,; Sz8ke, S.; Kovacs, S.; David, L.D.; Bacsné Baba, E.; Miiller, A. Assessing the Essential Pre-Conditions of an Authen-
tic Sustainability Curriculum. Int. J. Sustain. High. Educ. 2019, 20, 309-340.

4. Pintrich, P.R; Smith, D.AF.; Garcia, T.; Mckeachie, W.]. Reliability and Predictive Validity of the Motivated Strategies for Learn-
ing Questionnaire (Mslq). Educ. Psychol. Meas. 1993, 53, 801-813. https://doi.org/https://doi.org/10.1177/0013164493053003024.

5. Pintrich, P. A Conceptual Framework for Assessing Motivation and SRL in College Students. Educ. Psychol. Rev. 2004, 16, 385—
407.

6. Liu, M,; Horton, L.; Olmanson, J.; Toprac, P. A Study of Learning and Motivation in a New Media Enriched Environment for
Middle School Science. Educ. Technol. Res. Dev. 2011, 59, 249-265. https://doi.org/10.1007/s11423-011-9192-7.

7. Makani, J.; Durier-Copp, M.; Kiceniuk, D.; Blandford, A. Strengthening Deeper Learning through Virtual Teams in E-Learning;:
A Synthesis of Determinants and Best Practices. Int. J. E-Learn. Distance Educ.2016, 31, 1-16.

8.  Johnson, D.W.; Johnson, R.T.; Holubec, E.J. El Aprendizaje Cooperativo en el Aula; Barcelona, Spain. Paidds. 1999.

9. Lim, J.; Newby, T.J. Preservice Teachers’ Attitudes toward Web 2.0 Personal Learning Environments (PLEs): Considering the
Impact of Self-Regulation and Digital Literacy. Educ. Inf. Technol. 2021, 26, 3699-3720. https://doi.org/10.1007/s10639-021-10432-
3.

10. Lave, J.; Wenger, E. Situated Learning: Legitimate Peripheral Participation; Cambridge University Press: Cambridge, UK, 1991.

11. Al Hakim, V.G Yang, S.H.; Liyanawatta, M.; Wang, J.H.; Chen, G.D. Robots in Situated Learning Classrooms with Immediate
Feedback Mechanisms to Improve Students” Learning Performance. Comput. Educ. 2022, 182, 104483.
https://doi.org/10.1016/j.compedu.2022.104483.

12.  Baturay, M.H. Relationships among Sense of Classroom Community, Perceived Cognitive Learning and Satisfaction of Students
at an e-Learning Course. Interact. Learn. Environ. 2011, 19, 563-575. https://doi.org/10.1080/10494821003644029.

13. Vinoles-Cosentino, V.; Sanchez-Caballé, A.; Esteve-Mon, F.M. Development of the Digital Teaching Competence in University
Contexts. A Systematic Review. Reice Rev. Iberoam. Sobre Calid. Efic. Cambio Educ. 2022, 20, 11-27.
https://doi.org/10.15366/reice2022.20.2.001.

14. Castafeda, L.; Selwyn, N. More than Tools? Making Sense of the Ongoing Digitizations of Higher Education. Int. J. Educ. Technol.
High. Educ. 2018, 15, 22. https://doi.org/https://doi.org/10.1186/s41239-018-0109-y.

15. Diaz-Noguera, M.D.; Hervas-Gémez, C.; De la Calle-Cabrera, A.M.; Lopez-Meneses, E. Autonomy, Motivation, and Digital
Pedagogy Are Key Factors in the Perceptions of Spanish Higher-Education Students toward Online Learning during the
COVID-19 Pandemic. Int. ]. Environ. Res. Public Health 2022, 19, 654. https://doi.org/10.3390/ijerph19020654.

16. Bogdandy, B.; Tamas, J.; Toth, Z. Digital Transformation in Education during COVID-19: A Case Study. In Proceedings of the
11th IEEE International Conference on Cognitive Infocommunications—CogInfoCom, Mariehamn, Finland, 23-25 September
2020; pp. 173-178. https://doi.org/10.1109/coginfocom50765.2020.9237840.

17. Darling-Hammond, L.; Richardson, N. Teacher Learning: What Matters. Educ. Leadersh. 2009, 66, 46-53.

18. Cabero-Almenara, J.; Valencia-Ortiz, R.; Palacios-Rodriguez, A. Formacién Virtual En Tiempos de COVID-19. ;Qué Hemos

Aprendido? IJERI Int. ]. Educ. Res. Innov. 2022, 17, 14-26. https://doi.org/10.46661/ijeri.6361.



Sustainability 2022, 14, 14291 15 of 15

19.

20.
21.
22.
23.
24.
25.

26.

27.

28.

Aloizou, V.; Chasiotou, T.; Retalis, S.; Daviotis, T.; Koulouvaris, P. Remote Learning for Children with Special Education Needs
in the Era of COVID-19: Beyond Tele-Conferencing Sessions. EMI Educ. Media Int. 2021, 58, 181-201.
https://doi.org/10.1080/09523987.2021.1930477.

Carrillo, C.; Flores, M.A. COVID-19 and Teacher Education: A Literature Review of Online Teaching and Learning Practices.
Eur. ]. Teach. Educ. 2020, 43, 466—487. https://doi.org/10.1080/02619768.2020.1821184.

Ewing, L.A.; Cooper, H.B. Technology-Enabled Remote Learning during COVID-19: Perspectives of Australian Teachers, Stu-
dents and Parents. Technol. Pedagog. Educ. 2021, 30, 41-57. https://doi.org/10.1080/1475939X.2020.1868562.

Aditya, D.S. Embarking Digital Learning Due to COVID-19: Are Teachers Ready? J. Technol. Sci. Educ. 2020, 11, 104-116.
Keller, ] M. Development and Use of the ARCS Model of Motivational Design. J. Instr. Dev. 1987, 10, 2-10.

Yates, A.; Starkey, L.; Egerton, B.; Flueggen, F. High School Students’ Experience of Online Learning during COVID-19: The
Influence of Technology and Pedagogy. Technol. Pedagog. Educ. 2021, 30, 59-73. https://doi.org/10.1080/1475939X.2020.1854337.
Trujillo Saez, F. The School Year 2020-2021 in Spain during the Pandemic; Joint Research Centre, Luxembourg 2021.
https://doi.org/http://dx.doi.org/10.2760/729245.

Espinosa-Navarro, ].A.; Vaquero-Abellan, M.; Perea-Moreno, A.].; Pedrés-Pérez, G.; Aparicio-Martinez, P.; Martinez-Jiménez,
P. The Higher Education Sustainability before and during the COVID-19 Pandemic: A Spanish and Ecuadorian Case. Sustaina-
bility 2021, 13, 6363. https://doi.org/10.3390/su13116363.

Zotikovna Vlasova, E.; Viktorovna Goncharova, S.; Polikarpovich Barakhsanov, V.; Alekseevna Ivanova, E.; Aleksandrovna
Karpova, N.; Sergeevna Ilina, T.; Stepanovna Sysoeva, A. Digital Transformation of the Pedagogical Education in the Russian
Federation. Rev. Dilemas Contemp. Educ. Polit. Valores 2019, 7, 1-121.

OECD. OECD Multilingual Summaries TALIS 2018 Results (Volume I1). Teachers and School Leaders as Valued Professionals Resultados
de TALIS 2018 (Volumen II). Profesores y Responsables de Centros Educativos Como Profesionales Valorados; OECD, Paris, France: 2020;
Volume II.



	1. Introduction
	2. Literature Review
	2.1. The Influence of Motivation in Post-Pandemic Scenarios
	2.2. Collaboration in the Post-Pandemic Scenarios
	2.3. Self-Learning in Post-Pandemic Scenarios
	2.4. Digital Methodology in the Post-Pandemic Scenarios

	3. Materials and Methods
	4. Results
	4.1. Scenarios of Adaptation to Post-Pandemic Learning and Associated Competencies
	4.2. Discriminant Variables in the Classification of Scenarios of Adaptation to Post-Pandemic Learning and Associated Competences

	5. Discussion
	6. Conclusions
	7. Limitations
	References

