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Abstract

The COVID-19 pandemic has shaken not only the global economy but
every development field, including all levels of the education sector and
in every place in the world. The wide spread of this pandemic disas-
ter has undoubtedly changed the education landscape worldwide. Online
teaching and learning become the primary instruction method and the
global world of schools, colleges and universities were forced to adapt this
model. The first concern about online learning is whether this method
is effective compared to traditional face-to-face lessons. In this paper,
we carried out a quantitative analysis to explore variations in univer-
sity students’ feedback on learning experience in the context of this
new challenging situation caused by the current COVID-19 pandemic.
By adopting an IRT modeling, we compared the appreciation of some
aspects of 41 courses taught at the University of Chieti-Pescara (Italy)
during the educational emergency with that of the previous year. Over-
all, from the results of this study, it is arisen that students have given
positive feedbacks on their learning experiences and their effectiveness.

Keywords: IRT, Linear Logistic Models with Relaxed Assumptions, Higher
Education, Online Learning, Learning Satisfaction Data
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1 Introduction

The coronavirus disease (COVID-19) spread rapidly worldwide and it was
declared, by the World Health Organization, as a pandemic phenomenon on
March 11, 2020. The COVID-19 pandemic brought a global crisis, and its con-
sequences to date have been severe and significant on all sectors of our lives,
especially on health and economy, causing, among others, acute economic loses
and a critical pressure on health systems. Response to the pandemic has been
widely different from country to country, depending on the alignment to the
national government and their pre-existing investment in resilience. In the edu-
cational context, the immediate impact of COVID-19 has been lockdown and
the enforced closure of educational institutions. Schools, colleges and universi-
ties have been shut down across the world and forced to implement a transition
from traditional face-to-face teaching methods to online teaching or a combi-
nation of online and traditional teaching (blending), to ensure continuity of
education [2, 31, 32, 82]. During the COVID-19 pandemic, e-learning, as a dis-
tance learning strategy, enabled universities to use a variety of online learning
platforms; Zoom, Google classroom, Microsoft Teams, Blackboard are some
of the most adopted versatile platforms for online learning and teaching pro-
cesses during the ongoing outbreak. According to recent reports, COVID-19
has caused an education crisis (OECD, 2020) [41]. Different published works
have already documented that the emergency of online learning has resulted
in many difficulties for teachers, students and higher education administra-
tors [11, 43, 83]. While some nations, thanks to their economic and human
resources, organizational skills and students’ ability to interact with the elec-
tronic environment, have been able to easily shift to online learning, for others
the transition from face-to-face to online teaching was fraught with difficulties.
The limited availability to computer and internet resources, and thus some
problems in accessing online lessons, materials downloading, the lack of digital
skills in using online platforms, are the main challenges and obstacles encoun-
tered by the students. Other studies have tried to examine the feedbacks of
universities to this new challenge all over the world [38, 39, 54].

For instance, a research carried out by [10] outlined the reaction of several
universities through countries and demonstrated diverse responses to the com-
plex challenge. Overall, the ability of colleges and universities to quickly shift
toward online and virtual courses is impressive. At the same time, the effects
on teaching and learning has been mixed [17, 46, 75, 79–81].

Additionally, further comparative surveys were aimed at exploring whether
face-to-face or traditional teaching methods are more productive or whether
online or hybrid learning is better [34, 47, 65]. Findings arising from these
studies give evidence of a better students’ performance in online learning than
in traditional one. Besides, in the past, several researches have been carried out
to explore students’ satisfaction with online learning teaching, which was used
as a pedagogical method for many years in various fields [7, 53, 61, 63, 74, 78].
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In this regard, it is worth noting that the both proponents and opponents
of online learning continued, over time, the discourse surrounding quality of
online learning provisions, student engagement and satisfaction [9, 33, 35, 37].

However, a limited literature is available on students’ satisfaction with
online experiences during the coronavirus pandemic [66]. To fill this gap, in this
paper, we explore variations in students’ feedback on learning experience in the
context of this new challenging situation of digital learning caused by COVID-
19 disease. Using quantitative data obtained through the administration of the
same questionnaire to face-to-face and online learners, this research compares
the appreciation of courses of University of Chieti-Pescara (Italy) during the
educational emergency with that of previous year. We address this research
question through the Item Response Theory (IRT) modelling techniques. IRT
[21], successfully applied in many settings, refers to a family of probabilistic
models that attempt to explain the relationship between latent traits (e.g.
attitudes, abilities, skills, satisfaction) and their manifestations. IRT assumes
that the latent construct and the items of a measure are organized in an
unobservable continuum. In our context, we exploited the attractive features
of a particular class of IRT models, known as Linear Logistic Models with
Relaxed Assumptions [28], to detect patterns of change amid pandemic period
in students’ evaluation of academic teaching compared to the previous year.
The remainder of this paper is organized as follows. Section 2 is devoted to
illustrate the challenges that universities are facing with over the last years,
and the importance of the assessment of quality within higher institutions.
Section 3 covers the basics of IRT models adopted in this study to capture the
change amid pandemic period in students’ evaluation of academic teaching.
Data and main results are then presented in Sections 4 and 5, respectively.
Finally, Section 6 concludes the paper.

2 Background: quality within higher education
institutions

Universities, both nationally and internationally, have experienced a profound
evolution over time, often under the pressure of reforms desired by individ-
ual States [1, 6, 24, 44, 56]. In particular, in the last years, many universities
are in front of important challenges, regarding the decline of enrolments, an
increased competition, the low number of graduates in the labour force, high
rate of dropout other than drastic financial troubles. Furthermore, in the new
context, the funding State calls for quality services by setting specific tar-
gets. Various indicators are in fact mirrored in funding formulae and public
funding is delivered to universities according to different parameters [64]. The
ways higher institutions are organized, financed and delivered are at the basis
of their complexity. Universities are open systems that establish relationships
with the environment. Such relationships, in terms of constraints and opportu-
nities, must be considered as a strategy to creating public value [55, 69]. Over
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the past decades, quality of teaching and learning has become a major strate-
gic issue in tertiary education systems across the globe [22]. Universities are
increasingly aware of the importance of students’ satisfaction for reputation as
well as for educational reasons [60]. The perceived quality of the educational
experience is primarily important as diagnostic feedback to administrators and
faculty for improving teaching; in addition, it provides information for students
for the selection of courses and instructors. Mapping the quality of teaching
is necessary, at least in principle, also for the government bodies to modu-
late the allocation of resources for higher education institutions, according
to pre-assigned parameters. In a word, in a very competitive global educa-
tional marketplace, having satisfied “customers” has become an important
component of quality assurance and quality enhancement [71]. During the last
decades, in the Italian context, there has been both an increased pressure on
service quality [68] [59] and a rising interest in evaluating university courses
[58]. Since 1999, each Italian public university has begun to monitor and assess
the quality of its own teaching activities, with the overall aim of improving
the quality of services offered to students [62].

The fundamental regulatory hub that gave rise to the latest changes can
undoubtedly be identified in Law no. 240/2010, known as the Gelmini Reform.
In order to increase the quality and efficiency of the university system, this
rule has profoundly changed the governance structures, funding mechanisms
and staff recruitment of the universities. Likewise, with a view to periodic
evaluation of the study courses themselves, the ministerial legislation provides
for a large set of indicators. In the new set of indicators outlined by Law
240/2010, we can distinguish those related to teaching, internationalization
and evaluation of teaching. A continuous and systematic check of the univer-
sity’s performance in the organization, research, and teaching activities is also
carried by the Evaluation Unit with the overall goal of the improvement of the
internal self-assessment and the promotion of merit. Besides, it should be con-
sidered the periodic accreditation, on a three year basis, of study courses. The
accreditation decisions are taken consistently with a set of additional require-
ments, that constitute ANNEX 8 of the AVA 2.2 guidelines, currently in force
(www.anvur.it). For these reasons, the assessment of quality within higher edu-
cation institutions have gained in frequency and proceeds apace. Universities
systematically collect learning satisfaction data and measure students’ satis-
faction in order to monitor and improve the teaching and learning experience
[4] and to identify their strengths and areas for enhancement [25, 51, 84]. Stu-
dent evaluation of teaching is an acknowledged instrument, used to map the
quality of teaching in universities and advance the chances that desired learn-
ing outcomes will be attained [23, 42, 57].
One of the widely used methods for evaluating courses, programmes and
teaching is represented by students’ ratings, that are commonplace in many
universities. Students’ opinions, whose validity has been sufficiently well estab-
lished (see, among others, [3, 8, 45, 52]), are a vital source of information for
both universities and government bodies. Collecting students’ evaluations on
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the perceived quality of teaching, necessarily requires to take into account the
latent construct of the variable of interest. Students’ ratings, provided on a set
of items and typically expressed on an ordinal scale, are in fact indirect mea-
surement of the quality of the university courses. Thus, instead of assigning
them arbitrary scores and analyzing them through linear models, it is desirable
to recognize their discrete nature and provide data analysis via probabilis-
tic models [67], such as those of the Item Response Theory (IRT) class. IRT
provides a convenient and versatile family of measurement models concerned
with the measurement of an individual’s latent trait, such as attitude, ability,
skill, satisfaction with a product or service, assessed indirectly by a group of
items [21, 70]. Their mathematical characteristics allow a transformation from
binary or ordinal answer pattern, e.g. Likert type data, into measure on an
equal-interval scale [18]. Following this line of research, the focus of the study
is to look for patterns of change amid pandemic period in students’ evaluation
of academic teaching. To this end, a particular class of IRT models, described
in the next section, assumes relevance.

3 Methodological framework: IRT with relaxed
assumptions

IRT encompasses a variety of statistical methods, differing each other in terms
of item characteristics that are included in the model and in terms of the
response option format [21].
All IRT models include a latent trait parameter and one or more item location
parameters, and link the probability of a subject i (i = 1, . . . , N) of providing
a certain answer Yij to an item j (j = 1, . . . , J) given the individual latent
trait and one or more item characteristics.
The basic IRT model for dichotomous data (and a single dimension), also
known as the one-parameter Logistic Model [19], or Rasch Model, can be
expressed as:

Pr(Yij = 1|θi, βj) =
exp(θi − βj)

1 + exp(θi − βj)
(1)

In the Rasch Model, we have J parameters βj , one for each item, and N param-
eters θi, one for each subject. In the original context of application, that is
the educational measurement, βj parameters are a linear continuous measure
of “difficulty” and θi parameters are a linear continuous measure of “ability”.
An IRT model for dichotomous data operates under the assumption that the
items share a common underlying construct (unidimensionality), i.e. it is sup-
posed that the item responses are explained by one latent trait, and local
independence. This last condition implies that, given the value of the latent
trait, the item responses are distributed independently.
Motivated by a broad range of applications across different scientific disci-
plines, considerable advances have been made in the IRT research over the
last decades. Particular relevant for the present paper, is the work conducted
to using IRT models for measuring change over time. When the objective is
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to monitor the trend of a latent variable to understand if significant change
occurs, different models, derived from the Rasch models, can be used. Specifi-
cally, the Linear Logistic Test Model (LLTM), the Linear Logistic Models with
Relaxed Assumptions with the hybrid version (HLLRA) and Mixed Rasch
Models (MRM) [26, 29, 73], have been proposed for almost three decades now
for the analysis of repeated measure designs, even if not all of them were pri-
marily developed for measuring change.
Here, we restrict our attention to the Linear Logistic models with Relaxed
Assumption (LLRA), firstly introduced by [28] whose underlying assumptions
are less restrictive than for the other models. LLRA models, in fact, require
neither unidimensionality of items nor distributional assumption about the
latent trait. Besides, LLRA models provide a flexible framework for modeling
change as a function of trend effects, covariate/treatment main and interac-
tion effects [40]. This gives the benefit to test specific hypotheses, for example
weather there is a trend effect or weather an experimental group shows more
improvement than the control one. Typically, in applications dealing with the
measurement of change, the same “real” items are presented several times.
For sake of simplicity, we focus on model for dichotomous response at two time
points T1 and T2. A very straightforward paradigm for measuring change is to
describe any change of latent variable as a change of item parameters. More
in detail, LLRA formalize the above-mentioned effects by a linear decompo-
sition of “virtual items”. An item Ij presented on two occasions to the same
person can be conceived as a pair of “virtual items” I∗a and I∗b , with associated
“virtual” difficulty parameters β∗

a and β∗
b . By assuming that the amount of

change between T1 and T2 is equal to a constant δ, over all subjects, it results
that the item parameters are a linear combination of the real item parameter
and the change effect. Hence, the pair of “virtual items” generated by the real
item Ij with difficulty βj is characterized by the two parameters β∗

a = βj and
β∗
b = βj + δ . Let us denote with i = 1, . . . , N subjects, t the measurement

occasion and θit the “ability parameter” for i− th person at t time. A LLRA
model is described by the following equations:

Pr(Yij1 = 1|T1, θij , βj) =
exp(θij − βj)

1 + exp(θij − βj)
(2)

Pr(Yij2 = 1|T2, θ∗ij , βj) =
exp(θ∗ij − βj)

1 + exp(θ∗ij − βj)
=

exp(θij + δij − βj)
1 + exp(θij + δij − βj)

(3)

where Pr(Yij1 = 1|T1, θij , βj) and Pr(Yij2 = 1|T2, θ∗ij , βj) are the probabil-
ities for subject i to score 1 on item j at T1 and T2 respectively, while θij (the
latent trait) is the location of subject i on j− th item at T1 and δij = θ∗ij − θij
is the quantity of change, on item j for i− th subject.
The flexibility of LLRA arises from a linear reparametrization of δij to include
different effects. Following [40], the quantity δij , that is the sum of all changes
that subject i undergoes between two time points, can be modelled as the
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sum of group-specific (treatment) effect parameters and an unspecified trend
parameter, i.e. changes independent of the treatment, e.g. retest effects. The
re-parametrization equation is

δij =
∑
s

qisjλsj + τj +
∑
s<l

qisjqiljρslj (4)

In Equation 4, qisj stands for the dosage of treatments s for item j in
subject i, λsj denotes the effect of the treatment s on item j, τj is the parameter
for the trend effect on item j, between T1 and T2, and ρslj are the parameters
for interaction effects of treatments s and l on item j [40]. The interested
reader is referred to [27] and [30], where a more accurate description of LLRA
models is provided. Here, it is sufficient to say that the parameter estimation
in a LLRA model is based on conditional maximum likelihood estimation [48].

4 Data

As previously pointed out, this study is aimed at assessing variations in
students’ feedback on learning experience after the unplanned and rapid inter-
ruption of face-to-face education due to COVID-19 pandemic. In response
to the COVID 19 pandemic, courses moved to remote instruction on 11st
March 2020. Overall, 41 teaching courses, activated at the Department of
Philosophical, Pedagogical and Economic-Quantitative Sciences of University
of Chieti-Pescara (Italy), have been evaluated. Most of the courses belong to
humanistic area (60%), whereas the 40% pertain to the scientific subjects. The
number of enrolled students at 41 courses is 2,403. From the university regis-
ter, we elicited some students characteristics: gender, age, level of study and
area of residence. Demographic mix of students population is reported in Table
1. It results that the gender of 70% of students is female and 30% are male.
Table 1 shows that the age of more than 50% of them are between 19 and 24
years and about 13% of them are above 35 years old. Almost the number of
enrolled students from all study levels are equal. Most of the students (60%)
are from Abruzzo and the rest from other regions. Additionally, administra-
tive records contain information about the high schools that students attended
throughout their educational careers. We found out that approximately 40%
of them attended five years of lyceum while 50% come from technical and pro-
fessional high schools. Students’ satisfaction with some features of university
teaching, was assessed quantitatively using an online survey. Face-to-face and
online learners of the same courses, taught in two subsequent semesters, before
and during the lockdown, were encouraged to fill the questionnaire at the end
of regular class times to enhance the learning experience. Respondents were
informed that survey is anonymous and out of 2,403 of enrolled students, 1,606
have answered the questionnaire. The survey included questions mainly related
to the satisfaction with the course topic, the teaching load, the adequacy of
learning material and its content, the respect on schedule with program, the
clearness of exams rules, the teacher’s clarity and teacher’ability to prompt
student’s interest in the lecture and the teacher’s availability during the lesson
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Table 1 Demographic mix of enrolled students

N. %

Gender Male 731 30
Female 1672 70

Age 19-22 ys 743 30.9
22-24 ys 503 20.9
24-27 ys 449 18.7
27-35 ys 401 16.7
over 35 ys 307 12.8

Level of Study Level 1 822 34.2
Level 2 829 34.5
Level 3 752 31.3

Residence Abruzzo 1480 60
Other regions 923 40

High School Degree Lyceum 950 39.5
Technical Schools 512 21.3
Professional Schools 145 6
Other 796 33.1

and/or reception to provide clarifications on the topics covered.
The items were measured on four categories according to the Likert scale: def-
initely no (1), more no than yes (2), more yes than no (3), definitely yes (4).
The questionnaire on the perceived quality of teaching does not allow to gather
students’ background data. Accordingly, without losing in generality, we can
infer representative socio-demographic information of respondents by apply-
ing population weights to the survey sample. It is important to stress that the
IRT modelling, reviewed in Section 3, and able to track latent trait change
over time, is applicable in measurement contexts in which items are adminis-
trated more than once to the same individuals. In our application, given that
it is not possible to rely on the same group of students to acquire opinions
about university teaching satisfaction over the two considered measurement
occasions (Spring 2020 semester and the semester before), we refer to each
teaching course as “subject” in the IRT framework jargon. The starting point
for carrying out the analysis was the computation of the overall median of
item scores at two time points. To create binary data, responses to the items
have been dichotomized according to the overall median value.

5 Results

In this section, we present an application of the methodology described in
Section 3 to highlight its usefulness in assessing the impact of COVID-19 pan-
demic on university teaching satisfaction. Quantitative data gathered from the
online survey were analyzed using eRm R package [49].
Before assessing the teaching course satisfaction during the transition from
traditional face-to-face to online learning, we measure the teaching quality
carrying out the dichotomous Rasch model analysis. As known, the essence
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of Rasch modelling is to bring the difficulty of item and the ability of sub-
ject to the same logit scale. It is worth noting that the meaning of item and
person parameters needs to be specified in accordance with the latent trait
considered. In our context, borrowing the interpretation from the literature
on service quality and customer satisfaction, the item parameter represents
the “intrinsic quality” of each particular teaching aspect considered, while the
person parameter has an interpretation in terms of satisfaction.
Here, teaching quality is viewed as a unidimensional latent construct, investi-
gated through seven items, listed in Table 2.
Firstly, for a meaningful interpretation of dichotomous Rasch model estimates,
we check whether data approximate the key requirements for the model. For
testing dimensionality, we relied on the generalized Martin-Löf test [36], that is
likelihood test for comparing the null hypothesis of unidimensionality against
the alternative hypothesis of two dimensions. An inspection of Martin-Löf test
results suggests that the assumption of unidimensionality is tenable on both
temporal occasions. Next, to investigate how well data conformed to the Rasch
model and identify mis-fitting items, we also consider Rasch fit statistics [77].
In Tables 3 and 4, we display the two commonly used mean square fit statistics,
namely the Infit mean square (also referred to as the weighted mean square)
and the Outfit (or unweighted) mean square. The Infit and Outfit mean squares
can be converted to an approximately normalised t-statistic. These Infit/Outfit
t-statistics have an expected value of 0 and a standard deviation of 1 and the
results between +2 and -2 suggest that observed data follow the Rasch model
while values greater than +2 are interpreted as demonstrating more variation
than predicted. As we can see from Table 3, item 4, at time T0, is outside
the acceptable range of Outfit and Infit statistics. This result indicates that
individuals may be responding different than the model predicts and implies
a lack of unidimensionality that should be investigated. A graphical represen-
tation, useful to discovery how persons’ distribution relates to the items, is
given by the Person-Item map. In an ideal situation, this map should display
item parameter and person parameter mirroring each other about a mean of
0 logits. For our data, the Person-Item maps are shown in Figure 1 and they
highlight that there are areas of latent construct poorly assessed by the items.
A further step in the Rasch analysis is to look at the item parameter esti-
mates, summarized in Table 5. It is important to recall that the smaller values
of these estimates describe the “easiest items”, that is features of the teach-
ing with a satisfactory quality level. At both times, T0 and T1, we see that
the items to which are associated the highest level of quality are those inves-
tigating teacher’s availability in providing clarification on the topics (item 7,
βT0 = −2.639 and βT1 = −3.182 ) and teacher’s respect or schedule of lessons,
exercises, didactic activities (item 3, βT0 = −0.793 and βT1 = −1.628). The
Item Characteristics Curves, displayed in Figure 2, allow to compare and iden-
tify features with satisfactory and unsatisfactory quality level.
In ascertaining if teaching facets undergone an improvement or a worsening
when there was the shift to online distant learning, we have to look at the
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Table 2 Item description

Item wording
item1 adequacy of teaching material
item2 consistency of teaching with website program
item3 respect for the schedule of lessons, exercises, didactic activities
item4 clearness of examination procedures
item5 teacher’s ability in motivating interest in the discipline
item6 teacher’s ability in explaining the subject arguments
item7 teacher’s availability in providing clarifications on the topics

Table 3 Item fit statistics at time T0

Item chisq df p-value Outfit MSQ Infit MSQ Outfit t Infit t
Item1 T0 20.260 30 0.910 0.654 0.88 -0.33 -0.45
Item2 T0 13.233 30 0.997 0.427 0.573 -1.77 -2.26
Item3 T0 24.122 30 0.766 0.778 0.938 -0.51 -0.19
Item4 T0 68.797 30 0.000 2.219 1.802 2.30 3.08
Item5 T0 16.500 30 0.978 0.532 0.718 -1.33 -1.37
Item6 T0 18.446 30 0.951 0.595 0.741 -1.27 -1.19
Item7 T0 12.743 30 0.998 0.411 0.766 -0.45 -0.77

Fisher’s LLRA procedure estimates. To continue this investigation, we need
to properly defining the design matrix [40]. Initially, to inspect for change
over time, we specify a model where the trend is supposed to be different
for all items. In our context, we estimate seven change parameters τ . Results
summarised in Table 6, suggest that between the two time points all items
experienced an improvement in terms of intrinsic quality. In fact, we record
significantly positive values for all trend parameters. We also specify a model
whose underlying hypothesis is to assume only one trend parameter for all
items. For the model, that generalises the trend over all items, the resulting
estimate of τ is equal to 1.455 with SE=0.242. The two competing models
have been compared by performing a likelihood ratio test. The result of test
(Likelihood ratio statistic: 7.16, df = 6 p = 0.305) supports the model with
just one change parameters for the items.
Our analysis of the effects of COVID-19 pandemic lockdown on academic
teaching satisfaction is completed through the specification of a further model
where, in addition to the temporal effects, we estimate the influence of cer-
tain covariates over time. Specifically, our aim is to assess to what extent
the temporal changes may be affected by the grouping of teaching courses in
humanistic and scientific classes. To this end, we adopt a LLRA model with a
simplification of the re-parametrization of quantity of change. It follows that
Equation 4 only includes time (trend) and covariate effects. We assume as
“control group” the humanistic class, while the scientific class id the “treat-
ment group”. For this latter model, we found significant estimates for item
1 and item 4. Focussing on the teaching courses belonging to the humanistic
group, these findings suggest that both the adequacy of teaching material and
the clearness of examination procedures exhibit a remarkable improvement
when there has been the shift to distant learning.
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Table 4 Item fit statistics at time T1

Item chisq df p-value Outfit MSQ Infit MSQ Outfit t Infit t
Item1 T1 23.097 27 0.680 0.825 1.034 0.00 0.23
Item2 T1 28.718 27 0.375 1.026 1.028 0.19 0.20
Item3 T1 76.595 27 0.000 2.736 1.023 1.67 0.18
Item4 T1 27.494 27 0.437 0.982 1.145 0.09 0.74
Item5 T1 14.254 27 0.979 0.509 0.652 -1.34 -1.87
Item6 T1 11.528 27 0.996 0.412 0.537 -1.93 -2.41
Item7 T1 8.777 27 1.000 0.313 0.874 0.15 -0.02

Table 5 Item parameter estimates at time point T0 and T1

Item Difficulty parameter at T0 SE Difficulty parameter at T1 SE
Item1 1.642 0.45 2.184 0.471
Item2 0.493 0.403 0.377 0.441
Item3 -0.793 0.415 -1.628 0.587
Item4 0.675 0.406 0.936 0.433
Item5 0.493 0.403 0.936 0.433
Item6 0.129 0.402 0.377 0.441
Item7 -2.639 0.557 -3.182 0.929

Fig. 1 Item-person map at time T0 (left panel) and T1 (right panel)

6 Conclusion and research limitations

Closure and distancing measures caused by the coronavirus outbreak had
major impacts on teaching and learning in the university context. Firstly,
face-to-face instruction has been converted to online learning. Secondly, lock-
downs made households the prime learning space for students. In a nutshell,
higher education systems have undergone and will undergo a digital revolution:
conference call, online lectures, online exam and communications in virtual
environments, will persist in the post-pandemic world. Since e-learning became
the unique system for instruction, the concerns are centered on teacher’s and
learner’s experience with this technology and the improvement for the future,
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Fig. 2 Item characteristic curves at time T0 (top panel) and T1 (bottom panel)

Table 6 Trend parameter estimates

Item τj SE Lower CI Upper CI Sign.
Item1 1.299 0.651 0.023 2.576 ∗∗∗

Item2 1.609 0.632 0.37 2.849 ∗∗∗

Item3 2.047 1.005 0.009 3.026 ∗∗∗

Item4 1.099 0.516 0.086 2.111 ∗∗∗

Item5 1.03 0.521 0.008 2.051 ∗∗∗

Item6 1.253 0.567 0.142 2.364 ∗∗∗

Item7 2.079 1.061 0.004 4.158 ∗∗∗

Sign. codes: ∗∗∗ 0.05
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and on examining whether this method is effective, especially when compared
to face-to-face lessons. To this end, in this research, we analysed data collected
through a survey administrated on two measurement occasions (before and
during COVID-19 pandemic) to obtain accurate opinions on 41 courses taught
at University of Chieti-Pescara (Italy). An IRT modelling has been adopted
to study response data obtained through a set of items of a questionnaire.
Specifically, we relied on IRT models with relaxed assumptions to understand
if significant change occurred in the feedback on learning experience after the
unplanned and rapid interruption of face-to-face education due to COVID-19
pandemic. Overall, this study has shown that, in this first experience, stu-
dents had a positive adaptation to online teaching and learning. Our survey
findings have in fact demonstrated the satisfaction with the courses or lesson
activities delivered in online environment. Positive feedbacks of online teach-
ing experiences are mainly related to instructors’ availability for questions and
comments and teacher’s respect or schedule of lessons, exercises, didactic activ-
ities. These results are in line with what has already highlighted in literature,
from other researchers in different countries and universities. In this respect,
[14] state that the most positive impact with online learning experiences is the
class structure that supports flexibility, organization, and clear expectations.
Different reasons have led us towards the research carried out in this study.
Basically, our first objective is of course related to the necessity of monitoring
and improving the teaching. Likewise important is the awareness that COVID-
19 pandemic has drastically changed the lives of people all over the world;
thus the effectiveness of new teaching mode can be supportive to teaching and
learning process post COVID-19. This survey attempted to quickly capture the
changes imposed by the emergency precisely to support a community - that of
students - potentially very vulnerable in the face of the emergency. Due to their
social responsibility roles, universities are obliged to bridge the educational
and social challenges of their surrounding societies; the educational systems
have to drive the change in order to improve the community readiness for such
mode of learning. We believe that in careful designing for learning in higher
education post COVID 19 crisis, universities are prompted to adopt different
forms of learning activities; in other terms they should creatively merge online
and face-to face teaching lessons. Throughout these concluding remarks, we
have desired not only to propose a discussion of results but also to stress how
this pilot study can be a listening opportunities of students, to make clear the
main challenges of this unprecedented education scenario. However, this study
is limited since analyzed data are referred to a single department while, for
a more comprehensive analysis, it is convenient to enlarge the research to all
departments. Additionally, no perspective of universities or faculty members
was taken into consideration. The next and deeper research should also investi-
gate the equitable and inclusive access of students to digital learning resources
and if their social and emotional needs are being met. With reference to this
latter aspect, some researchers show that under the conditions of autonomous
learning, motivated students actually improved their academic performance [?
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]. Future research should overcome these limitations to come up with a set of
useful recommendations that would improve the distance teaching experience.
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Il Mulino, Bologna, 2005.

[60] Palihawadana, G.H.: Modeling module evolution in marketing education,
Qual. Assur. Educ. 7 (1), 41–46 (1999)



Springer Nature 2021 LATEX template

Looking for patterns of change amid pandemic period in students’ evaluation of academic teaching 19

[61] , Palvia, S., Aeron, P., Gupta, P., Mahapatra, D., Parida, R., Rosner,
R., Sindhi,S.: Online education: Worldwide status, challenges, trends, and
implications, J. Glob. Inf. Manag. 21 (4), 233–241 (2018)

[62] Paolini, A., Del Bene, L.: Monitorare la performance delle università
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