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Abstract: Distance learning due to the COVID-19 lockdown, commonly called emergency remote
teaching (ERT), substantially changed the methodology of teaching and possibly students’ perceptions of the quality of lectures. Students’ opinions should be collected and analyzed jointly with
other data such as academic performance to assess the effect of this pandemic on learning. A 20question, 4-point Likert scale specific questionnaire was designed and validated twice by a panel of
experts. The survey was sent to the 365 industrial engineering undergraduate students enrolled in a
chemistry course. Responses (n = 233) and academic data were collected, and four student profiles
were identified by using the k-means cluster analysis technique: ‘The Lucky’, ‘The Passive’, ‘The
Autonomous Learner’ and ‘The Harmed’. Students experienced the ERT differently according to their
profile. Undergraduates who were better autonomous learners excelled in academic performance
and were more participative in the survey. In general, students preferred face-to-face classes over
distance learning. Undergraduates’ learning has been impaired due to the circumstances. However,
contrary to their beliefs, the situation has benefited them with respect to grades when comparing
their performance with students from previous years. Discovering what challenges students faced
to adapt to the situation is key to giving students tools to grow as autonomous learners and to
enable educators to apply tailored teaching techniques to improve the quality of lectures and enhance
student satisfaction.
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1. Introduction

published maps and institutional affil-

The Spring semester 2020 was quite different from traditional college semesters due
to the COVID-19 lockdown. The switch to emergency remote teaching (ERT) [1] inevitably
affected the learning experience of undergraduates around the world. UNESCO estimated
that 1 billion students were affected by the school and university closures due to the
COVID-19 pandemic [2].

iations.
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1.1. Quality of Education during ERT

This article is an open access article

Due to emergency remote teaching, the way in which the seven principles for good
practice in undergraduate students [3] are implemented in the degrees’ subjects was
affected, as described in the following paragraphs.
Contact between students and lecturers is hindered due to the lack of face-to-face
interaction (Principle 1), while socialization among students, key to peer collaboration
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(Principle 2), is limited to social media and other online tools. In a traditional class
environment, students spontaneously talk about academic topics, sharing information and
solving doubts among themselves. With the mandatory lockdown and remote classes,
students have to voluntarily initiate online conversations with other colleagues, usually
those with whom they feel more confident, thereby shrinking their social network.
Regarding the third Principle, active learning has been emphasized since students had
to work harder by themselves with ERT. This was due to the fact that face-to-face classes
were limited due to health restrictions and the syllabus was usually given in a less guided
manner. Some students, especially those in early college years or those deficient in study
habits, may have experienced difficulties organizing their assignments and study activities.
With remote classes, giving feedback to students (Principle 4) has been more difficult
for teachers since it is more difficult to follow the day-to-day progress of each student,
and since some evaluations were cancelled or postponed. Therefore, feedback was often delayed, and this may have affected student expectations regarding their grades in
the subjects.
When remote classes were introduced at the beginning of lockdown, students experienced a great shift in the teaching methodology. This probably had a significant effect on
the way they organized their study time. The lack of efficient management of their time
(Principle 5) when at home all day is one of the problems students may have encountered.
In the absence of a pre-established timetable, students failed to dedicate sufficient time to
certain tasks. There may also have been an overload of teachers’ assignments, who in turn
may have been unable to prepare enough online content on time.
The sixth Principle is to communicate high expectation to students. Due to the global
pandemic crisis and the exceptional teaching situation, this is one of the principles that has
been highly affected. The general extraordinary situation compromised the expectation
excellence from students. Adaptation of the evaluation methods and the flexibility in
grading and task timelines, in addition to the diminished student-teacher interaction,
together provided the perfect combination for students to lose motivation towards learning
and academic excellence.
The last Principle concerns respecting diverse talents and ways of learning. Students
have been restricted in the teaching-learning methodologies used by their teachers, who
have not had time to adapt the different methodologies they were employing in face-to-face
classes during the ERT, and in many cases diversity of teaching-learning methodologies
has been lost. As a result, face-to-face classes and other methodologies such as flipped
classroom [4–8], project-based learning [9,10] or problem-solving classes were switched to
remote lectures by adapting them using the available on-line tools, or simply cancelled.
1.2. Learning Strategies and Student Profiles
Numerous surveys and other studies have been conducted in the past to ascertain
the opinions of students and teachers regarding online teaching [11–15]. However, the
situation during COVID-19 lockdown was different from regular online courses, as ERT was
implemented without time to prepare the classes, and the quality of the teaching-learning
process was greatly affected. Additionally, students’ motivation may had been affected as
this sudden change of circumstances was imposed, and not a different methodology they
could choose to experience.
As it has been reported, there are different learning styles [16], as well as students
who adapt better to unexpected changes than others. This greatly influences their attitude
towards studying, motivation, as well as the academic performance in the subject [17].
When analyzing student opinions and performance, it is not always recommended to
generalize and work with mean values, as information about the different kinds of students
is lost, since the variance is rarely uniformly distributed. For this reason, a person-centered
approach allows one to detect differences between groups of students with similarities in
various dimensions of interest [18–20].
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As with ERT, the variety of resources and types of classes has been significantly
reduced, and students without the ability to effectively benefit from remote lectures have
therefore experienced an impaired learning. This has a lot to do with self-regulated,
autonomous learning, which has been linked to academic success [21]. Students that are
better autonomous learners will benefit from the advantages of online tools, while other
scholars may find difficulties adapting to these new resources and methodology. Greater
motivation and time management skills, crucial in remote learning environments, have
been linked to increased academic performance [22]. Additionally, the students’ digital
competencies are significantly correlated with their academic engagement [23], what can
cause inequalities in their performance due to a lack of these skills.
To study student differences in depth, profiles are often defined using the clustering
technique. In a recent study [24], k-means clustering was applied to classify students
according to their physiological health score, in order to study the relation between their
mental health and the pandemic. Another paper classified teachers into four profiles
according to their use of digital technologies during the COVID-19 lockdown [25]. Previous
to the pandemic, a research used the person-centered approach to identify five student
profiles in self-regulated learning [26]. The power of the profile definition can be applied
further, as it can be a tool to detect students that are having difficulties. Monitoring their
learning and enables the application of personalized actions for each individual student
according to their profile. A software has been recently patented to monitor student
learning in the Moodle platform [27].
The teacher’s role is important in the development of self-regulated, autonomous
learning [28]. For this reason, and given the circumstances that took place during lockdown,
it is essential to ascertain students’ opinions about ERT in order to understand their points
of view and design and implement strategies to cope better with the particularities of the
different student profiles in the future. Several case studies all over the world from the
Spring 2020 period are being published [29–32].
Knowing what challenges faced students to adapt to the situation will be beneficial to
give students tools to improve and grow as autonomous learners while being able to apply
tailored teaching techniques to improve the quality of lectures and student satisfaction.
The first objective of the current research is to gather students’ opinions on the ERT
experience. One of the goals of this study is to determine if the ERT semester has changed
students’ perspectives on further college courses (for example, by their interest in online
courses or other types of blended learning combining traditional face-to-face classes with
remote content after the lockdown was lifted). Remote courses provide students with
greater flexibility for organizing their time, and by experiencing this first-hand during the
ERT, students may have become aware of new learning possibilities. The research is also
aimed at identifying possible correlation between students’ opinions and their academic
performance, an interesting link that has been studied by several researchers when applied
to other situations [33]. Additionally, the research defines student profiles based on the
opinion and academic performance combinations. Finally, the students’ expectations grade
wise are investigated by asking scholars on their grade forecasts.
2. Materials and Methods
In this section, the ERT methodology used in a case study is presented, as well as the
research questions (RQ) and the instruments used to collect students’ opinions and analyze
data. A schematic summary of the method is presented in Figure 1.
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Figure 1. Schematic methodology used in the research.

2.1. Case Study
The research is focused on studying the opinions of the 365 students belonging to
the Bachelor’s Degree in Industrial Technology Engineering at the Universitat Politècnica
de Catalunya-BarcelonaTech (UPC) Barcelona campus and enrolled in the Spring 19/20
Chemistry course. This course is held during the second semester of the first year of
college. Due to the pandemic, the face-to-face classes in this course were replaced by
PowerPoint© slides with embedded audio explanations, which are reported as being
helpful in establishing instructor presence [34]. Table 1 compares the two methodologies
followed during the Spring 2020 Chemistry course, the first five weeks of the course vs.
the rest of the semester.
Table 1. Chemistry course face-to-face and remote methodologies.
Comparative of Spring 2020 Semester Methodologies
Before COVID-19 (Face-to-Face Course)

Emergency Remote Teaching during
Lockdown

Theory lessons (lectures) in class
Problem solving in class
Mid-semester test
Final exam
Student tutoring

Slides with voice-overs available online
Solved exercises available online
Weekly online deliveries
Final exam (online)
E-mail support and resolution of doubts

In these voice-overs, professors included explanations similar to those they would give
in class to address theoretical concepts. Solved exercises were prepared as models for the
practical sessions, and documents with extra information based on students’ doubts were
made available for all students. All of the material was accessible on the online campus
ATENEA, the Universitat Politècnica de Catalunya Moodle-based platform. Students
were asked to hand in weekly exercises via the online campus, and the solutions were
subsequently made available after the due date. Given the extraordinary circumstances,
asynchronous activities were preferred over synchronous ones, since not all instructors
and students were able at all times to connect to and follow the remote classes.
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2.2. Research Questions
The primary goal of this research is to explore the students’ opinions on the teachinglearning methodologies used during the emergency remote teaching. On this basis, five
main RQ were formulated:
(1)
(2)
(3)
(4)
(5)

What are the students’ opinions on a series of categories in the Chemistry subject
during the ERT period?
What type of classes do students prefer after lockdown?
Do correlation exist between students’ opinions and their academic performance?
Can students be classified according to their opinion-academic performance combinations during ERT?
What are the students’ grade forecasts depending on whether the Chemistry course is
face-to-face or remote?

The methodology and data analysis used to answer each RQ are described in the
following sections.
2.2.1. Research Questions 1&2
Research Question 1 (RQ1) tackles a series of categories in relation to ERT. Table 2
shows the categories on which student opinion was gathered.
Table 2. General categories and the questions that are intended to be answered.
Category

Question to Be Answered

Socialization and contact with the instructor and peers
Learning sensation

Have students experienced the same feeling of contact with peers and teachers?
Do students feel they learn more with the ERT than face to face classes?
With the ERT methodology, do students know whether or not they can keep abreast of
the subject?
Do students prefer ERT to face-to-face classes?
Do students forecast a higher grade with ERT than with a regular face-to-face course?
Did students’ opinion on the ERT improve as the semester advanced?
Do students feel equally motivated towards the subject with ERT and face-to-face
classes?

Keeping up with the subject
General preference
Grade forecast
Evolution over time
Motivation

An online survey was defined as the instrument to gather information to answer RQ1
and RQ2. Although there are specific questionnaires available regarding online learning,
it was preferred to design a brand-new survey adapted to the subject and context of
ERT to answer the research questions. Once the categories were determined, an initial
questionnaire draft was prepared to obtain the students’ opinions. This draft was sent
for validation to a panel of experts consisting of 23 professors from 14 different Spanish
universities. They were asked to complete a table indicating the clarity and relevance of
each question according to the predefined categories, as well as to provide comments or
changes about the statements.
The validation provided valuable insights that were taken into account when drawing
up a further draft of the questionnaire, which was subsequently validated with the same
method and by the same experts. The definitive questionnaire was arrived at after this
second validation. This process is schematized in Figure 1.
The final version of the questionnaire contained 20 specific questions to be answered
by using a 4-point Likert scale to express the degree of agreement (strongly agree, agree,
disagree, strongly disagree). Questionnaires using the Likert scale are widely used as they
are easy to answer and serve to further analyze results [35,36]. A debate on the effect of
including a midpoint and its implications on validity and reliability has been running for
decades, including empirical researches [37]. Some scholars advocate the use of midpoint,
while others advise against it or simply state that midpoints have no impact on Likertscales’ measures [37–40]. However, evidence can be found in the literature to the effect
that young people associate midpoints more frequently with indecision rather with than
neutral opinion, and thus their use is not advisable [41]. For this reason, a 4-point scale

Mathematics 2021, 9, 2147

6 of 20

was selected so that students did not respond to a central value without opting for either
extreme, which would have provided little information.
The questionnaire was distributed in Spanish but an English translation is included in
Table 3.
Table 3. English version of the questionnaire.
Category

Question Number

Question

Questions about Chemistry
Socialization and contact with the
instructor and peers

1
2
3
4

Learning sensation

5
6
7

Keeping up with the subject

8
9
10

General preference
11
12
Grade forecast

13

Evolution over time

14

Motivation

15

During the period of remote classes, I feel that communication with the
teacher was similar to that during the period of face-to-face classes.
Direct email communication with the teacher helps me clarify doubts and
solve problems.
During the period of remote classes, I feel that connection with my classmates
was similar to that during the period of face-to-face classes.
I learn better by trying to solve an exercise by myself rather than studying
with an exercise already solved.
Testing myself before the exam without any effect on my grade helps me learn.
I feel that I am learning more with this remote methodology than with the
face-to-face methodology (first five weeks of semester).
Delivering exercises weekly through the virtual campus helps me obtain
constant feedback.
With the remote methodology I know if I am following the subject properly.
The available material (presentations with voice, solved exercises, etc.) has
been sufficient.
In this subject, I prefer to study the theory through slides with voice at home
rather than attending face-to-face theory classes.
In this subject, I prefer to practice the exercises autonomously at home rather
than attending a face-to-face class in which problems are solved.
The face-to-face classes in this subject do not provide added value compared
to what I can do on my own with a remote methodology.
I think I will get a better grade in the subject than I would have done if the
whole semester had been conducted in-person.
As the semester has progressed, my opinion on the remote methodology of
this subject has improved.
I am equally motivated for the subject regardless of whether the classes are
face-to-face or remote.

Questions about Your Preference for Subjects in General (not just Chemistry) Considering a Normal Situation without Lockdown.
Projection without lockdown

Type of remote teaching

Observations/clarifications

I prefer to take remote classes (both theory and problems) and only attend in
person for the exams.
I prefer to do the theory remotely and dedicate face-to-face classes to solving
17
exercises and taking exams.
The reason why I prefer remote classes is the freedom to access the material at
18
the time I choose.
19
I prefer slides with voice rather than doing live classes by videocall.
In the remote methodology, I prefer to have visual contact with the teacher
20
when doing the classes.
At the end of the questionnaire, there is an open-ended question for students to add comments.
16

Data on student opinion was gathered using the QuestionPro survey online service
(www.questionpro.com, accessed on 21 July 2021). This webpage collects the data automatically and a raw data Excel spreadsheet can be downloaded with all the students’
answers.
The questionnaire was sent to the 365 students enrolled in the 19/20 Spring Chemistry
course at the end of the semester. It was sent via an email containing a personalized link,
and on the last day of the survey a reminder was sent only to those students who had yet
to respond. The responses were tracked in order to identify students’ identity through the
personalized link in order to associate their answers to the grade obtained in the course.
Students were informed about the purpose of the survey and the fact that the data collected
would be treated confidentially.
The students of the case study are usually divided into nine class groups, referred to
as group 10, group 20, etc., or for convenience G10, G20, G30, G40, G50, G60, G70, G80,
and G90. Five different instructors taught the subject during the aforementioned semester.
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From all the enrolled students, those who voluntarily answered the survey comprise the
sample (n = 233), which represents a participation of 64%. The results presented refer
only to the opinions of the students who participated, and thus there is an inevitable bias
regarding student opinion.
In order to conduct a statistical study of the data obtained through the survey, the
qualitative responses were converted into numerical values, assigning a numerical value of
0–3 to each value on the Likert scale, as follows: strongly disagree: 0; disagree: 1; agree:
2; strongly agree: 3. In this way, it was possible to ascertain whether or not students
were more or less in agreement with the statement in each question according to its
corresponding score.
In general, the higher the score obtained in each of the questions, the better the
students value the remote methodology. Statistical calculations were performed with the
Stata IC v13 software.
Comments left by students in a final open-ended question were analyzed qualitatively
using the constant comparative method of inductive type, which is a type of thematic
analysis. This methodology is widely spread in order to analyze student opinions by
creating categories composed of similar comments, and many researchers use it as a
qualitative method [42,43]. Due to word count limitations, those results are not presented
in this paper.
2.2.2. Research Question 3
To answer the RQ3: ‘Do correlation exist between students’ opinions and their academic performance?’, Student t test was used to compare mean values, while a linear
regression model was applied to find correlation. Additionally, an analysis of the variance inflation factor was performed, as well as an analysis of assumptions and absence of
omitted variables.
2.2.3. Research Question 4
In order to facilitate the study of the types of students based on their behavior during
ERT (RQ4: ‘Can students be classified according to their behavior during ERT?’), students’
profiles were created to classify similar opinion-academic performance combinations. To
establish these profiles, a cluster analysis was performed as it is the proper statistical technique to accomplish the development of a classification or typology of individuals based
on multivariate similarity, [44]. Previous researches in the field of education have applied
cluster analysis aiming to examine how the impact of a phenomenon over heterogeneous
subgroups [45]. The construction of these profiles took into account:

•
•
•
•

The opinions expressed in the 20 questions of the survey;
The grade obtained in the continuous assessment;
The final exam grade, and
The course grade obtained.

With these items, the total number of variables was 23. This analysis assumes a
reduction in the number of cases, which may also imply the loss of complexity in the
data. In contrast, the usefulness of cluster analysis is that it provides a small number of
easy-to-manage profile types for analysis.
The cluster analysis carried out consists of three stages, the first two of which belong to
a hierarchical cluster analysis and the third to a non-hierarchical cluster analysis (k-means).
First, a cluster analysis is performed using Ward’s method, which minimizes intra-cluster
differences based on Euclidean distances. The cluster analysis starts by considering N
students belonging to N clusters of one single student. Then, an iterative process is
developed merging in the same cluster those two students most similar at each stage with
regard to the 23 variables taken into account. The distance between individuals is measured
by the error sum of squares which was defined by Ward [46] as:
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where xi is the score of the ith student.
Second, a default range of 3 to 10 clusters is computed. In order to generate a reduced
number of clusters of a similar size, it was decided to establish 450 as the threshold for the
dissimilarity measure. The students within the same cluster are at a distance ≤ 450. This
entails generating four clusters that minimize their internal differences. The dendrogram is
found in Figure A1 in Appendix A.
Third and last, a non-hierarchical k-means cluster analysis is performed in which the
predefined number of clusters is four. That is, departing from four centroids and starting
an iterative process in which each student is allocated in the cluster of the nearest centroid.
Then, new four centroids are computed within each cluster. The process converges when
no changes of students between cluster takes place in a stage.
2.2.4. Research Question 5
After obtaining the results of the main survey, another smaller survey was designed to
obtain more information in relation to Question 13 regarding the students’ grade forecast.
The results of this questionnaire allow us to answer RQ5 (‘What are the students’ grade
forecasts depending on whether the Chemistry course is face-to-face or remote?’).
This new questionnaire was prepared and sent to a small sample of students on the
last day of semester, a few days prior to the final exam, in order to determine their expected
grades. The sample were those students in two class groups. The additional two questions
enabled the determination of the students’ forecast of the course grade with remote classes
as well as their forecast if classes had been face-to-face. These new questions were:

•
•

Question 1: What final grade do you think you will obtain in the Chemistry course?
Question 2: What final grade do you think you would have obtained in the Chemistry
course if it had been entirely face-to-face?
All grades given use the scale 0–10.

3. Results and Discussion
This section presents and discusses the answers to the RQ. Graphs have been designed
in order to be colorblind-friendly [47].
3.1. Exploratory Analysis and Aggregate Opinion Indicator
Prior to any analysis, an exploration of missing values was carried out to check
whether any student had answered the survey at random, and if so it was discarded. No
pattern of missing values was detected, while the average number of non-responses was
unimportant (0.3%).
An initial exploratory analysis of the questionnaire answers and any possible bias was
performed. The analysis of typified residues of responses by groups yielded χ2 = 40.9228;
p = 0.000; df = 8 (5.5073 being the threshold for 8 degrees of freedom). There is an overrepresentation of students from group 10 and an under-representation of students from
groups 40 and 60. There are no significant differences in any of the questions between class
groups, except for Questions 1, 2 and 14, although with a small effect size according to the
rule of thumb provided by Cohen, [48]: 0.1 to 0.3, low effect size; 0.3 to 0.5, medium; 0.5 to
1, large; η2 being between 0–0.2 (η2 = 0.106, 0.103, and 0.107, respectively).
In order to analyze the overall opinion of students, an aggregate opinion indicator was
created and validated. The indicator has a range of 0–3 and is calculated by computing the
values of the 20 questions. The questions are formulated in a manner that agreeing to them
is a sign of a higher acceptation towards ERT. Question 20 is included with reverse coding
due to the way the statement is written, compared to the other questions. The aggregate
indicator is finally rescaled in order to adjust its scale to the original question scales. A
higher indicator implies a more favorable opinion towards remote teaching. Cronbach’s
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alpha coefficient of the indicator is 0.853 and the KMO (Kaiser-Meyer-Olkin) measure
of sampling adequacy is 0.847, the threshold being 0.6 and 0.5, respectively. In addition,
the Bartlett sphericity test displays variables comprising the indicator are significantly
correlated (χ2 = 1434.12; p = 0.000; df = 190). No significant difference in the aggregate
opinion indicator is observed among the nine class groups. Some class groups present a
higher consistency in their opinions (G10, G30, G50, G90), while others show a wider range
of opinions (G60, G70), which may be due to the smaller size of the latter groups. Group 10
is an average group, which represents very well the opinion of the students who answered
the survey.
Taking into account the information obtained from the different questions analyzed
individually, and grouped as the aggregate opinion indicator, a general consensus is
observed among class groups, with differences being an exception rather than the norm.
Therefore, opinions discussed in the following sections are no longer classified using class
groups.
3.2. RQ1: What Are the Students’ Opinions on a Series of Categories during the ERT Period
Regarding the Chemistry Subject?
The students’ opinions about their experience are obtained from questions 1–15 (from
now on, abbreviated to Q followed by the number).
One of the advantages of the lack of central value is the ability to split the responses
into two groups, disagree (containing Likert points 0 and 1) and agree (containing Likert
points 2 and 3). Figure 2 visually depicts the percentage of responses that agree and
disagree with each question indicated by the colored bars (primary axis), as well as the
distributions of students’ opinions as mean values (red dot and secondary axis).

Figure 2. Percentage of responses that agree and disagree with each question and mean opinion
values and their confidence intervals.

Since the distribution of opinions range from 0 to 3, opinions overlapping 1.5 (horizontal dashed line) are considered not to display a statistically significant agreement or
disagreement on the statements. In this regard, only Q14, ‘As the semester has progressed,
my opinion on the remote methodology of this subject has improved’, does not show a
significant consensus. However, Q4 and Q8 show a statistically significant consensus, but
only to a moderate extent, which can be interpreted as a low level of accord.
Regarding the opinion of the students, the situation of lockdown and remote classes
have considerably reduced their perception of socialization, especially with regard to other
students. Despite the fact that more than half of the students consider that communication
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by email with the teacher helps them to solve doubts (Q2), less than a half consider themselves to be equally communicated with the teacher (Q1), and an even lower percentage feel
equally connected with their classmates compared with when they attended face-to-face
classes (Q3).
Regarding their impressions about learning, students do perceive that being tested
without any effect on their grades is beneficial for their learning (Q5). Not all declare
that they learn better by trying to solve an exercise by themselves, but prefer to study
with a previously solved exercise (Q4). In addition, the students consider that they are
not learning more with ERT than with the face-to-face classes from the beginning of the
semester (Q6).
Despite the fact that most students believe that the weekly delivery of homework
provides them with constant feedback (Q7), approximately half believe that with the ERT
they do not know whether they are following the subject properly (Q8). In general, they
state that the available material has not been enough to take remote classes (Q9).
The general preference observed is that they do not want to study the theory through
voice presentations (Q10). They reaffirm this idea by stating in their responses that they
prefer face-to-face classes and consider that these do indeed provide added value (Q12).
Disagreement also exists about the idea of doing the exercises independently instead
of attending a face-to-face classes focused on solving problems (Q11), which reinforces the
impression that the solved exercises on the online platform were not sufficiently clear for
some students.
The results obtained imply that students are more motivated when classes are face-toface (Q15), although more than a half report that their opinion about the remote emergency
methodology has improved throughout the semester (Q14). Furthermore, the majority
believe that this situation will not benefit their final grades (Q13).
3.3. RQ2: What Type of Classes Do Students Prefer after Lockdown?
Students’ opinions and preferences towards one methodology over another (in general,
not subject-specific) are obtained from Questions 16–20. The distribution of students’
opinions about their preferences for subjects in general can be found in Figure 2. The
four questions show a significant agreement on student opinion, as no confidence interval
overlaps the 1.5 points dashed line, although Question 18 shows a statistically significant
agreement, albeit to a moderate extent, and therefore may be considered as one of the
questions with the least agreement.
When asked about a situation without confinement, the students reject the idea of
studying in a remote way (Q16), but a greater acceptance is detected in the idea of doing only the theoretical part online and attending face-to-face classes to solve exercises
(Q17). Regarding the format, the students prefer classes by video call (Q19) where they
can establish eye contact with the teacher (Q20) and solve doubts on the spot. In addition, they seem to appreciate the freedom that non-contact classes give, despite all other
considerations (Q18).
Apparently, the lockdown situation experienced during the Spring 2020 semester did
not create a generalized preference for remote classes, as face-to-face classes are still their
preferred type. On the contrary, probably more than ever before, the majority of students
realized the great value of these face-to-face classes due to the lack of them.
3.4. RQ3: Do Correlation Exist between Students’ Opinions and Their Academic Performance?
To investigate whether there was correlation between the aggregate opinion indicator
and student’s grades, a Student t test was carried out to compare mean values. The average
of the final grades of those students who responded to the survey is significantly higher than
that of those who did not, and the effect size is large (t = 5.557, p = 0.000, Cohen’s d = 0.608).
In a nutshell, the students who participated in the survey are not evenly distributed among
groups, and have better grades than those who did not participate. Therefore, the analysis
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of the correlation between opinions and grades must take into consideration that the
sample includes a bias that tends to take better students into account.
The analysis of the correlation between opinions and final grades was performed using
a linear regression model. This model includes the aggregate indicator of opinions on ERT
as the dependent variable, and the value of the students’ final grades as the independent
variable. In addition, the group to which each student belongs is included as a control
variable, with a categorical level of measurement.
Given that the order in which students choose the group to which they are assigned
depends on their previous-year grades, it was necessary to rule out possible problems of
multicollinearity between grades and groups. Indeed, the analysis of the variance inflation
factor indicates that no variable presents a value greater than 2, the acceptability threshold
being 10. In addition, the assumptions of normality (z = −0.333; p = 0.63), homoscedasticity
(χ2 = 0.03; p = 0.873), and the absence of omitted variables (F = 0.98; p = 0.404) were also
confirmed.
Figure 3 provides a marginal effects plot and a histogram showing that a significantly
positive relationship exists between final grades and opinion on ERT (t = 2.77; p = 0.006);
that is, controlled for the group to which each student belongs, it is confirmed that those
with higher grades tend to have a more favorable opinion of ERT.

Figure 3. Marginal effects plot and histogram of final grades of the Chemistry course 19/20.

3.5. RQ4: Can Students Be Classified According to Their Behavior during ERT?
As described in the Section 2.2.3, four student profiles were created to study whether
or not different types of students exist based on their opinion-academic performance
relationship during ERT. The cluster analysis methodology was used to create the clusters.
Figure 4 compares the aggregate opinion indicator on ERT and three academic performance measures: the final grades of the course, the continuous assessment, and the final
exam results. Each point in the scatterplot represents a student who answered the survey.
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Figure 4. Distribution of student’s profile according to their opinion about ERT and academic
performance.

Cluster 3 brings together the students with the best grades, while Cluster 2 contains
those with the worst grades. On the other hand, the differences between Clusters 1 and 4
are to be found in the other dimensions of the analysis; that is, in the opinions about remote
teaching. Clusters C2 and C4 score lower on the aggregate opinion indicator than the other
two. Continuous assessment and final exam grades are significantly different in C1 than in
the other three clusters, where a greater coherency in their performance is exhibited. The
implications of the data found in Figure 4 are discussed later on in this section.
In-depth information can be derived by studying the clusters question by question.
Figure 5 shows that two groups of opinions are formed in almost every question, grouping
together two clusters containing a similar opinion.

Figure 5. Aggregate opinion indicator of clusters for each question.
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Clusters 1 and 3 score significantly higher than Clusters 2 and 4 in questions 1, 2, 6, 8,
9, 11, 13, 14, 15, and 18, whereas they score higher, but not significantly, in questions 3, 4,
10, 16, and 17. A few questions stand out for displaying different patterns: Cluster 1 scores
higher than the others in questions 12 and 19, while Cluster 2 scores lower than the others
in question 7. Likewise, it should be highlighted that all clusters display an equal opinion
in question 5 (‘Testing myself before the exam without any effect on the grade helps me
learn’), the highest ‘agree’ question with also the higher score. Finally, the scores follow
inverse score ranking in question 20 due to the way the question is stated, as explained
previously.
With all the information collected and analyzed, the four student profiles (clusters)
can be drawn up as follows:

•

•

•

•

Profile 1: ‘The Lucky’. Cluster 1 contains those students most in favor of remote
teaching (aggregate indicator 1.53/3). On average, they pass with grades close to
five, although 19.12% did pass the subject. These students pass the subject thanks
to the continuous assessment, but failed the final exam. They could be considered
lucky students, as the lockdown situation has benefited them grade-wise. In a regular
semester, they would probably have failed the course. They believe the face-to-face
class does not provide much added value, considering what they are capable of doing
by themselves with a remote methodology. They also prefer remote classes with
slides rather than via videocall, and do not consider visual contact with the teacher as
important as the other student profiles.
Profile 2: ‘The Passive’. Cluster 2 includes students that have a poor opinion about
remote teaching (0.85/3) and who in general fail the subject (77.78%) and the final
exam (80%), although few of them passed continuous assessment (20%). It is worth
emphasizing they did not feel equally communicated with either teacher or peers,
and they do not think email communication is sufficient to solve their doubts during
remote teaching. In addition, these students prefer to study with a previously solved
exercise rather than trying to solve it by themselves. This last point is in accordance
with their low grades in continuous assessment, which students could easily overcome
simply by handing in exercises they had to solve on their own and guided by a model
exercise. A low grade in the continuous assessment is due to the failure to deliver
assignments.
Profile 3: ‘The Autonomous Learner’. Cluster 3 gathers those students who have a
relatively favorable opinion towards remote teaching compared to Clusters 2 and 4
(1.36/3), and all of them passed the subject. Their performance in the final exam is
much better than the other clusters, but not significantly better than the other profiles in
the continuous assessment. These students have acquired the necessary competencies
in the subject during the ERT semester, while their opinions score almost as high as
Profile 1 students with regard to remote methodology. Therefore, they prove to be
good autonomous learners, capable of a good performance under these exceptional
circumstances, but who express their preference for face-to-face classes.
Profile 4: ‘The Harmed’. Cluster 4 consists of students that have a poor opinion about
remote teaching (0.87/3) and almost all of them passed the subject (98.61%), although
almost a half of them failed the final exam (43.06%). These students exhibit potential as
good students, achieving higher grades than Clusters 1 and 2. However, their answers
to the survey reveal a deep dislike for the methodology they experienced. These
students strongly prefer face-to-face classes, especially for the theoretical part of the
subject, and if remote learning is compulsory, they would rather follow online classes
instead of prerecorded videos. For this reason, these students are potentially the most
harmed by to the change in methodology occasioned by the COVID-19 lockdown.

With these four student profiles identified, the research is closer to a better understanding of the students and how the pandemic impacted the Spring 2020 lockdown semester.
Figure 6 displays the four profiles in a quadrant chart.
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Figure 6. Student profiles chart.

Generalizations should not be made, as every undergraduate has different needs and
capabilities when facing remote teaching. However, a general discomfort with the situation
is evident and completely understandable, and the impact (whether positive or negative)
on students depends on their personalities and the individual circumstances they faced
during that period.
3.6. RQ5: What Are the Students’ Grade Forecast of the Chemistry Course Depending on Whether
It Is Face-to-Face or Remote?
Students’ responses (n = 67) to the two-question survey sent to a small sample of
students are graphically shown in Figure 7. This figure combines box-plot and scatterplot,
showing a descriptive comparison of the distribution of the final grades in the Chemistry
course for the previous Spring semester 2018/2019 and for the pandemic 2019/2020 Spring
semester. Each point in the graphic is a student grade (scale 0–10); the square box is
the interquartile range, with the line being the median and the circle being the average.
Each column represents a group of real grades or students’ forecast according to whether
the classes were face-to-face or remote. This graphic enables students’ expectations and
real grades to be compared. These comparisons are made for each cluster, although it is
important to take into account that the 2018/2019 grades are equal for all clusters, as the
cluster classification does not include students from the previous chemistry course.
On the one hand, it is observed that, in general, both grade forecasts are higher than
the actual grades obtained by similar students in the previous years. On the other hand,
it can be seen that students expect higher grades in the case of face-to-face teaching than
in ERT, as seen by the two central columns in each graphic (Figure 7). This indicates that
students believe the COVID-19 situation has negatively affected them grade-wise. This
second survey found that students not only believe that ERT will not benefit their grade,
but that it will actually decrease it.
In relation to the clusters, the final grade obtained by students belonging to ‘The
Autonomous Learner’ cluster is closer to their prediction if classes were face-to-face, while
the grades obtained by ‘The Lucky’ and ‘The Harmed’ are closer to the predictions for
ERT. Only one student from ‘The Passive’ cluster answered the survey. Therefore, no
conclusions can be drawn from the small sample. Additionally, ‘The Lucky’ and ‘The
Harmed’ eventually obtained a grade similar to the average of the previous course without
pandemic, while ‘The Passive’ obtained a lower grade and ‘The Autonomous Learner’ a
higher one. Therefore, only students in ‘The Autonomous Learner’ cluster exceed their
expectation for the course grade. This is an example of the Dunning-Kruger effect [49],
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where better students underestimate their abilities while less applied students overestimate
their academic performance.

Figure 7. Students’ grade forecast and actual obtained grades vs. previous course grades.

When analyzing in general rather than cluster-related, the expected grade for the 19/20
remote course is not significantly related to the actual course grade obtained (r = 0.2396;
p = 0.0780; n = 55). There is a positive and significant correlation between the students’
forecast for face-to-face course and the actual course grade 19/20 (r = 0.3110; p = 0.0186;
n = 57). To compare different course years, an independent samples Student’s t test was
performed, with actual grades or their forecast as a dependent variable and course year
as an independent variable. The results show conclusively that there is a statistically
significant difference between the face-to-face forecast grade for 19/20 course and the
actual face-to-face course held in the previous year 18/19 (t = 7.9099; p = 0.000; n = 153).
The forecast is two points higher than the actual grades (scale 0–10).
This implies that the grade obtained by students in the ERT course is similar to the
grade they expected if the course had been face-to-face. However, the grade obtained is
different to what the students expected of this course being remote. Furthermore, these
grade forecasts are well above the real grades obtained by students in the previous year.
Although students believe the lockdown situation would lower their grades in comparison
to the grades they would obtain in a regular face-to-face course, actually this is not true.
The pandemic has benefited their grades when comparing them with previous year grades
from equivalent students, since final grades are on the upper side of the 18/19 grade
distribution.
It is also interesting to determine the level of participation in this smaller survey
on grade forecasting in the different clusters. ‘The Lucky’ and ‘The Harmed’ students
participated at levels similar to the average (64.3% and 60.4% of the students in each
profile, respectively). On the other hand, ‘The Autonomous Learner’ participated at higher
levels (83.3% of students in this cluster answered) and ‘The Passive’ at much lower levels

Mathematics 2021, 9, 2147

16 of 20

(14.3%), as previously commented, only one student from this category answered this
survey. These results are in line with the student profiles, as participative students who are
more motivated and involved in the course eventually learn more, and this is reflected in
their grades.
Due to the uniqueness of the 19/20 lockdown semester, final grades do not involve
the same level of learning as other years. The change in methodology and score weights
meant that students were easily able to pass the course even if they failed the final exam.
For this reason, the final exam is the only test that actually indicates whether the student
has acquired the necessary knowledge. ‘The Autonomous Learner’ profile is the only one
that exceeds their grade expectations. It is also the profile in which learning is greatest, as
it has a significantly higher final exam score than the rest of the clusters and the average
of the previous year (statistical analysis Anova and Scheffe post-hoc tests can be found in
Table A1).
Despite the unfavorable opinions regarding the ERT, the students classified as ‘The
Autonomous Learner’ were able to adapt to the circumstances, achieving success despite
the adversities. It is worth highlighting the importance of an autonomous learning attitude
in students, especially in times of crisis such as those experienced due to the pandemic
caused by the COVID-19 disease. First-year students often do not have these soft skills,
and only a few excel and are able to bounce back in the face of difficulty.
3.7. Limitations of This Work
The data presented in this paper are collected from students who chose to respond
to the survey, so the data do not represent all enrolled students. In RQ3 it is found that
the sample includes a bias, since students with higher grades are those with a greater
participation in the survey.
While it has been pointed out that Questions 16–20 referred to a situation without
confinement, students may have responded without taking this into account, since they
had never experienced a remote course without confinement. Students may also have
expressed their opinions in general, without totally separating their opinion on the specific
subject from other courses they were studying at the same time.
To a certain extent, it is normal for students to have negative feelings concerning the
remote methodology, since it was applied in complicated socio-political conditions. It is
difficult for them to isolate some ideas from others. Moreover, the students had had no
previous experience with non-face-to-face methodologies, and they were enrolled in a
face-to-face course. Therefore, they were not expecting this methodology change to happen.
In addition, first-year students have less experience in college; most of them have still to
develop time-management skills and are not yet very good autonomous learners.
Due to the circumstances, this specific study cannot be replicated, as the unprecedented situation students faced was unique. The limitations encountered are logical
considering the methodology used and the type of sample. However, taking into account
the limitations, the results obtained are useful for the purpose of the study.
3.8. Further Actions and Research
In the first year of the bachelor’s degree, it would be interesting for students to work
on the skills they will need throughout their careers and in their professional future, such
as advanced computer skills, time management and organization techniques, study habits,
autonomous learning, how to search for information on the internet, how to prepare oral
presentations, tools to manage stress, etc. These topics may be briefly addressed in all the
subjects or scheduled as a specific subject during the first semester at college. These kinds
of subjects are often addressed at the end of the studies, sometimes as elective courses, but
it is at the beginning when undergraduates need to improve these skills.
On another level, difficulties in accessing electronic equipment and different learning
styles put a burden in students, creating inequalities among them when remote learning is
implemented. In times of global pandemic or other exceptional situations what may arise
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in the future, education should not be dismissed. In cases where it is necessary for remote
teaching to be implemented, great efforts should be made wherever possible to maintain
communication between students and lecturers and the quality of the remote classes, while
working towards the improvement of students’ autonomous learning skills.
4. Conclusions
To sum up, the results have made it possible to answer the five research questions (RQ).
It was observed that, although a consensus did not always exist on each of the categories
raised by the 20-question questionnaire (RQ1), in general the students preferred face-to-face
classes (RQ2). Furthermore, students that obtained higher grades in the chemistry course
tend to have a better opinion of ERT in comparison to students with a lower academic
performance. Additionally, students that participated in the survey had higher grades than
those who did not answer the questionnaire (RQ3). By classifying the students into four
profiles using the clustering technique it was found that the students experienced the ERT
differently according to their profile: ‘The Lucky’, ‘The Passive’, ‘The Autonomous Learner’
and ‘The Harmed’ (RQ4). While some students have apparently benefited from the change
in the grading system and online examinations due to the lockdown, others seem to have
been harmed due to the lack of interaction with the teacher and peers. On the other hand,
it appears that the students exhibiting higher independence and autonomous learning
skills have been able to complete the course successfully. Finally, some students failed to
complete even the less demanding tasks during lockdown, such as delivering exercises
or assignments. This demonstrates that a fraction of the undergraduate population exists
that requires a more scheduled course in order to maintain their interest. Finally, students
believe the ERT would lower their grade in comparison to the traditional face-to-face
course (RQ5), however, contrarily to their beliefs, students overall have benefited from the
situation grade-wise.
This work has limitations as the sample includes a bias, since students with higher
grades had a higher participation in the survey. Students surveyed were in their first year of
college, without previous experience in remote learning. For this reason, is recommended
as a further action to develop students’ autonomous learner and other soft skills.
Although ‘new normal’ is being implemented, distance education has gained popularity and will undoubtedly be part of the future of higher and college education to a
certain extent. For this reason, a variety of resources should be employed in order to benefit
all types of learning. Videocall classes, slides with audio, and remote assignments are
recommended to be used jointly, in combination with other methodologies best suited
for each specific subject. The results of this study provide key understanding of students’
needs and are another scientific contribution to support the transition into a more tailored
remote learning experience.
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Appendix A

Figure A1. Dendrogram for cluster analysis.
Table A1. Statistical tests regarding mean final exam grades of each Cluster and previous year final
exam grades.
Anova Test
F

6.06

Scheffe Post-Hoc Test
p

Compar.

Mean Diff.

p

0.000

18/19 vs. C1 19/20
18/19 vs. C2 19/20
18/19 vs. C3 19/20
18/19 vs. C4 19/20
C1 19/20 vs. C2 19/20
C1 19/20 vs. C3 19/20
C1 19/20 vs. C4 19/20
C2 19/20 vs. C3 19/20
C2 19/20 vs. C4 19/20
C3 19/20 vs. C4 19/20

−0.309
−1.476
2.357
0.827
−1.167
2.666
1.136
3.832
2.302
−1.530

0.982
0.527
0.002
0.511
0.822
0.011
0.545
0.005
0.192
0.332
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