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Abstract.
BACKGROUND: The sanitary emergency due to COVID-19 virus obliged people to face up several changes in their every-
day life because World Health Organisation (WHO) guidelines and countries’ Health Systems imposed lockdown of activities
and social distancing to flatten the infection curve. One of these rapid changes involved students and professors that had to
turn the traditional “in presence” classes into online courses facing several problems for educational delivery.
OBJECTIVE: This work aimed to investigate the factors that affected both teaching/learning effectiveness and general
human comfort and wellbeing after the sudden transition from classrooms to eLearning platforms due to COVID-19 in Italy.
METHODS: A workshop, involving students and experts of Human Factors and Ergonomics, has been performed to identify
aspects/factors that could influence online learning. Then, from workshop output and literature studies, a survey composed
of two questionnaires (one for students and one for teachers) has been developed and spread out among Italian universities
students and professors.
RESULTS: 700 people answered the questionnaires. Data have been analysed and discussed to define the most important
changes due to the new eLearning approach. Absence of interactions with colleagues and the necessity to use several devices
were some of the aspects coming out from questionnaires.
CONCLUSIONS: The study shows an overview of factors influencing both teaching/learning effectiveness and general
human comfort and wellbeing. Results could be considered as a basis for future investigation and optimization about the
dependencies and correlations among identified factors and the characteristics of the products/interaction/environment during
eLearning courses.
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1. Introduction

COVID-19 (also named 2019-nCoV or 2019 novel
coronavirus) [1] grew quickly from its first emerge-
nce to a truly global phenomenon [2] becoming a

∗Address for correspondence: Alessandro Naddeo, Depart-
ment of Industrial Engineering, University of Salerno, Via
Giovanni Paolo II, 132, 84084 Fisciano, Salerno, Italy. Tel.: +39
089 964311; Fax: +39 089 964037; E-mail: anaddeo@unisa.it.

pandemic as declared by the World Health Organisa-
tion (WHO) on 11 March 2020 [3].

This sanitary emergency obliged people to face up
suddenly several changes in their way of life because
WHO guidelines and countries’ Health Systems im-
posed lockdown of activities and social distancing to
flatten the infection curve. One of these rapid changes
involved schools and universities and, consequen-
tly, students and professors [4, 5]: with the sudden
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lockdown of universities and colleges around the
world, they had to turn the traditional “in presence”
classes into online courses [4–6]. This closure forced
to solve several problems, such as the complexity to
set up remote laboratories [7], to adapt complex/
traditional lessons in eLearning format [4, 8–10], hav-
ing lack of resources, difficulties (accessibility and
bandwidth) in Wi-Fi connections, and lack of train-
ing among students and faculty members [9] about
eLearning platforms and their capabilities.

Moreover, transforming learning is a complex act-
ivity that frequently necessitates reconsideration by
professors of what constitutes ‘teaching’ and ‘learn-
ing’. It requires in-depth reasoning about the goals
of any intervention, the design of the evaluation and
the interpretation of the results within the particular
educational context [11]. Sometimes there could be
no differences in learning between classroom teach-
ing and online teaching, even though online learning
can be complicated for some subjects [12].

As a matter of fact, even though eLearning implies
connectivity in the global world, at the same time, it
implies distance [4]. This physical absence, that is
the separation of learners and professors, is called
“transactional distance” [13], and profoundly affects
both teaching and learning [14–16]. With separation,
there is psychological and communications space to
cross, a space of potential misunderstanding between
the inputs of instructor and those of the learner time
[13]. Despite these aspects, the eLearning is growing
faster thanks to the combination of low cost, high
convenience, and accessibility [17, 18].

New technologies play a fundamental role in pre-
sent Educational systems, and it is common sense to
admit that using technology in the educational pro-
cess actually changed learning. The most agreed upon
directions are: communication evolution, expanding
audience, collaborative learning, multitasking, rapid
access to information, random access to informa-
tion (hyperlink), image versus text [15]. Currently,
students use technology as an integral part of their
everyday lives. Of most interest is the fact that they
extensively use technology for Internet searching,
socializing and communication. It becomes quite ob-
vious that students are deeply aware of the changes
brought over by the digital technologies, by their
impact on the learning process. Moreover, several res-
earchers had conducted the research related to stu-
dents’ perception on online learning before the
COVID-19 pandemic [10, 14–16], stating that the
inclusion of technology in education at the university
is beneficial [16]. A study of Girik [5], developed

during the pandemic, shows that learners/students
certainly have their perception of online learning
and are deeply aware of the changes brought over
by the digital technologies influencing the learning
process.

Moreover, on one side, being connected at home,
that is working or studying at home, could be benefi-
cial in general. For example, people could have more
control on their work-life balance [19], or avoid tak-
ing public transport or driving to reach the classroom
or the workplace, saving more personal time. How-
ever, on the other side, being forced to remain at home
can lead to feelings of isolation [19, 20]. Being able
to talk with other colleagues or classmates is not an
aspect to neglect.

Furthermore, the house sometimes could not be
suitable for smart-working (teaching) or attending
eLearning courses; indeed some people have to deal
with the bad ergonomics of working at the kitchen
table or managing the constraint time for family or
children [21]. For example, some distractions could
arise, such as television, phone calls, pets wanting
attention, barking, climbing on furniture, or being no-
isy, family visitors, disturbance from doorbells, wash-
ing machines, or vacuum cleaners, noise from stereos,
radios, tape players, or musical instruments, feel-
ings of tiredness and restlessness [22–27]. The use
of technology can be a source of distraction [28–32]
since technological devices could present an easy
outlet for coping with negative experience and bore-
dom during homework completion [29], especially
for “multitasking generation” [33]. An ongoing text
exchange with a friend, for example, can be an appet-
itive activity that induces positive effect that offsets
the boredom of homework [34].

Besides, spending the majority of the time sitting
is an important aspect that can affect the learning
[35–39]. Assuming uncomfortable and awkward
body postures can decrease a student’s interest in
learning, even during the most stimulating and inter-
esting lessons [40–47]. Adopting the eLearning app-
roach implies the use of several devices, such as
laptop, PC, telephone, smart TV, so additional risks
for postural discomfort have been introduced espe-
cially for the neck [48]. Indeed, in general, it is
recommended to vary the position in the workstation
or postures to reduce postural diseases [49, 50].

Also, the combined environmental factors of light,
sound, and temperature in an environment [43,
51–55] could influence student learning, mood, and
performance during online courses [56] on learning
[57], and on perceived levels of (dis)comfort [58].
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However, there are no studies that investigate the
effect of the sudden transition from a classroom to
an eLearning platform without previous experience
or specific training. This paper aims to investigate
the factors that affected both teaching/learning effec-
tiveness and general human comfort (characterized
by the satisfaction of one’s need [59]) and wellbeing
(a psychological state [59]), after the sudden transi-
tion from classrooms to eLearning platform due to
COVID-19 in Italy.

1.1. A reference model

Both teaching/learning effectiveness and wellbe-
ing were considered as aspects of human perception.
Also, learning effectiveness can be quantified and
evaluated through tests or exams but this quantita-
tive aspect has been neglected in this study since the
focus is on factors individuation. Thus, the Naddeo et
al. [60] reference model of comfort/discomfort per-
ception was used in order to identify all the factors
that affect both teaching/learning effectiveness and
general human comfort and wellbeing, and to organ-
ise them in clusters; in this work [60], comfort and
discomfort perceptions had been analysed and mod-
elled [61] in the form of a matrix of macro-factors
divided into four classes:

1) Human’s characteristics that are, for instance,
physical characteristics, mental state, personal
data, lifestyle and expectations.

2) Tools and products characteristics with which
people interact and that affect the (dis)comfort
perception [62, 63]. In this study, these factors
concern aspects related to the work-station/seat
characteristics, the furniture around the student/
teacher, the tools handled by people like books,
pen/pencil, paper sheets, mouse and keyboard,
devices like PDA, tablet, smartphone or desk-
calculator, etc.

3) Tasks’ characteristics describing the interaction
between a human and the activity that he/she per-
forms; these concern aspects related to the type
of activity/task and the tools’ parts with which
the user has to interface for the task’s execution.
For the work-station/seat, both the assumed pos-
ture to perform the task and the type of personal
equipment have been considered to characterise
the specific interaction.

4) Characteristics of the work environment. Com-
fort and wellbeing in a work environment are in-
fluenced by several factors: workspace interpreted

both as physical space dedicated to work [64] and
as plant/office layout, the state of maintenance of
the environment (cleanliness and order) and all
the aspects related to olfactory, visual, acoustic,
thermal characteristics of the work environment.

Starting from the Naddeo et al. comfort model
[60] and using the general clusters to the specific
case (online teaching/learning), the research question
is: Which are the factors that affected both teach-
ing/learning effectiveness, general human comfort
and wellbeing, after the sudden transition from class-
rooms to eLearning platforms due to COVID-19 in
Italy, and how?

2. Materials and methods

2.1. Procedure

This study was carried out strictly in compliance
with the Ethical Regulation the University of Salerno.
The research process can be schematized in two steps
starting from the research question (see the schema-
tization in Fig. 1):

1) Survey development through a workshop to iden-
tify aspects/factors that could influence online
learning in terms of comfort, wellbeing and learn-
ing/teaching effectiveness.

2) Survey output analysis for giving an overview of
these factors and answering the research question.

First of all, a brainstorming among mid and high
experienced people in the field of Human Factors
and Ergonomics topics was conducted in the form
of a workshop for the identification of all the asp-
ects/factors that could influence online learning. The
output of the workshop was an extensive survey
composed of two online questionnaires (about 130
questions in total), one for students and one for pro-
fessors, composed by closed-, semi-closed and open-
questions. The questionnaire development was done
taking into account the Tourangeau model [65] for
interviewer answer process, that is considering the
four cognitive stages or process while answering
the question: comprehension of question, recall of
memories, retrieval and judgment for attitude ques-
tions, the translation of judgments into responses.
Pilot tests were conducted and a screen of questions
was done to minimize survey errors (variance and
bias) [66–70]. The questionnaires were spread out
among Italian universities obtaining more than 700
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Fig. 1. Schematization of the research process.

answers (656 students and 44 professors, as shown in
Fig. 2 and Fig. 3). This number was enough to con-
duct qualitative research in which statistics were not

used to analyse the data. The identified factors were
compared with a wide literature search and several
overlapping among them were verified.
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Fig. 2. Percentages of students and professors.

2.2. Identification of clusters of factors

A workshop was planned in order to answer the
question “which factors influenced, positively or neg-
atively, student’s comfort during online learning?”.
Before the workshop, a first brainstorming between
professors and experts, was accomplished to iden-
tify the involved macro factors (or clusters) in online
learning. The output of the brainstorming was the
definition of the following 8 clusters of factors:

a. Posture and workstation [35–46, 48, 50, 61,
71–80]: aspects related to the characteristics of
the utilized workstation and the assumed posture
during online learning.

b. Communication devices [4, 9, 11]: all aspects
related to the type of communication devices
used.

c. Furniture elements [19, 38, 41–46, 48, 57, 71]:
furnishing factors (the ones in the room but not the
workstation) that influence the perceived comfort
of the working environment.

d. Environmental factors [25–27, 51–55, 58, 81]:
such as temperature, lighting, humidity, etc.

e. Exogenous factors [21–24]: external influences
related to people life, such as the other people
living in the same house.

f. Cognitive factors [4, 7, 8, 11, 13, 20, 53–55, 82]:
characteristics of the person that affect perfor-
mance and learning.

g. Distraction from the use of technology [4, 28–34]:
the use of devices could be a source of distrac-
tions.

h. Organisational factors [7, 19]: all the aspects
regarding the re-organisation of time dedicating
to the study and time dedicating to the recreative
activity.

This list of clusters was meant to create a guide-
line where all people involved in the workshop could
share their knowledge (based on scientific back-
ground and literature overviewing) and to reflect on
their own experience.

2.3. Workshop

Thirty-five students and five experts in the field
of Human Factors and Ergonomics were involved in
this workshop. Students were selected among those
that were involved for more than one month in online

Fig. 3. Information about Italian universities. On left there are specifications about universities. On right, specifications about Italian areas.
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learning activities and had previous experience in the
field of “Human Factors and Ergonomics”. Among
the experts, two professors led the workshop. The
workshop’s activities were accurately coordinated
involving students, experts and teachers. In partic-
ular, the activities were organised in order to increase
self-determination and intrinsic motivation following
the guidelines of Reeve, et al. [83], to highlight and
promote the autonomy of thinking as shown in the
work of Scharle and Szabó [84], and finally to apply
the “8d Model” of problem-solving as in Duffy [85].

The project-based learning (PBL) [86] was used
as a learning model to engage students and experts
using their experience and knowledge for the scree-
ning of factors and the questionnaire creation. Mind-
mapping and brainstorming were the used techni-
ques. These techniques are easily usable in an online
discussion environment.

So, these workshop activities were organised in
several sessions in which students, experts and pro-
fessors worked both individually and in groups dev-
eloping the sub-activities. During the workshop,
several tasks were assigned to students:

1. First, each student was asked to write down inde-
pendently (in 20 minutes) a list of factors that
were influential on perceived comfort per their
personal experience. In this way, it was ensured
that the students did not influence each other and
were able to express their personal feelings [84].

2. Then, students were divided into six groups (each
group was under the supervision of a professor or
a researcher or a PhD student) and were asked to
discuss (for 20 minutes) within the group about
their personal factors. Only in this phase, the stu-
dents belonging to the same group interfaced with
each other, and, with a group brainstorming, they
compiled a second list of factors. They discussed
the factors highlighted by each member of the
group, eliminating the redundancies, and, in some
cases, removing or adding factors [85].

3. Thenceforth, students were instructed about the
macro factors (or clusters, the list aforemen-
tioned) and each group was asked to organize
(in 20 minutes) the identified factors in clusters.
It was also allowed to report the same factor in
multiple clusters if it was necessary [86].

4. Once the identified clusters were filled with info
and factors, the partial results were the following:
a. Posture and workstation: Brainstorming and

mind-mapping allowed to identify several
factors in this cluster: the workstation/seat

characteristics, the elements that they inter-
act (for example many students reported the
headphones as an integral element of their
workstation), layout and organisation of the
work area. Regarding the posture, the subjects
considered not only the type of posture assu-
med but also the amount of time spent in each
position.

b. Communication devices: Many factors that
during the use of specific devices affected
the perceived (dis)comfort were detected: the
quality of the internet connection, the Larsen
effect, the technical characteristics of the used
device (screen size, PC peripherals, etc.).

c. Furniture elements: In this cluster, students re-
ported other furniture elements (different from
the seat-desk normally utilized) that seemed
to affect the perceived (dis)comfort, such as
room acoustic problems, auxiliary compone-
nts of the workplace (such as tables, shelves),
use of multiple screens, etc.

d. Environmental factors: In this cluster, the fo-
cus was centred on the environmental factors
that, according to students, affected, positively
or negatively, the perceived wellbeing. Amo-
ng factors, the following were highlighted:
the state of maintenance of the environment,
the lighting conditions, the air quality and the
noises.

e. Exogenous factors: Sharing the work environ-
ment with family or colleagues may involve
several exogenous facts affecting the per-
ceived wellbeing. The most influencing were
the noises from inside and outside; neverthe-
less, other factors have been considered.

f. Cognitive factors: This cluster proved to be the
most populated compared to the others. There-
fore, it appeared that the new learning mod-
ality had a significant impact on the cognitive-
emotional aspects. Some aspects are: the
different way of interacting with professors,
the absence of colleagues, a different level of
attention required during online lessons, the
absence of trips (usually with own or public
transport) to/from university are.

g. Distraction from the use of technology: The
new online learning method allowed students
to use different lesson support tools during
the lesson: use of technological and non-paper
devices to take notes, use of search engines
during lessons for further information or clar-
ifications in real-time, the possibility to record
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lessons; all of them were beneficial for learn-
ing effectiveness but, on the other hand, could
be a source of distraction.

h. Organisational factors: In the last cluster, the
aspects regarding the re-organisation of time
dedicated to the study and time dedicating
to other activities (like recreative ones) were
considered. Arranging everything to attend
properly online classes had a remarkable
impact on the student’s wellbeing. Indeed,
students had to change their habits and the
way to schedule a study day. The suddenly
increased freedom to move during the lesson
could be considered a positive factor for some
students (an increase of the wellbeing and con-
sequently of the quality of learning) while, for
others could have a negative impact (greater
freedom implies a greater distraction factor).
Some could consider the less time between
one lesson and another (for example, due to
the time usually needed to change the class-
room) as time gained (for study), while for
others a stress factor because there is no time
to regenerate themselves.

5. In the fifth part of the workshop, one or two
clusters were assigned to each students group
and advised by an expert. Each group had the
task to combine (in 20 minutes) all lists just
realised (point 4) to obtain one detailed consid-
ered aspects’ list for each assigned cluster. Within
the clusters, redundancies were cancelled. More-
over, since it was allowed to report the same
factor in multiple clusters, each group separated
the factors/aspects that seemed not belonging to
the assigned cluster.

6. With a final brainstorming session, each group
described and discussed each assigned cluster fig-
uring out the undecided factors/aspects for them.

7. At the end of the workshop, each group owned a
cluster, and the list of factors/aspect to examine.
With this basis, each group had the assignment
to write down a list of questions enlightening
positive and negative factors that can influence
learning, wellbeing and postural comfort, respec-
tively.

The goal of the workshop was reached with an
online plenary session where the group leaders dis-
cussed their questions for the survey. Thanks to this
last brainstorming, the survey was realised, anal-
ysed, discussed, and pilot-tested. Since the survey
was addressed to university students and professors,

two similar questionnaires were created considering
the differences in the online-learning approach.

2.4. Survey development

The original language of the survey was Italian, and
results have been translated in English for this paper.
The survey was split into two different questionnaires
realized with Google Forms platform: the first for
students and the second for professors. The first set
of questions was common to everyone and was meant
to cluster the respondents per:

– Gender
– Age
– University they attend or work at
– The role they assume in the online courses

(professor, researcher/PhD student (supporting
the professor), researcher/PhD student (attending
online courses), Master student, Bachelor student,
five-years Master degree student)

Then, according to the assumed role, respondents
were directed to the second set of questions dedi-
cated to Students (composed by 78 questions, closed-,
open-, and semi-open-questions) or to Professors
(composed by 54 questions closed-, open-, and semi-
open-questions). The questionnaires were similar to
each other but presented one main difference: while
for students, it was more important to understand the
influence on learning, for professors, the concern was
more on their teaching effectiveness.

3. Results and discussions

Seven hundred people answered the question-
naires, 656 students and 44 professors (see Fig. 2),
394 males and 306 females (almost equally distribu-
ted in gender). Table 1 shows statistical information
of the students and professors age: the median age
for students was 22, while for professors 46. Figure 3
shows detailed information about addended universi-
ties: most respondents belonged to Southern Italian
universities.

Table 1
Statistical information about the age of students and professors

Mean Median Standard Min Max
deviation

Only professors 44,55 46 10,53 24 68
(AGE)
Only students 22,73 22 2,71 18 53
(AGE)
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Fig. 4. Hours per day spent to attend online courses.

The following sections discuss in detail the gath-
ered information; the percentage are always referring
to the answers related to the number of students and
professors, respectively.

3.1. Students

Among the 626 Italian university students, 64%
followed online university courses during COVID-
19, 5 days a week using electronic devices (computer/
tablet/mobile phone) for approximately 4–6 hours a
day (44%, Fig. 4). Student’s life had become more
sedentary (84.45%), and they expressed the need to
have a comfortable seat and workstation considering
the different elements that emerged from the survey.
Indeed, 88% agreed that the chair type is important
to ensure a good level of perceived comfort; and,
80% stated that the desk represents an important ele-
ment for the comfort and effectiveness of learning.
The main elements that can influence wellbeing and
learning during online courses are described below.

3.1.1. Devices
57% of students stated that they used multiple elec-

tronic devices simultaneously, while 43% used only

one electronic device during eLearning. The most
used devices were the personal computer (95%) and
smartphone (33%) while the tablet and smart TV
reached 8% and 2% respectively. 73% of them owned
a personal PC, 7% shared it equally with another user,
while 17% shared it with others but mainly used it.

Since the percentage of those who used the PC
is highest, the results regarding the screen size and
its correlation with postural comfort and learning
were relevant. The questionnaire asked if a suffi-
ciently large screen size, during the online lesson,
could POSITIVELY influence learning effectiveness
and postural comfort. The results, rating on a 5-point
Likert scale that goes from very disagree to very
agree, are shown in Fig. 5. Most of them agreed that
a sufficiently large size of the screen positively influ-
ences learning effectiveness (about 66%) and postural
comfort (about 79%).

During online lessons, 44% of the interviewed
stated they used electronic devices (computer/tablet/
mobile phone) for 4–6 hours a day; 26% for 6–8 hours
a day; 18% for 2–4 hours a day; 10% more than 8
hours a day and only 2% less than 2 hours a day
(Fig. 4).

Has too much time spent utilizing a device affected
learning adversely? Regarding this factor, the results
are shown in Fig. 6: about 65% agreed, 22% was
indifferent and about 13% disagreed.

During online lessons, moreover, about 56% used
electronic devices also for taking notes: of these, 17%
used them very often and 39% for few times. The
remaining (44%) used electronic devices, exclusively
to follow lessons. Indeed, only 31% stated that the
use of electronic devices to take notes is comfort-
able. The new way to attend lessons gives students the
possibility to use the online search-engines (Internet)
during the lessons, in case of doubts or some unclear
concepts. Among the people who participated in the

Fig. 5. Influence of size screen on learning effectiveness and postural comfort.
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Fig. 6. Influence of time on learning.

survey, the percentage of those who used the search
engines very/very much is equal to 28%, 39% used
them few times, and about 33% used them for nothing
or very little. In the survey, it was asked whether the
use of search engines during the lesson could nega-
tively influence the overall effectiveness of learning.
To the statement “The use of search engines dur-
ing the lesson (in case of doubts) NEGATIVELY
influences learning effectiveness”, on a 5-point Likert
scale (from very disagree to very much agree) 38%
disagreed with this statement, 32% was indifferent,
30% agreed.

3.1.2. Visual comfort
Since prolonged use of the electronic device (PC)

can affect visual comfort, to improve visual well-
being, students moved the monitor away (46.49%),

tilted the monitor (51.68%), varied their posture
(40.40%), adjusted the brightness of the room or the
PC monitor (59.60%). Another element that could
influence visual comfort was the size of the screen or
the use of a single screen. Indeed, 98% of students
stated to have difficulty following online teaching
with a single screen.

3.1.3. Posture
The survey found that over 90% of the students

attended the lessons sitting on a chair. Differentiating
the office chair from an ordinary chair (kitchen chair,
folding, etc.), it emerged that almost 60% used the
ordinary chair and 38% used the office one. More-
over, for the chair users, it had been asked which
were the chair characteristics that were essential to
improve the perceived comfort during the lessons (it
was a semi-closed question with the possibility to
choose more alternatives). The responses were mai-
nly concentrated on the armrests (51,22%), height
adjustment (57,16%), lumbar support (54,57%), and
backrest (63,72%), as shown in Fig. 7.

The study/work station used was considered quite
comfortable. On a 5-point scale from 1 (minimum
comfort level) to 5 (maximum comfort level), the
responses were concentrated between 2 and 4, as
shown in Fig. 8.

The survey shows that only 14% of respondents
never experienced any complaint, while 86% experi-
enced annoyance for too much time spent attending
online lessons. In particular, about 32% experienced
discomfort after more than three hours, 25% after
more than 2 hours, 13% after more than an hour, and

Fig. 7. Percentages of essential chair feature to improve perceived comfort during eLearning lessons.
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Fig. 8. Percentages of perceived comfort level, rated on a 5-point scale.

15% always. To cope with this annoyance, almost
the totality of students got up during the lessons to
stretch his legs. Furthermore, one of the most frequent
actions was the change of posture while remaining in
the same position (64%).

3.1.4. eLearning platform
The used platform proved to be a good solution to

face the sanitary emergency of COVID-19. Indeed,
about how often they encountered problems related
to the platform malfunctions, the percentages are: 9%
never, 43% rarely, 37% few times, 11% often, 2% al-
ways. According to platform users, the problems were
mainly caused by an inefficient internet connection
(76%) and a large number of online classes (27%).
Moreover, with other questions, it had been found
out that the most used type of connection is the Wi-
Fi one (85,43%) which had a high frequency of line
problems in a week (often 90%). This aspect led on
a negative influence on learning, as shown in Fig. 9:
students were asked to rate on a 5-point Likert scale
the level of agreement/disagreement respect to the
expressed question. About 80% agreed that the prob-
lems, even momentary, of audio/video connection
could affect their learning negatively.

Fig. 9. Percentages of the level of agreement/disagreement of the
negative influence of bad connection on learning.

Table 2
Influence of clothing on perceived comfort

Do you think the influence of clothing on your
comfort during the online lesson is relevant?

5-point scale Percentages

Irrelevant 1 14,37%
2 10,36%

Relevant 3 23,18%
4 34,78%

Very relevant 5 17,31%

3.1.5. Clothing
Considering that generally, during the lessons, the

students could deactivate the webcam, only about
20% of the sample declared to adopt completely dif-
ferent clothing from what is usually worn during
the lessons in the classroom (underwear and nig-
htwear). The rest of the students, however, had
equally adopted clothing typically used during class
lessons. In increasing order, the percentages were
sports (47.56%), informal (sweatshirt, T-shirt, jeans,
31.40%), nightwear (18.90%), formal (trousers, shirt,
1.22%). In addition, the influence of clothing on
the perceived level of comfort was also investigated.
On a 5-point scale, from 1=“minimum influence” to
5=“maximum influence”, 75% of students answered
that clothing is relevant for comfort, while the 24%
did not consider it relevant as shown in Table 2.

3.1.6. Headphones
During a Video Teleconferencing (VTC) 51% of

the sample used the speaker of the device, 41% the
headphones, and only 8% used external speakers.
Among people that regularly used headphones, due
to noises in the workplace, 41% used them 1–3 hours
a day, 42% 4–6 hours a day, 15% 6–9 hours a day,
and only 2% over 9 hours a day. Figure 10 shows
the percentage of choice of respondents regarding
the discomfort caused by the consecutive use of the
headphones, expressed in hours.
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Fig. 10. Percentages of time when discomfort of using headphones
is arising.

3.1.7. Environmental parameters
All respondents declared to attend online lessons in

their own home (since going out during the lockdown
meant to be punished with a fine). Consequently,
they were asked to rate the environmental parame-
ters in their workplace according to their perception
(on a 5-point scale). Results are shown in Fig. 11: the
environmental parameters (air quality, temperature,

ventilation, lighting) scored values between Good
and Great (4 and 5 values on the 5-point scale).

Staying at home, everyone had the opportunity to
control, according to their preferences, all environ-
mental factors (air quality, temperature, ventilation,
lighting, and order/cleanliness). Therefore, the aut-
hors wanted to investigate whether the possibility
of being able to control these factors had a positive
impact on learning and physical wellbeing. In Table 3
are shown the results to the statement “the possibility
of being able to control environmental parameters
positively influences your physical wellbeing and
your learning”, rated on a 5-point Likert scale that
goes from very disagree to very agree. In Table 3, for
more clearness, the results have been grouped into
one negative group (very disagree, disagree, indiffer-
ent) and positive group (agree, very agree): higher
values are on “agree-very agree” group. Thus, con-
trolling environmental factors had a positive impact
on learning and physical wellbeing.

The presence of noises was another environmental
factor considered in the survey. Noises were clus-
tered in two main sets: indoors and outdoors. The
first one included the noises inside the workplace,
deriving both from the presence of other people in
the work environment and from objects (household

Fig. 11. Quality of the environmental parameters.

Table 3
Influence of environmental parameters control on physical wellbeing and learning. For more clearness, the results have been grouped into

one negative group (very disagree, disagree, indifferent) and positive group (agree, very agree)

Part of scale Air Temperature Ventilation Lighting Order/
cleanliness

Physical wellbeing Very disagree- 15,09% 12,65% 14,48% 10,37% 26,83%
disagree- indifferent

Agree-very agree 84,91% 87,35% 85,52% 89,63% 73,17%
Learning Very disagree- 23,02% 16,92% 23,63% 12,96% 33,99%

disagree- indifferent
Agree-very agree 76,98% 83,08% 76,37% 87,04% 66,01%
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Fig. 12. Influence of noises on learning rated on a 5-point scale.

appliances, television, etc.). The second one included
noises coming from outside, such as city noises, traf-
fic, motors, road works. Respondents declared these
noises NEGATIVELY affected learning. The per-
centages are shown in Fig. 12.

3.1.8. Interactions with professors/colleagues
The lack of direct interaction with professors/

colleagues had been individuated as one of the fac-
tors affecting comfort and effectiveness in the new
e-learning environment. Thus, people were asked
about the positive/negative influence of this aspect.
It was also connected to the attitude (shy or cheeky)
of students while interfacing themselves with the pro-
fessors.

Since online lessons gave the possibility to dis-
able the webcam (in many cases it was necessary due
to the crowded classes, to avoid connection problems
on the used eLearning platform), it was asked whether
disabling the webcam facilitated interactions with
professors. On a 5-point scale, from very much to very
little, the respondent gave the following answers: 9%
of the sample believed that deactivating the webcam
facilitated very much interactions with professors;
22% very; 26% enough; 28% little and 15% very
little. This aspect, probably, is mainly due to the shy-
ness factor. When asked “do you think you are shy”,
8% of the sample thinks they are very much shy; 14%
very; 36% enough; 31% little and 11% very little.

The survey also investigated on how important was
the direct student-professor interaction. On a 5-point
scale from very important to unimportant, Fig. 13

Fig. 13. Importance of direct contact with professor for students.

shows the percentages of answers. About 53% of
them declared the direct interaction student-professor
is important, 30% is indifferent, while for only 17%
it is not important.

Then, two more questions, as shown in Fig. 14,
were asked to assess whether this aspect was some-
how related to learning effectiveness. In their opinion,
the lack of direct interaction with the professors influ-
ence moderately (30%) their learning, since the visual
contact influence very much (28%) the effectiveness
of learning.

With the advent of the sanitary emergency of CO
VID-19, students have found themselves isolated in
their houses, without any direct contact with col-
leagues. This aspect should not be underestimated,
as it was considered relevant for students. With the
question “How important is it for you to confront
with your colleagues during lessons?”, the survey
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Fig. 14. Importance of visual contact or direct interaction on learning.

Fig. 15. Importance of interactions with colleagues.

highlights that: 30% of students considered the oppor-
tunity to consult each other extremely important, 29%
a lot and 26% quite important. 12% answered little
and only 3% very little. Figure 15 shows the percent-
age regarding the importance, for the students, of the
visual contact with colleagues.

3.1.9. Recorded video-lessons
The eLearning platform gave professors the

possibility to record video-lessons. Out of 656
participants, only 142 replied that none of the profes-
sors allowed video recordings. However, considering
which effects had video recordings on students learn-
ing, results showed that only 19% of the sample
considered the possibility of having video record-
ings as a distraction factor, while for the others the

video recordings caused very little or not at all dis-
tractions. Conversely, audio-video recordings were
useful for learning purposes for 79% of the sam-
ple, while for 14% it was indifferent, and only 6%
believed that video recordings were not useful for
learning purposes. About the usability of the online
lessons, people satisfaction is shown in the graph of
Fig. 16: higher rates are between moderately (47%)
and very (35%) satisfied.

3.1.10. Distractions
Having more freedom could also mean more dis-

tractions. Among the reasons for distractions, the
phone-calls received during the lesson, the time ded-
icated to games, browsing between various websites
and social media were considered in the survey

Table 4
Distraction factors during eLearning

Have you ever received How much time do you estimate to
calls during spend on the following distractions

an online lesson? during online lessons?

Social media Games Website

Never 26,07% Never 17,53% 80,79% 51,37%
Rarely 45,58% Up to 5 minutes 38,11% 9,15% 40,40%
Sometimes 23,93% Up to 15 minutes 30,95% 6,10% 7,93%
Often 3,81% Up to 30 minutes 9,60% 2,59% 0,15%
Always 0,61% More than 30 minutes 3,81% 1,37% 0,15%
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Fig. 16. Level of satisfaction of eLearning.

(Table 4). They rarely (45.58%) received calls during
online lesson, and used to browsing on social media
(38.11%) or websites (40.40%) up to 5 minutes.

Considering that not all professors record the le-
ssons (64%), some students had a concentration com-
parable to the presence in the classroom, but with the
possibility of focusing and listening better and more
comfortably the professor. The presence of recorded
lessons did not automatically induce a distraction;
indeed, only 58% is distracted little, while 24% not
at all. Besides, routine boredom also influenced the
study (71%) and, therefore, can lead to more distrac-
tion or listlessness.

3.1.11. Learning
The opportunity to attend the online lessons stay-

ing at home represented a considerable advantage
for students, who do not need to go to a specific pl-
ace (university) and therefore avoid the stress due to
travel. 67.84% of students said that online teaching
is more productive than classroom lessons because
time spent on travel is recovered in other different
ways (more rest, more time to review notes, etc.).
Students faced lessons with less perceived stress. In-
deed, 55.19% preferred online teaching to class-
room teaching (16% indifferent, 28% do not prefer
it) for the absence of travel or parking problems.
Furthermore, the absence of breaks or loss of time
greatly influenced comfort (61.74%) and learning
(56.86%). In addition, the freedom of movement,
during the lessons, affected comfort (73.32%) and
learning (50.15%), as students have the opportunity
to organize, according to their preference, their work-
station (an essential factor that influences comfort
80% and learning 63%). 39% of students agreed on
the effectiveness of the use of search engines dur-
ing online lessons compared to face-to-face lessons,
while 36% were indifferent to them.

The possibility of having the lessons recorded
have facilitated student learning (80% agree). Fur-
thermore, online lessons, generally, not represented
a good solution of facilitating student learning (55%)
as there was no direct interaction with the professor
which represents the ideal way to have visual and
auditory feedback. This lack can accentuate the stu-
dent’s distraction, and the need to fill the lessons in
the set time, incurring a non-stop speech by the pro-
fessor. However, both with the recorded lessons and
during online teaching, taking notes was better both
in terms of comfort (62%) and learning effectiveness
(41%). The reasons are: it was always possible to
follow the presentations (greater clarity than in class,
72%) during the online lessons; more time in review-
ing notes (reviewing the lesson or doing research in
real-time); and to use all the personal electronic de-
vices comfortably on a dedicated or preferential
workstation.

The audio/video connection problems that may
arise during the lesson had a negative influence
on students’ learning (80% agreed), as well as the
increase in time spent in front of the screen (65%
agreed). The performance limits of the device, such as
hardware, also, negatively affected the effectiveness
of learning (42%) and psychological stress (71%).
Students had to solve the problems related to the
device. At the same time, they were already sub-
jected to stress in following the lesson, which could
be avoided in a class by taking notes by hand (exclud-
ing other disturbing factors such as distance from the
blackboard).

Furthermore, even from this survey, it is confirmed
that the static nature of the workstation affected
mental fatigue (71%), as already found in the litera-
ture [54]. Another very negative aspect that emerged,
is the worsening of group activities; indeed, 72% of
students said online teaching has negatively affected
this. The interaction should be improved.

3.1.12. Students’ feedback on professors
Interviewees were asked to give feedback about

professors to understand how professors’ teaching is
perceived in the perspective of students. 70.73% said
that professors respected the established timetable,
waiting for the majority of the class to be connected.
Also, professors tended to finish at the scheduled time
or a few minutes before (63.41%), trying to respect
the scheduled calendar. Moreover, in case of further
explanations, students perceived that there was a little
more flexibility (32.77% or fair 25.61%) compared to
classroom teaching. Students considered important
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(74.48%) the break between successive lessons, such
as to have an adequate level of comfort (76.98%)
and efficiency (71.41%) in learning (break seems to
facilitate learning by improving the ability to con-
centrate). However, 59.91% of students affirmed that
professors never consider whether they had a proper
break within lessons. In addition, an adequate break
within the same lesson was desired for a recovery
in terms of comfort (74.23%) and learning effective-
ness (73.17%). The presence of online teaching did
not change the pre-existing office hours between pro-
fessors and students and the availability of professors.

3.2. Professors

3.2.1. Teaching
The survey showed that 66% of professors were

engage in online teaching 3-4 days a week, taking
from 2-4 hours a day (36%) or more than 8 hours a
day (30%). In the survey, they had been asked how
they prefer to conduct a lesson: 85.11% seated; 8.51%
walking; 6.38% standing. Since they usually conduc-
ted the lesson with the camera on, it was usual to dress
in informal (sweatshirt, T-shirt, jeans; 52.27%) or for-
mal (trousers, shirt; 36.36%) suits. Professors agreed
(63.64%) that audio and video connection problems
negatively affected teaching, as well as the percentage
of time spent in front of the screen (59.09%).

The lack of eye-contact between professor and stu-
dents is very important (66%). In fact, in the op-
en question “what would you improve in online
teaching”, 15% ask for an improvement in real-time
student feedback to act promptly, along with the addi-
tion of technical equipment (43%) for both professors
and students necessary to make the best use of online
teaching, including exams.

Online education was rated as more productive
than the standard one due to the absence of the use of
public/private transportation (59.47%).

Having the freedom of movement means perceiv-
ing greater comfort (60.46%), but this did not imply
greater effectiveness in teaching; indeed, only 37%
agree. Just as the possibility of better organizing the
workstation affected comfort (70%) and only 56%
agreed that it could affect the effectiveness of learn-
ing. The professors also agreed that having the break
during a lesson was adequate in terms of comfort
(69.77%) and student learning (76.74%).

3.2.2. Postures
The professors also agreed that the configurability

of the chair is important for comfort (84.09%). The

Fig. 17. Postural perceived comfort for professors.

elements that, according to them, must be focused,
due to their direct influence on the postural com-
fort, are lumbar support (70.45%), height adjustment
(65.91%), armrests (61.36%), backrest (56.82%) and
the possibility of tilting (oscillating movement of the
backrest, 47.73%). The percentages are slightly dif-
ferent from those of the students probably because
the perception of comfort varies with age (the more
is old, the less is the perceived comfort).

Since also for professors, with the advent of
the coronavirus, the level of a sedentary lifestyle
increased (84.09%), postural issues (pain or MSD)
can arise after two hours of lessons (68.18%). Indeed,
professors that remained seated during online teach-
ing felt the need to stretch their legs during breaks
(61.36%). Indeed, 61.36% of them preferred to take
different postures but remain in the same position
during the lesson.

About 50% of professors declared to perceive a
comfortable level of postural comfort (Fig. 17). The
reason could be linked to the time spent on eLearning:
since the time spent for online teaching is less than
for students, the level of postural comfort could be
generally higher despite the higher age.

3.2.3. Visual comfort
Being in front of the PC can lead to visual fatigue;

the actions most performed by professors to improve
visual wellbeing were the adjustment of the bright-
ness of the PC (54.55%), of the inclination of the
monitor (45.45%) and variation of posture (43.18%).

3.2.4. eLearning platform
The most used type of connection is Wi-Fi

(65.91%) which for professors had a lower frequency
of line problems in a week (rarely 40.91%) com-
pared to students (often 90%) perhaps because the
time spent on online teaching is less for professors.

3.2.5. Devices
The device most used during online teaching was

the PC (74.07%), and half of the professors used only
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Fig. 18. Quality score of environmental parameters at home.

Fig. 19. Influence of controlling environmental parameters on physical wellness and teaching effectiveness.

one device (52.27%) while the other half used multi-
ple devices simultaneously (47.73%). 91% used the
PC exclusively, without sharing with other family
members. Unlike students, most professors usually
did not use the headphones, but directly the speakers
of the device (61.36%). Per 70.45% of the professors,
performance limits (hardware) negatively influenced
psychological stress. The large size of the screen pos-
itively affected postural comfort (86.37%) and can
also positively influence the effectiveness of teaching
(78.55%).

3.2.6. Environmental parameters
A quality score was asked for the following envi-

ronmental factors, as shown in Fig. 18. All the env-
ironmental factors (air quality, air temperature,
ventilation and lighting) scored higher values in good
and great quality score (points 4 and 5 on the scale,
respectively).

As far as the possibility of controlling environmen-
tal parameters since professors were at home, most of
them agreed that had a positive influence on physical
wellness and on teaching effectiveness, as shown in
Fig. 19.

3.2.7. Professors feedback on students
Some professors agreed (25%) that with online

teaching lead to greater ease of learning; accord-
ing to them, they have noticed greater student
involvement (23.81%) and greater visual focus
(14.29%). Those who disagreed (43.18%) noticed
an increase in students’ distraction (28.57%),
a lack of interaction (14.29%) and alienation
of students (19.05%). According to the pro-
fessors, the limitation of access to the labo-
ratories highly influenced the learning effectiveness
of the students (58.12%) as some subjects were dif-
ficult to render the concept only through online
teaching. In addition, professors believed that group
activity has changed negatively (67.44%).

3.3. Clusters and factors interdependencies

Analysing the survey results, some relevant factors
have emerged. These factors have importance both in
the process of teaching/learning and in the process
of formation of comfort/discomfort perception and,
consequently, of personal wellbeing. Table 5 shows
the summary of elements or parameters that influ-
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Table 5
Summary of parameters that influences general human comfort, wellbeing and learning effectiveness

Parameters Comfort/wellbeing Learning effectiveness Professors

Preferred workstation 83,34% of students chose the “desk” 85,11% of professors prefer to
as the best compromise for postural conduct online lessons seated
comfort and learning effectiveness

Chair configurability 88,21% of students agree that the 84,09% of professors agree that
chair configurability influences the chair configurability
postural comfort influences postural comfort

Influence of clothing 52,09% of students stated that 40,92% of professors stated
clothing has a relevant influence that clothing has a relevant
on learning effectiveness influence on teaching effectiveness

The negative influence of 41,77% of students disagree about
surfing on the web the negative influence of surfing on

Web during lessons on
learning effectiveness

The negative influence 80,11% of students agree that bad 63,64% of professors agree that
due to bad connection connections influence bad connections influence

learning effectiveness negatively teaching effectiveness negatively
Negative influence of 64,48% of students agree that 59,09% of professors agree that
spending hours on spending many hours on online spending many hours on online
online lessons lessons influence learning lessons influence teaching

effectiveness negatively effectiveness negatively
Taking notes is better 62,65% of students agree that taking 40,40% of students agree
during online lessons notes during online lessons is (31,55% is indifferent) that taking

better in terms of postural comfort notes during online lessons is
better in terms of learning effectiveness

Computer performance 50,77% of students agree (29,88 59,09% of professors agree
hardware limits is indifferent) that computer (22,73% is indifferent) that

performance hardware affects computer performance hardware
learning effectiveness negatively affects teaching effectiveness negatively

Screen size 65,70% of students agree that the 78,81% of students agree that More than 80% of professors
screen size influences the screen size influence learning agree that screen size influence
postural comfort positively effectiveness positively postural comfort and teaching

effectiveness positively
The possibility of More than 50% of students agree More than 50% of students agree More than 80% of professors agree
controlling environmental that the possibility of regulating that the possibility of regulating that the possibility of regulating
parameters (air, temperature, environmental parameters environmental parameters environmental parameters
ventilation, illumination) influence wellbeing positively influence learning influence wellbeing and teaching

effectiveness positively effectiveness positively
Cleanliness and order 73,17% of students agree that 66% of students agree that More 70% of professors that

cleanliness and order influence cleanliness and order influence cleanliness and order influence
wellbeing positively learning effectiveness positively wellbeing and teaching

effectiveness positively
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Table 5
Continued

Parameters Comfort/wellbeing Learning effectiveness Professors

Noises (indoor, outdoor) More than 40% of students declare About 50% of professors that
that noises affect learning noises affect teaching effectiveness
effectiveness negatively negatively, in particular internal

noises related to the presence
of family members

Visual contact with 50% of students declare that visual 65,12% of professors declare
other students contact with other students that the absence of visual

affects learning effectiveness a bit contact with students influence
teaching effectiveness negatively

Visual contact 78,05% of students declare that
with professors visual contact with professors

affect learning effectiveness a lot
Breaks More than 70% of students More than 60% of students declare More than 60% of professors

declare breaks within and breaks within and between lessons declare breaks are important for
between lessons are are important for learning effectiveness both postural comfort and
important for wellbeing learning/teaching effectiveness

The absence of 61,74% of students declare 56,86% of students declare the
solution of continuity the absence of solution of absence of solution of continuity

continuity affects wellbeing a lot affects learning effectiveness a lot
Free movements 73,32% of students declare that 50,15% of students declare that More than 40% of professors

being able to perform any being able to perform any movements declare that feeling free to perform
movements influences comfort a lot influences learning effectiveness a lot any movement influence positively

both postural comfort and
teaching effectiveness

Workstation organisation 79,27% of students declare that 62,8% of students declare that being More than 50% of professors
being able to organize their able to organize their workstation declare that being able to organize their
workstation influence influence learning effectiveness a lot workstation influence a lot both
postural comfort a lot postural comfort and teaching effectiveness

Free consumption 47,56% of students declare that About 30% of students declare that
being able to have free being able to have free consumption
consumption during online during online lessons influence
lessons influence wellbeing a lot learning effectiveness a lot
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ence general human comfort, wellbeing and learning
effectiveness due to the new situation. Table 5 com-
pares also the differences between students and pro-
fessors, showing some similarities between the two
groups.

The need to focus on a limited set of factors is due
to the realistic possibility to create a guideline for
improving wellbeing while improving the effective-
ness of the learning process at the same time. Table 6
shows the factors inside each cluster. The symbol “x”
highlights the presence of a factor in a cluster (even
more than one), whose influence has been evaluated
through calculated frequencies. As results, for each
cluster, some factors have been highlighted as the
most important to be more deeply investigated.

Table 6 shows how the cognitive factors cannot
be neglected during the eLearning process, and dev-
ices’, postures’, distraction’s, and visual comfort
related factors are essential and need to be inves-
tigated through further experiments; it will become
the working platform for future investigation about
the dependencies and the correlation among fact-
ors and the identification of the product/interaction/
environmental characteristics on which to act in
order to improve and optimise the home-working
place.

4. Conclusions

The health emergency COVID-19 forced students
and professors to change, suddenly and radically,
their way of learning and teaching. The traditional “in
presence” lessons were converted into online lessons.
The current scenario has not previous similar situa-
tions, and it was something new at the very early
stages in the pandemic. The new eLearning approach
implied several changes that impacted, positively
or negatively, on the teaching/learning effectiveness
and the wellbeing of all the people involved. Thus,
the research question was: Which are the factors
that affected both teaching/learning effectiveness and
general human comfort and wellbeing, after the sud-
den transition from classrooms to eLearning platform
due to COVID-19 in Italy, and how?

The Naddeo et al. comfort model [60] was used
as a milestone to generate the clusters among which
identify and classify the factors that could affect both
teaching/learning effectiveness and general human
comfort and wellbeing. A workshop-like brainstorm-
ing among experts and users (professors and PhD/MD
students) was performed to create and organize a sur-
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vey in which each cluster of interest has been deeply
investigated. The identified factors inside the clus-
ters were investigated by two questionnaires (one
for teachers and one for students) that were spread
out among Italian universities in order to evaluate
which of them really affect the new eLearning situ-
ation and how, and, consequently, to respond to the
research question. The analysis of the 700 filled in
questionnaires allowed us to evaluate how factors
qualitatively impacted (positively or negatively) on
the teaching/learning effectiveness and the wellbeing
of all involved people. The impossibility to interact
with colleagues, the necessity to adapt our homes to
make them suitable for smart-working (teaching) or
attending eLearning courses, the necessity to use sev-
eral devices are an example of the many aspects that
emerged from the survey.

As a main result, the most important factors that
need to be deeply investigated have been highlighted
in Table 6, that is useful to identify the most affecting
factor immediately and to understand how (positively
or negatively) the factor influence learning/teaching
effectiveness and comfort/discomfort. Furthermore,
this table allows fulfilling the need to focus on a lim-
ited set of factors to be considered for the creation of
a guideline for improving wellbeing while improv-
ing the effectiveness of the learning process at the
same time. Finally, Table 6 allows understanding the
interdependencies among factors and highlights both
the complexity of the overall problem and the way
to face it with a multi-factorial [76] or an axiomatic
[87] approach.

4.1. Study limitations

The survey, with about 130 questions and 700 in-
terviews (students and teachers) can be considered
sufficient to carry out an in-depth study of the phe-
nomenon analysed. However, the work has some
limitations to be acknowledged.

First of all, the study involved only Italian Univer-
sities. So, it would be interesting to understand if, in
other countries, issues and new eLearning methods
were almost similar. Moreover, it is not possible to
exclude the hypothesis that some other factors have
not been considered during the workshop. Indeed,
during the workshop, the students were asked to insert
the identified factors (first independently and then in
the group) in the eight identified clusters. This step
could have created information leakage: factors that
at first glance did not fit into any of the clusters con-
sidered may have been eliminated. Having been pro-

vided with the 8 clusters, the students concentrated
on those, and some factors have probably been for-
gotten.

Most data are subjective or based to respondents’
perceptions, and only a few data can be objectively
measured (such as personal information, lessons
duration, weekly scheduling, the number of devices,
etc.). However, this work aimed to investigate which
factors influence the eLearning during the lockdown.
Moreover, the internal consistency analysis of the
data had not been carried out.

Finally, since some questions were without a scale
and data were from questionnaires/survey, that repre-
sented a not controlled condition and only based on
respondents’ perceptions, correlations had not been
calculated. However, critical factors will be evaluated
in a controlled test (future work) that will involve the
outcomes of this paper.

4.2. Future developments

The survey results, considering more than 10 fac-
tors, provide a comprehensive analysis of the influ-
ences in wellbeing and learning effectiveness during
the sudden transition into eLearning due to the
COVID-19 lockdown.

At this point, the question that arises is: which
are the most significant factors, among those con-
sidered? Can this data be used to provide guidelines
for improving comfort and learning?

The next step will be to carry out a statistical anal-
ysis of the data: through the response rate, the mean
and the variance the most significant factors can be
identified.

The authors aim to evaluate, again, these identified
factors with a more limited sample through controlled
experiments and drawing up an ad-hoc questionnaire
to analyse in detail the learning effectiveness and
comfort in this situation. The next work wants to
define the guidelines for the ergonomic design of a
workspace in online learning.
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