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Abstract: Online education due to COVID-19 confinement impacted the use of the Information and
Communication Technology (ICT) in Spain, where it was poorly implemented. The aim of this paper
was to inspect the methodological changes in Physics and Chemistry teaching during the confinement
as well as in the ICT use and the lockdown impact afterwards. For this purpose, an online survey was
administered by email to the Physics and Chemistry teachers of three provinces of Spain. Based on
the analysis, the most widely used methodology was the traditional one. Still, during the lockdown,
its use decreased, and others, such as the flipped classroom, increased significantly. Other adaptations
included increasing the use of virtual simulations and self-learning by the student. It can be outlined
the incorporation of new tools such as WebQuests, the smartphone, or online education platforms,
whose use has continued. The ICT was used for new functionalities such as evaluation or answering
student questions. According to the respondents, the lockdown had entailed that they strengthen
implementation of ICT. In conclusion, there have been changes that have remained in the Physics
and Chemistry didactic and in the ICT use due to the lockdown situation.

Keywords: educational technologies; digital technologies; teaching experiences; learning experiences;
pedagogy

1. Introduction

COVID-19 confinement caused an absolute rupture of the way life had been until then.
Everyone was forced to remain at home and significant changes had to be implemented in
order to minimize disruption on the economy and life. In this regard, education was one
of the affected areas since there was a huge shift, especially in primary schools and high
schools, from face-to-face teaching to online teaching.

Even if Information and Communication Technology (ICT) has a large presence in
the classrooms, it has been proven that they are not really used during the lessons [1].
Nevertheless, due to the confinement, its implementation was imposed.

The aim of this article is to acquaint the changes in the Physics and Chemistry didactic
due to the COVID-19 global confinement and its impact afterwards in the employed
methodologies and in the use of ICT. For this purpose, an online survey was administered
to the secondary teachers of Physics and Chemistry working in three provinces of Castille
and Leon, Spain.

For this purpose, first, the situation of the ICT in high schools in Spain was analysed,
as well as its main applications in the Physics and Chemistry didactic and the difficulties
encountered to implement them in the classroom. In addition, the use of the ICT during
the confinement is presented in the introduction. Next, the methodology employed is
described. Then, the results are analysed, and last, we present the the discussion and the
conclusions of the paper.
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1.1. Situation of the ICT in Spain and in High Schools

The proportion of high schools with Internet access and computers was 100% in Spain
in 2020. Moreover, 95.4% of households report to have an Internet connection and 91.3% of
people used it frequently, at least once a week [2].

During the 2018-2019 academic year, the number of students per computer was 2.9 in
high schools; 96.7% of the classrooms had an Internet connection, and 60.1% had interactive
digital systems. Besides this, 89.1% of the educational centres counted with a website.
Many centres, 45.4%, employed learning visual environments, which allow the interaction
of the students so that they can continue with the learning process, and 59.2% supplied
cloud services. Lastly, the mobile phone was used in 42.2% of high schools for younger
students, and 50.2% for the older students [3].

Hence, high schools in Spain account to have a good supply of technology as well
as Internet connection. Nevertheless, they were not that widely used, and the resources
employed were very limited, as explained in the following section.

1.2. Causes of the Low Implementation of ICT in the Classrooms

The application of ICT in education is very limited [4-6]. ICT is barely used in com-
parison to the presence they have in high schools [7]. Moreover, the supply of ICT in the
classroom has not meant almost any changes or adaptations in the teaching methodolo-
gies [5,8,9].

Some of the causes of this low use are the need of methodological changes in order
to integrate ICT into the classes, which take time; the adaptability of educators to change,
since they are comfortable with the methodologies they already know [10,11]; and the lack
of knowledge on how to implement ICT in their classes [6]. Other causes are the poor
formation of ICT tools and applications [9,11], together with the insecurities it generates or
the frustration when the exercises implemented do not have the expected outcome.

Because of that, the ICT are mainly used by means of the traditional methodology
for exposition or search purposes, and there is no real application of all the available
resources [1].

1.3. Main Applications of ICT in Education and for the Physics and Chemistry Didactic

Even if not frequently implemented, some of the most common applications of ICT
are short research on the Internet, and assignments and presentations with PowerPoint or
the virtual classroom [9,11]. Interactive digital boards are also employed [12].

As for the Physics and Chemistry didactic, other applications are the use of simulators
to illustrate phenomena, explanatory videos or measuring applications [11,13]. Never-
theless, there are a wide variety of methodologies or projects that could be implemented
by means of the ICT but there is no real place for them in most of the classrooms. Some
of them are the use of projects to research about everyday phenomena by implementing
the scientific method and the ICT [8] or the use of WebQuest to guide the student in
long projects [14].

Nonetheless, COVID-19 confinement necessitated the change from in-person to online
education, forcing the use of ICT and a total rupture with classic high school education.

1.4. Ict Use and Didactic during Covid-19 Confinement

The COVID-19 confinement led to a complete shift from face-to-face teaching to fully
online education in Spanish high schools from 12 March 2020 until the end of the academic
year (30 June 2020). Because of this situation, teachers had to adapt and transform their
didactic in order to perform online teaching [15]. Some of the taken measures were the use
of online environments, the creation of online content and the implementation of online
evaluation. It supposed a situation of huge learning of ICT tools by the educators. Online
platforms, such as Zoom or Classroom, were used in order to interact with students; new
materials, such as infographics, podcasts or applications, were also implemented, as well
as new activities [15].
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Besides these, there was a need to adapt the methodologies that had been employed
until then, since technology as the main educational resource had never been used be-
fore [16-18]. In terms of online education, active methodologies are considered as the
ideal ones. In them, the students are mainly responsible of their learning and they are
more autonomous. These methodologies include project-based learning or the flipped
classroom [19,20].

Thus, COVID-19 confinement entailed a completely new teaching situation, shifting
from in-person to online education. Because of that, new resources, applications as well as
methodologies should have been used during this period. Still, it demands the question
whether physics and chemistry teaching was really adapted or if the methodology changed
during that period.

1.5. Research Objectives

COVID-19 confinement should have led to a complete adaptation of the teaching
methodology as well as to the adoption of new ICT resources. Before the lockdown,
most educators implemented the traditional methodology with a very limited use of ICT
in their classes [1]. Nevertheless, in terms of online education, active methodologies
are recommended, and the education process must be implemented by means of the
ICT resources.

Hence, the aim of this article was to learn about the changes that the confinement
situation led to in the teaching methodologies and in the ICT tools being employed for
teaching. Moreover, it was of interest to study if these tools have remained in education
with the return of face-to-face education.

In more detail, the specific objectives were:

(i)  Researching the methodologies that had been used for the didactic before, during and
after lockdown.

(ii) Learning how ICT was used for the Physics and Chemistry didactic and how the
lessons were taught during confinement.

(iii) Learning about the changes that there had been in the ICT implementation in the
Physics and Chemistry didactic before, during and after confinement, as well as the
ICT tools and resources that had been implemented.

Once the objectives were defined, the research technique was chosen as described in
the methodology. For this purpose, an online survey was implemented and was answered
by Physics and Chemistry teachers in some of the regions of Castile and Leon in Spain.

2. Materials and Methods

In this article, a social investigation was implemented. In order to achieve the research
objectives, a self-administered online survey was designed and completed by secondary
school Physics and Chemistry teachers in the regions of Salamanca, Avila and Zamora in
Spain. This research technique was chosen so that the largest sample could be reached and
to collect the maximum number of responses. Hence, for this purpose, first, the survey was
created (Section 2.1), then, the data was collected by sending the survey access link to the
teachers via email (Section 2.2), and last, the responses were analysed (Section 2.3). The
phases of the whole research process are summarised in Figure 1.

2.1. Questionnaire Development

The questionnaire was designed based on the literature review and on the defined
objectives. Some of the questions from the survey were directly extracted or adapted from
similar questionnaires [4,11,21-25]. Besides this, the ICT tools, websites, platforms and so
on, asked on the questionnaire were the ones that are used in the high schools based on the
bibliography research.

The development of the questionnaire and the final drafting of the questions involved
different stages of refinement and correction. First, the topics to be covered in the survey
were determined. Then, the questions within each topic were drafted. Finally, the order of



Sustainability 2022, 14, 6754

40f18

each topic, and of the questions within it, in the questionnaire was decided. In the workflow
of the questionnaire, which is depicted in Figure 2, the question grouping can be seen.

Results and

Questionnaire development S
conclusions:

TR
| #78 responses
*3 provinces of
Castile and
Leon

*|CT situation in
Spain

Similar
questionnaires

¢ Problem definition

*Questions
redaction,
clustering and
corrections

*Sociodemographic
information
*Comparison of methodologies
*Didactic and ICT use DC
eImpact in the implemented
ICT tools and purpose of use

® Isttests
*Corrections

eInterface
implementation

qualtrics™ qualtrics Data

collection

Bibliography
research

=1

Figure 1. Phases of the research process. Abbreviations: DC, During Confinement; ICT, Information
and Communication Technology.

The final structure of the questionnaire was as follows: firstly, socio-demographic vari-
ables (e.g., gender, age, years of teaching experience, professional category; size of the high
school or province where the teacher worked, etc.) were included. Secondly, the questions
related to the methodologies that the educators implemented were presented. Prior to this
cluster, the methodologies were defined in order to ensure that all the respondents knew
what each methodology implies. Thirdly, they were asked about the didactic experience
during the confinement. This includes how the lessons had been implemented, what tools
they had used, what modifications had been made and so on. Subsequently, questions
related to changes in the use of ICTs—which ones they used and for what purpose—before,
during and after confinement were included. Finally, respondents were given the opportu-
nity to add additional comments on their experience during confinement. In contrast to the
other, close-ended questions, this last question was drafted in an open-ended format.

e
feted Population profile
Aenand
w High school characteristics
| | Definition of the methodologies

Ramification based on the device:

*Mobile phone version: Methodology questions
eComputer version: Methodology questions

E Teaching during confinement
ICT tools comparison (BC, DC and AC)

Figure 2. Questionnaire workflow and grouping of the questions that was done. Abbreviations: AC,

After Confinement; BC, Before Confinement.

Once that they were completely clear, the survey was created in Qualtrics applica-
tion [26], where different question formats, filters and logical conditions were implemented.
Besides this, two versions with different formats were generated to provide enhanced visu-
alisation depending on the device being used to response, either mobile phone, tablet or
laptop. The differences in the two versions of the questions (one for computers and the other
for mobile phones) that were created in the Qualtrics software are displayed in Figure 3;
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both the version prior to the adaptation and after are shown. Once the questionnaire had
been designed and implemented in the application, a pilot study was conducted. In this
pilot study, respondents were fellow students from the masters program that qualifies for
Secondary Education teaching in Spain [27].

Computer version

Indique con qué frecuencia ha utilizado cada una de las siguientes metodologias Hiif@ht8 e! confinamiento

Indique aqui la frecuencia

Nunca Con poca frecuencia Con mucha frecuencia
Metodologia tradicional
Précticas de laboratorio y experiencias de cétedra
Metodologia de aprendizaje cooperativo
Metodologia de aprendizaje con el mévil
Metodologia de gamificacion
Metodologia de aprendizaje basado en proyectos
Metodologia de aprendizaje basada en problemas

Metodologia de clase invertida / flipped classroom

Mobile phone version

Indique con qué frecuencia ha utilizado
cada una de las siguientes
metodologias durante el confinamiento

Metodologia tradicional -

Nunca

Con poca frecuencia

Con mucha frecuencia

Précticas de laboratorioy
experiencias de catedra

Metodologfa de
aprendizaje cooperativo

Before adaptation After adaptation

Figure 3. At the top, computer version of one question. At the bottom, mobile phone version of
the same question: on the left, before adapting the questionnaire to the device; on the right, after
adapting it to the device.

This pilot study allowed some questions to be revised and some response options to be
completed. Hence, the average response time for the complete questionnaire was estimated
to be 15 min, which was considered adequate. Once that the survey was completed and
corrected, it was sent to the target population sample.

2.2. Data Collection and Sample

The final developed questionnaire was sent to high school Physics and Chemistry
educators of the provinces of Avila, Salamanca and Zamora (Spain) by electronic mail.
It was also distributed to the high schools, asking for their collaboration in informing
and requesting the responses of the teaching staff of that department. In addition, fellow
students in the masters program were asked to send the questionnaire to their internship
advisors and to other teachers, since they were doing their internships in high schools by
that time. By doing so, it was aimed to reach the target population by several strategies in
order to achieve a large sample.

Based on the Castile and Leon Resolution of 8 April 2021 [28], the estimated population
of Physics and Chemistry teachers is 164 for the three provinces, counting private and
public high schools. In order to answer the survey, some conditions were required: first,
having been informed about their data being used only for the study; second, having
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accepted the research conditions; and, third, being a Physics and Chemistry teacher in the
provinces of Avila, Salamanca and Zamora. Since the survey was completed by 78 teachers
who accomplished the imposed conditions, and considering the population indicated in the
aforementioned resolution [28], almost 50% of the total population was reached. However,
not all teachers taught at all three points in time. Some people retired during this time and
were replaced by others. It is not possible to calculate the achieved sample reliably as we
have not been able to access a sample census that includes teachers who did teach at all
three points in time.

2.3. Data Analysis

Data was registered in the Qualtrics platform. Afterwards, both the platform, with its
reports tool, and Microsoft Excel were used to analyse the responses.

The conducted study of the results was mainly descriptive so as to inspect the changes
in the methodology due to the confinement and its impact on the use of ICT.

3. Results

The results were clustered into four different categories: the first one referred to the
population profile (Section 3.1); the second to the methodological changes implemented
because of the confinement (Section 3.2); the third one about how the didactic was during
confinement (Section 3.3); and the fourth one showing the evolution in the employed ICT
tools and how they were used (Section 3.4).

3.1. Sociodemographic Information

There were in total 78 investigation respondents that continued until the end of the
survey. Among them, most were women, accounting for 60.26%. In terms of age, only
6.41% were younger than 30 years old; 71.4% of the sample was older than 41 years, with
the largest group of age being between 51 and 60 with 35.9% of the responses. Even if the
sample was of advanced age, 25.32% accounted with less than 5 years in teaching. Hence,
most of them started teaching after the age of 25.

A total of 58.23% of respondents taught in municipalities larger than 25,000 residents,
so most of them worked in big areas rather than small villages. Then, 80.52% of the sample
was employed by the public sector, with 69.35% having a permanent position. The centres
accounted with 201 students or more in 74% of the cases; and in 62.47%, there were at least
401 students. Hence, the teachers taught in larger high schools. The most reduced class had
less than 15 students for 61.54% of the respondents, and their largest class had between 16
and 25 students for 69.23%.

In terms of ICT media, most teachers (63.64%) taught in centres where there were 1
or 2 IT rooms, and 35.06% where there were 3 or more. Only in 1.30% of the centres were
there no IT rooms. Besides this, in 71.9% of the cases all the classrooms had a projector and
a computer; in 25.64% these were only available in some classrooms; and for 2.56% they
did not have them available in the classrooms.

3.2. Comparison of the Methodologies Employed before, during and after the Confinement

The methodologies were compared in two different ways. Firstly, by asking the fre-
quency in which they were used (never, little/low frequency or much frequency). Secondly,
by the methodology that was employed the most during their lessons. In both cases,
the question was posed for the three periods of time: before (BC), during (DC) and after
confinement (AC). In Table the percentage of teachers and the frequency (“never” in the
central column and “very frequently” in the right) at which they used each of the teaching
methodologies is depicted for the three periods of time. This evolution can be observed
graphically in Figure 4, which displays the percentage of teachers that “very frequently”
employed each methodology before (BC), during (DC) and after (AC) the confinement,
as well as in Figure 5, which shows the percentage of teachers who “never” used each
methodology before (BC), during (DC) or after the confinement (AC).
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For the first comparison, there was a significant change in the methodologies that were
employed very frequently from before to during the confinement. More specifically, the
traditional methodology passed from 90.4% of the teachers employing it very frequently
(BC) to 47.2% (DC), as shown in Figure 4. The mobile learning methodology increased from
7.0% (BC) to 35.3% (DC) of the survey respondents that used it with much frequency before
and during the lockdown. Moreover, the flipped classroom rose significantly from 1.4%
(BC) to 33.8% (DC). The same observation can be made in terms of the methodologies that
were never used before and during the confinement, since the percentage of respondents
that never used the mobile learning and flipped classroom methodologies decreased from
BC to DC.

100.0%
90.4% 91.7%

90.0% Before During — m After
80.0%
70.0%
60.0%

50.0% 47.2

32.4%
32.9%338%  33.8%

Percentage (%)

40.0% 35.3%
31.5%

30.0%
23.2%

20.0%
14.1%

7.5% 10.1% 7.5% 11.8%

= 0B B wn e e
I I 1.4% I
0.0%
Traditional Practical  Cooperative Mobile  Gamification  Project Problem Flipped
experiences  learning learning based based classroom
and learning learning

laboratory
sessions

Methodology

Figure 4. Percentage of teachers that employed very frequently each methodology before, during
and after the confinement.

The fact that these methodologies (mobile learning and flipped classroom) started to
be used during confinement had an impact for the period afterwards, since it decreased the
percentage of teachers that never employed them from 57.7% (BC) to 44.9% (AC), and from
71.4% (BC) to 63.2% (AC), respectively, as depicted in Figure 5.

In terms of the most used methodology, from before, during and after the confinement,
there were also some changes, as detailed in Figure 6, similar to the aforementioned. Hence,
before confinement, the most used methodology was the traditional (83.8% of respondents).
Then, during confinement, this methodology decreased to 37.3% of the teachers using it
predominantly, and others, such as mobile learning and flipped classroom, increased to
22.4% (DC) and 20.9% (DC) of educators using it the most. After the confinement, the
implementation of the new methodologies decreased again to their original values, and the
traditional one was again the most employed methodology with 86.8% of the responses.

3.3. The Didactic of Physics and Chemistry during the Confinement and ICT Use

A total of 98.55% of the respondents considered that they had adapted the methodology
during the lockdown. Besides this, 71.69% stated that they had kept these changes afterwards.
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80.0%

70.0%

60.0%

50.0%

40.0%

Percentage (%)

30.0%

20.0%

10.0%

0.0%

68.1% 68.1%

57.7%

43.3%

B s 19.7%

13.9%

44.9%
33:|
|

Before During  ® After
71.4%
63.2%
59.7% 60.3%
56.3%
53.5% 94-4%
51.5%

Project Problem Flipped
based based classroom
learning learning

4.1%
1.4% p-8%
Traditional Practical Cooperative  Mobile  Gamification
experiences  learning learning
and
laboratory
sessions Methodology

49.3
35.3%
‘38.2%
31.4%

Figure 5. Percentage of teachers that never employed each methodology before, during and after
the confinement.

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

Percentage (%)

40.0%

30.0%

20.0%

10.0%

m Traditional |0

Practical experiences and laboratory sessions )\

Cooperative learning

83.8% W Mobile learning L

W Project based learning D

M Problem based learning ;‘é

Flipped classroom < S

[

o
<
i
N

s

= P\ ——
EC 59% ——

0.0% 0.0% . 0.0%

Before

During

Moment

[

86.8%

i

8.8%

29% — E
5% 0.0% 0.0% . 0.0%

After

Figure 6. The most used methodologies before, during and after the confinement.

In Figure 7, some of the methodological changes that took place during confinement are
shown, and presents if their implementation was decreased, increased or remained the same.
Among the implemented changes, 56.72% increased the amount of student assignments,
and 61.76% the student autonomous learning. Moreover, the use of virtual simulators and
PowerPoint presentations increased for 65.67% and 64.71% of the respondents respectively.
The participation of the students during classes was decreased for the case of 53.73% as
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well as the number of exposition lessons by the teachers, for 42.65% of the educators. Still,
there was 48.53% of them that kept the exposition as before confinement. The percentage
of respondents that used the cooperative learning in the same proportion was 56.92%. All
the detailed data can be found in Figure 7. Thus, the use of virtual simulators, PowerPoint
presentations, autonomous learning and student assignments increased the most, and the
participation of the students, the exposition lessons and the interaction with the students
decreased the most.

M Decreased Same Increased

Importance of cooperative learning _ 56.9% 9.2%

Number of student assignments I 37.3% 56.7%

Student autonomous learning - 23.5% 61.8%

Interaction with the students _ 29.4% 33.8%
Student participation during the lessons _ 38.8% 7.5%
Expositive lessons by the teacher _ 48.5% 8.8%

Methodological changes

Use of virtual simulators 1}% 32.8% 65.7%

Use of PowerPoint presentations 1.4% 33.8% 64.7%

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%
Percentage (%)

Figure 7. Methodological changes that took place during confinement, either their use was decreased,
increased, or remained the same.

In terms of the exposition lessons, they were performed with spoken explanations in a
virtual platform by a majority, 43.48%. A total of 20.29% used PowerPoint or similar tools,
18.94% uploaded notes to the platform, 7.25% employed their own videos and the 4.35%
used mostly the book.

In order to solve exercises and problems, most of them did them virtually live, ac-
counting for 47.83%; next, 36.23% of the teachers uploaded the solutions to the platform so
that the students could ask questions; lastly, 13.04% gave the exercises with no solutions, so
the students asked about the ones they did not manage to solve.

3.4. Evolution in ICT Tools Implementation before, during and after the Confinement and How
They Were Used

In terms of the implementation of ICT, there was an increase in their use for each of
the methodologies after the confinement, as shown in Figure 8.
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Before After
59
60 57
50 47
39

40
-
5 32
o
© 30 26 26

23 2 23 2 24 24
19
20 17 16
10
0
Traditional Practical  Cooperative Mobile  Gamification Project based Problem Flipped
experiences  learning learning learning based classroom
and learning
laboratory
sessions

Methodology

Figure 8. Number of teachers that used ICT for each methodology (from a total of 78 responses).

For this section, the respondents were asked to answer at which time period they had
used any of the tools. These periods of time could be that they had implemented them
before, during and/or after the confinement. Moreover, they could indicate if they had
been using them for the three time periods: BC, DC and AC, as shown in Figure 9.

Internet blogs

Their own blog

Virtual learning platform

Genially

Mobile phone

Online games

ICT tools

Virtual simulators

WebQuest

Videoconference platforms

Internet searchs by the student to do assignments
Excel or similar

PowerPoint by the student

PowerPoint by the teacher

0.0%

(from a total of 78 responses).

9.0%
6.4%
42.3%

9.0%

19.2%

19.2%

47.4%
7.7%

9.0%

33.3%
35.9%
55.1%

20.0% 40.0%

Percentage (%)

60.0%

65.4%

80.0%

Figure 9. Percentage of teachers that employed these ICT tools before, after and during confinement
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The respondents had been using mostly Internet for students’ research assignments,
PowerPoint and virtual simulators, with more than 45% each. The least used were Genially,
having their own blog, WebQuest and videoplatforms, as shown in Figure 9.

During quarantine, the largest differences in implementation were for the video
platforms (almost 70% of the teachers), then the virtual education platform, the mobile
phone and then WebQuests, with at least the 25% of the respondents starting to use them, as
depicted in Figure 10. After confinement, the ones that continued to be implemented in the
highest number were the video platforms, the virtual education platform and WebQuest.
Their use continued after the lockdown but in lower proportion.

70.0% 66.7%

60.0%

50.0%

40.0% 37.2%
34.6%

32.1%
30.0% 26.9%

Percentage (%)

20.5%

20.0%
4% 11.5%

11.5%
9.0% 5.1%

10.0% 26%  2.6%
5.1%| 2.6% 26%
i [ 300 26% 1.3%
=7 0% 0%0%*0%
0.0%

Before

PowerPoint by the teacher
M Excel or similar
M Videoconference platforms
M Virtual simulators

Mobile phone

During

Moment

PowerPoint by the student

T% | 71.7%

After

3.8%

M Internet searchs by the student to do assignments

B WebQuest
Online games

Genially

M Virtual learning platform M Their own blog

Internet blogs

Figure 10. Percentage of teachers that employed the ICT tools at each time period: before, during or
after confinement (from a total of 78 responses).

The simulators and websites that had been employed the most for the three time
periods were Educacyl (Castile and Leon educational platform) [29], Educaplus [30] and
Phet simulator [31] (both websites with educational simulators), with more than 30% of
educators stating that they used these. During confinement, the most implemented website
for new users was Educacyl (20% of the teachers), and most of them kept with it afterwards.

The most employed ICT resources during the whole period were the interactive
resources and the YouTube videos, both with 55% of users. The least used was the Podcast.
During confinement, 20% and 17% of respondents started using YouTube and the interactive
resources, respectively, and most kept them afterwards.

In terms of the finality, the most common uses are depicted in Figure 11. It depicts
the percentage of teachers and the purpose for which the ICT were used before, during
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and after confinement. Hence, the ICT had been used at all times to present the lessons by
means of PowerPoint and use of online resources, with 46% of responses. The least voted
purposes were creating materials and online activities.

Using online resources (intranet, education platforms,

. 46.15%
virtual class, ...)

Creating online activities (websites, WebQuest, ...) 16.67%

Presenting the lessons with PowerPoint or other
47.44%

@ audiovisual media

2

5 Creating videos or online materials (e.g. presentations) 37.18%

o

-

8] . . ) -

= Solving doubts with electronic applications 32.05%
Evaluating with electronic media 30.77%

Requesting homework and activity by means of their own

. 41.03%
blog or education platform ’

0.00% 10.00% 20.00% 30.00% 40.00% 50.00%
Percentage (%)

Figure 11. Percentage of teachers and the purpose for which the ICT were used before, during and
after confinement (from a total of 78 responses).

During confinement, ICT started to be used for new functionalities and many of them
continued. In Figure 10, it can be seen the number of teachers and the purpose for which
the ICT were used BC, DC or AC. Some of them were resolving questions, evaluating, using
online resources and asking for assignments with at least 32% of responses there.

During lockdown, the main implemented tools for video conference were Microsoft
Teams (74.63% of the respondents); followed by Meet, with 14.93%; Zoom and Skype.
Currently, 75% of respondents continued using them after confinement. In order to com-
municate with students, Microsoft Teams was again the favourite platform, with 50.75%
of educators using it during confinement; then Moodle and email, with 20.90% for each
during confinement. Their use was kept by 91.18% of respondents afterwards. To upload
or send materials to the students during confinement, 44.12% employed mainly Microsoft
Teams; 20.59% Moodle; and 19.12% via email. The two latter applications had been used
at all time periods to upload materials and to communicate with the students, accounting
with more than 40% users among the respondents. However, during lockdown, these tools
started to be implemented as well for evaluation, delivery of assignments and exercises,
communication with the students and uploading materials, ranging from 51% to 30% of
the respondents respectively for the DC period. Many of them continued to use these tools
for these purposes upon the return to classrooms.

A total of 89.39% of the respondents consider that the lockdown had entailed that
they implement more the ICT afterwards. In terms of the main learning during this
period, 46.27% responded that they learned new resources and ICT tools; 22.39% new
methodologies and didactic options; and 22.39% that they improved their abilities with
the ICT.

Last, some respondents stated that because of confinement, the differences in ICT re-
sources in the centres were visible, since, while in many centres they were totally instituted,
in others had not almost been used. Moreover, remarkable differences were appreciated
between the rural and the city centres. In terms of the main difficulties encountered, they
mentioned the students’ low implication and the great effort they had to make, which led
to new learnings. Others responded insisting on the importance of in-classroom education.
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4. Discussion

The present article has allowed to analyse the methodological changes in the Physics
and Chemistry didactic that were implemented because of the COVID-19 confinement and
the situation afterwards. Besides this, the implemented ICT tools and the use made of
them has also been inspected for the time periods before, during and after the confinement.
Hence, this paper has permitted to compare the didactic for the three periods of time,
including the impact on the use of the ICT after the confinement. This contrasts with
many of the previously conducted research, since, to the authors’ knowledge, investigation
has focused on the experiences before and during lockdown, but the didactic situation
afterwards has not been specifically inspected [32-34]. In addition, the specific employed
methodologies have been assessed. Thus, by means of this research the truthful impact of
the quarantine in the Physics and Chemistry didactic can be evaluated with the return to
face-to-face education.

Based on the questionnaire, most of the high schools reported to have good ICT
equipment, with 71.74% of them having a computer and a projector in each classroom.
The most employed methodology is the traditional one; even if its use decreased during
the confinement situation, it was again implemented with the return to classes. As seen,
the presence of ICT has not led to significant changes on the didactic and the traditional
methodology is still the most employed, as already exposed by [5,8,9]. Moreover, as shown
in Figure 8, the ICT were mainly implemented by this methodology. This also stays in line
with the European Commission Survey of schools [1], as it was stated that the ICT were
mainly used by this methodology for exposition, search purposes or the use of the virtual
platform [9,11]. This is also confirmed by the findings made on this survey (Figure 10). In
addition, for the didactic of the Physics and Chemistry subject, other common uses of the
ICT were virtual simulators or explanatory videos [11,13], which were also very common
uses according to this survey.

Nonetheless, during the lockdown, there were some significant changes for the imple-
mented methodologies as well as the ICT tools and functionalities being used.

During the lockdown, methodologies such as the mobile learning and the flipped
classroom were favoured, and they started to be used at this period. Although the frequency
of use decreased after the lockdown, it has risen in comparison to the situation before
lockdown, as depicted in Figure 5. Hence, during confinement, more active methodologies
were employed (Figures 4 and 6). The increase of the active methodologies and autonomous
learning shown in this study matches other studies performed in terms of the didactic
during confinement [35,36]. The fact that the autonomous learning of the student was
favoured during this period can also be observed in Figure 7. As shown in Figure 5, the
Practical experiences and laboratory sessions were very much affected DC, since they were
never employed at much higher rates than BC or AC. This stays in line with other studies,
where it was seen that the amount of experiences decreased DC, but the impact afterwards
was not evaluated [32]. Still, there are papers where the teachers’ effort to continue with
the practical experiences are visible and their implementation DC is described [33,37-39].

Only 56% of the respondents were familiar with all the mentioned methodologies,
remarking that there is a large lack of awareness on new methodologies. On the other
hand, 99% considered that they adapted their methodology during confinement and 71.72%
has kept these changes. Besides this, the number of teachers that use the ICT for each
methodology has increased from before to after, as depicted in Figure 8.

During confinement, the theoretical lessons were taught mostly by verbal explanations
in a virtual platform, by PowerPoint or by uploading notes. In order to solve exercises,
most of them either solved them live online or gave the solutions. Furthermore, the use of
virtual simulators, PowerPoint presentation, the autonomous learning of the students and
the number of assignments increased. The participation of the students and the interaction
with the students decreased as well as the amount of exposition lessons (by 42.65% of
respondents); however, there was a high percentage that kept them the same (48.53%) as
depicted in Figure 7. These results agree with previous studies, where the video conference
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or the individual activities with live corrections played a role during confinement [35,40-42].
There have been other studies where the role of computer simulators and PowerPoint
presentations during lockdown has been shown [34,42,43] as in this study.

Because of quarantine, some of the ICT tools incorporated and whose use has con-
tinued afterwards were video-conference platforms, education portal, the mobile phone
and WebQuest, as shown in Figure 9. In addition, some of the new purposes for which ICT
were used during confinement and that have continued were PowerPoint presentations,
website materials, answering questions, evaluation, and homework assignment as depicted
in Figure 12. According to the present study, the most used platform was Microsoft Teams,
followed by Moodle. In this aspect, in terms of the preferred platforms, there is a wider
variety of results over literature. According to some papers, the most used platforms were
Moodle or Google Classroom in Spain [43], with Google Classroom being favoured if they
were public employees, while others claimed it to be Classroom and Meet in Spain [44,45],
or Zoom and Google Classroom as the most mentioned platforms according to a COVID-19
paper review [46]. In terms of communication with the students, there are again more
dissimilar results. For instance, in Castile and Leon, the preferred platforms were Teams
(by 50.75%), followed by Moodle and email (with 20.90%). Nevertheless, according to other
studies, email [35,47] or Meet [44] were the most widely used tools for communication.

60%

50.0%

50%

N
o
x

Percentage (%)
w
o
X

20%

10%

1.3%
0% _—

Before During After

Moment
Requesting homework and activity by means of their own blog or education platform
Evaluating with electronic media
M Solving doubts with electronic applications
M Creating videos or online materials (e.g. presentations)
B Presenting the lessons with PowerPoint or other audiovisual media
H Creating online activities (websites, WebQuest, ...)

Using online resources (intranet, education platforms, virtual class, ...)

Figure 12. Percentage of teachers and the purpose for which the ICT were used before, during or
after confinement (from a total of 78 responses).

It is remarkable that 89% of the respondents considered that, due to confinement,
they currently employed more frequently the ICT. This was also the case in other studies
where it was stated that the teachers were planning to continue with the ICT use [32,44,48].
Moreover, all of them had some learning because of the lockdown, either related to the
methodologies, the ICT tools and possibilities or their ICT abilities. Many of them remarked
that they acquired big learnings because of this situation. As stated by [6,9-11], some of
the causes of the low use of the ICT in the classes were the teachers’ low formation in ICT
tools and applications, in how to implement them, and that they were comfortable in the
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methodologies they used. Hence, thanks to these new learnings, the situation might be
reverted in the coming years as the importance of being formed and prepared for the ICT
implementation has been proven. According to literature, during confinement it has been
seen that the teachers lack knowledge on the ICT use [32], whereas, in another study [49],
the teachers claimed to have a medium level of knowledge in ICT according to their own
perception. Other papers have also noted the learning of the educators with regard to this
situation, and they have pointed out the need of formation plans and training for them in
these technologies [40,42,43,47,50].

Moreover, by means of the last open-ended question, the respondents pointed out the
noticeable differences between centres, the urban and rural areas, the low implication of the
students, and the great effort they made. These differences must also be tackled since the
digital divide can have a great impact on the education of the students as shown by several
studies [48,51,52]. Other concerns reflected by the respondents (such as the low implication
of the students) have already proven to have impacted on the students’ results according to
conducted research [53-55], where it has been shown the lower performance levels (with a
decrease in Maths or Physics and Chemistry) as well as the influence of excessive parental
participation during confinement.

Limitations and Future Work

The main limitation of the current study is the fact that the sample that responded the
questionnaire was not very large since they had to accomplish the conditions that they had
been teaching Physics and Chemistry before, during and after the confinement in specific
provinces of Castile and Leon. Hence, they had to have been active for a period of time and
to continue working by the time they responded. Consequently, only a descriptive analysis
of the data collected has been carried out.

Future lines of work should include the extension of the study population and, there-
fore, of the sample. It could also be convenient to incorporate all the provinces of the
selected Autonomous Community or even implement a nationwide study. Furthermore, it
would be appropriate to carry out a bi-variate analyses that would allow to determine, for
example, whether the location of the workplace in rural areas influences the implementation
of ICT tools or not.

On the other hand, based on this and other analyses, recommendations could be
made to improve the training of educators in ICT and methodologies. This could also
be of special interest to the universities teaching the masters program that qualifies for
Secondary Education teaching in Spain and that aims to adequately prepare students and
future educators. In this aspect, there have already been papers making recommendations
about how to evaluate, virtualise the lessons, train the teachers in ICT, or other pedagogical
suggestions [50].

5. Conclusions

In conclusion, this study has allowed to inspect the changes that the confinement has
supposed in the Physics and Chemistry methodology as well as in the ICT use and in the
purpose for which they were employed. Moreover, how the lessons were implemented
during the quarantine has been evaluated. Based on the results, recommendations and
measures could be proposed for future situations. Thus, it has been concluded that, during
the lockdown, the traditional methodology was less employed while others, such as the
mobile learning and flipped classroom methodologies, were implemented more frequently.
With the return to the classrooms, the traditional methodology increased again and, even
if the implementation of the introduced methodologies decreased, it has increased in
comparison to the initial situation. In terms of the ICT tools, it must be outlined the
importance of the virtual platforms and education websites during and after lockdown,
being Microsoft Teams the most widely used. Moreover, the ICT were applied for new
purposes (such as evaluation). All the survey respondents considered that they had
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acquired some knowledge and 89% stated that they had increased their use of the ICT due
to the lockdown situation.
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