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Abstract: Information and communication technologies (ICTs) are key to create sustainable higher
education institutions (HEIs). Most researchers focused on the students’ perspective, especially
during the online teaching caused by COVID-19; however, university teachers are often forgotten,
having their opinion missing. This study’s objective was to determine the factors that contribute
to the inclusion of ICTs. The research based on a comparative study through an online qualitative
survey focused on the inclusion and use of ICTs in two HEIs and two different moments (pre- and
post-lockdowns). There were differences regarding country and working experience (p < 0.001), being
linked to the ICTs use, evaluation of obstacles, and the role given to ICTs (p < 0.05). The COVID-19
caused modifications of the teachers’ perspectives, including an improvement of the opinion of
older teachers regarding the essentialness of ICTs in the teaching process (p < 0.001) and worsening
their perception about their ICTs skill (p < 0.05). Additionally, an initial model focused only on the
university teachers and their use of ICTs has been proposed. In conclusion, the less experienced
university teachers used more ICTs, identified more greatly the problematic factors, and considered
more important the ICTs, with the perception of all teachers modified by COVID-19.

Keywords: education; ICTs; university teachers; sustainability; e-learning; pre- and post-lockdowns

1. Introduction

Information and communication technologies (ICTs) have taken more than thirty-
years [1] to be included and integrated into the daily life of individuals [2]. These tech-
nologies have achieved unprecedented inclusion and utilization, spreading to all fields
in society [3-5]. The mass production and availability of ICTs have provoked modifica-
tions in social structures, from people’s social networking to the educational systems [3,6].
The educational field has experienced a significant variation with the inclusion of ICTs,
applying a wide range of tools, from drones, for the explanation of theoretical ideas [7,8],
to virtual learning environments and virtual realities [9-12]. These tools and multidisci-
plinary structures have given more flexibility, adaptability, and dynamics to the education
system [4,13,14]. The educational structures tend to include ICTs with a higher compliance
capacity, accessibility, and end-user attractiveness. Additionally, the utilization of virtual

Sustainability 2021, 13, 6363. https:/ /doi.org/10.3390/s5u13116363

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-0602-317X
https://orcid.org/0000-0002-3196-7033
https://orcid.org/0000-0002-2940-8697
https://orcid.org/0000-0002-8680-5250
https://doi.org/10.3390/su13116363
https://doi.org/10.3390/su13116363
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13116363
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13116363?type=check_update&version=4

Sustainability 2021, 13, 6363

2 0f 22

realities via mobile devices and headsets is increasing, as they allow the immersion and
acquiring of theoretical or practical skills [15-17].

However, all these technologies force the teachers of any educational level to know-
how they are used, and of their benefits and shortcomings. Therefore, the teachers must
adapt their profile, training, and abilities to fully integrate and utilize the ICTs in their
teaching process and with the students [18-21]. It seems that the majority of authors have
focused on elementary or middle educational levels, where the teachers needed to have
technological and pedagogical abilities [22-24]. Nevertheless, these skills do not have to be
presented among the university teachers, from lectures to professors [18,25,26]. According
to Garcia, although the inclusion of ICTs in higher educational levels, i.e., postgraduate
studies, as educational innovation is a reality, this integration jeopardizes the quality of
education when the university teachers have not received training about the ICTs and the
teaching process [20]. In mid-2020, the pandemic of COVID-19 forced the higher institutions
(HEISs) to include several ICTs and to move to online teaching, trying to guarantee the
continuity and quality in their teaching process [27,28]. This shift to an online learning
experience, also known as e-learning, caused the inclusion of different technologies, such
as Zoom, Cisco, or Blackboard Collaborate, despite the teachers’ skills and capacity to use
them [10,29,30]. These modifications along the academic course and, of course, between
countries or even regions can delimit the students’ learning process [31]. Additionally,
teachers have been forced to transform their teaching materials to an online format with
little or no training or minimal prior practice [27,29]. Most teachers from HEIs were far
from being prepared for the shift to a virtual teaching-learning environment [27,29,32].
These constant adjustments regarding virtual teaching have been complex, as there was no
standard paradigm and the tools were changing as time passed [10,30].

2. Theoretical Background
2.1. Sustainability, Education, and ICTs

Education plays a significant role in sustainability since it is the primary means
to teach future generations, known as education for sustainability [33]. The education
for sustainability focused on providing abilities and capacities for the citizens, so long-
term sustained societies are possible [34]. This concept, created 30 years ago, focused
on providing future inhabitants with knowledge and skills, so people are active agents
in society’s continuity and balance [35-37]. Moreover, quality education is essential for
sustainable development in all levels of society since through it, the transformation of
society is possible [36,38]. It is vital to reorientate education to develop knowledge, skills,
values, and conduct to develop a sustainable society. These students will be significant
agents to create and resolve the current challenges that the world faces, such as climate
change, hunger, and social inequalities [33,39].

In this sense, the rapid growth of technological innovations has been welcomed as
an unprecedented opportunity to address these social issues [40—42]. Teaching students in
sustainable development requires that the teachers and systems are adapted to students’
needs, teaching level, and modifications inside the society [37,43]. The younger generations
are active users of social media, technologies, and mobile apps [40,44], implying that the
systems and teachers need to include these technologies to appeal to these new generations
to achieve the different skills needed in a sustainable world [45,46]. Several authors and the
United Nations Educational, Scientific and Cultural Organization (UNESCO) have stated
that sustainability needs to create interactive physical or virtual environments to promote
quality education [33,38,39,43,47].

Moreover, UNESCO promotes ICTs as an asset to achieve Sustainable goals in different
countries and emphasizes the South Hemisphere [39]. Despite the differences between
developed and developing countries regarding incomes, the educational systems rely on
the European countries’ same structures [48-50]. An example would be Spain and other
South American countries, like Ecuador, based on the same structures, laws, and principles
cemented in the first legislation and created universities. Therefore, using or utilizing ICTs
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could not be significantly different from Institutions with similar roots [48-50]. Because the
ICTs have a crucial role in education from a sustainable perspective, most countries have
integrated them into educational environments [33]. All these measurements also focused
on creating sustainable institutions or green universities, with the idea of implementing
and creating sustainable policies [51,52].

However, environmental education is constantly changing because of social, political,
or cultural modifications [47,53]. One significant change in the year 2020 was the pandemic
of COVID-19, which spread throughout the world and obliged the governments to suspend
all non-essential work, including teaching [10,29]. Especially at that moment, for the
education system, there was a need to train the teachers in all levels to include the ICTs
and virtual education [21]. Such interactive technologies promote students’ active learning,
allowing their growth and independence training, and further creating networks and
collaborations, among others, to solve problems [6]. Due to the relevance of their role, most
studies focused on the technologies and forgot about the teachers, especially in HEIs [31,54],
whose role is to create the learning and teaching environment. Nevertheless, there are still
missing data about university teachers’ perspectives and most ICTs or their skills to create a
sustainable educational system and achieve a sustainable environment [22,23,36]. Therefore,
in order to fully integrate the ICTs in the educational system for sustainability [53], it is
necessary to understand the current difficulties better, the participants and willingness of
the active agents, i.e., teachers, and the role of COVID-19, as an outside factor that obliged
the integration [27,55].

2.2. Education, ICTs, and COVID-19

The pandemic of COVID-19 obliged countries worldwide to suspend face-to-face
teaching, moving to online classes [33], putting at risk the achievement of the expectation
for education according to the Goal Of Sustainability [33,38,39].

Most countries lacked resources for teachers and technological tools [56], which
created difficulties for the continuation of education, its quality, and the creation of a
sustainable environment [27,55]. These differences between countries were present in
different continents, such as Latin America or Europe [57,58]. The report from UNESCO
about education in Latin America indicated that among the countries with more resources
and the possibility of live classes through online distance learning modalities were Bahamas,
Costa Rica, Ecuador, and Panama. However, the government did not provide technological
devices. Additionally, other Latin countries provided technical training to the teachers
or further support [57,59]. For instance, the Ministry of Education of Ecuador launched
a self-learning course for teachers called My Online Classroom [60]. This same Ministry
created and implemented the “Plan of COVID-19”; through this plan, the government
wanted to guarantee the educational service during the phases and scenarios of health
emergency; support the educational community in prevention; and provide protection and
emotional support to teachers, parents, and students [58].

In Europe, the European Union put a united front to change to online teaching [61];
however, there was a lack of digital resources described as essential and widely used by
the different governments to cope with this switch [62]. The different organizations around
Europe have created and made available courses for training the teachers. Nevertheless,
each country has put online teaching differently, including different distance learning
modalities and resources for the teachers [63]. In the case of Spain, different reports have
indicated that COVID-19 has increased the inequalities of equipment and preparation that
exist between families, centers, and teachers. Moreover, Spain is an example of relegating
the educational policies to focus on health measures; this country presents much more
disparity because of diversity between territories [64]. Meanwhile, Spanish researchers
have highlighted how the use of ICTs has negatively impacted teachers” health and how
the students considered that the university teachers were capable and could change from
face-to-face to online education [65,66]. Although few studies and reports have focused on



Sustainability 2021, 13, 6363

40f22

the university level [28,67,68], the implementation of online teaching was carried out in
some scenarios without training, resources, or skills, implying longer hours of working [69].
Despite the possible differences between countries or regions, Feyen indicated that
the issue with COVID-19 was the pressure that the teachers at all levels may feel stress
or experience some emotional distress. This stress was based on the estimation that the
working hours per week with ICTs increased 20 h, being higher depending on the type
of contract, working experience, age, or the country [69]. Nevertheless, these factors or
comparisons between countries with similar structures or roots, such as Ecuador and Spain,
with comparable ICTs and teachers’ skills, have not been studied (Table 1) [49,70,71].

Table 1. Differences between Spain and Ecuador.

Differences Ecuador Spain

Incomes Low-medium incomes High incomes

(108.4 million in 2018) (1.419 billons in 2018)

. . H1gher Education La.w of 2010 Organic Law 6/2001, from
Dynamic transformation to improve education and
December 21
research
Number of public/private 33 public/26 privates 50 public/32 privates

institutions

Following the comparison between these two countries, fewer studies are available
for understanding the Ecuadorian education changes caused by COVID-19 [60,72,73]. In
Ecuador, recent researches have focused on the mental health of Ecuadorian students
focusing on the pressure and impact of using ICTs [72], resources available at the time [60],
and the experience of the teacher [72]. In Spain publications, researchers have focused on
students’ perspectives regarding the change to the education, use of the ICTs, and only
little has included the teachers’ point of view [28,65,67,72,74]. One Spanish research had as
participants the university teachers training the future teachers from elementary schools,
although the objective was to evaluate the impact of ICTs on the teaching process [75].

Moreover, few studies have been based on intercontinental analysis [76-78], with
only two publications studying Ecuador and Spain [77,78]. Said-Hung et al. [76], in
an Ibero-America study with a sample of 700 participants from six countries, including
Spain, indicated that the perception of the teachers and students depended on individual
variables, such as previous experience in virtual environments or the average number of
daily hours devoted to the activities, and using ICTs. Meanwhile, Tejedor et al., analyzed
the perspective of 376 students from Spain, Ecuador, and Italy regarding ICTS and HEISs,
and whose results indicated the need to improve the teacher’s digital skills or sources for
learning [77]. Another study from this same research group studied the perspective of
196 university teachers from the same three countries, indicating the lack of information,
training for the new scenario, or the limited skill of technical aspects [78].

These studies pointed out how the students identified the issues regarding their educa-
tional systems and difficulties to include ICTs, therefore, to create sustainable HEIs [37,53,55,77].
However, few studies included the teachers’ perspective, skills, or experience, which are
major factors in providing quality education and training future generations in sustainabil-
ity [50,78,79].

2.3. Hypothesis and Objectives

Because of COVID-19 and the need to continue with education, as students are
the focus, teachers must have the capacity to use different ICTs and adequate resources
accordingly to their needs [62]. Nevertheless, these functions and capacities are based on
the teachers’ training. However, as previously stated, most studies focused on students’
perspectives, more commonly in secondary educational levels. Only in few cases have
inter-continental studies included university teachers’ perception of the challenge of virtual
teaching imposed by COVID-19 pandemic [67,72,77,78,80]. Although other researchers
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have indicated their relevance in using ICTs in education and the impact during the
pandemic [69,72], there is still missing information. In fact, many researchers do not
focus on the working experience (which was already studied as a relevant factor [79]),
differences between countries [78], and availability of ICTs, and much less on these agents’
perspectives [22,81].

Based on the current literature, this study’s objective was to carry out a comparative
study focusing on the inclusion and use of ICTs in HEIs in two different countries to
determine factors (i.e., working experience or availability of resources) and in two different
moments at the end and beginning of the semesters. Nevertheless, an unexpected event
occurred during this research, which was the global pandemic, implying the need to
include another factor, COVID-19.

Furthermore, two hypotheses were established from the previous literature:

Hypothesis H1. There is an association between ICTs use, skills, the obstacle for integration, and
the country.

Hypothesis H2. There is an association between working experience and the use of ICTs, skills,
and importance given to the ICTs.

3. Materials and Methods
3.1. Survey Data Collection

The present research studied the university teachers’ perspective regarding the ICTs
skills, the relevance of the ICTs, frequency of using ICTs to create a sustainable system,
the impediments that make the inclusion of ICTs difficult, and the impact of COVID-19.
Two descriptive, exploratory, and cross-sectional studies applied to comparative analysis
between Spain and Ecuador were carried using a reference population of university teachers
in two different set times. The set times were selected based on the final and beginning of
the semester; the first survey was distributed in December 2019 and opened until January
2020, previous to the pandemic. The second time the survey was distributed between
September and opened until October in 2021, after the first lockdown and quarantine of
the countries.

An incidental non-probabilistic sampling, widely used in research because of the
simplistic implementation [66], was used for this research. First, the selection of the univer-
sities was based on accessibility, availability in both time sets, and relevance according to
the position in the international ranking for Universities. Eight universities were selected
(two from the top including Polytechnic of Valencia, two from the middle including the
University of Seville, and two in the bottom, including Cordoba and Ecuador since both
are more recently created) [32].

The Spanish university teachers invited to participate were from the Engineering
School, and the Ecuadorian teachers were from the Communication and Engineering
School. The selection of this sample was based on previous studies that indicated how
teachers from a more technological background seem to have more ICTs skills [12,83,84]
and how the Ecuadorian teachers’ ratio seems to be higher than Spanish [85]. The university
teachers were contacted through email, by which the information (like objectives and type
of study) was explained, and they were asked for their willingness to participate. After
receiving positive feedback, the willing participants received the link to the survey. They
were encouraged to spread the survey among other colleagues from the same area and
center, obtaining an anonymous and random sample. Based on previous intercontinental
studies [78] and an estimated five percent response rate [86], the sample calculation was
carried out. Based on the sample of university teachers from the institutions selected and
accepting an alpha risk of 0.05 and a beta risk of 0.2 in a bilateral contrast, 43 subjects are
required in the first group and 43 in the second to detect as statistically significant the
difference between two proportions, which for group 1 is expected to be 0.36 and group 2
of 0.66 (or vice versa group 1 0.66 and group 2 0.33).
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The total sample was teachers from three Spanish (Cordoba, Seville, and Valencia)
and one Ecuadorian HEIs, with a higher rate of response among Ecuadorian teachers (as
the median the number of fully responded in the survey was set at 24) than Spanish (as
the median the number of responses was set at 20). The number of university teachers
that responded to the survey for the first time was 51, increasing to 55 university teachers
after the lockdowns. Only 44 university teachers responded fully to the survey before the
pandemic and after the lockdowns, being identified through the computer’s IP, which was
later codified following the ethical and privacy codes [87]. This study was conducted using
a questionnaire completed online, which was the optimal methodological mechanism to
collect information.

3.2. Instruments

This study was implemented using a questionnaire transformed into online surveys
distributed through QuestionPro (Survey Analytics LLC, San Francisco, CA, USA). The
survey was formed by 11 items, selecting one answer, and based on the Likert scale from
0 (total disagreement) to 5 (Total agreement) (Table Al). The survey was structured in
four segments: the information sheet, the objective, ethical code, confidentiality, and
anonymization. After accepting to participate, the volunteers accessed the central section,
leaving some items unmarked or dropping out at any moment. The main section was the
teachers’ opinion about ICTs and their inclusion in the education field in higher education,
from which the data was obtained. The items were country, working experience, ICTs skills,
frequency of using more ICTs for different educational purposes, the evaluation of obstacles,
the evaluation of the ICTs role in the learning process, the relevance is given to ICTs as an
essential key for the educational structure and how no clear evidence of educational changes
is an obstacle for integrating ICTs. The validity, reliability, and consistency were studied for
the survey. The validity was calculated through Pearson’s correlation, indicating that all
items were valid (p < 0.001), except for the availability of software and the internet (p > 0.05).
The reliability statistics were applied to the survey items, showing really good reliability of
the test to measure the workers’ perception (Cronbach’s Alpha = 0.81; Corrected item > 0.4;
ANOVA Cochran’s Q = 178.13, p < 0.001). Moreover, the Hedges’ g was used to determine
the size effect of the samples regarding the working experience (0.23), essentialness of ICTs
(0.19), the availability of resources (0.33), lack of resources (0.41), ICTs skills (0.84), and the
role of ICTs in the teaching process (0.89).

The participants received an email in which they were informed about the survey’s
objectives, the time allowed to complete it (10 min), the voluntary nature, and the possibility
of not completing it. This survey also included a section where the participants had to
give their consent before completing it. The exclusion criteria were teachers from different
educational levels. The data was organized using the identification given to the participants
based on their IP direction.

The programs used were Excel version 2017 (Microsoft Corporation, Redmond, WA,
USA) and SPSS program version 25 (IBM SPSS Statistics) for the statistical analysis. All
data were saved in a cloud available only to the researchers.

3.3. Procedure

Teachers approved a participant information statement, consent form and accessed
questionnaires through the online version. The information statement included the study’s
objective, the explanation of the survey, the voluntary and consent to participate, and
anonymity after agreeing to fill the survey through an option of “Yes/No,” passing to
the questionnaire, completing it partially or entirely, or to the acknowledgments. This
informed consent followed the fundamental principles established in the Declaration of
Helsinki of 1964, the World Medical Association, subsequent amendments, and the 1996
Council of Europe Convention on Human Rights and Biomedicine and the Data Protection
Law 3/2018 5. Moreover, this study did not include any medical information focusing on
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the academic’s opinion, though it was in line with a project on Occupational Safety that
received Ethical Research Approval (Reference 4258).

3.4. Statistical Analysis

The survey was completed by 51 teachers in the first period, although a variable
was indicated as not completed or rather not say. The second time the survey was fully
completed by 55 teachers. For both samples set in different periods, the qualitative vari-
ables were studied using frequencies (absolute and relative) and the median with their
95% confidence intervals (CI). The Kolmogorov—Smirnov test and the Shapiro-Wilk test
were applied, indicating that the data did not follow normality (p < 0.001). The chi-test,
Kendall’s tau-b, Cramer’s V, McNemar test, and Spearmen’s correlations tests were applied
accordingly in both samples. The university teachers belong to different centers had diverse
working experiences.

Additionally, a sample of 44 participants that fully completed the survey both times,
according to id, were statistically analyzed to determine the impact of COVID-19. The
median and frequencies and IC% 95 were used; and the no-parametric tests for independent
variables were applied to determining differences, such as chi-test and correlations. Based
on two different periods (pre- and post-lockdown), the non-parametric repeated measures
taken over time, specifically the mixed-model analysis of variance (ANOVA), were used
to determine the modifications in ICT implementation using simultaneously country, pre-
and post-lockdown, and experience as independent variables. Multiple linear regressions
were carried out.

4. Results
4.1. Results Previous the Pandemic

The initial analyses of the university teachers’ perspective before the pandemic in
Spain and Ecuador were analyzed to determine differences inside the sample (Table 2). The
analysis showed significant variances between the Spanish and Ecuadorian samples for
teaching at different levels (X? = 5.76; p = 0.02) and the working experience (p < 0.05). The
availability of ICTs (computers, software, virtual environments, and the internet) and skills
did not show significance between both countries (Table 2). Additionally, the perception of
the essentialness of ICTs in the teaching process was significantly different among countries
(X? =6.52; p = 0.04).

Table 2. Descriptive of the variables accordingly to the country.

Before the Pandemic (N = 51)

Factors Spain Ecuador Val
(41.2%) (58.8%) p-vatue
Undergraduate 61.9% 90.0%
Teaching at different levels Postgraduate 38.1% 10.0% 0.016
Less than ten years 23.8% 53.3%
Between 10 to 20 19.0% 23.3%
Working experience Between 20 to 30 23.8% 16.7% <0.006
More than 30 33.3% 6.7%
Rather not say 1.2% 5.9%
Nothing 10.7% 10.9%
Availability of ICTs Little 10.7% 20.0% 0.12
Enough 29.8% 21.7%
Alot 47.6% 41.7%
Little 0% 0%
. Enough 14.3% 6.7%
ICTs skills Man%r 52.4% 63.3% 0.59

Outstanding 33.3% 30.0%
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The Ecuadorian participants were more likely to teach to undergraduate students
(p=—0.34; p = 0.02) and have less working experience (p = —0.39; p = 0.003). These
participants indicated with more frequency that the role of ICTs in education was essential
(p=—0.49; p <0.001).

The working experience was studied since it has a great significance and seemed to be
a vital factor in its integration and use. The 66.7% of the sample had less than twenty years
of working experience, being present significant differences according to the essentialness
of ICTs (X? = 15.73; p = 0.04). The median was set in between ten and twenty years, and
the working experience was studied using the median as a breakpoint. Less than twenty
years of working experience, independently from the country, was associated with using
more frequently the ICTs for researching (p = —0.32; p = 0.01) and for pedagogic purposes
(p = —0.36; p = 0.009) (Figure 1).

p>0.05
p<0.05 p>0.05 p<0.05
o Q s =) o~ Qa s w w o ) s o~ fa s ) =]
g ¢ 3 2 2| ¢ 2 &8 E|§ § 3 8 |8 § 3 % %
] g a = = o g a = = =] = a =} = ] = a E =
Z z E =) w 4 z = w w Z 2 E =) =) F4 z = =) w
z E E : 5 E E z EE : 5 E F
& 3 g 3 B 3 & 3
Q < Q < Q < Q <
= = = =
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KNOWLEDGE
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Figure 1. The opinion of university teachers about the frequency of ICTs utilization based on the breakpoint of twenty years

of working experience.

There were also significant differences between university teachers with less than
twenty years of working experience regarding their opinion of the relevant role that may
have ICTs in the learning process (X? = 6.75; p = 0.03). In this sense, teachers with less
working experience seemed to give more relevance to the role of ICTs (p = —0.35; p = 0.02).
The factors that may impede the teaching process and the integration of the ICTs were
studied according to working experience. The workers under 20 years of experience
indicated that insufficient resources (17.6%), software or educational programs (26.5%),
educational training (32.4%), educational models (29.4%), and time (34.9%) were essential
as obstacles. In contrast, the workers over 20 years of experience said that insufficient
resources (21.6%), software or educational programs (27%), educational training (26.4%),
educational models (31.6%), and time (32.5%) were considered necessary as obstacles.



Sustainability 2021, 13, 6363

9 of 22

The associations between the working experience were carried out for each obstacle,
indicating associations between younger working experience and higher consideration of
the obstacles, being only significant for educational models (p = —0.35; p = 0.02). Finally;,
the segmentation accordingly to working experience was studied for no clear evidence of
educational changes is an obstacle for integrating ICTs, showing no significant differences
(p>0.05).

4.2. Results Post-Lockdown Caused by COVID-19

The data of the university teachers after the lockdown in both countries was analyzed
(Table 3). The results indicated significant differences between countries for teaching at
different levels (X? = 4.85; p = 0.03) and the working experience (p = 0.003). The availability
of ICTs (computers, software, virtual environments, and the internet) and skills did not
show significance between both countries (Table 3). Meanwhile, the perception of the
essentialness of ICTs in the teaching process indicated significant differences (X* = 17.87;
p < 0.001). Moreover, the correlations highlighted how Spanish university teachers from
Ecuador seemed to be more likely to have less working experience (p = —0.39; p = 0.003)
and more frequently have considered the role of ICTs in education was essential (p = 0.55;
p < 0.001).

Table 3. Descriptive of the variables accordingly to the country.

Post-Lockdown (N = 55)

Factors Spain Ecuador

(32.7%) (67.3%) p-Value
. . Undergraduate 66.7% 67.6%
Teaching at different levels Postgraduate 33.3% 24.3% 0.03
Less than ten years 22.2% 40.5%
. . Between 10 to 20 11.1% 35.1%
Working experience Between 20 to 30 22.2% 18.9% <0.001
More than 30 44.4% 5.4%
Nothing 11.9%% 6.75%
e Little 6.9% 8.8%
Availability of ICTs Enough 27.99% 16.2% 0.5
Alot 53.3% 68.3%
Little 0% 0%
. Enough 27.8% 16.2%
ICTs skills Many 66.7% 54.1% 0.12
Outstanding 5.6% 29.7%

The Ecuadorian university teachers were more likely to consider a more active role
of ICTs in education (p = 0.36; p = 0.006), use more frequently the ICTs for researching
(p = —0.29; p = 0.03) and pedagogic purposes (p = 0.38; p = 0.005), considered that the lack
of resource, software, pedagogic training, and models were vital factors of the integration
of ICTs (p < 0.01).

The working experience was studied since it has a great significance and seemed to be
a key factor in its integration and use. Workers with less experience were more likely to
be from Ecuador (p = —0.39; p = 0.003), considered more essential role of ICTs (p = —0.51;
p < 0.001), give a more relevant role to ICTs (p = —0.37; p = 0.01), considering an obstacle the
lack of resources (p = —0.28; p = 0.04) and lacking pedagogic training (p = —0.28; p < 0.001).

A total of 61.8% of the sample had less than twenty years of working experience,
being present significant differences according to the essentialness of ICTs (p = 0.03). The
median was two representing the range from ten to twenty years. Less than twenty years
of working experience, independently from the country, was linked to considered ICTs
essential (p = —0.47; p < 0.001), the role given ICTs (p = —0.32; p = 0.02) using more
frequently, the importance given to the lack of resources (p = —0.35; p = 0.009), pedagogic



Sustainability 2021, 13, 6363

10 of 22

50%

37.5%

25%

12.5%

0%

training (p = —0.32; p = 0.02) and models (p = —0.32; p = 0.02), as obstacles to integrating
the ICTs in the education.

4.3. Comparison Pre- and Post-Lockdown

The number of university teachers who completed both surveys, pre- and post-lockdown,
was 18 from Spain and 26 from Ecuador, teaching 66.7% of the Spanish and 88.5% of the
Ecuadorian undergraduate students. There were no significant differences between the
two times and between countries (p > 0.05). The 88.4% of Ecuadorian teachers had less
than twenty years of teaching experience (61.5% less than ten years and 26.9% between
ten and twenty); meanwhile, 66.6% of Spanish usually had a minimum of 20 years (44.4%
with than 30 years) (p < 0.001). The working experience hardly changed from the pre-
and post-lockdown, changing 4.5% of the university teachers. This working experience
was linked to the essentialness of ICTs pre- (p = —0.65; p < 0.001) and post-pandemic
(p = —0.39; p = 0.003), being the younger teachers, the ones who considered more highly
the ICTs. Additionally, the working experience was linked to the importance given to the
role of ICTs in the teaching process only pre-lockdown (p = —0.58; p < 0.001). The working
experience was associated with the frequency of using ICTs for different purposes for
creating teaching materials (p = —0.35; p = 0.04), increasing the frequency of use of the ICTs
in the IC 95% from 5.2% to 8.9% (Figure 2). In general, the frequency of always using the
ICTs was 39.7% (95% CI 32.3-44.6%) before the lockdown and 46.8% (95% CI 42.4-51.3%)
after the lockdown.

M Never ™ Fewtimes M Medium Most the time [l All the time
47.7%

45.5%

Researching (Pre-lockdown) Researching (Post-lockdown) Creating teaching materials Creating teaching materials Ci ication with stud C ication with stud

(Pre-lockdown) (Post-lockdown) (Pre-lockdown) (Post-lockdown)

Figure 2. The opinion of university teachers about the availability of resources pre- and post-lockdown.

Since the sample was segmented mainly by having more or less than 20 years of
working experience, this cut point was analyzed for the frequency of using ICTs before
and after the lockdown, the availability of ICTs, ICTs skills, and perception of the obstacles.
The ICTs utilization to support the teaching process through programs for designing con-
tent, researching to provide more information, creating innovative or interactive teaching
materials, and communication with students indicated differences regarding the working
experience and the two-time sets (Table 4). This table indicated that the university teachers
with less working experience frequently used the ICTs after the first lockdown for research-
ing to provide more information, create innovative or interactive teaching materials, and
communicate with students (p < 0.05). Additionally, the workers with less experience
indicated that the use of ICTs increased after the lockdown for researching to provide more
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information or knowledge (p = —0.36; p = 0.02) for creating teaching materials (p = —0.43;
p =0.007) and communication (p = —0.54; p < 0.001).

Table 4. Symmetric measures of the working experience and frequency of using the ICTs in the two-time sets.

Pre-Lockdown Post-Lockdown
Resources Under and Above 20 Years Value Under and Above 20 Years Value
of Working Experience P of Working Experience P
Support in the teaching process —-0.21 0.15 —-0.22 0.16
R.esearchu}g to provide more 024 0.82 034 0.02
information or knowledge

Teaching software —-0.19 0.19 —-0.18 0.15
Creating teaching materials —0.16 0.36 —0.39 0.007
Communication or collaborative tool -0.15 0.29 —0.49 <0.001

Additionally, the mixed ANOVA test was calculated for the two-time sets, the work-
ing experience, and the frequency of using the different resources. The results indi-
cated that the interaction of these variables was not significant (p = 0.13), but there
were significant differences between the frequency of using ICTs and working experi-
ences (mean difference = 0.74; p > 0.001), making it more significant after the lockdowns
(Figure 3).

Frequency of using ICTs

5.00 Working experience
Less (<20 years)
More (>20 years)

4.50

Estimated Marginal Means
5
o

3.50

3.00

Before the pandemic After the lockdowns
Time

Error bars: 95% CI
Figure 3. Frequency of using ICTs according to working experience and the two periods of time.

The working experience was also studied for ICTs” essentialness in the two-time
sets. The difference between the working essentialness and two-times sets was significant
(p = 0.64), although when analyzed the working experience, essential, and both time sets,
there were significant differences (sum of squares = 1.6; p < 0.006). The essentialness of
ICTs for less working experience was almost the same before and after the lockdowns. In
contrast, university teachers with more working experience indicated an increase in the
essentialness of the ICTs. Their perception changed from answering No (35.7% before and
7.1% after the lockdowns) to Maybe or Yes (28.6% before and 57.1% after the lockdowns).

The working experience was linked to the ICTs skills, improving the perception
of ICTs skills among the workers with less experience by 10% and worsening in older
workers (10% considered enough before the lockdown and 35.7% after the lockdown).
However, there were no significant differences between pre- and post-lockdown (p > 0.05).
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Moreover, the mixed ANOVA, using the ICTs skills related to the two-time sets (before
and after the lockdown) and the working experience, was carried out. According to the
univariant model, the analysis indicated significant differences within-subjects (p = 0.003)
for the working experience and ICTs skills. However, the time with ICTs skills combined
with working experience was not significant (p = 0.78). The correlations showed that less
working experience was linked to indicating more commonly to have outstanding skills
before (p = —0.37; p = 0.013).

The workers with less than 20 years of experience indicated that insufficient resources
(20.0% before and 56.7% after), software or educational programs (20% before and 60.0%),
educational training (30% before and 63.3% after), educational models (40% before and
53.3% after), and time (36.7% before and 50% after) were essential as obstacles. The workers
over 20 years of experience said that insufficient resources (21.4% before and 14.3% after),
software or educational programs (21.4% before and 7.1% after), educational training
(21.4% before and after), educational models (14.3% before and after), and time (21.4%
before and after) were considered necessary as obstacles. The associations between the
working experience for this segmentation were carried out for each obstacle before and
after the lockdown (Table 5), indicating associations between younger working experience
and higher consideration of the obstacles mainly after the lockdown (insufficient resources,
educational training, educational models and time) (p < 0.05).

Table 5. Symmetric measures of the working experience and the factor whose lacking difficulty the teaching process in the

two-time sets.

Resources Pre-Lockdown Post-Lockdown
Under and Above 20 Years Value Under and Above 20 Years Value
of Working Experience P of Working Experience P
Resources —0.03 0.84 —0.38 0.003
Software -0.12 0.43 —0.46 <0.001
Educational training —0.17 0.21 —0.39 0.002
Educational models —0.30 0.03 —043 <0.001
Time -0.23 0.11 -0.29 0.03

The results of the ANOVA test for lacking ICTs (resources, software, educational
training, models, time, and no research about the clear benefits) in both times and related
to the working experience indicated no significant differences for lacking ICTs and the
working experience (Table 6). The working experience and the perception of lacking ICT
indicated differences between group through the univariant tests (sum of squares = 6.4;
p <0.01)

Table 6. Pairwise comparison between the period, lacking ICTs, and working experience.

Lacking ICTs Sum Square F p-Value
Time (Pre and post-lockdowns) 0.87 1.9 0.28
Time*Working experience (Breakpoint 20 years) 1.96 2.69 0.11

Additionally, the differences between before and after the lockdown for each vari-
able were studied. The working experiences and the teaching at different levels did not
suffer significant modifications between the two time sets (p > 0.05). The availability of
resources (like virtual laboratories or environments, computers, or internet access) changed
accordingly to each time set, improving university teachers’ perception except for software
(Figure 4). Additionally, the associations indicated a significant difference between pre-
and post-lockdown in the case of VL virtual laboratories (VL) (p = 0.27; p = 0.049), being
not significant for the other assets (p > 0.05).
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Figure 4. The opinion of university teachers about the availability of resources pre- and post-lockdown.

Moreover, the ICTs skills changed from before to after the lockdown, indicating that
4.6% of the university teachers believed they had better ICTs skills after the pandemic.
Although, the change was not significant between the pre and after-the-lockdown for the
ICTs skills (p = 0.9). ICTs skills before and after the lockdown were associated with the
essentialness of ICTs (p = 0.33; p = 0.03), frequency of using them (p = 0.41; p < 0.01), and the
importance of their role (p = 0.3; p = 0.03). Additionally, the ICTs skills after the lockdown
were linked to the frequency of using the teaching software (p = 0.49; p < 0.001), lacking
resources (p = 0.33; p = 0.03), and lacking evidence regarding the beneficial role of ICTs
in the education (p = 0.30; p = 0.03). Based on the data, the university teachers’ opinions
were further studied using the multiple linear regressions having a dependent opinion
about skills. The results showed that the ICTs skills before the lockdown were linked to
(R? = 4.76; p < 0.001) the essential of the ICTs (p = 0.013) and the frequency of using the
ICTs for teaching (p = 0.009); and after the lockdown (R? = 6.53; p < 0.001), it was linked to
the frequency of using the ICTs for researching(p < 0.001), lack of resources (p = 0.017) and
lacking software (p = 0.023).

5. Discussion

The initial results according to country showed that the university teachers” perspec-
tive differed from the country (Ecuador and Spain), which is highly important for their
perspective the working experience and the different time sets. Based on these results,
the first hypothesis was tested as affirmative, although it seemed that the primary factor
rather than the country was the working experience. The working experience was linked
to the ICTs skills, frequency of use, perception of the obstacles, or the role of ICTs in the
teaching process pre- and post-lockdown. All the results have partially confirmed hypoth-
esis 2 since the working experience is crucial for using ICTs, the perception of obstacles,
and perception of the ICTs’ role. However, the perception of ICTs skills was not linked
to working experience before or after COVID-19, although there were differences when
compared the groups.

These results showed how university teachers with less working experience and
possibly younger seemed to be major agents regarding the use and integration of ICTs,
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which is crucial to achieving sustainable educational institutions. The difference between
working experience could also imply that younger university teachers should receive
further pedagogic training or make available models focused on ICTs inclusion to achieve
sustainability in higher education. These results corroborate the findings of a great deal
of the previous work that indicated how working experience, and possibility the of the
workers’ age [88], is a major factor in the ITCs skills [79], is also highly evaluated in this
university teachers with an engineering background [65,89].

Several countries have integrated new reforms to renew the staff, gathering younger
and further trained university teachers, all of this to achieve a sustainable educational
institution [73]. These measures are based on creating activities related to the facilitation of
decision-making and implementation of sustainability policies [90,91]. Moreover, following
the present results, previous studies have demonstrated that difficulties in achieving
sustainable educational institutions continue to be presented [92], and these organizations
should move towards sustainable goals [93]. Nevertheless, most studies focused on the
students as the most significant agents, integrating the new educational models accordingly
o their age [14,73,94]. Despite that, Freidenfelds et al. [92] indicated that sustainable
goals should focus on the stakeholders, students, researchers, and staff, being optimal to
understand the teachers better.

The pre-lockdown results indicated how the university teachers’ perception about
accessibility to ICTs for teaching purposes was poor, improving after the first lockdowns
(computers, internet, and VL) except for specific teaching software that worsens. This
outcome is contrary to Tejedor et al. [78] (2020), who found that the university teachers
found a lack of resources after the pandemic of COVID-19. However, this study only
focused on post-lockdown. Therefore and no prior study has described it, these unexpected
results could indicate how the perception of the availability of ICTs, including access,
proper amount, and the correct type of technology, depends on the user’s need and the
specific moment [89,95]. Additionally, these results could be linked to the modifications
of the teaching paradigm based on face-to-face classes to an online or virtual teaching
method [10,28]. Another possibility is that participants’ perception depends on external
factors that may improve or deteriorate their opinion, explaining the changes of opinion
before and after the lockdown regarding the availability of ICTs, ICTs skills, and the
importance of different obstacles [96,97].

The ICTs skills were linked in the pre- and post-lockdown to whether the university
teachers considered that the ICTs had an active role in the teaching-learning process. These
results synced with previous studies that how the participants’ opinion about the impor-
tance of ICTs is key to the correct integration of such technologies [38]. These associations
might result from the need to integrate, create, and adapt to a teaching paradigm based
purely on online teaching [22,34]. An unexpected result was that despite having to integrate
an online learning process, the ICTs’ frequency of use, according to university teachers,
did not significantly increase after lockdowns. These results matched the finding of other
authors, whose results about e-learning teaching did not increase the technologies [98].
An explanation of this could be linked to the training and ICTs skills of university teach-
ers. In sync with this, Achard indicated how depending on the training of the teachers,
online teaching did not imply more difficulties or a higher frequency of using ICTs, even
though the pandemic has imposed the active role of integrating the ICTs in education to
the teachers [99].

Another factor evaluated by the teachers was the essentialness of the ICTs in the
teaching process. In this case, both Spain and Ecuador considered that the ICTs in education
were essential before COVID-19 and after the lockdowns, showing no initial significant
differences. These results could be due to the integration of ICTs daily and the importance
given by different governments [37] and organizations worldwide [33,100,101]. Such
relevance has been sustained during the pandemic on the efforts of the teachers and
students [102]. Nevertheless, an unexpected finding was the changes of the opinions
regarding the essentialness of the ICTs in the teaching process, which was related to the
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Sustainable educational

institution

differences in time-sets and working experience. This perception drastically changed from
before the pandemic and after the lockdowns, increasing older workers. Such findings
could be caused by the obligatory use of ICTs for online teaching and along with the
necessary understanding, skills and resources. Although these results were not previously
found, this outcome seems to be in sync with previous research that indicated how the
frequency of using ICT determines the importance and relevance given in [12,47].

The previous statements and the Sustainable Development Goals focused on the
4th Quality of Education [38]. It highlighted the need of improving university teachers’
training or ICTs skills and renewing the institutions with younger university teachers. This
approach could be more effective than providing more ICTs, which could be a pivotal task
to achieve a sustainable educational system. This goal is more urgent than ever, as there
has not been a previous moment in modern history with so many students suffering a
disruption of their education [34]. Therefore, and based on the results, an initial model
focused only on the university teachers as active agents and their use of ICTs has been
proposed (Figure 5).
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p<0.001
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Figure 5. The model focused on university teachers for achieving a sustainable educational institution.

Figure 5 indicated that achieving sustainable educational institutions requires under-
standing of the roles of the university teachers and how it is imperative to provide training
in regard to models that integrate the ICTs and improve the ICTs skills and their use.
Additionally, the model, based on the results, highlighted the importance and difference
about working experience, the relevance of the lack of models, training, and evidence as
obstacles for integration ICTs. Finally, this figure indicated that the change to online teach-
ing improved the availability of resources (VL) and the opinion of older workers regarding
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the essentialness of ICTs in the teaching process. However, it also worsened the ICTs skills
in older workers. This figure shows the need to train the university teachers, but there is a
need to adapt it mainly to the working experience and the population’s perception.

6. Limitations and Implications to the Field

The current study, as any research, has some limitations. The major limitation of this
study was the small sample of the university teachers participating in the study, being
similar to the estimation, but it continues to be rather small. This research has obtained
the data of university teachers’ views using an observational method that has limited such
results to the countries that have participated and the timeframe used. The survey data is
based on people’s opinions with a transversal cut, and it would be wise not to apply all the
variables linked to other populations or in different set times.

Despite the limitations, the current study presents interesting qualitative data from
a hardly studied group from HEISs, providing more evidence about how COVID-19 has
modified the educational system and its sustainable capacity. Moreover, this approach
was not being taken previously, as most studies focused on establishing the impact of
COVID-19, the sustainability of the educational systems mainly in primary or secondary
education, and did not include the perception in different moments, including personal
factors such as working experience. Only one study at the intercontinental level studied
the teachers’ perspective, being limited to the lack of resources [77]. Despite being limited
to two periods of time and two countries, the results presented in this paper could be used
to illustrate the relevance of university teachers’ views regarding ICTs as significant agents
in creating sustainable educational systems and adapting to changes and requirements
from society.

7. Conclusions

This paper has argued how integrating the ICTs in the education system is key to
creating sustainable education institutions, being highly important for the benefit of the
university teachers, their ICTs skills, and the impact of COVID-19.

The initial results according to country showed that the point of view seemed to differ
for the Ecuadorian and Spanish university teachers, with the variation linked to their
working experience. In this sense, the less experienced university teachers spent more
time using the ICTs, identified more greatly with the problematic factors, and gave a more
critical role to the ICTs independently from the country or the time set. Moreover, the
results focused on comparing the pre- and post-lockdown indicated how despite having
the availability of ICTs, the younger university teachers considered that there were not
enough ICTs and that their skills were highly superior. Additionally, the university teachers
with more experience had a change of their perception regarding the essentialness of the
ICTs for the teaching process, considering them as more important after the lockdowns.
Therefore, the pandemic of COVID-19 and posterior lockdowns seemed to have a major
role in changing the perception of these agents in the sustainable educational system, which
could be the missing piece for the complexity of full integration of ICTs.

Since the university teachers’ perspective were little studied, an initial model has been
presented. This model presents how the major key points seem to be linked to age and
the imperative of online teaching, focusing on training university teachers in educational
models and ITCs skills and how to use these. Nevertheless, there continues to be a
need for further research focusing on ICTs, education, and skills, and university teachers’
perception as a unit to achieve a sustainable approach about education as a pillar for both
the sustainable education system and education for sustainability. Therefore, forthcoming
research should focus on creating educational interventions based on providing more
training, determining educators’ opinions regarding lack of resources and frequency of
using ICTs in HEIs.
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Appendix A

Table A1l. Structure and items of the survey.

Questions Specifications of Each Question Answers
Spain
Country that you are currently working;: None Ecuador
Other
Level at which you teach Selected the one according to teaching Undergraduate
hours per week Postgraduate

Working experience at the University
level:

None

Less than one
From one to ten years
From ten to twenty
From twenty to thirty
More than thirty

Availability of resources (ICT5s)

0 Rather not Say /Not Known
1 Nothing (No Availability)

Virtual laboratories or environments

Indicate the availability of the following 2 Little Computers
resources for your classes of the subject: 3 Enough Internet connection
4 Alot Software
1 No skill Lowest as no user
ICTs skills -
Indicate what you think is your level of 2 Little
competence in the management of ICTs 3 Enough

or ICTs skills according to the following
scale:

4 Advance or oustanding skills

User of ICTs for design and multimedia
or multiplatform tool

Essentialness of ICTs in the teaching and
learning process:

Do you think that the skills and
procedures used with ICTs are essential
for learning the subject

Yes
No
Maybe
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Table A1. Cont.

Questions Specifications of Each Question Answers
1 Never In general
2 Sometimes (less than 25% of working Asa tool to support the teahing process
hours) (e.g., pres.en.tatlons., notes, web pages,
digital whiteboard...)
To search for information or to carry out
exercises to extend /reinforce the theory
3 Usually (consultation on web pages, databases,
(50% of working hours) encyclopedias and specific software,
tutorials, self-assessment
questionnaires...)
Frequency of using ICTs For the realization of laboratory practices

Indicate the frequency of using ICTs
according to working hours per week

4 almost always
(more than 75% of working hours)

5 Always

0 Rather not say/Not known

and development of skills of
experimental work through specific
software (computer-assisted laboratory;
virtual laboratory; databases...)

For the elaboration of further teaching
materials (documentation works;
WebQuest; preparation of
presentations...)

As a means of communication or
collaborative learning (forums,
distribution lists, chats, wikis, blogs,
classroom projects...)

Role of ICTs in the teaching process

Do you think that the use of ICT can
contribute to the learning of skills and
procedures in teaching the subject?

Yes
No
Maybe

Importance given to the lack of resources
Evaluate the importance for you of the
following obstacles to the incorporation
of ICT in the realization of experimental
work with students:

1 Does not Constitute an Obstacle
2 Not very Important
3 Important in some cases
4 Quite Important
5 Very Important

0 Rather not say/Not known

Lack of resoruces in general (computers,
internet access...)

Lack of specific software (programs) for
the teaching and correct language
Lack of technical training in ICT
management
Lack of models or examples of curricular
integration in this discipline
Lack of time and difficulty in organizing
the curriculum
The pedagogical benefits are not clear
(researches, reports...)
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