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ABSTRACT: Even though the use of technology in Education grew during the COVID Pandemic and
some habits even contributed positively regarding the planet sustainability, after five years what can
be said about students’ perception about it? This work is a follow-up to a previous study made shortly
after academic life resumed its normality. A student questionnaire was conducted, and the results
showed that the more awareness they presented about sustainability issues, the more they were
favorable to a hybrid educational regime. In this paper the former questionnaire was adapted and
performed to students during the 2023/24 academic year. Portuguese students’ perception about online
productivity (usage of online resources and online classes) and sustainability (sensibility regarding
transportation, food consumption and use of resources) were addressed, using an exploratory
quantitative methodology. Students are still using a variety of online resources, which they consider to
be effective and productive for their learning. In terms of sustainability, students show a stronger
tendency towards sustainable food consumption and resource management. Finally, a comparative
study was conducted to understand the changes in their perception (from 2021 to 2024), and their
perception of online productivity seems to have changed little. In terms of sustainability, the results
suggest students have already incorporated sustainability habits into their daily lives.
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1. Introduction online resources more often or improving individual

sustainability habits.
The importance of education is widely acknowledged

as one of humanity's most significant achievements, Educational institutions have underscored the
primarily due to its universal accessibility and its capacity significance of online accessibility. This has demonstrated
to facilitate a more prosperous future [1]. The that, with the appropriate technological resources, it is

development of the next generation depends on how they ~ feasible to conduct lectures, meetings, and even
are informed and educated [2,3]. experimental classes [5]. Many resources were developed
) _ _ and, in some cases, are still in use, reducing the time
The impact of the COVID-19 pandemic was perceived .. 1 ars and students might spend commuting,.

in various dimensions. Some scientific studies have
indicated that a favourable consequence of the global With respect to the field of education, it is crucial to
lockdown measures implemented in response to the — assess the potential value of incorporating online features.
pandemic was an enhancement of the Earth's environment If educators and learners identify some of these features as
[4]. This has been evidenced by a decline in carbon dioxide being productive and demonstrate a favourable impact on

levels, which has become more readily apparent. In terms sustainability, it would be advisable to think about it.

of education, the question is whether the insights gained The objective of this study is to ascertain how students

can be used to encourage more substantial and long-  perceive online education productivity and sustainability
lasting changes in sustainability habits, such as using
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habits after four years of the pandemic. This study
represents a continuation of a previous investigation
conducted after the return to face-to-face classes, which
focused on students' habits [6]. That study was conducted
in 2021, immediately following the return to face-to-face
classes, with the objective of understanding the strengths
of the learning activities during the pandemic and the
respondents' preferences regarding the permanence of
these activities. Additionally, the study sought to ascertain
whether there had been any shifts in respondents’ habits
concerning sustainability. Moreover, the present study
aims to compare the habits and opinions of students
regarding sustainability, online educational resources
usage and productivity from the 2020/21 and 2023/24
academic years. This comparison is intended to identify
any potential differences.

The structure of the paper is as follows: in section 1 an
introduction was made, contextualizing the research
problem. In section 2 a literature review of contributions is
presented, showing how education and sustainability
have been addressed in the academic community,
including the growth of a sustainability consciousness. In
section 3 the research design used in this work is
described. In section 4: the results and discussion are
presented, leading to some conclusions and final remarks
in section 5.

2. Education and Sustainability

The concept of sustainability has become a matter of
general concern in contemporary society. The notion of
sustainable development has been cited extensively in
recent discourse, particularly in the context of climate
change. The most quoted definition of sustainability
refers: "...development that meets the needs of the present
without compromising the ability of future generations to meet
their own needs" [7]. In 2015, a set of 17 Sustainable
Development Goals (SDG) was adopted by United Nation
(UN) countries with the objective of achieving a better and
more sustainable world for all by 2030. These goals
address the global changes currently being experienced,
including those related to poverty, inequality, climate
change, environmental degradation, peace and justice [8].
The fourth goal, entitled 'Quality Education', is the
foundation for the improvement of people's lives and
sustainable development. This is achieved not only
through the improvement of the quality of education but
also aiding the comprehension of the significance of these
concerns among younger generations [8].

"

The issue of sustainability can be approached from a
variety of perspectives, including those of energy and
resources, social and cultural, economic and political.
These are all necessary to ensure the preservation of this
[5,9,10].
environmental standpoint, the impact of resource usage

planet for future generations From an

on the planet's resources can be examined [11]. From a
social and cultural perspective, the impact of social
behaviours on significant issues, such as clothing,
nutrition, social interaction, and more, can be examined
[12,13]. From economic and political standpoints, the
influence of economic lobbies on global populations, often
unconsciously, can be analysed [14].

Education, when viewed holistically, can be defined as
the process through which teachers and students socialize
professionally, with the social behaviours of a community
exerting a significant influence on individuals' thinking
and actions regarding significant issues. Higher education
is typically characterized by the presence of highly
intelligent individuals who are still developing. This
provides potential for stimulating
discussions about various aspects of our planet's
sustainability in both formal and informal settings [15]. In
fact, the integration of sustainability principles within the

considerable

educational curriculum is a pivotal aspect of promoting
environmental awareness and responsible conduct.
Irrespective of the content of the course, educators can
adopt a pedagogical approach towards the importance of
some of these issues in various ways, including
incorporating it
contextualized

into existing courses, conducting

activities, or implementing more
sustainable procedures [16]. It is imperative to foster active
student participation, encouraging more sustainable
solutions from schools and from the educational
community. In this manner, education evolves into a
catalyst for change, empowering students to make more
informed decisions and contribute to a future that is both

balanced and sustainable.

The pandemic has prompted an
unprecedented challenges within the educational sector,

array of

thereby accentuating existing inequalities and hastening
an accelerated demand for innovative pedagogical
approaches. The necessity for remote learning,
precipitated by school closures, has exposed the disparity
in students' access to technological resources, thereby
exacerbating the digital divide. Still, the pandemic also
encouraged pedagogical innovation, with the
development of new skills in autonomy, adaptability and
digital tool mastery among teachers and students alike.
This has resulted in dynamic and interactive teaching
methodologies that make learning more accessible and
diverse for a range of students’ profiles. These
methodologies address some students’ difficulties by
allowing them to practice (24 / 7) anytime, anywhere [17].
It has catalysed digital transformation in education,
encouraging the adoption of new tools and hybrid
methodologies with the potential to enhance teaching
methodologies nowadays and, in the future [18-20].

Before the Pandemic, remote laboratories, online
courses, and universities were already well established,
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but during this phase, their demand was overwhelming
[17]. Even though there were many papers addressing the
Pandemic transformation in education, there is a gap
regarding the continued use of the tools developed at that
time and the students' perception regarding their use as
well as studies on their sustainable habits that may have
changed and that could both contribute positively to a
more sustainable education. The objective of this study is
to identify a set of educational online resources that have
been found to be productive and capable of reducing
ecological footprints, as perceived by students [16] are still
in use and well received by students. The study also seeks
to make a comparison between the results obtained in
2023/24 and those from 2020/21, with a view to
understanding whether there has been any alteration in
the perception of sustainability issues among students. It
is imperative to evaluate their perception, given its
significant influence on individual behaviour [21].

3. Methodology

As previously outlined in the introduction, this study
constitutes a follow-up to the [6] study. Adhering to the
research methodology employed in the aforementioned
study, a questionnaire was validated and disseminated
within the educational community. This questionnaire
employed a descriptive research methodology, utilizing
an internet-based survey to collect pertinent quantitative
data [22]. In this study, the previously validated
questionnaire was only partially utilized, as the section
addressing the impact of the pandemic on students' lives
was deemed irrelevant for the present investigation. The
adapted, and
underwent slight modifications to clarify participants'
perceptions regarding sustainability
questionnaire was developed in three languages (English,
Portuguese and Spanish) and disseminated via the Google
Forms platform among academic communities by
(national and
international) contacts. The distribution period was from
March 2024 to September 2024, with the objective of
achieving a sample that was as representative as possible
of the target population, whilst also considering the
heterogeneity of the schools' areas of expertise. It should
be noted that the study is a convenience sample, with most
participants drawn from the Higher Educational
Institutions where the authors work. For the purposes of
this study, the analysis was limited to data from students
who had studied in Portugal.

questionnaire was some questions

issues. The

institutional mail and researchers'

Following the previous research problematic about the
better understanding of how education may contribute to
a more sustainable development (SD) of the planet, this
work intends to perceive changes in students’ perceptions
(compared to the previous results, short after the
Pandemic restrictions were lifted). Some resources

developed during the Pandemic are still in use in

academia, how do students feel about it? Furthermore, this
study will tackle significant differences between groups
(age, area of expertise, educational level). So, the research
question in this paper is: "Have students’ perceptions
regarding sustainability issues and the productivity of online
classes changed since the post-pandemic phase?” .

3.1. Questionnaire description

An anonymous questionnaire composed of 14
questions was administered to students to assess their
perspective on several issues related to education and
sustainability habits. As this study forms a follow-up to
one conducted shortly after the lifting of pandemic
sought
participants held differing views since that time.
Therefore, the questionnaire included questions designed
for this effect. The first question related to the
acknowledgement of the respondent's willingness to
participate in the research study by completing the
questionnaire. The second question sought to ascertain
whether the participant was enrolled in any level of
education during the 2023/24 academic year, with the
objective of obtaining the perspective of students who
were actively engaged in education at that time. Questions

restrictions, it also to ascertain whether

3-8 pertained to the characterization of the sample,
encompassing the area of education, level of education,
teaching regime, and demographic information such as
age, country and city of residence, and education.
Questions 9 and 10 enquired about commuting habits,
specifically the time spent and the usual mode of
transportation. Questions 11 and 12 focused on classes and
resources, investigating the continued utilization of
resources adopted during the pandemic and the
perception of productivity among different types of online
classes or sessions. Question 13 addressed sustainability
habits concerning various issues and their post-pandemic
changes. Finally, question 14 was of an open nature,
inviting respondents to provide any further contributions
that had not been addressed in the preceding questions.
All the questions, except question 14, were mandatory.

3.2. Sample characterization

In the study conducted in 2021 [6], a total of 315
students participated in the survey. Most of the
participants were from Portugal (82%), and the majority of
these were enrolled in higher education. In 2024, the
number of respondents increased to 855, with 247 of these
respondents being from Portugal. In this paper the authors
will address the Portuguese students’ contributions to
have a similar group in both questionnaires (2021 and
2024). The remaining data is being addressed in another
work from the authors. The differences between the two
samples are outlined in Table 1.

The sample was selected based on convenience
sampling, meaning that participants were chosen due to
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their accessibility and availability. It is important to note
that this type of non-probabilistic sampling does not
require statistical significance testing, as it does not aim to
generalize findings to a broader population but rather to
provide a descriptive understanding of the phenomenon
under study [23]. This longitudinal study examined
Portuguese students’ responses collected in 2021 (n = 259)
and 2024 (n = 247), aiming to maintain a comparable
sample across both time points, maintaining similar
contextual conditions over time was essential. The
proportion of students enrolled in higher education
increased from 56% to 79%. In terms of academic
background, Science and Engineering became more
prominent, rising from 32% to 52%, while Health grew
from 8% to 19%. Conversely, participation from Arts and
Design (15% in 2021) was no longer significant in 2024, and
students from Administration, Communication, and
Social Sciences declined slightly (from 23% to 18%). There
was also a slight shift in the age distribution: while
students aged <20 remained the largest group, their
proportion decreased from 62% to 56%; students aged
21 - 27 remained stable (34% to 36%), and those aged =28
increased from 4% to 7%, suggesting broader age diversity
in 2024. These changes reflect both demographic evolution
and possible contextual influences affecting participation.

Table 1: Sample characterization of the studies from 2021 and 2024
(Portuguese students)

Sample 2021 - students 2024 - students
Total wvalid | 259 247
answers
Level of | 56% higher education 79% higher education
education
Area of | 32% Science & | 52% Science &
education Engineering Engineering
(largest 15% Arts and Design 19% Health
groups) 8% Health 18% Administration,
23% Administration, | Communication and
Communication and | Social Sciences
Social Sciences
Age (largest | 62% <20 years old 56% < 20 years old
groups) 34% 21-27 years old 36% 21-27 years old
4% > 28 years old 7% > 28 years old
Acdemic
Year
2020
e
£ 1
g
(7]
5 75
i
E
3 50
25
< 15 minutes 15 to 30 30 to 60 11to 2 hours > 2 hours

minutes minutes

Time to commute from home to place of education

Figure 1: Comparison between time spent commuting from 2021 and
2024 Portuguese students

So, largely the educational community sample is from
higher education, especially in the 2024 data collection.
However, one limitation is the relatively small sample
size, which may affect the generalizability of the findings.

A variety of transportation modes are used by students
to commute from their place of residence to their place of
education. The choice of method varies according to
circumstances and the time taken for the journey is subject
to variation (Figure 1).

3.3. Dimensions and categories definition

The present study encompasses two major dimensions
pertinent to education and sustainability (Table 2). The
first one, designated as "Online Productivity", pertains to
the students' perceptions regarding the utilization of
online educational resources (avoiding unnecessary
commutes to school) and the productivity of online
classes. With respect to online resources, students were
requested to identify those they had been utilizing since
the pandemic. For each type of online class, students were
asked to rate its effectiveness on a scale from 1 (low
effectiveness) to 3 (high effectiveness). They were also
given the option to select "don't know/not applicable" if
they were uncertain. The second dimension, named
"Sustainability”, pertains to
parameters, including transportation, food consumption
habits, resource
Participants were asked to rate the relevance of each issue

various sustainability

management and waste issues.
to their personal practices on a scale from 1 (not relevant)
to 5 (highly relevant). Additionally, participants were
given the option to select "not applicable" or “I already did
it before the Pandemic ", the latter (with the highest score)
serving to ascertain whether the pandemic had prompted

any long-term shifts in behaviour.

Table 2: Dimensions and categories

Issues

online laboratories, simulations,
videos, online meetings with
teachers, online meetings with
peers

theoretical classes, problem-based
classes, experimental classes,
students’  support,  working
sessions/meetings, only in small
groups, only in large groups, only
when interactive, only when
lecture, only when
producing work

Dimension
Online
Productivity

Categories
Online
resources

Online
classes

actively

Sustainability | Transports public transport, private transport
(even when there were
alternatives), effort to give or ask
for a ride, effort to use bicycle or

similar

Food
consumption

mainly homemade food, avoid
takeout food, use of lunch boxes,
use of leftovers, reduction on the

consumption of animal products
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Resources reduction on the use of paper,
water waste, plastic bottles; use of
circular economy (secondhand

clothes, books, etc.)

The variable “ecological footprint” was defined
considering the type of transport used to commute (home
- place of education) in order to easily assess this impact: 0
- foot, bike; 1 - mainly public transports; 2 - private
vehicles.

The variable "productivity of online classes" was
defined as the median of their answers to questions 12,
which focused on the perception of productivity of 10
different types of online classes or sessions. The variable
“global sustainability” was obtained by taking the median
of their responses to question 13, which asked about their
sustainability habits in relation to 12 different issues and
how these had changed since the pandemic. The variable
was divided into the categories: transport (4 issues), food
consumption (5 issues) and resources (3 issues), according
to the three categories considered in question 13.

3.4. Methodology in the Analysis Process

In order to identify the factors influencing students’
perceptions of sustainability and productivity, an
exploratory quantitative approach was employed,
incorporating both descriptive and inferential statistical
techniques, with particular use of non-parametric
methods due to the nature of the data. To understand
which factors, affect students’ perceptions of sustainability
and productivity, the nonparametric (Spearman)
correlation procedure has been used, as the variables in
study do not follow a normal distribution [24,25]. The
procedure establishes ~ the  possible
relation/association between the study variables, and the

former

correlation coefficient (varies from -1 to 1) describes both
the strength and the direction of the relationship.

The best way to assess if there are differences and if
they are statistically significant is to use a difference test,
which is a statistical procedure that looks for the difference
between the average of the study variables considering a
particular factor. As the variables in study did not follow
a normal distribution, we opted for the nonparametric
Mann-Whitney U test and the Kruskal-Wallis test
respectively for two independent samples and three or
more independent samples (significance level 5%). The
former tests compare the sample average that comes from
the same population and are used to test whether the
sample averages are equal or not. After defining the null
hypothesis (HO: there are no statistically significant
differences between the average of the groups) and if the
obtained p < 0.05 there is a statistically significant
difference between the average of the groups and the null
hypothesis is not supported [24]. Unfortunately, these
tests do not allow us to identify clearly where the

differences lie between the two groups, so it must be
complemented by a crosstabulation to identify where the
differences lie.

4. Results and discussion

This section will present a global analysis on the 2024
survey, divided into the results obtained about students’
perceptions (4.1) and the identification of factors affecting
student perceptions (4.2). Then, on section 4.3, a
comparison between students’ perception in 2021 and
2024 is made.

4.1. Students’ Perceptions

Most students experience a face-to-face class regime,
although 4.9% attend a hybrid regime and 1.6% an
exclusively online regime. Even though 71 students
(28.7%) state that they do not use any online resources, a
significant number of students still have several online
resources in use. (see Table 3), with the video being the
most popular. Furthermore, 26.3% of students utilize two
online resources, while approximately 10% are using three
or more.

Table 3: Online Resources Usage

Online Resource # Students | % Students
Online laboratories 3 1.2
Simulations 23 9.3

Videos 125 50.6
Online Meetings with | 70 28.3
Teachers

Online Meetings with | 76 28.7

Peers

Considering their perceived productivity of online
classes (Figure 2), the ones that work better for them are
classes in small groups, students’ support and working
sessions / meetings. The less productive are experimental
classes.

Average

Ieona 0y
paseq-wsiqolg
s sy
sdnoas ews
sdnoJb abey
oM BuNpo.d
suojssas DuntIom

Joddns . suapms

Figure 2: Productivity of the different types of online classes

In Figure 3, the median values of the variable
"productivity of online classes” are shown. The most
prevalent median is 2.0, reported by 61% of participants.
Remembering that for each type of online class, students
were asked to rate its effectiveness on a scale from 1 (low
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effectiveness) to 3 (high effectiveness), this finding
indicates that most participants perceived their
productivity to be at an intermediate level and 25%
considered it highly productive.

MEDIAN VALUE OF PRODUCTIVITY

]l =2 a3
':in'
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e ]
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i ./43/ i
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i s
. o e
e .f o
e i
/////'}:’»:”//7//':-"}’/////f'.-’//////:'}:’»:’////ﬁ,-‘ﬁ/’///?'.-’
G
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'%’/’4’3 e e s
"“%f/&»f;’ﬁfﬁéﬁﬁﬁfﬁﬁ( i

Qs

Figure 3: Frequency of the medians obtained in the variable
“productivity of online classes”

In the context of the sustainability dimension, students
utilize diverse modes of transportation for their commute
between their place of residence and their educational
institution. Figure 4 provides a visual representation of it
by ecological footprint. It was found that approximately
24% of the study's participants have a high ecological
footprint, indicative of significant environmental impact.

Percentage of students

No footprint

Median footprint Big footprint

Figure 4: Transports by ecological footprint

In relation to the second dimension, Sustainability,
Figure 5 exhibits the 3 sustainability categories, covering
Transport, Food consumption and Resources. Students
exhibit a stronger tendency toward sustainable food
consumption and resource management. The Portuguese
population has a strong tradition of home-cooked meals
and a preference for reusable food containers, commonly

referred to as '"lunch boxes". Furthermore, most
individuals exhibit a low reliance on food delivery
services. Furthermore, Portuguese educational

institutions have been observed to demonstrate a greater
commitment to the reuse of resources and the reduction of
waste, particularly regarding water conservation and the
limitation of plastic and paper usage.

Average

Transports

Food consumption Resources

Figure 5: Sustainability Categories Values

For the 'global sustainability' variable (see Figure 6),
the most common median is 6.0, reported by 34% of
respondents. In this question, participants were asked to
rate the relevance of each of the 12 sustainability issues to
their personal practices on a scale of 1 (not relevant) to 5
(very relevant). In addition, participants were given the
option of selecting not applicable’ or ' was already doing
it before the pandemic’, the latter (at the higher level of 6)
to ascertain whether the pandemic had led to any long-
term changes in behavior. This finding suggests that many
participants perceive their sustainability to be at a high
level, i.e. they have already incorporated sustainability
habits into their daily lives. In any case, the pandemic
seems to have triggered a long-term change in behavior.

MEDIAN VALUE OF SUSTAINABILITY

b

Bl =22 23 =24 a5 =6

=
3

,L% | f’ .’ i
1/ /(/ Z
Jé/f/”
:

. .—‘)"f;;gf,—_;j;’/
7 7 s
2\ ’
~ 43
e o Sy

o

Figure 6: Frequency of the medians obtained in the variable “global
sustainability”

4.2. Identification of factors affecting student perceptions

As Portuguese students differ mainly in terms of age,
educational area and educational level, correlations with
these factors were analyzed. Some correlations were found
between their age and both the time it takes to commute
from home to school (rs=0.128, p=-0.045, N=245) and the
ecological footprint (rs=0.143, p=-0.025, N=245). Thus,
older students tend to spend more time commuting and
also leave a higher ecological footprint. In fact, most of
them are working students who sometimes travel by car
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directly from their workplace. Younger students, if they
live away from home, tend to have accommodation close
to their school. There is also a correlation between
commuting time and the total number of online resources
used by students (rs=0.178, p=-0.018, N=175), suggesting
that the more time students spend commuting, the more
resources they use online, thus avoiding unnecessary
travel to school. There was also a correlation found
between class regime and perceived productivity of online
resources (rsp=0.127, p=-0.049, N=242), i.e. students who
use them more tend to find them more productive.
Correlations were also found between all the items
considered category. No
correlation was found between age or level of education
with online productivity and sustainability.

in the online resources

Strong correlations were found between the
sustainability categories, as well as a correlation between
the transport category and the transport by ecological
footprint. However, the study did not find any correlation

between the two dimensions.

Non-parametric tests for independent samples were
employed to ascertain whether the dimensions of online
productivity and sustainability were influenced by
students' age, area of education and level of education.
The analysis yielded statistically significant variations in
the category of online classes productivity, both with
respect to age and level of education (see Table 4). A
subsequent cross-tabulation of these findings suggests
that students in the 21-23 age range achieve higher scores
in online class productivity. Furthermore, students
pursuing higher education (i.e. bachelor's degree) are also
found to be more productive in online classes. This finding
is further supported by the observation that students in
this age group are typically more experienced and mature,
often nearing completion of their undergraduate studies
or already pursuing postgraduate education, having a
heightened level of focus and motivation in their academic
pursuits.

Table 4: Summary of “Online classes productivity” significant differences
with age and level of education

Grouping variable |Median |x2 (Chi-Square) |p-value
Age 2.0 14.262 0.014
Level of Education |2.0 9.996 0.040

4.3. Comparison between students’ perception in 2021 and
2024

To understand how Portuguese students' perceptions
have changed over time, we compared data from shortly
after the pandemic restrictions were lifted (2020/21) with
data from 2023/24. We used a statistical procedure (Mann-
Whitney U test) described in Section 3.4 when possible.
Because the questionnaires were slightly different, it
wasn't possible to use the earlier procedure for items ii and

iv. But although the questions were posed differently, the
items addressed in both were the same. So, for these ones,
a comparison is made only regarding the overall results in
each item and not directly for each question. Thus, the
quantitative data collected was analyzed in both cases to
understand if students’ perception about the former items
has changed or not.

In fact, one of the goals of this work was to understand
if the tendency of habits and opinions towards
sustainability issues has changed.

In relation to the dimension of “Online Productivity”,
this comparison allowed the following inferences:

i. Educational resources they would like to keep using:
the study was conducted for the common resources in
both questionnaires (online laboratories, simulations,
videos, online meetings with teachers, online meetings
with peers); still in the first questionnaire it was about
the resources they would like to keep using after the
pandemic and the second one asked about the
resources they are still using. Considering the total
number of resources they would like/are using there is
no statistically significant difference between the two
groups and the same goes to online meetings with
teachers and online meetings with peers. However, in
2021, students preferred online laboratories and
simulations, while in 2024, students preferred videos
(Figure 7). The 2021 preference can be explained by the
fact that students spent a lot of time learning from these
resources, some of which required extra effort to
understand fully. At that point, students were reluctant
to give them up if they found them useful. Since hands-
on labs have been fully operational since then, students
might not feel the same way in 2024. Interest in videos
is growing more generally, and students are now more
used to consuming them in both academic and social
contexts. The number of scientifically helpful videos
grew a lot during the Pandemic, and they are an easy
way to quickly grasp a concept.

ii. Productivity of online classes/sessions: considering
their perceived learning, the majority of 2021 students
(51.4%) considered that online classes were productive
only for some types of classes, especially those that
promoted interaction (41.4%) and to a lesser extent
theoretical classes (27.4%). Students (30.9%) also said
they wouldn't mind keeping a hybrid system, but only
for some subjects/modules, and they chose theoretical
classes (89.9%) as the ones they would keep. They also
considered that student support (office hours) could be
online, but with very little expression (5.2%). The
students of 2024 think that online classes can work for:
small groups (59.2%), working sessions/meetings
(49.6%), student support (47.3%) and theoretical classes
(26.1%). So, students' perceptions of the productivity of
online classes seem to have changed little, but they now
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seem to have a clearer idea of when it can be
productive: for meetings, small groups or student
support.

Fe)
Academic
Year

M2020-21
W2023-24

Number of students

Online Laboratories

Number of students

Simulations

250

Mumber of students

Videos

Figure 7: Comparison between online resources preferences from 2021
and 2024 Portuguese students

In relation to the dimension of “sustainability”, the
comparison allowed to take the following inferences:

iii. The type of transport and the time spent commuting
from home to school: there are no statistically
significant differences in the type of transport used, but
there is a statistically significant difference in the
average time they spend on the commute: in 2024
students take more time (as could be inferred from
Figure 1, in section 3.2). This could be because in 2021
the return to school was not in full. Since there is no
significant difference between the types of transport,

this difference in time spent might average that there
are more students who come from further away.
Overall, this was not an easy decision to make in the
immediate aftermath of the pandemic.

iv.  Sustainability habits: considering the 3 categories of

this dimension (transport, food consumption and
resources), a significant percentage of the 2024
students stated that they already had those habits
before the pandemic, respectively 46.8 %, 46.4 % and
35.5 %. So, considering the former answer and the
students that answered yes to the former questions,
the percentages increased to 56.8 %, 63.7 % and 49.7
% respectively. These are significantly higher than
the ones obtained in 2021, which were respectively
40.9 %, 33.2 % and 25.1 %. This suggests a heightened
level of concern among students regarding practical
sustainability issues these days.

4.4. Conclusion

Most of the Portuguese students inquired in 2024
recognized they still use several online resources, with
video being the most popular. Overall, they considered
online resources as being productive and identified the
most productive for their learning as being the classes in
small groups, students’ support and working sessions. In
fact, students who use them more intensely tend to find
them more productive. In terms of sustainability, students
show a stronger tendency towards sustainable food
consumption and resource management. Regarding
transport, it was found that approximately 24% of the
study participants — typically working and older students
- have a high ecological footprint, indicative of significant
environmental impact.

Compared to 2021, there was no significant change in
students’ perceptions of the productivity of online classes.
However, they now demonstrate to have a clearer idea of
when it can be productive. Video has become more
prominent, and students are now more accustomed to
using it both in academic and social contexts. Students are
also now more concerned about practical sustainability
issues. The results suggest that they have already
incorporated sustainability habits into their daily lives. In
any case, the pandemic seems to have triggered a long-
term change in behavior.

Regarding our research question: "Have students’
perceptions regarding sustainability issues and the productivity
of online classes changed since the post-pandemic phase?”, our
results point to a tendency of improvement of the
students’ sustainable habits and their perception of the
utility of some pedagogical online resources, but only in
particular cases.

The findings of this study indicate that students have
demonstrated an aptitude for using online tools, which
may have consequences for both the pedagogical practices
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employed by students and the administration of higher
education institutions. An overall contribution of this
study is that students are open to the possibility of having
some teaching classes or resources delivered online and
this may represent a way to use b-learning as a more
sustainable alternative since it reduces the transport
negative effects, regarding that their schedule allows for
them to reduce the number of days they need to attend the
university. An important consequence is also the decrease
in the time spent commuting. However, students are only
open to that possibility if it does not represent hands-on
practices, they consider it more productive to be face-to-
face with the teacher and colleagues.

These findings also have several implications for key
educational stakeholders, such as teachers or academic
managers. Teachers should be encouraged to use online
tools as complementary strategies to enhance flexibility,
engagement and sustainability. They should be
encouraged to use hybrid learning formats, particularly
those incorporating support sessions and small-group
activities. Academic managers should be sensitive to more
flexibility in terms of classes schedules and the benefits of
online moments, complementary to the hands-on essential
classes. Conversely, policymakers and higher education
institutions may wish to consider providing institutional
support for hybrid education models that align with
sustainability goals.

The observation of a considerable ecological footprint
among the students in the analyzed sample suggests
potential deficiencies in the availability or adequacy of
local public transport alternatives. Consequently, this
paper may have implications for territorial policy
management, particularly by highlighting the necessity to
develop transport options that are more aligned with
students' needs.

This work has limitations regarding the longitudinal
comparison because some questions were slightly
modified. Even though no direct conclusion has been
made regarding each question, we acknowledge that this
factor could have affected the results. Also, the population
that answered both surveys was obviously not the same,
and we cannot guarantee that external factors related to
each group did not influence the responses.

Another limitation of this study lies in the inability to
conduct triangulation, as the original
instrument was not designed to collect data suitable for
this type of analysis. Consequently, the results are
presented solely from a descriptive quantitative approach.
Additionally, the represents another
limitation, as it does not allow for broad generalization of

qualitative

sample size

the findings. However, this work should be understood as
a starting point that provides an initial approximation of
the reality under investigation. Based on this foundation,
future research using mixed-methods approaches may be

developed to achieve a more

understanding of the subject of study.

comprehensive
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