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ABSTRACT
This study investigates COVID-19’s impact on the education system.
It captures a multidimensional representation of teachers, students,
and parents’ use of information communication technologies (ICTs)
to mitigate this disruption caused by school closures. The study
analyzes the evolving influences on individual and collective be-
haviour amid the pandemic. The methods consisted of a 5-week
longitudinal study that included a survey and multiple interviews
with the three stakeholder groups. The qualitative and quantitative
data yielded the analysis of ICTs usage before and during social
confinement. Further to our analysis, we categorize and discuss our
findings. We also interpret results to capture design implications
and generate a new concept for design. To finalize, we identified
students’ learning loss and learning variability as pressing issues,
despite the availability of technological mediums. We believe that a
collaborative learning system could mitigate such a challenge. We
believe that such a system could connect students to a teaching
community and imbue a sense of togetherness within the context
of distance education.

CCS CONCEPTS
• Applied computing → Education; Collaborative learning; •
Human-centered computing → Human computer interaction
(HCI); Empirical studies in HCI.
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HCI in the Pandemic, distance education, students learning vari-
ability, children’s learning development, computer-supported col-
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1 INTRODUCTION
According to UNESCO [1], compulsory confinement as a response
to the COVID-19 pandemic [2], [3] and the consequent school clo-
sures affected 94% of the world’s student population with uncertain
impacts. That is, 1.6 billion learners had their learning process in-
terrupted when the pandemic rose to its maximum, turning into
the most significant disturbance in the school system known in
history. This issue seems to aggravate previous inequalities in edu-
cation, especially for the students without a good parental support
system, living in poor or rural areas, female students, or children
with disabilities [4].

UN’s Policy Brief [4] informs that the majority of the almost 190
affected countries made an abrupt change in the choice of instruc-
tional methodologies, from face-to-face (F2F) to Distance Education
(DE). New procedures were implemented to guarantee the con-
tinuity of teaching and learning, despite the lengthy discussion
on the benefits of such methods for students’ learning, especially
during school closure periods. Nevertheless, the UN refers that
approximately 40% of the impoverished nations were unsuccess-
ful in promoting supportive measures to at-home students amid
the COVID-19 pandemic. Still, in most countries, the school sys-
tem adopted new standards and whereby teachers had to swiftly
adapt their learning approaches to accommodate DE and bridge
the physical gap between schools and students.

Recourse to DE amid the 2020 pandemic brought an increased
awareness of the importance of ICTs, their adoption, access, and
knowledge as a tool to increase openness and accessibility to edu-
cational systems and school communities. It also urged the need
to grant access to a fair learning environment for all students, re-
gardless of their background. Certain inequalities were, before the
pandemic, partially balanced within the school setting as children
would have access to similar resources and equipment, even though
the literature on the ’homework gap’ already exposed the negative
impact of socioeconomic background on student performance. So,
during the pandemic, lack of means was not mitigated. For disad-
vantaged students, learning did not progress as much as for more
resourceful students [5], [6].

2 BACKGROUND AND RELATEDWORK
This section will provide background information on our longitu-
dinal study, followed by a reference to the related literature and a
presentation of the resulting research questions. The longitudinal
study seeks to understand how three stakeholder groups coped and
adapted to the online transition of the education system, focusing
on students’ learning progression and educational needs. Addi-
tionally, we examine when and how participants adopted ICTs to
progress their educational activities remotely. Distance education
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has shifted from asynchronous learning via email to synchronous
e-learning, peer instruction platforms [7], [8]. Although DE is used
as an umbrella term for learning at a distance, it is important to
note that the term Virtual School (VS) has also gained momentum
[9]. In the past, education systems have often resorted to novel
technological mediums to assist instruction. However, in the pan-
demic context, education aided by virtual tools was pushed to its
total capacity, and regularly, unlike before [10], [11].

2.1 Research context
This research was conducted in Portugal between April 1st and
May 4th. During this period, we collected responses from the three
groups of education stakeholders amid the school closures in early
2020. The sudden transition from F2F to DE was particularly de-
manding on district and school employees, causing "high levels of
burnout" [12] as they tried to continue the student’s learning pro-
cess. Early solutions to progress school instruction were incipient,
most developed gradually, even though the potential risk of more
than 23.8 million children and young people’s inability to cope with
the school closures was a cause for great concern. Also, the further
lack of interest, which could lead to school disengagement, was con-
cerning, according to OECD [13] and the United Nations (UN) [4].
Such complex issues could erode student attendance and learning
pace as well as originate a diverse set of learning needs. Therefore,
it became imperative for educational systems to assess ways to
re-engage students, address learning variability, and encourage a
continuation of their educational aspirations.

2.1.1 Research void in K-12 Education amid the pandemic. Well-
informed decision making during a pandemic is paramount to its
management. This type of information is often rare, deficient, dis-
persed and "mainly addressed in ’medical’ journals and more re-
cently boosted by the ’knowledge management’ scholars” [14].
Additionally, other studies examine the issue from the perspec-
tive of macroeconomic effects on regions affected by pandemics or
near-pandemics. Although disaster management is fundamental,
the disease outbreak is distinct from earthquakes, snow hazards,
fires, or floods due to its particular and important ’dynamics’ [14].
Research on the effects of a myriad of events on school closures,
such as weather-related phenomena (e.g., Hurricane Katrina in New
Orleans), although not as disruptive as COVID-19, provide insights
on the correlation between student achievement and the time spent
at home without access to a physical school environment [5].

According to Kuhfeld et al., the scarce comparative research on
F2F learning and DE is inconclusive. Simultaneously, some studies
found adverse effects on student’s Virtual Learning (VL). While
others found zero or minimal benefits in DE compared to F2F in-
struction, even though Covid-19 presents aggravated issues [5]. For
others, studies and debates on the technology role and distance
educational media of the past 60 years lack robustness, leading to
"unrealistic claims about the impact of technology on learning" [9].

2.1.2 Education consequences amid a Pandemic. The UN claims
that instructional loss will occur and jeopardize the effort of many
decades, especially for underprivileged children and adults, mostly
young girls and women, whose learning opportunities diminished
due to the pandemic [4]. The OECD refers to other authors who

allude to the minor effects of school closures in students’ achieve-
ments, found in the literature; namely, the prolonged school closure
period 2011 derived from Christchurch earthquakes, this consider-
ing that teachers later concentrated on what students should learn.
Although shorter in duration, such closures happened suddenly
and disturbed the learning process; therefore, it might pose similar
consequences in the school system and how the learning process
should continue [13], [15].

Albeit insightful, Kuhfeld et al. refer that some of these studies
could have several flaws, like not studying the impact on different
demographics, socioeconomic context, or the impact of the current
technological solutions used for remote learning. Another critical
issue is the impact of wave patterns of SARS-CoV-2’s reinfection in
certain areas or populations. In this case, the correlation now being
made between lost time and its impact on learning with s might
not be entirely accurate tomorrow. Therefore, the authors conclude
that student’s accomplishments are difficult to determine in such a
climate and its impacts on their academic future [5].

2.2 Learning loss and variability among
students

Despite the constraints and shortcomings imposed by DE methods,
"students who did not receive online instruction may have gotten
no instruction at all" [5]. In fact, according to Chen et al., most
Chinese public K-12 schools, like the ones present in this study,
"did not have dedicated platforms and devices or online teaching
and learning experience" [16] due to their lack of resources. Many
teachers and students had to find "their own ways to deal with
challenges in such an urgent transition" [16]. For example, the
Education Trust (ET) refers that schools in high-poverty areas were
not inclined to provide online learning, especially synchronous
teaching, and referred to a complete absence of a more significant
number of students than low-poverty schools. Some authors make a
correlation between DE and participation decline and absenteeism
challenges [16]. Evidence emphasized by the American Enterprise
Institute (AEI), which refers to solely one-fifth of American school
districts reached high standards for their DE approach. Leading to
a national understanding from teachers that their students "spent
half as much time on learning they did before the COVID-19 school
closures" [5].

Europe, 5% to 8% of the French students were unsuccessful in
interacting with their teachers two weeks after school closures.
While in the USA, there is evidence of complete disconnection
between teachers and their students, wherein early April, 39% of
educators contacted, every day, mainly by email, their students.
Also, in the second-largest school district of the USA, Los Angeles,
approximately 13% of students failed to reach teachers and their
schools.

Kuhfeld et al. project student learning loss and learning variabil-
ity, during COVID-19, in line with summer learning gaps, resem-
bling a lengthened out-of-school period and considers the possibil-
ity of future decreased learning gains. Namely, reduced academic
achievement will cause greater variability in students’ average
school gains in the next school year than in former years due to the
unequal support from teachers and/or parents and relatives. More-
over, in the abridged school year, students are expected to have
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between "63% and 68% of learning gains in reading, but only 37% to
50% of the average gains in mathematics" [5], while 30% of students
were absent during the same period. Some experts’ projections,
based on prior studies about critical periods and their aftermath,
the post-COVID-19 time will bring not only a rise in child poverty
but also in school abandonment. [13], [17] It seems that both issues
continue to be inseparable despite the technological progress we
witness today.

2.3 Student’s familial and socioeconomic
background

According to Miller and Ashdown, the misunderstanding of the "so-
cioeconomics that many students face may result in them failing"
[18] to complete their school year successfully. Even though the
school system tried to cope with the tempestuous process, many
"students and their families likely bore the brunt of the responsibil-
ity for ensuring that learning continued during the closures" [5].
Some parents with low education who could not aid their children’s
school duties resorted to their children’s older siblings, other family
members, or acquaintances. According to the ET, the subsequent
low achievement of students may also be due to the lack of access
to ICTs that affected 50% of low-income families. Moreover, the loss
of the household income and the cut of nutritious meals added to
the students "struggle to meet the academic year’s outcome goals
after the reduction in educational time" [18].

The parents who kept their jobs were also conflicted to balance
their work, remote or not, with their children’s needs, as in another
stress factor that will alter their academic accomplishments. The
student’s caregivers became their children’s learning supporters
and their motivators amid such crises. The OECD’s studies indicate
that 95% of Korean students referred to their parental learning
and emotional support to cope in this stressful period, which is
6% higher than the OECD average. While in Portugal it is 94%, the
USA (United States of America) and Australia is 93%, in the UK
(United Kingdom) is 92%, Sweden and Japan with 89%, Chile with
87%, Turkey with 87% and Germany with 86%. [13], [15], [17].

After examining the above literature, we observed insufficient
research on learning loss and learning variability associated with
education’s inequalities during a pandemic event. Students’ so-
cioeconomic background and school’s location were found to be
essential to a quasi-normal progression of instruction on a disrup-
tive phenomenon like the Covid-19 pandemic and the consequent
school closure. Despite the discussions on the effectiveness of DE,
a complete lack of school engagement due to absent widespread
technological infrastructure and resources associated with disfa-
vored backgrounds and inability to be assisted seem to emphasize
previous learning inequalities.

In response to the above presentation of key literature, our study
aims to comprehend how the school system adapted to the sharp
transition by examining teachers, students and parents’ adaptabil-
ity and significant concerns and coping strategies. Therefore, we
suggest the following research questions:

RQ1: What challenges did 8th-grade teachers, students, and par-
ents face when transitioning from F2F to DE, supported by ICTs?

RQ2: How did they address such challenges?

RQ3: What unforeseen challenges arose in teachers, students,
and parents’ use of ICTs during school closure? Were they able to
tackle such challenges?

3 METHOD
3.1 Procedure and Data collection
Due to the complexity of the unexpected education’s methodologi-
cal transition, the researchers applied a mixed-method quantitative-
qualitative procedure. From multiple perspectives, although anec-
dotal, we aim to "shed light on a concept or more likely several
concepts and how they are connected" [19]. This procedure allows
cross-examining the survey’s data, which defined the interview’s
design. Moreover, this mix-method approach enabled examining
the stakeholder’s individual and collective experiences throughout
five weeks. The period comprehended the school closures at the end
of the second term and the beginning of the third term, intermedi-
ated, in some cases, by an extended break. The goal is to investigate
the overall reactions to school closures and the digital interactive
strategies employed to continue the instruction. The longitudinal
design allows, as well as the registration of behavioural and strate-
gic modifications "in critical moments of change and transitions"
[20], [21].

3.1.1 Survey. This study started with three surveys to three edu-
cation stakeholders – teachers, students, and parents. The question-
naires’ links were published separately in social media channels,
targeting the specific stakeholder, namely teachers’ Facebook pages,
in April’s 2020 first fortnight. The surveyed subjects (N=215) were
composed of 79% of teachers, 4.7% of students, and 16.3% of par-
ents living in Portugal. The respondents varied from different ages,
school levels, institutions (private and public), and geographical
areas. The goal was to understand the complexity of the school
closure due to the Covid-19 phenomenon and ultimately narrow
the research scope.

The survey has served as the base for the questionnaires’ theo-
retical and design application of longitudinal semi-structured inter-
views [19], [20], [22]. The teacher’s significant participation in the
survey provided a more precise direction to the interview design,
centred around questions regarding teacher’s perceptions of student
learning engagement and content apprehension. In contrast, for the
other stakeholders, the initial interviews were more exploratory.
The student’s understanding of their learning needs and parental
assistance was fundamental to assessing a more comprehensive
depiction, processes, and outcomes to be examined.

3.1.2 Interviews. The longitudinal study comprised a set of semi-
structured interviews that, regardless of the period it occurs, "can
capture elements of change and still allow for degrees of reflexivity"
[23], thus enabling an iterative and exploratory environment [24],
[25].

The recruitment of the interviewees (N=6) focused on 8th-grade
teachers and students and parents with children enrolled in the
same grade as well. The convenient and purposeful sample was
selected using a cluster sampling and design thinking extreme
user method [26]. The concentration on the extremes allows the
surge of aggravated problems, requirements, and procedures. The
cluster sampling comprehended four schools in the public and
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Table 1: Interviews’ particpants

ID Stakeholder Age Gender
T1 Teacher 48 M
T2 Teacher 43 F
S1 Student 14 M
S2 Student 15 M
P1 Parent 41 F
P2 Parent 42 F

a Educational stakeholders’ succinct information.

private sector, dispersed geographically all over three cities (rural
and urban areas), with comparatively different households. Table 1
presents information relating to each interviewee. When recruiting
parents, we used the same method to select working and stay-at-
home parents with diverse academic profiles [19], [23], [27].

The six stakeholders were interviewed individually once a week,
via Zoom or telephone, throughout five weeks, for an estimated
period between 13 and 21 minutes. The 30 interviews were recorded
upon request, noted and transcribed. We asked participants about
the challenges they faced up to that interview and how they ad-
dressed them. Moreover, we were particularly interested in partici-
pants’ knowledge and insights concerning DE, and its implementa-
tion throughout the study, since the survey showed conflicting data.
We also questioned interviewees about their resources (existent or
not) to support DE. We wanted to learn how they used resources
during school closure. Additionally, we assessed participants’ as-
sistance, or lack of, to aid remote learning or further understand
learning content and material.

3.2 Data examination
The transcribed interviews were analyzed to design a new set of
questions directed at participants in the following week. After the
30 interviews’ cycle, we carried out an in-depth qualitative exam-
ination using feature coding to assess trends in DE. The leading
author carried out the analysis by carefully reading the transcripts
and manually coded the data into eleven codes consisting of: "Feel-
ings and Perceptions", "Homework", "Student’s Assistance", "Group
Activities", "Classes’ Structure", "Learning Methods", "Technology",
"Social Media", "Communication", "Institutional Communication"
and "Tele school". A group of meaningful thematic clusters emerged
from the set analysis according to their "similarities and dissimi-
larities on various dimensions" [28], using a collaborative visual
platform [29]. This analysis stressed the need for "Collaborative"
assistance on a methodological and procedural level in addition
to the need for more "Autonomy" aligned with an "Extrinsic and
Intrinsic Motivation" to carry on the instructional activities despite
the stress and anxiety motivated by the uncertainty.

Afterwards, we created a theme analysis to understand observed
modifications in participants attitudes and behaviours towards DE
practices and methods. Three major trends emerged: "Education
Duties" often associated with overwhelming feelings regarding the
new responsibilities and the inability to perform without support.
In addition, "Interactive Technologies" were acknowledged as a fun-
damental tool to maintain school instruction despite the unequal

distribution and/or experience among the school population. How-
ever, potentialities also emerged, primarily due to the interactive
qualities of online teaching and learning and its ability to bring
people together. "Communication", both institutional and informal,
were paramount to address the uncertainties and the changeable-
ness atmosphere where the participants were living. Initial scarce
or inexistent communication, mainly in the public sector, progres-
sively changed to a more direct exchange of information as soon
as schools and educational authorities provided guidelines.

4 FINDINGS
We observed the stakeholder’s perceptions during the transitional
period, from an initial confusion and anxious state due to the un-
certainty regarding the school progression to a more contempt
towards the end of the study. The general understanding of dig-
ital media as a medium solely for entertainment shifted due to
education’s digitalization advancement. The Covid-19 pandemic
revealed preconceived notions of children’s exposure to the digital
tools, now used for communication and learning purposes. Antle
and Frauenberger address the need to paint "a more nuanced pic-
ture of children’s experiences with digital technologies" [30] and
contextualize them holistically.

This section provides answers to RQ1 and RQ2 and contributes
some design directions. These guidelines might derive from COVID-
19’s response and how this knowledge can be used to evaluate new
forms "of teaching and the methods and strategies" (T1) that can be
used to structure a new system. (T1, T2) Therefore, it is fundamental
to level the playing field by assessing the available resources and
ensure technological equity (T1, T2, S1, S2, P1, P2) and respond
accordingly.

4.1 Teachers’ coping strategies for an
unprepared DE role

Learning progression: According to the examined data, teachers
and pupils interacted through ICTs, namely through the email used
to deliver weekly assignments and clarify doubts. 84.1% of surveyed
teachers agreed that their students were not learning as much as
in F2F instruction. Also, they saw a quality decrease in students’
assignments, driving them to lower their expectations. In addition,
teachers stated that "this is a very extraordinarymoment in our lives,
and we all are doing our best" (T2). The student’s participation in
synchronous classes also declined because "there’s no comparison
between expressing verbally and clear a student’s doubts using a
chat, for students to see, when or if they see it" (T2).
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Technical and methodological: Survey results indicate that
87.6% of teachers felt that they were not fully prepared, nor did they
possess the essential training required for DE. Teachers acknowl-
edged a lack of preparedness during interviews as well. To mitigate
this gap, most teachers resorted to colleagues, either formally or
informally, through email or social media groups; this indicates
that the provision of more explicit instructions should accompany
continuous teacher training in the use of ICTs in the context of DE.
We believe this should apply to students as well. Continual tech
support and training, in several formats, must be granted as well to
aid the school community.

Out of the school support: According to 58.2% of surveyed
teachers, parents’ participation has not expanded during school
closure. The more engaged parents were helping students in their
tasks, while others were "not be able to support the student’s needs,
and many other needs" (T2). Moreover, T2 claims this crisis "will
only emphasize some inequalities that we must face as a society."

4.2 Students’ learning challenges during the
pandemic

Communication gap: The survey informs that 60% of the student’s
interactions with teachers were made mainly through interactive
communication systems like email and social media groups in Mes-
senger or Instagram. Although 90% of surveyed students learned
that the remaining school year would progress through their teach-
ers, most felt they were not entirely informed about it.

Learning progression: synchronous classes, 70% of pupils were
not as participative, and 80% agreed that queries were not fully
clarified during DE sessions. Moreover, some students did not feel
entirely accompanied by their teachers, an issue emphasized by
S1 and S2, which led 80% of them to conclude they were learning
less than before the pandemic. A minority of surveyed students
attending a private school, like S1, were "satisfied" with the use of
DE methods and found video conference classes "cool", yet they
would "like it more if it were face-to-face" (S1). While S2, attending
a public school in a poor district area, did not have synchronous
classes nor had access to an interactive digital learning platform and
was told to see tele-school broadcasted on a public channel. (S2) For
T2, synchronous video conference classes facilitate the "proximity
between students", and it seems to "draws more of their attention"
(P2). So, a class protocol could include 45 minutes of extended
classes to promote student’s participation in the last 15 minutes.
This extended time could serve students to comment on each other’s
work via constructive feedback and insightful suggestions (T1, S1).

Out of the school support: The students affirm that the
weekly homework plans were initially overwhelming. Still, stu-
dents changed their approach, gradually becoming more proactive
and autonomous. (S1, S2) Our data also suggests that 80% of sur-
veyed students claimed that their parent’s help in their learning
process did not increase, either for being overwhelmed with the
new routines or for not being able to help due to a lack of knowl-
edge. (S2) The insufficient support from teachers and parents often
led some students to rely on siblings, the internet, friends, and
colleagues in social media groups to "clarify some doubts (. . .) Or
to check which pages on the worksheets they had to fill" (S1, S2).
Nevertheless, we verified that some subject areas, like Math, were

harder to understand for students, like S2, especially in the context
of DE, leading to a regression in learning gains.

4.3 Parents’ struggles for an enhanced
educational role

Communication gap: Parents’ need to increase their involvement in
their children’s learning process during school closure was not en-
tirely or only partially communicated (42.9%). Some parents claim
their offspring’s teachers did not say "anything, no one says any-
thing" (P2) about their new tutoring responsibilities. Additionally,
54.3% of surveyed parents were not enlightened about DE and how
it would be conducted. As a result, 68.6% relied on social media and
social media groups for more information. This challenge was dealt
with similarly by interviewed participants.

Learning progression: Data retrieved from the survey indi-
cates that 60% of parents consider their children were not learning
as much as F2F learning. Although 94.3% of them affirmed there
was no interruption in the student’s educational progression, others
worried about the inexistent school/student interaction. Further-
more, teachers stated that students’ queries and doubts were not
entirely clarified during school closure, nor the schools were pro-
viding the necessary pedagogical support.

Out of school support: the perceived struggle on behalf of
students, 45.7% of surveyed parents maintained a similar degree
of involvement in their children’s school duties. While 28.6% saw
their involvement grow slightly and for 25.7%, their assistance for
their children enhanced in some cases to more than 90 minutes per
day. Despite the expanded role in their children’s learning process,
57.1% of surveyed parents believe that they were not fully capable
of clarifying their educator’s doubts. Furthermore, P2’s child "can’t
do his homework without his sister’s support" (P2). Meanwhile,
P1’s child "asks for less each time. But yes, he occasionally asks me
for help" (P1).

It takes a virtual village: To mitigate the inability to assist
their children, 28.6% of parents joined a social media group, where
60% of them went more than five times per week. Our survey sug-
gests that 50% of the interactions in parent social media groups
were about student’s homework and ways to assist it. Similarly to
pupils, parents found social media groups pertinent and helpful,
particularly to those who were "a little lost" (P1). It seems that "they
ask for help on how to do something or where to do a certain thing.
There is usually always a person who responds" (P1). However, P1
stresses the importance of these groups is diluted by occasional
"lack of objectivity" and overall "silliness". Furthermore, the insuf-
ficient time and embarrassment "to speak" (P2) meant that not all
parents fully adhered to this solution. So, it would be pertinent to
endorse the creation of a student, parent, and teacher group on an
interactive communication platform chosen by them. But a set of
contact standards and conduct norms among stakeholders must be
developed to avoid miscommunication and inappropriate remarks
or interactions (S1, P1).

Technical readiness: The acquisition of novel technological
resources for DE was seen as unnecessary for 91.4% of inquired
families, primarily due to the existence of school loans for techno-
logical resources. Local authorities’ guidelines advised such loans
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to in-need households. 65.7% already had all the necessary technical
support to continue the student’s learning process.

5 DESIGN IMPLICATIONS
This study reflects on the multitude of issues faced by the stakehold-
ers and their use of ICTs to cope with the expected and unexpected
issues found during school closure caused by the COVID-19 pan-
demic. Our longitudinal study used a mix-methods approach. As
a result, the data analysis and its connection to the current liter-
ature resulted in suggestions with design implications to address
students’ need for a more supportive learning environment based
on an ICT.

5.1 Community-assistive teaching
The ever-evolving ed-tech market presents several interactive prod-
ucts with an array of possibilities to choose from. These solutions
combine pedagogical and design approaches that often result in
materials for a mass audience and do not comprehend student
specificity or the existence of learning variability or impairments.

The freedom brought by the recent technological innovations
allows students to assume the "responsibility for managing their
own learning, in such matters as deciding when they will study,
how much they want to learn, and seeking out information and
resources" [31] to build their intellectual structures. For this, stu-
dents may resort to a less abstract learning process and prefer more
human connection building on knowledge that can improve and
be improved by "relationships with other people encountered in
the learning process" [32]. Such a process exists in an educational
community, that is, students will build their knowledge (academic
or social) within a communal structure that will transmit "the reper-
toire of resources that the community has accumulated through its
history of learning" [33] in a focused and personalized manner[33],
[34].

5.2 Collaborative interpersonal learning
system

As suggested by the study participants (T1, T2, S1, S2, P1, P2), an
ideal system would be a crossed ICT platform between students
and a teaching community (TC). ICTs could be an essential and
strategic tool to facilitate those interactions, allowing articulation
of an individual’s actions enabling them "to navigate new ways to
form social supports when they can’t be face-to-face" [30]. This
system would be easily accessed through a smartphone due to its
extensive presence in classrooms (P1), so the student’s specific
learning losses could be easily and intuitively addressed.

Students claim to resort to search engines and social media
groups to understand previously taught concepts to solve their
homework, which might lead to further confusion and misunder-
standings. As observed, such inaccuracies would not be addressed
by a substantial number of parents due to their lack of knowledge.
In this sense, the TC would help the students, in written or video
format, synchronously or in an asynchronous manner. The inter-
actions, mediated by interactive mediums, between the students
and TC would be on an individual level, therefore reinforcing a
culture that "can humanize learning by permitting more personal,
less alienating relationships" [32]. Additionally, this system would

admit the existence of a small learning group as well, assisted by
TC, and enhance the number of assigned group projects which
will use collaborative tools to accomplish it (S1, S2). Besides, the
involvement of a learning group of formal and informal interac-
tions is fundamental for the overall learning experience. These
learning formats would tackle learning loss and learning variability
and would simultaneously forge fellowship among students and
the community, thus promoting a healthy and amicable learning
environment.

The human-centred approach to education, as recommended by
the UN, could be beneficial in the pandemic’s aftermath through the
development of a ’close-knit community’ of educators that could
enable "peer interactions and discussion, work sharing, peer collab-
oration, peer feedback and peer assessment" [35]. The accredited
instructors or TC would peer review the instruction given to stu-
dents according to predetermined requirements and conduct norms
among stakeholders to avoid miscommunication and inappropriate
remarks or interactions (S1, P1). These members would need to
individualize their instruction approach by understanding where
students are academically and to sustain their learning continuity
at a level and pace comfortable yet challenging to the student. More-
over, the TC could also enhance their distinct teaching approaches
by supplying essential support to mitigate specific learning losses
on behalf of students and nurture each learner’s strengths.

6 LIMITATIONS
Even though this study tried to broaden the scope of research by
reaching a wider variety of participants, the restrictions imposed
by the COVID-19 pandemic proved to be challenging and resulted
in difficulty to integrate more participants. In this sense, our sample
is limited even though our analysis seeks to provide an ample
perspective on the challenges encountered by stakeholders who
experienced a diverse set of needs. This research was carried in a
specific context, both geographically and in a pandemic situation;
so, some of these findings may be linked with specific cultural
conditions and therefore not applicable to other contexts. Future
work may include a broader set of participants and stakeholders
from different geographic, educational, and cultural stances to reach
a more nuanced and enhanced understanding.

7 CONCLUSION
This longitudinal study shed light on the multi-faceted and of-
ten collaborative coping mechanisms of teachers, students, and
parents when dealing with an unknown situation brought by the
abrupt closure of schools. Initially, the sudden shift caused dismay
and apprehension, among the stakeholders, due to the covid-19
uncertainty and lack of knowledge on how DE, aided by digital
tools, would progress. Following our data analysis, the adaptation
of stakeholders to such circumstances gradually led to a greater
collective understanding of how they could cope with the situation
and accept the limitations imposed by the pandemic. Addition-
ally, we noticed, and the stakeholders as well, the pervasive use
of ICTs in education during school closure. Nonetheless, we also
identified underlying issues that reveal several weaknesses: the
lack of support some students face at home once adhering to DE.
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According to our study, many students were affected by the in-
adequate response of the education system, which many parents
could not compensate for as they could not correctly assist their
children’s educational needs. Consequently, student learning loss
and learning variability will likely stand out as pressing matters
post-pandemic. Once we concluded data examination, it became
apparent that there was a demand for a flexible system that could
tackle students’ distinct requirements. As a result, our proposed
design implications project a system that could answer students’
pedagogical needs whilst nurturing the creation and maintenance
of teaching-enabling communities.

ACKNOWLEDGMENTS
All the surveys and interview’s participants are kindly thanked for
their willingness to volunteer and share their views and experiences.
This study was partially funded by Project SUAVE, M1420-01-0247-
FEDER-000019.

REFERENCES
[1] UNESCO, “UN Secretary-General warns of education catastrophe, pointing to

UNESCO estimate of 24 million learners at risk of dropping out,” UNESCO,
Aug. 05, 2020. https://en.unesco.org/news/secretary-general-warns-education-
catastrophe-pointing-unesco-estimate-24-million-learners-risk. Retrieved Octo-
ber 28, 2020.

[2] World Health Organization, “Coronavirus disease (COVID-19) pandemic.”
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-
covid-19/novel-coronavirus-2019-ncov. Retrieved October 28, 2020.

[3] World Health Organization, “Listings of WHO’s response to COVID-19.” https:
//www.who.int/news/item/29-06-2020-covidtimeline. Retrieved October 28, 2020.

[4] United Nations, “Policy Brief: Education during COVID-19 and beyond,”
2020. https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/
2020/08/sg_policy_brief_covid-19_and_education_august_2020.pdf. Retrieved
November 12, 2020.

[5] M. Kuhfeld, J. Soland, B. Tarasawa, A. Johnson, E. Ruzek, and J. Liu, “Project-
ing the Potential Impact of COVID-19 School Closures on Academic Achieve-
ment,” Educational Researcher, vol. 49, no. 8, pp. 549–565, Nov. 2020, doi:
10.3102/0013189X20965918.

[6] M. Santillana, J. Sraubhaar, A. Schrubbe, J. Choi, and S. Strover, “Digital inequal-
ities: Homework gap and techno-capital in Austin, Texas,” FM, Jun. 2020, doi:
10.5210/fm.v25i7.10860.

[7] D. Coetzee, S. Lim, A. Fox, B. Hartmann, and M. A. Hearst, “Structuring Inter-
actions for Large-Scale Synchronous Peer Learning,” in Proceedings of the 18th
ACMConference on Computer Supported CooperativeWork & Social Computing,
Vancouver BC Canada, Feb. 2015, pp. 1139–1152. doi: 10.1145/2675133.2675251.

[8] C. Kulkarni, J. Cambre, Y. Kotturi, M. S. Bernstein, and S. R. Klemmer, “Talka-
bout: Making Distance Matter with Small Groups in Massive Classes,” in Pro-
ceedings of the 18th ACM Conference on Computer Supported Cooperative
Work & Social Computing, Vancouver BC Canada, Feb. 2015, pp. 1116–1128. doi:
10.1145/2675133.2675166.

[9] M. R. Simonson, S. E. Smaldino, and S. Zvacek, Eds., Teaching and learning at
a distance: foundations of distance education, Sixth edition. Charlotte, North
Carolina: Information Age Publishing, 2015.

[10] C. Mehrotra, C. D. Hollister, and L. McGahey, Distance learning: principles for
effective design, delivery, and evaluation. ThousandOaks, Calif: Sage Publications,
2001.

[11] B. Holmberg, Distance education in essence: an overview of theory and practice
in the early twenty-first century, 2. ed. Oldenburg: Bibliotheks- und Information-
ssystem der Univ. Oldenburg, 2003.

[12] D. DeMatthews, D. Knight, P. Reyes, A. Benedict, and R. Callahan, “From the
Field: Education Research During a Pandemic,” Educational Researcher, vol. 49,
no. 6, pp. 398–402, Aug. 2020, doi: 10.3102/0013189X20938761.

[13] OECD “Education and COVID-19: Focusing on the long-term impact
of school closures,” OECD. https://www.oecd.org/coronavirus/policy-
responses/education-and-covid-19-focusing-on-the-long-term-impact-
of-school-closures-2cea926e/. Retrieved November 12, 2020.

[14] S. Ammirato, R. Linzalone, and A. M. Felicetti, “Knowledge management in
pandemics. A critical literature review,” Knowledge Management Research &
Practice, pp. 1–12, Aug. 2020, doi: 10.1080/14778238.2020.1801364.

[15] OECD. “School education during COVID-19: Were teachers and students ready?
- OECD.” http://www.oecd.org/education/coronavirus-education-country-notes.
htm. Retrieved November 12, 2020.

[16] X. Chen, S. Chen, X. Wang, and Y. Huang, “‘I was afraid, but now I enjoy being a
streamer!’: Understanding the Challenges and Prospects of Using Live Streaming
for Online Education,” Proc. ACM Hum.-Comput. Interact., vol. 4, no. CSCW3,
pp. 1–32, Jan. 2021, doi: 10.1145/3432936.

[17] E. A. Hanushek and L. Woessmann, “The Economic Impact of Learning
Losses,” Sep. 2020. https://www.oecd.org/education/The-economic-impacts-of-
coronavirus-covid-19-learning-losses.pdf. Retrieved November 12, 2020.

[18] S. M. Miller and B. K. Ashdown, “When COVID affects the community: The
response of a needs-based private school in Guatemala,” Local Development &
Society, vol. 1, no. 1, pp. 34–42, Jan. 2020, doi: 10.1080/26883597.2020.1794758.

[19] A. Bryman, Social research methods, 4th ed. Oxford; New York: Oxford University
Press, 2012.

[20] S. Vogl, U. Zartler, E.-M. Schmidt, and I. Rieder, “Developing an analytical frame-
work for multiple perspective, qualitative longitudinal interviews (MPQLI),” In-
ternational Journal of Social Research Methodology, vol. 21, no. 2, pp. 177–190,
Mar. 2018, doi: 10.1080/13645579.2017.1345149.

[21] J. Holland, R. Thomson, S. Henderson, London South Bank University, and Fami-
lies & Social Capital ESRC Research Group, Qualitative longitudinal research: a
discussion paper. London: London South Bank University, 2006.

[22] L. A. Palinkas, S. M. Horwitz, C. A. Green, J. P. Wisdom, N. Duan, and K. Hoag-
wood, “Purposeful Sampling for Qualitative Data Collection and Analysis in
Mixed Method Implementation Research,” Adm Policy Ment Health, vol. 42, no.
5, pp. 533–544, Sep. 2015, doi: 10.1007/s10488-013-0528-y.

[23] J. Mcleod, “Why we interview now–reflexivity and perspective in a longitudinal
study,” International Journal of Social Research Methodology, vol. 6, no. 3, pp.
201–211, Jan. 2003, doi: 10.1080/1364557032000091806.

[24] A. Burns, Collaborative action research for English language teachers. Cambridge;
New York: Cambridge University Press, 1999.

[25] S. Kvale and S. Brinkmann, InterViews: learning the craft of qualitative research
interviewing, 2nd ed. Los Angeles: Sage Publications, 2009.

[26] D. H. Mortensen, “Stage 1 in the Design Thinking Process: Empathise with
Your Users,” The Interaction Design Foundation. https://www.interaction-
design.org/literature/article/stage-1-in-the-design-thinking-process-
empathise-with-your-users (accessed May 24, 2021).

[27] M. N. Marshall, “Sampling for qualitative research,” Fam Pract, vol. 13, no. 6, pp.
522–526, 1996, doi: 10.1093/fampra/13.6.522.

[28] D. Henry, A. B. Dymnicki, N. Mohatt, J. Allen, and J. G. Kelly, “Clustering
Methods with Qualitative Data: a Mixed-Methods Approach for Prevention
Research with Small Samples,” Prev Sci, vol. 16, no. 7, pp. 1007–1016, Oct. 2015,
doi: 10.1007/s11121-015-0561-z.

[29] “Miro | Free Online Collaborative Whiteboard Platform,” https://miro.com/.
[30] A. N. Antle and C. Frauenberger, “Child–Computer Interaction in times of a

pandemic,” International Journal of Child-Computer Interaction, vol. 26, p. 100201,
Dec. 2020, doi: 10.1016/j.ijcci.2020.100201.

[31] M. G. Moore and G. Kearsley, Distance education: a systems view of online
learning, 3rd ed. Belmont, CA: Wadsworth Cengage Learning, 2012.

[32] S. Papert, Mindstorms: children, computers, and powerful ideas, 2nd edition. New
York, NY: Basic Books, 1993.

[33] E. Wenger, Communities of practice: learning, meaning, and identity. Cambridge,
U.K.; New York, N.Y: Cambridge University Press, 1998.

[34] S. Cooper, S. H. Rodger, M. Schep, R. H. Stalvey, and W. Dann, “Growing a K-12
Community of Practice,” in Proceedings of the 46th ACM Technical Symposium
on Computer Science Education, Kansas City Missouri USA, Feb. 2015, pp. 290–
295. doi: 10.1145/2676723.2677255.

[35] J. Portillo and A. Lopez de la Serna, “An international perspective for ‘Improving
teacher professional development for online and blended learning: a system-
atic meta-aggregative review,”’ Education Tech Research Dev, Nov. 2020, doi:
10.1007/s11423-020-09851-9.

https://en.unesco.org/news/secretary-general-warns-education-catastrophe-pointing-unesco-estimate-24-million-learners-risk
https://en.unesco.org/news/secretary-general-warns-education-catastrophe-pointing-unesco-estimate-24-million-learners-risk
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/novel-coronavirus-2019-ncov
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/novel-coronavirus-2019-ncov
https://www.who.int/news/item/29-06-2020-covidtimeline
https://www.who.int/news/item/29-06-2020-covidtimeline
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2020/08/sg_policy_brief_covid-19_and_education_august_2020.pdf
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2020/08/sg_policy_brief_covid-19_and_education_august_2020.pdf
https://www.oecd.org/coronavirus/policy-responses/education-and-covid-19-focusing-on-the-long-term-impact-of-school-closures-2cea926e/
https://www.oecd.org/coronavirus/policy-responses/education-and-covid-19-focusing-on-the-long-term-impact-of-school-closures-2cea926e/
https://www.oecd.org/coronavirus/policy-responses/education-and-covid-19-focusing-on-the-long-term-impact-of-school-closures-2cea926e/
http://www.oecd.org/education/coronavirus-education-country-notes.htm
http://www.oecd.org/education/coronavirus-education-country-notes.htm
https://www.oecd.org/education/The-economic-impacts-of-coronavirus-covid-19-learning-losses.pdf
https://www.oecd.org/education/The-economic-impacts-of-coronavirus-covid-19-learning-losses.pdf
https://www.interaction-design.org/literature/article/stage-1-in-the-design-thinking-process-empathise-with-your-users
https://www.interaction-design.org/literature/article/stage-1-in-the-design-thinking-process-empathise-with-your-users
https://www.interaction-design.org/literature/article/stage-1-in-the-design-thinking-process-empathise-with-your-users
https://miro.com/

	Abstract
	1 INTRODUCTION
	2 BACKGROUND AND RELATED WORK
	2.1 Research context
	2.2 Learning loss and variability among students
	2.3 Student's familial and socioeconomic background

	3 METHOD
	3.1 Procedure and Data collection
	3.2 Data examination

	4 FINDINGS
	4.1 Teachers' coping strategies for an unprepared DE role
	4.2 Students' learning challenges during the pandemic
	4.3 Parents' struggles for an enhanced educational role

	5 DESIGN IMPLICATIONS
	5.1 Community-assistive teaching
	5.2 Collaborative interpersonal learning system

	6 LIMITATIONS
	7 CONCLUSION
	Acknowledgments
	References

