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We surveyed a convenience sample of 362 Italian university physics students, asking them to
retrospectively assess their experience of emergency remote instruction due to the COVID-19 outbreak.
We looked at their psychological well being, motivation for physics, academic orientation, attitude towards
physics and physicists, and tried to link these factors to their overall perception of the online instruction.
Our results show a general appreciation for the organization and effectiveness of online courses. However,
online teaching negatively impacted on engagement and interaction between peers and with the instructors.
Only 22% of students in our sample complained of the psychological distress due to remote instruction.
Nonetheless, we found a significant decrease in motivational dimensions, such as interest and recognition.
Emergency remote instruction also challenged the students’ self-regulation, self-efficacy, and engagement.
Finally, the uncertainty about the future resulted in a more pessimistic attitude towards physics, academic
performance, and job perspectives.
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I. INTRODUCTION

The COVID-19 pandemic [1–3] compelled many uni-
versities worldwide to move from face-to-face to online
classes [4–7]. This shift forced university instructors to
deliver their courses in a remote modality without a suitable
preparation of the didactic materials [8,9]. However, the
abrupt transition also influenced students’ habits, who
struggled to deal with and to adjust to online learning
[10,11]. Many papers in science education described the
challenges of this global transition. For instance, in a
special issue of the Journal of Chemical Education in early
September 2020, an impressive number of papers describe
online and blended courses designed to address the
emergency situation [12].
In the field of physics education, a few papers report

about how in-person laboratory approaches were shifted
online [13,14]. Far less effort has been devoted to inves-
tigating students’ perception of remote learning. In a recent
study [15] with 578 European physics students, the authors

found that first-year students performance perception was
significantly lower than those of older students. Moreover,
they also found a positive correlation between the achieve-
ment perception and students’ metacognitive abilities.
Finally, the authors found also a positive correlation
between the perceived effectiveness of the online lectures
and performance perception. Differently, the study in
Ref. [16] investigated the challenges encountered by
second-year students enrolled in a chemistry course, as
well as their engagement and well-being during the remote
learning period. The results show that most students viewed
the online experience as unpleasant and as a source of stress
that increased their anxiety and lowered their interest and
engagement. This result echoes those of recently published
studies worldwide [17–25], which show that students’
psychological well being was threaten by the COVID-19
disease and related public health interventions (physical
distancing, stay-at-home orders, etc.) through diminished
concentration, sleep deprivation, decreased interaction, and
concerns about academic performance. However, the con-
sequences of the COVID-19 pandemic on students’ mental
health and psychological well-being over the long run are
still uncertain. In Italy, a recent study [26] showed that the
effects of lockdown quickly vanished as measures were
lifted. In particular, anxiety and obsessive symptoms were
not aggravated by lockdown measures.
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Despite the valuable insights that such an increasing
body of knowledge provides, several aspects of the emer-
gency remote instruction experience still need to be
investigated. First, preliminary studies (e.g., [27,28]) only
hint at some factors but do not provide a clear picture of the
main dimensions of the students’ perception of the emer-
gency remote instruction experience. Second, prior studies
have not addressed how such perceptions are related to
changes in psychological well being due to the COVID-19
pandemic and government measures. Third, whether the
emergency remote instruction experience impacted on
students’ motivation, orientation, and attitudes received
scant attention [28]. Finally, it is not clear the extent to
which such changes affected the perception of the emer-
gency remote instruction experience as a whole.
This paper aims to address these issues focusing on

university physics students ex-post assessment of the emer-
gency remote instruction. The reason is that the university
physics community in Italy is generally characterized by a
tight relationship between classmates and between students
and instructors, with laboratory practice as a strengthening
factor. The forced closure of university departments and
consequent social distancing due to lockdown measures
could have had a deeper impact on the physics community.
To this end, we adopted a retrospective pretest–post-test
design [29] to compare students’ perceptions about their well
being,motivation, academic orientation, and attitude towards
physics before and after the online experience.
The teaching period taken into consideration is the

second semester of the academic year 2019–2020, from
March to June 2020. In Italy, the nationwide lockdown
began on March 9th, so, in most universities, second
semester courses started directly in the online modality.
Despite that most stringent restrictions were gradually
released from May 2020, university courses were con-
cluded in the online modality, with very few exceptions
limited to laboratory activity.
The following research questions (RQ) guided the study:
• RQ1: What is the university students’ perception of
the emergency remote instruction?

• RQ2: How are the changes—if any—in students’
subjective well being related to their perception of
the emergency remote instruction?

• RQ3: How did the emergency remote instruction
experience impact on students’ motivation in learning
physics?

• RQ4: How did the emergency remote instruction
experience impact on students’ academic orientation
towards physics?

• RQ5: How did the emergency remote instruction
experience impact on students’ general attitude to-
ward physics and physicists?

• RQ6: How are the changes in the general attitude
toward physics, if any, related to students’ perception

of the emergency remote instruction, and to changes
in (a) subjective well being, (b) motivation to learn
physics, (c) academic orientation towards physics?

II. METHODS

A. Variables definition and instrumentation

In the following, we describe how the constructs relevant
to the present study were conceptualized and measured, and
present the used instrument (see Supplemental Material for
more details [30]). At the end of the survey, before asking for
socio-demographic information, participants were given the
opportunity to offer their suggestions for improving remote
instruction through an optional open-ended prompt. It is
beyond the scope of this paper to analyze these responses.
However, we will report a few relevant responses to support
our discussion.

1. Evaluation of the emergency
remote instruction experience

The perception of the whole distance learning experience
during the second semester of the 2019–2020 academic
year was measured through a 12-item scale adapted from
previous surveys [16,31]. Starting from the results of these
prior works, we hypothesized that the items could be
grouped in a three-factor structure: (i) effectiveness and
organization of the courses; (ii) relationship with the
instructors; (iii) perceived difficulties due to remote instruc-
tion modality. Respondents were asked to compare each
aspect, targeted by the 12 items, before and after the remote
teaching experience on a 5-point Likert scale (see
Supplemental Material [30]).

2. Subjective well being (SWB)

In psychology research, SWB is conceptualized as a two-
dimensional construct [32], which includes positive and
negative affects. Positive affect measures the extent to
which a person feels enthusiastic, engaged, or active in a
given situation. Negative affect refers to subjective anguish,
anger, and anxiety felt in a given situation. SWB is usually
measured through positive and negative affect schedule
(PANAS) self-reported scales. PANAS scales are consti-
tuted by adjectives that describe a positive or negative
affect. For the present study, we used an extended version
of the PANAS scale described in Ref. [33] including 30
descriptors. Subjects in our study were asked to rate on a 1
(definitely less) to 5 (definitely more) Likert scale the
extent to which each item described their feelings or mood,
when they were involved in distance learning activities
compared to in-person activities. Examples of adopted
descriptors are distressed, excited, stimulated, accepted,
valued, respected, guilty, and upset.
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3. Motivation to learn physics

In this study, we conceptualized motivation to learn
physics as the tendency of students to consider academic
activities relevant and valuable and to look for benefits
from them [34]. Following prior work done in Italian
context [35], we developed a scale inspired to the work by
Glynn and colleagues [36,37], adapting in particular the
items of the intrinsic motivation and personal relevance
subscale. We divided the adapted items into two subscales:
(a) interest and (b) utility value. The main reason was to
obtain a more refined description of the students’ percep-
tion of their own motivation to learn physics. A further
reason was that these constructs have been studied sepa-
rately in previous works [38,39]. During the item develop-
ment process, we included also a third dimension—
recognition—since this factor is increasingly attracting
attention of researchers as an important predictor of career
choice [40–42] and of whether students view themselves as
a physicist [43,44], which in turn is affected by interest. In
the following, we describe the three constructs that con-
stitute the proposed scale.
Interest.—Interest is generally defined as the “preference

to engage in some types of activities rather than others”
Gardner and Tamir [45] (p. 410). Other researchers concep-
tualized interest as a psychological state and the tendency to
engage in a given situation or content over time [46].As such,
interest can be categorized into situational or individual
interest [47]. Situational interest is related to a specific
situation that stimulates short-term attention. Instead, indi-
vidual interest involves a long-term engagement. For this
study, we limited our attention to individual interest.We used
three items in which we asked respondents to gauge, on a
5-point Likert scale (1 ¼ not at all; 5 ¼ verymuch), their
interest for physics topics, physics research studies, and
physics-related hobbies, before and after the remote teaching
learning experience.
Utility value.—Utility value can be conceptualized as a

formof identified regulation; namely, an autonomous formof
motivation that consists in attributing personal relevance to
the enacted behavior [48]. Similarly, in the expectancy-value
model [49–51] utility value refers to how helpful a certain
content or activity is to the aim of reaching an external goal.
In our study, we focused on a future career as a physicist [52].
We measured utility value by means of two items asking
students to rate on a 5-point Likert scale (1 ¼ not at all;
5 ¼ verymuch) how learning physics is useful for their
future career before and after remote instruction.
Recognition.—Finally, prior work in social psychology

conceptualizes recognition as one’s own perception of how
others (for instance, peers, teachers, parents, experts) view
them in relation to the discipline, in our case physics. In
this study, we measured recognition using two items, in
which we asked respondents to rate on a 5-point Likert
scale (1 ¼ not at all; 5 ¼ verymuch) their perception of

classmates and university teachers opinion on their ability
as physics students, before and after remote instruction.

4. Academic orientation towards physics

For this study, we developed a multiscale instrument
designed to investigate how various aspects of students’
academic learning experience changed in a remote teaching
situation. We termed this instrument the physics academic
orientation inventory (PAOI). From the theoretical view-
point, the PAOI builds on the literature on metacognition
[53], self-efficacy in monitoring self-regulated learning
process [54], and engagement in learning [55]. In terms
of scales and structure, the PAOI builds on prior ques-
tionnaires developed in the Italian context [56,57] and
on physics-related multiscale instruments, such as the
SEMLI-S, PMI, and PACS [58–60]. Specifically, the items
were adapted or newly developed (see below) to measure
five dimensions that define, in a broader way, how students
manage their own learning while attending university
courses: namely, (a) self-regulated learning, (b) metacogni-
tion, (c) self-efficacy, (d) engagement, and (e) anxiety. As
also briefly recalled in the introduction, the main reason for
including the first three dimensions is that remote instruc-
tion can affect students’ capability to monitoring, evaluat-
ing, and planning their own learning [61,62], as well as the
perception of their capability of performing a task [28]. A
second reason is that these three constructs are highly
correlated and may significantly impact on academic
achievement [36,63,64]. The reason for including the
engagement dimension is that it may be affected by the
perceived social support, the quality of the online instruc-
tion and self-efficacy [65]. Finally, the reason for including
the anxiety dimension is that prior work has shown that
remote distance learning lead college students to experi-
ence increased anxiety, fear, and worry [20,66–68]. In our
survey, we asked the students to report their perceptions in
all the chosen dimensions during face-to-face and remote
learning activities.
Self-regulated learning.—It can be defined as the set of

strategies carried out by an individual to acquire an
academic competence or goal (such as passing an exam).
In other words, the process of self-regulation is a continu-
ous monitoring of one’s own effectiveness [69]. We
measured self-regulated learning by means of a 6-item
subscale adapted from the self-efficacy and metacognition
learning inventory-Science (SEMLI-S) developed by
Ref. [58] (see Supplemental Material [30]).
Metacognition.—It can be defined as the capability to

control the personal cognitive processes in a given task
[70]. In our study we were interested, in particular, in the
regulation of cognition; namely, the actions a student takes
to control learning or problem-solving activities [71]. We
measured metacognition using a 10-item subscale adapted
from Ref. [59] (see Supplemental Material [30]).
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Self-efficacy.—It is defined as the belief in one’s own
capability to perform a given task [72–74]. As a measure of
competence belief, self-efficacy is content and context
specific. To measure it, we used a 4-item subscale adapted
from Ref. [37] (see Supplemental Material [30]).
Engagement.—Generally, it refers to the extent to which

a student participates in academic activities [75]. Given the
aims of the study, we focused on students’ behavioral
engagement: in particular, the active participation during
classes. To this end we adapted to the physics context three
items of the university student engagement inventory
(USEI) [75] (see Supplemental Material [30]).
Anxiety.—Finally, anxiety is an emotional and physio-

logical state that includes feelings of worry, concern, and a
general negative affect that occurs when the student
engages in a specific activity (for instance, taking a test
or, as in our case, the emergency remote teaching classes)
[76]. For this study, we adapted two items from the science
motivation questionnaire by Glynn and Koballa [37] (see
Supplemental Material [30]).

5. Attitude toward physics

The attitude toward physics is defined as the set of
evaluative judgments, formed by someone about physics
[77]. For the present study, we conceptualized the attitude
towards physics as a sense making process that shapes
experience [78,79]. A sense making process is an inter-
pretation process that links the emotional level of experi-
ence with the formal level of cognition [80]. We measured
the attitude towards physics using a survey instrument,
recently validated by our group [81] whose 36 items
measured the respondents’ perception of the role of physics
and physicists in the society before and after the remote
learning experience. We included in the survey seven
dimensions [82,83]: (a) the perceived value of physics in
today’s society; (b) the perceived difficulty of physics as a
discipline; (c) the intrinsic interest in physics; (d) the
personal relevance of working in a physics-related field;
(e) the relevance of learning physics at university; (f) the
recognition of the physicists’ role in the society; (g) the
value of physicists’ careers.

B. Sample and procedure

The study involved a convenience sample of 362 Italian
university physics students (mean age was 21.9� 2.1 yr)
from twenty Italian universities (central-northern 69.6%
and central-southern 30.4%). All together, in Italy during
the academic year 2019–2020, there were more than 17 000
students enrolled in either a bachelor’s or a master’s degree
in physics [84]. The survey, in Italian, was administered
online from October through December 2020, while uni-
versity courses were held in a mixed in-presence and
remote teaching modality. In Italy, remote emergency
teaching in the universities was carried out mostly by
means of commercial online management systems.

Instructors delivered lectures using slides or a drawing
tablet. Written exams were carried out with the help of
specific testing software, while, for oral exams, the students
could use their own electronic or physical board. We stress
that in the Italian university system, oral exams are a major
component of students’ assessment for most of the courses.
Surveillance during the written and oral exams was enacted
by using two cameras (e.g., smartphone and laptop). We
note, however, that the above settings could vary to a large
extent within the same university, so we cannot establish a
common trend across the country. Respondents participated
in the study on a voluntary basis. The survey was approved
by the physics course coordinators of each university,
shared with instructors who were teaching courses in the
semester and delivered during their classes after a brief
introduction. Also instructors agreed to participate on a
voluntary basis. When possible, the link to the survey was
placed in the online course work space and students were
reminded to participate to the survey through periodic
emails. The time required to complete the survey was about
20–30 min. This commitment was not rewarded with extra
grades or credits.
In Table I we report the sample distribution across

university levels at the time of the emergency remote
instruction (March-June 2020). We remind that, in Italy,
physics students first obtain a bachelor’s degree (180
European Credit Transfer System, ECTS. One ECTS
roughly corresponds to 8 h of frontal lessons), which
requires three years of full-time studying. After this first-
level degree, they may continue their studies to obtain a
master’s degree (120 ECTS), which consists of a further
two years. Overall, each year, about 2000 students get their
bachelor’s degree in physics and, according to official
statistics [84,85], about 80% of physics graduates continue
their studies to obtain a master’s degree. Students, enrolled
in the bachelor’s degree of physics, attend mostly physics
courses (about 135 ECTS) but also advanced mathematics
and calculus courses (about 39 ECTS) and one chemistry
course (6 ECTS). In the master’s degree, almost all the
courses are in the physics area. During the emergency
remote teaching, the number of hours per ECTS did not
change. About 40.6% of the surveyed students had already

TABLE I. Students’ distribution across university levels. We
note that the female students’ percentage of respondents (36.2%)
in our study is slightly larger than the national percentage of
female students enrolled in a physics course (31.3%) [84].

Level Students Females Males

Overall 362 131 231
1st 48 16 31
2nd 50 21 29
3rd 118 43 75
4th 72 25 46
5th 76 26 50
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obtained their bachelor’s degree, whereas about 13.0%
were freshmen. Respondents were asked about their gender
at the end of the survey.
In Table II we show the students’ preferences about

attending courses and taking exams online or in person.
About 45% of the respondents used only a laptop,

whereas a further 46% used a laptop in combination with
a desktop PC, a smartphone, or a tablet to attend online
courses or exams.
Finally, more than half of the respondents (55.5%)

attended the remote sessions while there were three or
more persons in the same household.

C. Data analysis

First, we computed the descriptive statistics of all
measured variables to establish whether they were suitable
for further statistical analysis. In particular, for variables to
be analyzed through a confirmatory factor analysis (CFA),
we inspected deviation from the expected normal behavior
by looking at the asymmetry and kurtosis. As reported in
the Supplemental Material (Tables S1, S3, and S4 [30]) all
variables met this requirement. Differently, for variables to
be analyzed with the multiple correspondence analysis
(MCA), no assumptions were made on measured variables
(see below for more details on the performed analyses).
To answer RQ1 we first carried out a confirmatory factor

analysis (CFA) to test the three-factor structure of the
evaluation of the online learning experience. Several
indices were used to assess the quality of the CFA model
fit: chi-square to degrees-of-freedom ratio (χ2=d:o:f:),
normed fit index (NFI), incremental fit index (IFI), com-
parative fit index (CFI), Tucker-Lewis index (TLI), and
root-mean-square error of approximation (RMSEA).
Values of χ2=d:o:f: less than 3, CFI, IFI, CFI, and TLI
above 0.90, and RMSEA less than 0.08 are indicative of
good model fit [86,87]). Then, we performed a Rasch
analysis [88] to investigate which items were easier to agree
or disagree upon for the students in our sample. The reason
for using Rasch analysis instead of the comparison with a
benchmark value, such as 3 (i.e., neutral opinion, as done,
for instance, in Ref. [28]) is that we cannot assume linearity
in the rating scale and, hence, we cannot infer whether 3 is
actually representing a neutral position. Goodness of fit was
investigated through infit and outfit mean square (MNSQ)
statistics, while validity and reliability were assessed

through the following indices: person reliability (values
greater than 0.5 are recommended), item separation reli-
ability (values should be greater than 3), and person
separation (values should be greater than 2). Point-measure
(PTMEA) correlation for each item was also calculated to
indicate the extent to which the item correlated with the
measured construct. Note that the assumption of unidi-
mensionality does hold true in our case, since the items
were all intended to measure the evaluation of the online
learning experience. All Rasch calculations were carried
out using WINSTEPS software [89].
To answer RQ2, we segmented the sample according to

their responses to their perceived SWB during the online
learning experience survey. Segmentation was carried out
through a multiple correspondence analysis (MCA) of the
sample responses [90–93] and a hierarchical cluster analy-
sis (CA) [94–97]. Multiple correspondence analysis is an
extension of principal component analysis to categorical
variables. We used this type of analysis since the items were
expressed by categorical response scales; hence, not only
the distance between these response scales is not linear, but
also a comparison between average scores in the items is
inappropriate. In this analysis, no assumptions on the
variables are made, since the focus is on the modalities
of the variables. As such, variables with a non-normal
behavior are included in the analysis, whereas modalities
with very low frequencies (typically ≤ 2%) are discarded
from the analysis to extract the factors. The factorial scores
obtained from the MCAwere used to perform a hierarchical
cluster analysis, aimed at identifying emerging response
profiles associated with different groups of individuals. The
clustering procedure had the following characteristics:
(i) hierarchical divisive, which starts from a subdivision
of the sample into two main groups and then proceeds in
successive steps; (ii) exclusive, i.e., an individual belongs
only to a single cluster; (iii) all individuals belong to at least
one cluster; (iv) heterogeneous, i.e., clusters can have
different size, shape, and density. Two criteria were used
for choosing the final number of clusters: (i) the best
partition is the one for which the subsequent subdivision
produces a limited increase of the explained variance (here
called inertia); (ii) the best partition is the one for which the
subsequent subdivision produces at least one cluster with
less than 5% of cases of the sample.
To look for possible correlations between the subjective

well being and the perception of the remote instruction
experience we carried out a one-way analysis of variance
(ANOVA), by comparing the raw scores in the three
dimensions of the perception of emergency remote instruc-
tion across the psychological wellness profiles. We used the
raw scores since we were interested only in differences
between the groups. Normality assumption was checked
through inspection of descriptive statistics (see Supplemental
Material [30]), while assumption of homogeneity of variance
was inspected through Levene’s test. When the latter

TABLE II. Students’ preference about attending courses and
taking exams online or in person.

Preference

Activity Online In-person No difference

Courses 27.6% 67.7% 4.7%
Exams 15.5% 65.7% 18.8%
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assumption was not met, we used Welch’s F robust test of
equality of means.
To answer RQ3, we first tested how well the survey items

measured the interest, career in physics utility value, and
recognition constructs through a CFA. Then, we compared
the students’ raw scores before and after the emergency
remote instruction using a series of two-tailed paired t tests.
To answer RQ4, we first validated the PAOI factor

structure through CFA and compared the raw scores before
and after the emergency remote instruction using a series of
two-tailed paired t tests.
To answer RQ5 we first segmented the sample according

to their responses to the attitude towards physics and
physicists survey. To this end, we used MCA and CA, in
a similar way to what we did to answer RQ2. Then, we
compared the distribution of attitudes’ profiles before and
after the emergency remote instruction using a McNemar-
Bowker test.
To answer RQ6, we first categorized students according to

the change in their attitude toward physics profiles with
dummy variables. Then, we inspected the effect of profile
changes on each of the three dimensions of the perception of
the emergency remote instructionusing a regressionanalysis.
Finally, we looked for possible associations between the
profile change and SWB categories using a chi-square
analysis and inspected the differences in the motivation
and academic orientation scores after the emergency remote
instruction experience through a one-way ANOVA.
Assumptions were checked as described above. The effect
size (ES) for the t tests was calculated according to Cohen’s
d formula [98]

d ¼ x1 − x2
s

;

where x1 and x2 are the two compared mean values and s is
the pooled standard deviation, namely, theweighted average
of the standard deviations of the two samples, using the size
of the samples as weight. The effect size for the one-way
ANOVAwas calculated using the η2 coefficient, namely, the
ratio between the variance associated with an effect and the
total variance. (Spero di aver capito bene la definizione di
effect size per l’ANOVA, come rapporto tra la varianza di un
effetto e la varianza totale) All the statistical analyses were
carried out through the software SPSS v. 26. Multiple
correspondence analysis and cluster analysis were carried
out through the SPAD software v. 5.6.

III. RESULTS

The descriptive statistics for all the measured variables
are reported in the Supplemental Material [30]. Reported
uncertainties for the items of the survey are standard
deviations. In the following, we report the results according
to our research questions.

A. What is the university students’ perception of the
emergency remote instruction?

We report in Fig. 1 the factor structure of the perception
of emergency remote instruction construct. The CFA
confirmed that the three-factor structure fitted well our
data (χ2=d:o:f: ¼ 2.212; NFI ¼ 0.945; IFI ¼ 0.969;
CFI ¼ 0.969; TLI ¼ 0.958; RMSEA ¼ 0.058). Rasch
analysis of the items shows that the data fitted well the
model, since no misfitting items were found (see
Supplemental Material [30]). The person reliability is
0.88, the person separation is 2.67, while item separation
is 7.10. All indices are hence excellent. Average item point-
measure correlation is 0.68 (min ¼ 0.60; max ¼ 0.76),
which is an acceptable value. The mean value of the
Rasch measure for the effectiveness and organization of
the course factor is −1.01� 0.12 (st. err.) logit. We note
that a negative value on the logit scale means that, overall,
students had more than 50% probability to agree with the
items. Hence, we can infer a positive judgment of the
emergency remote instruction. Contrarily, the mean value
of the Rasch measure for the factor perceived difficulties is
þ0.25� 0.16 (st. err.) logit. A positive value means that,
overall, students have less than 50% probability to agree
with the item. Hence, we can infer that students seem to
have encountered significant difficulties during the emer-
gency remote instruction experience. Such difficulties seem
to be mainly due to a negative perception of their degree
program and of their chances of attaining the degree after
the COVID-19 pandemic (Rasch measure of the two items:
þ0.62 and þ0.59 logit, respectively). Students have also a
less positive perception of their relationship with the
instructors during the emergency remote instruction [mean
Rasch measure: þ0.14� 0.20 (st. err.) logit]. In particular,
students complained about the instructors’ capability to
raise interest and interact with them (Rasch measure of the
items: þ0.42 and þ0.79 logit, respectively). Finally, the
differences between the average Rasch measure of the three
factors are statistically significant (F ¼ 8.063, d.o.f.: 2,
9; p ¼ 0.01).

B. How are the changes in students’ subjective well
being related to their perception of the emergency

remote instruction?

The MCA and CA lead to three SWB profiles:
1. Students who felt negatively affected by the remote

instruction experience (22.4%). This profile is char-
acterized by students who felt extremely less sat-
isfied, enthusiastic, stimulated and extremely more
stressed, sad, angry, and frustrated when comparing
online and in-person experiences.

2. Students who felt significantly supported when
comparing online and in-person experiences
(9.4%). This profile is characterized by students
who felt extremely more proud, effective, satisfied
and extremely less secluded, guilty, and frustrated
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during the online experience in comparison with in-
person courses.

3. Students who were not significantly affected by the
emergency remote instruction experience (68.2%).
This profile is characterized by neutral responses to
all descriptors of the psychological well-being
survey.

Figure 2 reports the average raw scores of the three SWB
profiles for the three latent dimensions of the emergency
remote instruction perception.
The one-way ANOVA shows that differences across the

three SWB groups were significant for all the three latent
dimensions, namely, effectiveness and organization of the
courses (F ¼ 34.639, d:o:f: ¼ 2; 359, p < 0.001), per-
ceived difficulties (Welch’s F ¼ 71.930, d:o:f: ¼ 2;
74.880, p < 0.001), relationships with the instructors
(F ¼ 82.340, d:o:f: ¼ 2; 359, p < 0.001), with large effect
sizes (0.16 < η2 < 0.36). Moreover, for each dimension of
the perception of emergency remote instruction construct,
the mean values of the SWB profiles are significantly

FIG. 1. Factor structure of the perception of emergency remote instruction. The unobserved constructs (factors) are represented by
rounded rectangles. The observed variables (i.e., the questionnaire items) are represented by rectangles. The single-headed arrows
represent structural regression coefficients, namely, the factorial loads of an observed variable onto the factor. The measurement errors
associated to observed variables are represented by a circle and a small single-headed arrow near the corresponding variable. Two-
headed black arrows represent the covariances of the constructs, while two-headed blue arrows represent the error covariances of the
items (modification indices).

FIG. 2. Mean values of the raw scores of the three SWB profiles
for the three latent dimensions of the emergency remote in-
struction perception. Whiskers are standard deviations.
*p < 0.05; ***p < 0.001; ns ¼ nonsignificant.
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different. In particular, we consistently found that the average
score of the students who felt supported is statistically higher
than those of the two other groups of students for all
dimensions of the emergency remote instruction perception
(t > 2.817; d:o:f: ¼ 359; p < 0.005, ES > 0.53).
Finally, from Fig. 2, we note that for students in the

negatively affected cluster, the score in the perception of

organizational effectiveness factor is significantly higher
than the score in the perceived difficulty and in the
relationships with the instructors factors (t > 5.530;
d:o:f: ¼ 80; p < 0.001, 0.69 < ES < 0.75), while the
difference between the latter dimensions is not statistically
significant (t ¼ −0.661; d:o:f: ¼ 80; p ¼ 0.511). We found
a similar trend for students in the not significantly affected
cluster: namely, the score in the perceived effectiveness
of course organization is significantly higher than the scores
in the perceived difficulty and relationships with the instruc-
tors dimensions with larger effect sizes (t > 11.903;
d:o:f: ¼ 246; p < 0.001; 0.85 < ES < 0.97). For students
in the supported cluster, as expected, the average score in the
perceived difficulty dimension is significantly lower than the
score in the perception of organizational effectiveness and in
the relationships with the instructors dimensions (t > 2.125;
d:o:f: ¼ 33; p < 0.041; 0.30 < ES < 0.44).

C. How did the emergency remote instruction
experience impact on students’ motivation

to learn physics?

We report in Fig. 3 the general factor structure of the
motivational construct. The CFA confirmed that the three-
factor structure of the motivational construct fit well our
data (before remote instruction: χ2=d:o:f: ¼ 1.769;
NFI ¼ 0.984; IFI ¼ 0.993; CFI ¼ 0.993; TLI ¼ 0.986;

FIG. 3. Factor structure of the motivation to learn physics scale. The unobserved constructs (factors) are represented by rounded
rectangles. The observed variables (i.e., the questionnaire items) are represented by rectangles. The single-headed arrows represent
structural regression coefficients, namely the factorial loads of an observed variable onto the factor. Factor loadings tell how much the
item is related to the factor and should not be confused with item mean values (see Fig. 4). The measurement errors associated to
observed variables are represented by a circle and a small single-headed arrow near the corresponding variable. Two-headed black
arrows represent the covariances of the constructs. For each factorial load and covariance we reported the value before and during remote
instruction.

FIG. 4. Mean values of the raw scores of the three latent factors
of the motivational construct before and after emergency remote
instruction. Whiskers indicate standard deviation. *p < 0.05;
**p < 0.01.
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RMSEA ¼ 0.046; after remote instruction: χ2=d:o:f:¼
1.531; NFI¼ 0.988; IFI¼ 0.996; CFI ¼ 0.996; TLI ¼
0.992; RMSEA ¼ 0.038).
Figure 4 reports the average raw scores before and after

the emergency remote instruction for the three latent

dimensions of the motivational construct. We note that
emergency remote instruction has negatively affected the
motivation towards learning physics. In particular, the
average scores decreased significantly in all dimensions
(t > 2.501; d:o:f: ¼ 361; p < 0.013; 0.05 < ES < 0.26).

FIG. 5. Factor structure of the physics academic orientation inventory. The unobserved constructs (factors) are represented by rounded
rectangles. The observed variables (i.e., the questionnaire items) are represented by rectangles. The single-headed arrows represent
structural regression coefficients, namely, the factorial loads of an observed variable onto the factor. The measurement errors associated
to observed variables are represented by a circle and a small single-headed arrow near the corresponding variable. Two-headed black
arrows represent the covariances of the constructs, while two-headed blue arrows represent the error covariances of the items
(modification indices). The values of the loadings between items and constructs and of the covariances between the constructs are
reported in the format before and during emergency remote instruction.
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D. How did the emergency remote instruction
experience impact on students’ academic orientation

towards physics?

We report in Fig. 5 the general factor structure of the PAOI
questionnaire. The CFA confirmed the five-factor structure
(orientation before remote instruction: χ2=d:o:f: ¼ 2.031;
NFI ¼ 0.900; IFI ¼ 0.947; CFI ¼ 0.946; TLI ¼ 0.934;
RMSEA ¼ 0.053; orientations during remote instruction:
χ2=d:o:f: ¼ 2.318; NFI¼ 0.890; IFI¼ 0.934; CFI ¼ 0.934;
TLI ¼ 0.920; RMSEA ¼ 0.060).
We note that the mean values decreased in all latent

dimensions (see Fig. 6) and the differences are significant
except in the metacognition dimension (t > 3.105,
d:o:f: ¼ 361, p < 0.002, 0.10 < ES < 0.39).

E. How did the emergency remote instruction
experience impact on students’ general
attitude toward physics and physicists?

The MCA and CA lead to three stable attitudinal
profiles:

1. Accepted discipline (before: 47.2%; after: 49.7%).
This profile is characterized by a view of physics as
an interesting discipline because it intrigues, but also
because it is important for the development of
society, both from a cultural point of view and for
its technological applications.
Society can trust the progress of physics and the

contribution of physicists. However, the students in
this cluster are not convinced to pursue a future
career in physics.

2. Blurred discipline (before: 21.8%; after: 27.9%).
For students in this cluster, physics has not many
tangible effects in everyday life and society. Even
in consideration of future developments and

employment opportunities, physics seems to be only
fairly attractive.
This profile is also characterized by a wary view of

physicists, with an unclear role played by physics in
the society.

3. Niche discipline (before: 30.9%; after: 22.4%). This
cluster is characterized by extremely positive views
about physics and physicists.
Physics and the work of physicists are considered

a fundamental resource for personal life and society.
Physics is neither complicated nor abstract; on the
contrary, its importance lies in both the theoretical
aspects and the technological applications. Hence, it
influences our daily life and is therefore necessary to
know it.
A career in physics is what students in this cluster

are looking for. Students in this profile substantially
agree with an elitist view of physics and physicists.

The flow of profiles’ changes before and after the emer-
gency remote instruction is shown in Fig. 7. We note that
the great majority of students in the accepted discipline
(84.8%) and blurred discipline (94.9%) profiles did not
substantially change their attitude.

FIG. 6. Mean values of the raw scores of the five latent factors
of the PAOI questionnaire before and during emergency remote
instruction. Whiskers indicate standard deviation. **p < 0.01;
***p < 0.001; ns ¼ nonsignificant. All factors reflect the
capability to control a specific aspect of the academic orientation
towards physics. For instance, the anxiety factor refers to how
well students were able to cope with this emotional state.

FIG. 7. Changes in attitudes toward physics before and after the
emergency remote instruction.
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Differently, about 28% of the students, initially in the
niche discipline profile, changed their attitude, becoming
more aligned to the accepted discipline profile.
Overall, the changes amongst the profiles before and

after emergency remote instruction are statistically signifi-
cant (McNemar-Bowker test ¼ 193.215, p < 0.001).

F. How are the changes in the general attitude toward
physics, if any, related to students’ perception of the
emergency remote instruction, and to changes in
(a) subjective well being; (b) motivation to learn

physics; (c) orientation towards physics?

1. Changes in the general attitude toward physics

Changes in attitudinal profiles were grouped in four
categories: remain in the accepted discipline (40.1%),
remain in the blurred discipline (21.8%), remain in the
niche discipline (22.4%), and worsen the attitude (15.7%).
The latter category includes those students who moved
from the accepted discipline profile to the blurred discipline
profile and those students who moved from the niche
discipline to other profiles. Note also that we included in
the remain in the accepted discipline category the few
students (4) who moved from the blurred discipline profile
to the accepted discipline profile and in the remain in the
niche discipline category the students (3) who moved from
the accepted discipline profile to the niche discipline
profile. Then, since it was the most frequent category,
we defined three dummy variables using remain in the
accepted discipline as baseline. We finally inserted the
three dummy variables in a regression analysis, using as
dependent variables the three dimensions of the perception
of emergency remote instruction. Results are reported in
Table III. We note that to remain in the blurred discipline vs
to remain in the accepted discipline is a significant
predictor for all the three latent dimensions, in particular

for the perception of the effectiveness and organization of
the courses. In other words, to remain not interested
towards physics and skeptical about the role of physicists
in society has lowered the perception of the overall online
experience. Contrarily, a downgraded attitude toward
physics and physicists has not affected the overall percep-
tion of the emergency remote instruction experience.
Interestingly, to maintain an elitist view of physics and
physicists (niche discipline profile) contributed to lower the
perception of the relationship with the instructors during
the online experience.

2. Changes in the general attitude
toward physics and SWB

The distribution of the changes in the attitude towards
physics and SWB is shown in Fig. 8. The association
is not statistically significant (χ2 ¼ 11.147; d:o:f: ¼ 6;
p ¼ 0.084). However, it is interesting to note that one-
third of the students, who worsen their attitude toward
physics, felt negatively affected by the emergency remote
instruction experience, while this is the case for only 14.5%
of the students who remained in the accepted discipline
profile, and about one fourth of the students who remained
in the niche and blurred discipline profiles.

3. Changes in the general attitude toward physics and
motivation to learn physics

In Fig. 9 we report themean of the differences between the
interest, utility value, and recognition raw scores after and
before the remote distance instruction across the four
categories of the change in the attitude towards physics.
The differences are statistically significant only in the interest
dimension (F ¼ 5.808; d:o:f: ¼ 3, 358; p ¼ 0.001;
η2 ¼ 0.046) but neither in the utility value dimension
(Welch’s F ¼ 2.386; d:o:f: ¼ 3, 143.220; p ¼ 0.072) nor

TABLE III. Linear model of predictors of three latent dimensions of the perception of emergency remote instruction construct.

Predictors
Dependent variable (all vs remain in the accepted discipline) b SE β p

Effectiveness and organization of the coursesa Constant 3.628 0.074 � � � <0.001
Remain in the blurred discipline −0.444 0.124 −0.203 <0.001
Remain in the niche discipline −0.004 0.123 −0.002 0.973
Worsen the attitude −0.189 0.139 −0.076 0.175

Perceived difficultiesb Constant 2.961 0.056 � � � <0.001
Remain in the blurred discipline −0.187 0.094 −0.114 0.048
Remain in the niche discipline 0.011 0.093 0.007 0.903
Worsen the attitude −0.189 0.105 −0.102 0.073

Relationship with the instructorsc Constant 3.088 0.063 � � � <0.001
Remain in the blurred discipline −0.288 0.106 −0.156 0.007
Remain in the niche discipline −0.212 0.105 −0.115 0.045
Worsen the attitude −0.197 0.119 −0.094 0.098

aR2 ¼ 0.040.
bR2 ¼ 0.019.
cR2 ¼ 0.024.
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in the recognition dimension (F ¼ 1.236; d:o:f: ¼ 3, 358;
p ¼ 0.296). We note that for the interest dimension, the
scores after the remote distance instruction are significantly
lower for the remain in the niche discipline and for the
worsen the attitude categories (t ¼ −4.164, d:o:f: ¼ 358,
p < 0.001, ES ¼ 0.46) in comparison to the other two
categories. While differences across the groups are not
significant, it is worth reporting that the utility value scores
after remote distance instruction are significantly lower for
the remain in the blurred discipline and for the worsen the
attitude categories in comparison to the other two groups
(t ¼ −2.633; d:o:f: ¼ 203.645; p ¼ 0.009; ES ¼ 0.34).

4. Changes in the general attitude toward physics and
academic orientation towards physics

When analyzing the scores for the academic orientation
towards physics (Fig. 10), we note that the differences across
the groups are statistically significant for all dimensions
(Welch’s Fself−regulation ¼ 3.539, d:o:f: ¼ 3, 152.462; p ¼
0.016; Fself−efficacy ¼ 3.388; d:o:f: ¼ 3, 358; p ¼ 0.023;

Welch’s Fengagement¼5.325, d:o:f:¼3, 154.999; p ¼
0.002; Welch’s Fmetacognition ¼ 3.317; d:o:f: ¼ 3, 148.257,
p ¼ 0.022) except anxiety (F ¼ 0.370; d:o:f: ¼ 3;
p ¼ 0.774). We also note that, for all dimensions except
anxiety, differences between pre and post remote instruction
academic orientation perceptions are significantly lower for
the worsen the attitude group (t > −2.989, d:o:f: ¼ 358,
p < 0.004, 0.32 < ES < 0.52).

IV. DISCUSSION

The main aim of this paper was to give a contribution
toward a more thorough understanding of the aspects that
most affected the students’ experience of the emergency
remote instruction. Overall, we found a positive view of the
effectiveness and organization of the online courses. This
means that students in our sample think that Italian
university physics courses, on average, managed in an
appropriate way the sudden and unexpected transition
towards the remote teaching. However, as for many of
the policy measures enacted by Italy government to face the
outbreak of COVID-19 [99], such transition was not
smooth. Actually, we detected significant difficulties in
several aspects of the online experience, such as the
relationships with peers or the perceived diminished
preparation in physics.
The relationships with instructors were judged as wors-

ened with respect to the in-person activities, but not
significantly, as found in other disciplines and countries
[16]. While this is an encouraging result, it also suggests
some considerations on the use of online tools by university
instructors. Indeed, most of the open-ended responses
given by the students questioned the pedagogical approach
used during the online sessions, and not the clarity in the
explanation. The use of slides and predefined documents
was seen negatively by the students, as well as the adoption
of the lecture format. In many cases, the students justify

FIG. 8. Distribution of the changes in the attitude toward
physics across the SWB clusters. The percentages sum up to
100% for each cluster.

FIG. 9. Mean of the differences between the interest, utility
value, and recognition raw scores after and before the remote
distance instruction across the four categories of change in the
attitude towards physics. Whiskers indicate standard deviation.

FIG. 10. Mean of the differences for the academic orientation
towards physics raw scores across the four categories of change in
the attitude towards physics. Whiskers indicate standard
deviation.
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such claims by saying that slide presentation in a lecture
format increases the workload with respect to the in-person
teaching and reduces the interaction not only with the
instructor but also among peers.
Concerning the subjective well being, despite the scores

in all the descriptors showed a significant decrease, only
about 20% of the students in the sample felt negatively
affected by the emergency remote instruction. In particular,
this cluster is characterized by being sadder and more
stressed and, at the same time, definitely less satisfied,
enthusiastic, energetic, stimulated, optimistic, and happy.
Most of these items correspond to mood states traditionally
associated with pleasant or highly positive affects. Thus, a
significant decrease in the students’ perception about these
items signals a general dimension of subjective distress
likely due to the remote distance instruction, since the
students in this cluster had the lowest scores in the three
latent dimensions of the emergency remote instruction
perception. Our result is in contrast with other studies in
psychology education [17,28], which report higher per-
centages of university students who were negatively
impacted by online teaching. However, we note that these
previous studies involved a broader population of students.
We also note that about 70% of the students of our sample
felt not significantly affected by the emergency remote
instruction experience. This result may be explained taking
into account the personal strategies enacted by the students
to cope with the psychological distress due to the online
teaching, as suggested by prior studies with undergraduate
students in Europe [100]. However, more research is
warranted to investigate specific aspects of these strategies
and their relationships with the remote learning experience
in physics.
While the decrease of motivation has been reported in

prior studies [17], to our knowledge, this paper is the first
study that investigated changes in academic motivation. We
found that the online experience affected all the motiva-
tional dimensions and, in particular, the interest and the
recognition by peers and professors. From the open
responses, we infer that this result may be linked to the
loss of engagement with peers, the scarce attractiveness of
online lectures, and the absence of practical sessions, which
are critical for physics [101]. However, more research is
needed to understand in more detail why motivation
towards physics decreased in such a significant manner.
The emergency remote instruction has also significantly

affected four dimensions of students perceived orientation
towards physics (self-regulation, self-efficacy, engagement,
and anxiety), while metacognition seems to have not been
affected. Such result has also been found in a previous
study with U.S. students [28]. A possible interpretation, for
such result in our sample, is the following: self-regulation
and mastery are capabilities that were deeply challenged by
remote instruction. Online courses were perceived as
denser from the content viewpoint and, because of the

exam modalities (see context information in Sec. II B), as
more demanding, given the difficulty in remaining focused
on a screen for a long time. The decrease in the engagement
dimension can be related to perceived loneliness during
online lectures, which often did not favor peers’ interaction,
while the decrease in the capability to control anxiety may
be linked to increased psychological stress and decreased
extraversion, well documented in prior studies [102].
Interestingly, metacognition, which refers to the ability
to control one’s own learning or problem-solving activities,
was not significantly affected. Our interpretation is that
emergency remote instruction did not require students to
significantly change their own learning strategies. However,
we do not have enough evidence about the impact of remote
distance teaching on, for instance, the number of classes
attended during the lockdown or the number of delayed
exams. Furthermore, the effects of remote instruction on
orientation towards physics may also depend on other
factors, such as gender and age. All these aspects are the
subject of an ongoing study, focused on the academic
performance of physics students during online instruction.
Finally, in contrast with a recent study [103], which

found that the university students’ views about experimen-
tal physics did not significantly decrease after the online
teaching transition with respect to earlier pre-COVID-19
surveys, our data support a significant change in the
attitudes towards physics, especially for those students
who expressed extremely positive attitudes towards physics
(niche discipline) before the emergency remote instruction.
A particularly worrying signal is that, while remaining
substantially interested in physics, these students became
less positive toward a possible career in physics. In
particular, from the regression analysis, we can infer that
a less positive attitude toward physics is related to an
increase in the perceived difficulty in attaining their
university degree and in finding job opportunities. Such
feeling of uncertainty for the future can be conceptualized
by the fear of academic year loss construct, introduced in a
recent study with Bangladeshi college students [104].
While the fear of academic year loss may impact the
students’ subjective well being, our results do not support
the general conclusion that the attitude towards the dis-
cipline was negatively affected by the psychological dis-
comfort while attending the online courses. Differently,
such changes were likely related to more specific difficul-
ties perceived during the emergency remote instruction. For
instance, the physical distance from the cultural context of
the university may have negatively affected how students
perceive the value of their chosen degree discipline. As one
student in the niche discipline profile claimed: “I came here
at university to attend in-person lessons delivered by great
professors in presence. If I wanted to see them on a screen,
I would have enrolled in an online university.” Our
interpretation is supported by the finding that a very
positive attitude toward physics before going online is
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associated to a less favorable judgment of the relationship
with instructors during the online courses. As discussed
above, the latter result may be explained by the negative
perception of the slide-based lecturing approach during
online classes and by the disappointment for the limited
interaction with the instructor. However, also in light of the
results reported in Ref. [103], more research is needed to
inspect whether such negative perceptions concerned also
online virtual laboratory sessions or were limited to
lectures.

V. LIMITATIONS

Our study has five main limitations.
First, we involved a convenience sample recruited online

that represents only a limited group of students, although
distributed across the whole country. Inference outside our
population requires a cross-sectional research with a more
adequate sampling design.
Second, we used only self-reported measures with no

prior or longitudinal data for comparison with the mea-
surements of the observed variables. For instance, it could
be that students’ attitudes may also decline with regular
instruction. While we believe that the use of the retrospec-
tive pretest–post-test methodology is able to reliably detect
changes related to a specific event (such as the COVID-19
pandemic), we plan to compare changes in the measured
variables with a different cohort of physics students during
a regular semester in order to validate the findings obtained
for the emergency remote instruction.
Third, we surveyed students during the so-called second-

wave of COVID-19 pandemic during October-December
2020. Hence, students’ responses could have been biased
by the on-going situation that was perceived by the Italian
general public as even more disruptive than the first
lockdown in spring 2020.
Fourth, the rate of response was about 30%. Hence, our

results may be biased by self-selection of the respondents.
In particular, the high percentage of students expressing
difficulties with instructors may be related to this bias. A
more adequate sampling, coupled with a series of inter-
views, may help understand the extent to which such bias
has affected our study.
Finally, the questionnaire was submitted online, thus

potentially limiting the participation in the study of those
students without a reliable internet access and personal
electronic devices (computer, tablet, …).

VI. CONCLUSIONS

The main conclusion of our study is that the organization
of the emergency remote instruction by Italian university
physics courses was positively perceived by the students.
Another important point is that the great majority of the

involved students did not feel psychologically affected by
the online teaching modality. However, these findings by
no means should be interpreted in that remote instruction is
better than in-person instruction. Actually, about two-thirds
of the students still prefer in-person activities. Hence, our
results only suggest that students have accepted the
emergency remote instruction as a desperate, but temporary
measure to cope with the pandemic. Moreover, far from
being flawless, the transition had the consequence that the
students become more concerned about their future and less
favorable toward how their instructors enacted the online
teaching. Furthermore, the transition has also negatively
impacted on students’ motivation, academic orientation,
and attitude towards physics. While changes in attitudes
towards physics predicted in part the overall perception of
the remote learning experience, more research is needed to
investigate in more detail how changes in motivation and
self-efficacy affected such perception. Recent studies have
proposed a number of practices to better support students
during the online instruction [16]. To propose strategies
specific to online teaching for physics is beyond the scope
of this paper. However, our study may be a useful basis on
which to design approaches more responsive to students’
needs and difficulties. In conclusion, as countries world-
wide implement strategies to control the COVID-19 pan-
demic, different options are still on the table regarding
university instruction. While we are writing the first draft of
this manuscript, we are facing in Italy a third-wave of
COVID-19 contagions, which is leading to a further closure
of universities in the entire country. Our findings, present-
ing how emergency remote instruction impacted affective
and motivational dimensions of university physics students,
may help predict the effects of closures that remain the only
option before the vaccination campaign has reached a
significant portion of the population. Although, at first
sight, our results suggest that the impact was limited after
the first lockdown, recent studies [105] suggest that the
longer the closures continue the more the students’ per-
ceptions may worsen, as their families keep on struggling
with deteriorating economic conditions. Hence, students,
specially freshmen, may be in need of a greater institutional
support. Such support should not be limited to safety
protocols or improved online teaching but it should also
include specific interventions on affective and motivational
aspects.
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