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Abstract: The extended confinement imposed by the COVID-19 pandemic lockdowns resulted in
the imposition of online education for two years. Many students experienced their transitions to
higher educative levels during this time, surely losing some academic learning as a consequence. On
the other hand, this context could have promoted different types of competencies, until recently not
explored, as a function of students” personalities or academic profiles. Physics teaching is among
those areas which have changed from its traditional methods during this period. The return to school
during the ‘New Normal’ has resulted in certain concerns about students” adaptability due to their
possible lack of learning over this time. We analyse, in the current research, the transitions of three
generations crossing several pandemic stages during their time participating in university physics
courses during the first year, a common entry point for engineering programs. In addition, we analyse
several academic traits as causal factors of academic success in order to understand how performance
could be affected during online education and during the ‘New Normal’. The results highlight a
general high level of adaptation for the most of the students, but still, some of them were affected in
terms of the functioning of their learning styles or regarding their personality profiles. Notably, no
meaningful losses were detected among the last transition; instead, several interesting aspects were
found relating to academic profile appearing to have an effect on the students” performance during
the first transition to online education, and then during the second transition back to face-to-face
education in the ‘New Normal'.

Keywords: higher education; educational innovation; "New Normal’ transition; face-to-face education;
online education; physics; COVID-19.

1. Introduction

Higher education during the COVID-19 pandemic encountered many disruptions
and obstacles that needed to be overcome. These did not occur uniformly in all countries,
universities, or programs, nor were they the same for all students and areas of learning.
Underneath the generic reality of online education are many aspects that have not been
considered. These are not limited to education and predate the period of lockdown. Issues
include not only the design and planning of online education, but also the accessibility
of resources, appropriate environment, availability of services, discipline for dedication,
and the previous non-curricular learning of each student at the pandemic time. Those
aspects were intensified during the lockdown period, despite the implementation of student
monitoring and large number of new teaching techniques. For many, if not most students,
this period will mark education and generations for many years into the future. Some
students will have abandoned or truncated their studies due to the lack of inclusion in
education; others will suffer from organizational deficiencies in learning for the rest of their
lives [1].

On 16 March 2020, forced confinement in schools and most non-essential activities
was announced in Mexico. The schools suddenly closed. It took between a week and
months for each school and educational level to organize and establish an alternative
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educative plan. Primary public education was the most affected because of the absence
of experience, perspective, and a technological base. In Mexico, the government’s late
reaction was implementing a national television education plan that operated for over a
year. In contrast, private primary education schools reacted more quickly, implementing
existing videoconferencing technologies, usually within two or three weeks. Despite this
experience, the average student population had never used such technology for educational
purposes [2].

With an evident lack of preparation, the online education system was finally imple-
mented nationwide. However, this happened without essential considerations for this
type of education and with poor support or even ignorance about complementary com-
puter applications and methodologies. This was due to a generalized lack of previous
and sustained teacher training [3]. In another trend, differences could be seen in higher
education, not only in the ability to implement an online teaching system but also in the
previous training of teachers. Such teaching methods were more common in private uni-
versities. For public ones, the absence of technological culture was an issue for students,
although it can be considered that the new generations are more experienced and attached
to technology. Another of the most notorious problems was the lack of personal resources,
computers, and home internet connection. Moreover, the domestic conditions that enabled
students to receive online education were highly diverse, revealing profound differences
between private and public higher education in Mexico [4]. The best-adapted sector was
private higher education, where teacher training programs have existed for almost two
decades [5,6]. A notable contrast in these results in Latin America could be perceived when
Mexico was recognized for its national plan of educational implementation during the
lockdown period [2].

However, two years later, the return to the ‘New Normal’ in education has become
a complex and multi-factorial process in which several issues remain unresolved. The
lockdown period has left pending education tasks on top of those already pre-existing.
In Mexico, the two-year period has shown a diverse spectrum of situations in the health
field and social, political, and behavioral realms [4]. The dismantling of the entire national,
institutional, familial, and personal aspects of education has caused a poor and less agile
return than the initial establishment of the system. In this context, it is regrettable that
the lessons learned and sustained by the health emergency are not being assimilated if
they are only being dismantled to return to the old practices and the same pre-pandemic
scenario [7]. It could be said that this critical stage has not been worth experiencing and
has not taught us anything. It is not yet possible to measure the social changes that the
educational disruption of the pandemic has left us globally, nationally, and personally in
the long term.

This work sought a comprehensive understanding of students” behavior in a computer
science course at a Mexican university and learning physics at a higher education institution
throughout the COVID-19 lockdown. The period studied spanned the pre-pandemic period
to the ‘New Normal’. Performances were compared in several sections of each course for
several cohorts transiting the confinement period. In addition, an academic categorization
for the newest cohort was performed. It transitioned from the COVID-19 confinement with
only online courses to the ‘New Normal’ stage with only face-to-face courses. In addition,
the transition from high school to university was undertaken entirely under pandemic
conditions. The second section presents the context and the related literature preceding this
experience. The third section describes the research questions and objectives, the methods
utilized, and the data gathering. The outcomes are presented and compared in the fourth
section, corresponding to the specific research objectives. The fifth section discusses the
outcomes interpreted in light of the teacher experience. Conclusions, opportunities, and
future work are presented in the final section.
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2. Theoretical Background: Context, Previous Studies, and Possible Success Factors

The COVID-19 lockdown began in Mexico on 16 March 2020. Two years later, educa-
tion, in general, has not returned to the face-to-face level it previously had, particularly for
basic education (primary and secondary) and for a few higher education centers. For the
rest of the students, the first half of 2022 has barely established the massive return to the
classrooms. During the confinement, many students transitioned into middle, high school,
and college education from their previous educational levels, mainly through online-based
education [4]. Many of them continued under the same educational scheme after the
transition. In 2022, they fully reintegrated into the classrooms, showing the corrective
needs in their education, particularly in the hidden curriculum developed previously in
the face-to-face teaching modality (this refers to the students” pre-existing technological
skills). The transition to higher education established a set of changes in the hidden cur-
riculum that was critical to acquiring in a limited time [8]. Together, an inevitable induction
is due, which possibly was skipped, leading to a series of recommendations for higher
education schools [9]. They are usually based on social learning because there are no
courses intentionally developing them. In a complementary trend, previous studies have
shown that several success factors could be important for students, including their learning
styles, personality, inclusivity, and hidden curricula regarding the ability to exploit relevant
technology. Rarely were these factors put on the discussion table when emergent educative
plans were formulated. In Mexico, several higher education institutions collaborated to
establish quality teaching programs to maintain academic continuity [10].

This paper analyzes several contextual dimensions of the COVID-19 period in higher
education physics teaching. Previous studies sought to establish, in a general framework,
some elements that had a marked influence on the learning process [11]. Here, we seek
to contextualize the analysis during the COVID-19 confinement. Some elements were
evident during the transition to the ‘New Normal” and will be present in students’ future
education [12]. These must not be forgotten and generate learning for educators, as has
happened with every critical stage of human history. We are a species that considers
education as a moral value and an intangible good, so it is essential to pay attention, more
than ever, to the changes that this transcendental activity may have for us [13]. We have
developed much more educational technology in this period than in any other in human
history. The technological competencies of students and teachers have gone through a
process of development and standardization never seen before. Technology has been with
us, but our students adopted it more than ever during this period. In addition, teachers
have been exposed to associated learning theories more than ever during the COVID-19
pandemic; thus, learning as collateral social factors affect Education [14].

2.1. Teaching Physics during the COVID-19 Pandemic

The teaching of physics has been diverse throughout human history. The discipline
is crucial in any scientific or engineering program in the contemporary era. It commonly
involves at least a core theoretical part and an experimental practice. In the COVID-19
confinement, the teaching of this discipline had to overcome the limitations imposed by the
circumstances [15], such as limited social learning, absent or limited experimental teaching,
and limited contact between students and teachers. All limited and compromised the
future competencies of an entire generation in some not-yet-quantified way. At the same
time, however, such limitations should be overcome to a lesser or greater extent so new
learning experiences can emerge. This work explores these two aspects: the possible losses
in face-to-face attendance that online education has left and the opportunities and lessons
of this confinement period, which had not existed before this era.

In addition to the overall technology used to forecast and manage online courses,
many applications have been deployed to share, deliver, and receive educative materi-
als, integrating services not always included in a unique service. More critical, concrete
applications were used to supersede the absence of experimental practices, including simu-
lators and smartphone applications that integrated sensors for straightforward physical
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measurements to set up experiments [7,16]. Despite the limitations, the effective use of
such technologies produced changes in each student, who acquired new competencies to
approach the learning of physics concepts. The transition to the ‘New Normal has brought
a sudden return to the pre-pandemic conditions, putting each student on foreign ground
where specific competencies could be missing [17].

Thus, differentiated performance could denote changes in each cohort passing through
the several stages of the COVID-19 pandemic (pre-pandemic, confinement, and ‘New
Normal’). In each course, different grade components refer to theoretical or experimental
aspects whose evolution could be analyzed separately to determine behavioral patterns.
Comparisons should be relatively trustworthy if the main activity items are the same or
comparable through the periods [15]. Other complementary analyses could be performed
based on demographic information about the composition of the cohorts, particularly ones
that refer to learning styles, personality, and others. Those aspects are discussed below.

2.2. Physics for Computer Science and Programming Related Programs

For students in programs related to computer science or computing technologies,
the teaching of university physics is compulsory, but its training should be guided. For
this reason, our university has created an educational model for engineering with broad
avenues allowing adapting the curriculum to the needs of each program. The necessary
student competencies related to computer science and technology have been identified [18],
so their education in physics involves computing simulation more than experimental
elements, as typical in other programs. Under such a scheme, our institution outlined an
online teaching model during the pandemic to take care of several aspects of each teaching
delivery [19].

Each physics course is taught by three teachers covering the subject contents in the
course (the main section), a second teacher instructs math, and a third one teaches comput-
ing. These latter two sections support and accompany the physics contents. The computing
teacher guides the development of an associated simulation project as a challenge-based
learning (CBL) activity. The activity is denominated as the challenge. In this report, we
analyzed the complete course information in the three sections, but we focused on the
teaching experience just considering physics, the traditional course [15,20]. Thus, during
the pandemic, the experimental practice that included the simulations could be easily
maintained, despite the accompaniment given to the student; otherwise, the collaboration
among students could be reduced [21].

In other practical components, teaching was enriched by including electronic notes
using an iPad combined with an i-Pencil and Notability. Publishing electronic notes in each
class was a didactic practice supporting students. In addition, using a scientific calculator
on a smartphone shared on the screen and some other elements easing visualization (such
as Mathematica, Matlab, and Desmos) promoted an enriched learning experience (tradition-
ally absent in the pre-pandemic approach, but now inherited in the ‘New Normal’ practice).
The complementary series of teaching videos solving additional physics problems was
published on the Learning Management System (LMS), commonly used by the institution
in the form of a virtual classroom (which is now included in the new face-to-face course
version in the ‘New Normal’ period) [7,15]. We wanted to analyze student transitions
through the different stages of the COVID-19 pandemic and consider the teacher learning
inherited from the online teaching experience. We were interested in the experimental
or applied section in those courses because it involves the core component for the future
education of those students.

2.3. Changes, Losses, and Gains in Learning Due to the COVID-19 Confinement

Social learning is one of the main aspects that can be affected. The ability of human
beings to meet, share, and rely on the transmission of knowledge was naturally diminished,
at least during the early stages of the pandemic [21]. Causal factors conditioning learning
performance were diverse. For teachers, an analysis of teachers in Spanish-speaking
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countries revealed that the stress generated by transitioning to online education led to
a diminished capacity to successfully exhibit their digital competencies [22], mainly if
they were digital immigrants (born after 1980). A similar analysis of Italian teachers at
all educative levels showed the same phenomenon [23]. Cultural and behavioral aspects
causing differentiated stress based on internal and external factors have also been noted [24].
In addition, a closer analysis of teachers in the Latin American and Caribbean region
revealed another critical factor: the level of digitalization, technology, and innovation in
the environment [25]. Regarding the previous reports, such factors are two-fold, internal
and external factors involving the country and institutional environment and the previous
self-development of educative technologies. Thus, a similar behavior could be expected
from students worried about the future, education continuity, resources, self-discipline,
and others. Still, geographical and economic regions had different responses and strategies
to provide academic continuity to their students. The students also experienced stress in
maintaining their education, particularly those in higher education, who, normally more
independent, could afford such transition by their means, still had to address diverse family,
economic, and curriculum factors and environments [26]. In any case, the situation for
public and private schools generally lived differently [27].

The cooperation among the natural student study groups was diminished by the
sudden change in the learning dynamics. However, many applications to maintain closer
contact were a novelty among students and teachers, despite their existence before the
pandemic [15]. Thus, the initial perception of this issue would be corrected with the
mastery and proper exploitation of technology to bring the students closer. Similarly,
collaboration among teachers occurred very early in some cases, when the institutions they
belonged to promoted interaction and collaboration by several channels [7]. These support
groups increased throughout the lockdown to share and standardize recommendations on
technological applications and teaching techniques during online learning.

The differences in the pre-pandemic, confinement, and ‘New Normal’ stages for social
learning should be analyzed because online education could diminish such significant
interactions. In addition, teachers improved practice to include technologies and spaces
in their teaching designs when confinement was extended. The lessons learned using
technology (when they became definitively integrated into the teaching profile) have
enriched the face-to-face approach during the ‘New Normal’, closing the distance with
improved blended learning, thus bridging the online gap existing before the COVID-19
pandemic [28]. Those losses and gains generated by the COVID-19 era have significantly
changed the educative scenario. Thus, as a duty, each teacher should evaluate their own
experience to enrich their current practice during the ‘New Normal’, correcting those weak
academic aspects detected in their students.

Nevertheless, such recovery could not reach all students evenly. Learning styles [29],
personality [30,31], and the diversity of teaching approaches and methodologies of the
university [32], played essential roles in the differentiated successes of the students before
and during the COVID-19 confinement. In addition, during such confinement, students’
digital competencies were crucial to follow online education with proper discipline [33].
Compared with the school practices and profile, those parameters could define an affinity
index impacting each student’s academic success [34]. In this sense, a cross-referenced
analysis of the pandemic performance based on such students’ categorization using learn-
ing styles, personality traits, technological competencies, and perceptions about school
inclusivity is in order.

2.4. Teaching and Learning through the COVID-19 Pandemic to the ‘New Normal” Era

Returning to the face-to-face scenario after two years of confinement and online
education, many students opted for engineering programs after high school without having
had a due process of transition [9]. They invariably transition to the face-to-face scheme
again, including higher courses in physics and mathematics (typically differential and
integral calculus). Whether they do it for the first time after their high school education or
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in continuity with a previous semester still in partial or optional confinement, there are still
several aspects to highlight in this transition. First, there was not adequate follow-up in
these courses’ inherent abstract reasoning and mathematical writing [35,36]. The ability
to solve problems may be diminished [37]. In addition, experimental ability and skills to
relate theory and practice, as well as the ability to assemble an experimental setup, the
skills needed to gather measurements and analyze data may be absent or superficial [38].
Finally, the ability for social learning and collaboration in physics may be limited [39].

As indicated before, physics teaching brings together several ingredients that must
be integrated into each course. For the students involved in the present study, those
elements also included the associated computing learning dictated by the institutional
model [20]. The ability to understand physical phenomena requires a minimal relationship
with the experimental field to achieve the appropriation of physical concepts; this aspect
could be tangibly diminished during online education, at least if the space for them was
not considered and created. In addition, identifying problems and their quantitative
solutions are aspects where mathematical ability, the algebraic handling of physical laws,
and the ability to diagram problems and translate them into mathematical and quantitative
language concur. Another component is the following in computing, which contributes
to the simulation-based learning performed in the form of a challenge inside the entire
physics course. Thus, the course in this current report involved four different sections:
physics properly, math and computing as scaffolding, and finally, the challenge section
to guide the development of the simulation project in the course as the experimental and
applied component for Computer Sciences and Programming students [15].

Personalized follow-up may not have been open and available to every student
under confinement conditions. It depended on the type of accompaniment and activities
sought during online education. Additionally, and as already emphasized, social learning
usually plays a supporting role in many students who prefer to learn in pairs than under
the assistance of the teacher, so the limitation of forming effective study groups among
students under online education must have been limited in contrast to the natural spaces
in face-to-face education [3]. All those aspects have a behavioral component previously
settled in each student.

2.5. Learning Styles, Personality, School Teaching Strategies, and Previous Technology
Competencies as Success Learning Factors in Adapting to the COVID-19 Transitions

Higher education success has been analyzed in terms of several student traits to
identify a possible profile for students with positive outcomes in the university. Those traits
refer to students’ learning styles, personalities, and previous technological competencies.
In another issue, aspects related to school inclusivity expressed as diversity in teaching
strategies or teaching styles are also important [40]. Figure 1 summarizes the contextual
development of the current research report. While the students” history has shaped those
academic traits, the university profile deliberately scaffolds (or not) for each student. In
one sense, the horizontal grey arrows of Figure 1 represent Affinity and Adaptation. They
are mutual elements established between each student and the university, even though
they are offered (or not) by each institution. Then, in such a scenario, the COVID-19
pandemic introduced new elements affecting academic success through its different stages.
In addition, specific requirements were demanded for appropriate education in physics for
its student profile.

The COVID-19 pandemic has been a period when education practitioners have at-
tended to some pending issues about knowledge of Education theory regarding the impact
on academic success. To a great extent, teachers have become updated in educative technolo-
gies, theories, and research reports about online education. Regarding academic success,
cognitive learning theory (CGLT) states that learning practices should be designed as a
function of the learner’s thinking style [41]. Constructivist learning theory (CNLT) assumes
that knowledge is constructed by steps departing from previous knowledge and recent
additional experiences [42]. In a more psychological approach, behavioural learning theory
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(BLT) suggests that learners usually act based on their interactions with their environment
and community necessities [43]. From a modern point of view, connective learning theory
(CCLT) states that learners are moved into action to learn by the overall connections in
their lives: the past, their needs, people, and duties, for example [44]. Then, this diverse
theoretical scenario should be attended to state some causal factors for academic success in
terms of affinity and adaptation, for the crucial connections shown in Figure 1.

COVID-19 scenario

| [T

Figure 1. Diagram illustrating the context of the current research report. While some individual

student traits relevant to academic life are considered (here, student learning styles and academic
personality have been shaped by their histories), the university structure scaffolds their potential aca-
demic success. In such an environment, online education during the COVID-19 stages was sustained.
For physics courses, a minimum of specific didactic elements must be supported and developed.

2.5.1. Learning and Teaching Styles Categorization in Higher Education

Learning styles theory is an intended categorization in the approach to retaining informa-
tion on several scales and channels during the learning process. A series of scales corresponds
to a specific learning style model. While learning different concepts, students take several
differentiated approaches to shaping the outcomes of their academic performance.

First introduced by Felder [45] in a lean classification, it has been modified diversely
to include more concrete approaches to information processing in learning [46]. Classifi-
cation introduced by Fleming and Mills [29], includes four categories: external/internal
(Concrete/ Abstract), visual/auditory, sequential / global, and active/reflexive. Sometimes,
a fifth dimension could be added, Deductive/Inductive [46]. Thirty-two possible learning
style combinations could then comprise each category. Despite this, many are commonly
underrepresented in the university population [29].

In our analysis, a learning style assessment was used to examine possible relationships
between the learning styles of each student and their performance in physics courses,
mainly concerning the cohort transitioning to the ‘New Normal’. Those learning styles
could also be identified as teaching styles for the faculty: the ways stated by teachers to
deliver the knowledge.
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2.5.2. Personality as Academic Traits Identified in Higher Education

Personality traits are symbolic qualities supposedly related to the potential of creating
a brand personality which is helpful for competitive differentiation [31]. Drawing on a
series of qualitative and quantitative studies based on psychometric scales, those traits,
confirmed by statistical correlation, provide particular suggestions about success in higher
education [47]. Most common personality types use the Myers—Briggs type indicator (MBTT)
to identify the learning preferences of these personality types: external/internal, sensi-
tive/intuitive, thinking/reflexive, or judgement/perception [32]. Again, as for learning
styles, many of those personality traits combinations were underrepresented in a university
population. Despite this, those personality traits could be remarkable in the adaptive
context to learning changes imposed by the COVID-19 era.

2.5.3. Technology Dominion in Hidden Curriculum and Its Impact on the Higher
Education Success

COVID-19 has brought fast changes in the learning and teaching formats in higher
education. At the same time that teachers tried to adapt themselves to existing and emergent
technology, students did the same, thus transitioning first to a completely online model to
then slowly returning to combined face-to-face models, possibly retaining several online
components [48].

During the COVID-19 pandemic, several education systems worldwide moved to an
online format, assuming that users (both teachers and students) had specific technological
competencies. Analyses performed on previously acquired technological competencies
aimed to examine the relationship of such mastery to the success of online teaching during
the crisis [49].

Thus, the COVID-19 pandemic significantly shifted education from a traditional face-
to-face to an online format, completely emergent for teachers and students. We were
interested in how the success rate of such learning transition was due to skills mastery [50].
Such research could be performed with a mastery scale by typed of technology. For
instance, the Digital Competency Framework (EDCF) for Citizens states proficiency levels
for a previous technology classification [51]. Such a framework can be applied to teachers
and students.

2.5.4. Diversity in Teaching Strategies as a Measure of Inclusivity in Higher Education

The diversity in teaching approaches inside a university implies learning possibilities
that match each student’s different abilities. In that sense, such diversity sets a possible
measure of inclusivity covering the diversity of learning styles and personalities inside the
student population [52].

Inclusivity could be correlated with each student’s actual or perceived performance to
set interesting possibilities for each educative system to succeed in its learning task. During
the COVID-19 pandemic, identifying the fundamental causes and barriers in learning
adaptation became relevant to improving educative systems and revealing the learning
impact of individual differences (learning styles, personality, teaching strategies) [53].

2.5.5. Some Considerations on the Reliability of Learning styles and Personality Traits on
the MBTI Scale

Despite that Learning Styles theory still has relatively good acceptance from its initial
proposal, through time, it has had a natural declination in some black spots where partic-
ular weaknesses have been observed. As an interpretative behavioral science, academic
psychology defines reliability as the property of obtaining the same outcomes in repeated
tests performed under identical conditions. Of course, it is almost impossible, although
one can reach a sufficiently good approximation to that ideal under certain conditions.
Otherwise, as in social sciences, theories could exhibit temporal validity trends in the
newest studies and professional considerations in each field.
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Thus, learning styles have been commonly used in teacher training to characterize
some didactic methodologies in students’ preferred approaches. Despite not being uni-
versally accepted and sometimes considered inaccurate [54], they should be carefully
interpreted as ways of interaction between learners, teachers, and content, instead of defini-
tive ways to learn [55]. In the words of Felder [56], they are not strict and invariant student
behaviors; instead, they are guides to strengthen the teacher’s practice for certain groups of
students and topics. Our primary interest was to include such a concept as a possible causal
acting on their academic performance because some of our institution’s initiatives have
been based on methodologies and approaches to deliver content intending to emphasize
these methodologies. In face-to-face practice, learning activities promote stimuli variation.
Despite this, such practice could have diminished under the online learning approach
during the confinement. Thus, learning styles still provide a valuable basis to set particular
affinity between learners’ and teachers’ actions. The affinity could alter when the teaching
media changed in each COVID-19 transition.

Similarly, in the study of personality typology, the MBTI scale suggests how people
perceive the world and make decisions. Nevertheless, it has been considered an indicator
of the preference for some activities and professional abilities. This last interpretation has
developed many detractors criticizing the MBTI scale’s reliability and validity. Based on
a previous Carl Jung scale related to psychological types, the MBTI scale is still valuable
to track some behavioral traits barely characterizing certain academic conduct (mainly
related to the decisions made when we learn) [57]. Such traits are not definitive or universal
to each person; instead, they are adaptable for each learning experience (student and
content). Despite this, a student can repeatedly show each trait for specific topics (for
instance, physics).

So, the current analysis considers the MBTI scale valuable because some personality
traits as conditioners of effective learning became notable during teaching. Under con-
trolled and limited conditions, those traits could have an observable correlation [58]. The
correlation is mainly observed in groups of concurrent traits, as in the current analysis [57].
Our final interest was establishing a specific characterization of the student population
based on observable behavioral categories of particular tendencies affording learning
activity. The MBTI scale became more reliable for academic purposes [59].

3. Research Questions and Objectives

The interest of the current research was to analyze how the different stages of the
COVID-19 pandemic impacted the teaching of physics under the university’s contemporary
educative model, which was implemented in August 2019 [20]. This model intends that
each physics course should be accompanied by a couple of teachers in math and comput-
ing to scaffold the course basics and the development of the challenge. The beginning
generation (class year in the study) was the first cohort under an entirely face-to-face
approach before Covid19. Its students completed two courses (Kinematics—Dynamics
and Conservation Laws) in Fall 2019. Then, a couple of cohorts followed, the first in the
fall of 2020 (AD, August-December) and spring of 2021 (FJ, February—June). The second
one occurred in the fall of 2021 and Spring of 2022. Both cohorts completed four courses
(Kinematics—-Dynamics, Conservation Laws, Electricity, and Electromagnetism). While the
first cohort became educated entirely under the face-to-face model, the second and third
transitioned into the hybrid and face-to-face approaches in the ‘New Normal'.

Research Questions and Objectives

The current research analyzed how several behavioral, environmental, and academic
factors conditioned the educational transitions toward confinement and the physics courses
and how the differentiated performance, by course sections and activities, evolved in each
cohort during the pandemic’s different periods.

Of particular interest was how the transition from confinement to the ‘New Normal’
was evaluated considering the characterization of the students in each stage. We intended
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to analyze the relative aspects of each group and then deduce some possible success and
failure factors. Thus, for the current report, we established the specific research objectives
as follows:

(1) To analyze the computer science students’ outcomes and performances in the physics
courses through the several stages of the COVID-19 pandemic.

(2) To compare the student performance in those courses in the several sections and
among the cohorts studying the courses to make sense of changes produced by the
Covid-19 confinement and online education.

(3) Toanalyze the students’ perception of the transition for the most recent cohort crossing
the confinement period to the ‘New Normal’ period.

(4) To characterize the behavior during the educative transition in terms of several possible
academic traits reported in the literature.

4. Materials, Methods, and Data Collection

Table 1 depicts some demographic or temporal issues of each cohort included in the
analysis and each course type. It shows the corresponding semester of the program course
and the sub-period in which it was taught. For instance, AD2019-1 refers to the first part of
the Fall 2019 semester (August to December) because two sequenced courses of physics
were offered to each cohort in each period.

Table 1. Groups of students considered in the research from 2019 to 2022. Three cohorts were studied
as they transitioned through the pre-pandemic, confinement, and ‘New Normal’ stages. The courses,
semester, number of students, and labels are in the table.

Cohort Cohort 1: Fall 2019 Cohort 2: Fall 2020 Cohort 3: Fall 2021

Course Sub-Period Semester Studs Sub-Period Semester Studs Sub-Period Semester Studs
Kinematics-Dynamics ~ AD2019-1 1 51 AD2020-1 1 56 AD2021-1 1 62
Conservation laws AD2019-2 1 49 AD2020-2 1 63 AD2021-2 1 54
Electricity - - - FJ2021-1 2 59 FJ2022-1 2 57
Electromagnetism - - - FJ2021-2 2 58 - - -

4.1. Groups of Analysis, Materials and Methods

The study corresponds to all students in the computer science programs (Robotics and
Digital Systems Engineering, Computer Technologies Engineering, and Business Digital
Transformation Engineering), starting with the cohort entering 2019. All students enrolled
in the introductory physics courses taught in the first year of the university (from fall 2019
to spring 2022) were included, despite some periods missed not taught by the author. They
are summarized in Table 1; nevertheless, three existent cohorts were included in most of
the physics courses with activities following a similar methodology.

In general, the physics courses in which those students were enrolled corresponded
to four blocks in the topics of Kinematics—-Dynamics, Conservation Laws, Electricity, and
Electromagnetism. The last cohort transitioned to the face-to-face model again one semester
after entering the university. Those students completed one semester (Fall 2021) for the
courses of Kinematics—-Dynamics, and Conservation Laws under online education and their
second semester (Spring 2022) for Electricity and Electromagnetism courses under a fully
face-to-face model. In addition, detailed performance information was available for all
cohorts. The design of activities was broadly similar, although there were slight adaptations
in the online model, some of which continued in the new face-to-face version. Each course
or block consisted of three sections taught by three teachers: physics (primary), math, and
computing. Physics, the most extensive, comprised one-half of the teaching time. It was
the physics course itself, while the other two (mathematics and computing) scaffolded
the teaching of physics concepts through a computer simulation project (the challenge)
associated with each of the three blocks. This expanded the mathematical vision and
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applicability of the course to related courses studied simultaneously, such as Differential
and Integral Calculus (one and several variables) and Programming [15].

To cover the last two objectives in the last cohort, we applied a combined instrument
to this group. This demographic survey was developed by combining several documented
instruments (see Appendix A). This instrument (questionnaire) combined in independent
sections the data collection on learning styles [45,46] (section A) and personality [32,60]
(Section B) of each participant. pre-existing technological skills in each student were com-
piled as a "hidden curriculum’ [50,51,61], and the students” perception of the average skills
of their teachers, their educational institution, and its characteristic teaching strategies
(section C). In addition, it measured each student’s perception of the institution’s prepon-
derant approach to diversifying teaching, comparing the learning styles advanced by the
university to theirs [32] (section D). A specific question sought the self-perception of each
student about the relevance of their current education in their period of studies to their
career (section E).

Those factors had to be assessed to understand student perception during the pan-
demic and the return to the ‘New Normal’ in education. Sections F and G gathered this
information. The correlations were contrasted with the observed performance in the
physics courses in the different cohorts and the cohorts in transition under this additional
study. Thus, because at least two cohorts went through the same treatment in physics
courses, the last one, in transition to the ‘New Normal’ in face-to-face courses, allowing for
additional comparisons.

In brief, the instrument evaluated the learning styles on the Fleming and Mills [29]
scale and the personality [32] using the MBTI. This instrument included the students
perception of those dimensions and their assessment in the same sense of the learning
styles in their school environment. The instrument also included the self-perception of
their mastery of various computing technologies per the EDCF [51] and their teachers’
mastery in the school environment. At the same time, the students assessed the diversity of
activities implemented in the institution to vary the teaching strategies. Finally, the second
part of the instrument measured the perception of success, adaptation, and preference
or quality, first for online education during confinement and then during the return to
face-to-face educational activities under the ‘New Normal'.

’

4.2. Data Collection and Analysis

Data for the first two objectives were obtained from the detailed grades in a weblog.
Grades of each activity were gathered but grouped into only two kinds of activities: exams
and global grades for each section: physics, math, and computing. For the challenge, we
compared it with the global grade for the overall course because there was not a proper
examination. Grades were maintained separately for each student to obtain statistical
central or dispersion for each sub-period in Table 1 (AD2019-1, 2019-2, etc.). Exams were
applied face-to-face during AD2019-1, AD2019-2, and FJ2022-1. In other sub-periods, exams
were presented online from a large question bank on each course topic. For the transitional
cohort into ‘New Normal’ (that entered AD2021-1 and transitioned to FJ2022-1 entirely to
face-to-face teaching), the previously depicted instrument (see Appendix A) was applied
to the entire population. Forty-nine of the 57 students answered it (86 %), thus giving
overall confidence). Notably, despite the number of students through cohort 3 varying
slightly in each course, 53 students common to the three courses were reported. Of them,
48 students responded to the survey (98 % from the fixed population studying the three
courses and experiencing the transition to the ‘New Normal’). The survey reported in
Appendix A contains, in parentheses, the codification to gather the answers (Co, Ab, .. .)
in sections A and B of the questionnaire. For answers in Section C, a combination of a
word (ID, CC, ...) and a number denoting the dominion (1, 2, . ..) were obtained. Section D
accounted for each Teaching strategy, summing activities for each one. Answers for section
E were open. Finally, for sections F and G, a level in the ordered (but not parametric) scale
was obtained from each student (questions Q32 to Q38, except for question Q35, which
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was open). Responses were analyzed by crossing them with another data series to compare
with the next section. Appendix B reports the raw data obtained from the application and
the final grade for the physics course during the FJ2022-1 period for cohort 3. In some cases,
statistical tests were performed to infer certain observed behaviors. Such analysis is in the
Discussion section.

5. Raw Outcomes, Relevant Comparisons, and Factor Analysis

This section reports the synthesized outcomes partially processed from the raw data.
We comment only on the evident conclusions derived from the presentation. A deeper
discussion involving the outstanding facts is presented in the next section in light of author
interpretations and other contextual considerations.

5.1. Comparative Analysis of Performance through Several Stages around COVID-19 Pandemic

First, we analyzed the differentiated grades obtained in each course section (physics,
math, computing, and the challenge). Because each section included an exam and other
graded learning activities, we differentiated both components. The challenge did not in-
volve an exam, so we paired it with the final grade for the entire course. Thus,
Figure 2a—i report for each sub-period the grades by section (computing, physics, math,
and the challenge) and on each axis, comparing the exams (horizontal) and the global
one (vertical). For each section and type of grade, the comparison between those grades
includes horizontal and vertical bars to mark the standard deviation of each group of
grades. They are colored in a different gray tone, as indicated in the legends for each
section. Nine plots are reported, referring to each sub-period as they were listed in Table 1.
Sub-periods are marked in the red labels. They correspond to the following cohorts: First
cohort (a,b), Second cohort (c—f), and Third cohort (g—i).

Comparing the plots, we advise that for cohort 1, the exam grades were the lowest in
the entire sub-periods and among the cohorts, particularly for the sub-period AD2019-2.
This was more dramatic in the computing section than math and slightly different in physics.
Nevertheless, the challenge grade was almost maintained in the same range (80-90) as
most sub-periods. It impacted the global grades of each section and the final course grade.
Despite this, the phenomenon was not uniform among all students, noticeable from the
wide dispersion in the grades, indicating that only some students had lower grades in each
group of students. We highlight that cohort 1 corresponds to the pre-pandemic face-to-
face version of the course, the first version of the institution’s educative model [20]. The
challenge grade was uniform for the whole of the students.

For the remaining cohorts, courses, and sub-periods, the grades were almost in the
same range, except the exam grades, which were performed online, increased except
notably for the last sub-period FJ2022-1. Despite this, the dispersion was significant for
the AD2020-2 sub-period in the Conservation Laws course, the corresponding one with
AD2019-2, the most variable course in the plot. Such course still exhibited a slight lowering
in the grades. Nevertheless, it was not the same for the corresponding course AD2021-1.
Another notable aspect was the flattening in the differences in grades for each course
after cohort 1. Nevertheless, we note the sudden recurrent dispersion for computing in
some sub-periods (AD2020-2, FJ2021-2, and AD2021-1). Such behavior appears to impact
the global evaluation for its section. As a rule, grades in the exams were commonly in
increasing order for computing, math, and physics. In addition, after cohort 1, we note that
Global/Course grades were almost in the same range.

In another view of the outcomes, Figure 3 shows the evolution of grades for each
section: (a) challenge versus final grade for the Course; and Exams versus Section grade for
(b) math section, (c) physics section, and (d) computing section. Colored dots indicate the
outcome for each sub-period in agreement with the color-bar scale (going from the blue
dots to the red ones). The ending arrow marks the transition order from the pre-pandemic
into ‘New Normal’, going through the different cohorts. Figure 3a—c again highlights the
odd behavior of cohort 1 (initial dots in blue).



Educ. Sci. 2022,12, 627

13 of 41

Global, Course

Global, Course

Global, Course

100+ Challenge/Course 100+ Challenge/Course 1 1007 Challenge/Course { B}
Math h
Physics Physics Physics
@ [ T
80+ © 80- t © 80 -
S 3 +
& [=] o
(3} o I
60 ® 60 2 T 60 :
a a
o o o
o o
40 40 - 40
AD2019-1 AD2019-2 AD2020~
20 20 20
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Exams, Challenge Exams, Challenge Exams, Challenge
(a) (b) (c)
1007 Challeng¢/Course 100f Challengé/Course | | 1 100 craiengeicourse
Math Math Math
Physics - Physics ] I & Physics -~
80| @ 80t =S 2 80"
+ g I g
(3] | o
60 T 60 = 60
E-] a
L] -]
(L] o
40 40 40
AD2020-2 FJ2021- FJ2021-
20 20 20
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Exams, Challenge Exams, Challenge Exams, Challenge
(d) (e) )
100+ Challenge/Course j 100 Challenge/Course 100 Challenge/Course E
Math Math '
Physgics Physics 7 — Physics
@ @
80 1 o 80 o 80 5
=3 o . =5 o
o ]
[ y (3} o
60 T 60f T 60
a a
2 ]
o o
40 40 40 .
AD2021-1 AD2021-2 FJ2022~
20 20 20
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Exams, Challenge Exams, Challenge Exams, Challenge
(8 (h) (i)

Figure 2. Average grades though time for challenge/course, math, physics, and computing as
sections of the physics course (each indicated per the different gray levels for the one-standard
deviation arrows in each case, showing the dispersion). Horizontal/Vertical coordinates refer to
Exams/Global grades and show their corresponding dispersion arrows. The subperiods correspond
to: Pre-pandemic period: (a) AD2019-1, (b) AD2019-2. Pandemic: (c¢) AD2020-1, (d) AD2020-2,
(e) FJ2021-1, (f) FJ2021-2. ‘New Normal”: (g) AD2021-1, (h) AD2021-2 (those under a hybrid model
with optional online orientation by decision of each student), (i) FJ2022-1.

First, we note the more significant changes in the exams’ grades for the computing
section, more stable among cohorts 2 and 3. Modest, similar behavior is observed in
the math section. The final grade for each section exhibits similar ranging through the
sub-periods. The average grades for the course and each section were maintained in
similar ranges throughout the sections (despite the differences in the dispersion noticed for
cohort 1 in Figure 2). Interestingly, the exam grades varied only mildly for cohorts 2 and 3.
Remarkably, the changes did not revert to the pre-pandemic situation for cohort 3 when it
moved to the ‘New Normal'.
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Figure 3. Average grades evolution through each sub-period (indicated with colored points in
agreement with the color scale). Each grade section is reported comparing (a) challenge grade/Course
grade, (b) math section: Exams/Section, (c) physics section: Exams/Section, and (d) Computation
section: Exams/Section. The colors in Figure 3 correspond to each sub-period.

These facts suggest that the lower exam grades for cohort 1 are proper for this pop-
ulation, but there is no apparent evidence that face-to-face exams give a different range
of grades compared with online exams. At least, there is a different treatment for those
face-to-face exams for cohort 3. Against popular belief, another possible explanation could
be an improved ability of students to prepare themselves for the exams, inherited from
confinement as a positive aspect, gaining this discipline because of the crisis. We will
try to find specific evidence on this issue in subsequent analyses. In the next section, we
analyze cohort 3 in detail, trying to detect possible facts related to the transition to the
"New Normal'.
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5.2. Demographic Analysis of the Transitional Cohort Based on Learning Styles, Personality, the
Hidden Curriculum, and perception of Teaching Strategies

Transitional cohort 3 had high school studies under an online model to a great extent.
They arrived in higher education under the same online model in several aspects, with
similar flexibility rules, possibly relaxed discipline, and teaching limitations. How did the
students in this cohort address the changes required for their academic growth? Which fac-
tors produced different academic paths for each student? In the current section, we report
the cohort’s behavior in learning styles, personality, technology-hidden curriculum, and
perception of their university and academic life. With 86% of the cohort 3 population repre-
sented and 98% of the sample taking the three physics courses reported, we gathered an
authentic representation of the entire cohort. Then, with their additional self-assessment of
the pandemic stage, we intended to identify possible paths and traits for academic success.

5.2.1. Analysis of Learning Styles in the Transitional Cohort

Learning styles are analyzed in five dimensions based on the classification intro-
duced by Fleming and Mills [29]: External/Internal (Concrete/Abstract), Visual/ Auditory,
Active/Reflexive, Sequential/Global, and adding Deductive/Inductive. The instrument
included in Appendix A and partially based on the instrument used by [46] gathered the
students’ self-perception and perception of the equivalent average teaching orientation
in the university. The raw outcomes were first analyzed by crossing their opinions about
their own learning style versus the learning style of the environment. Figure 4 shows
the comparisons by dimension. Each quadrant crosses the student learning style versus
the perceived orientation of the university (the dispersion of dots in each quadrant is
non-meaningful; they only represent the size of the conglomerate.) Percentages in the
center of each plot correspond to the part of the sample in each quadrant.

For External/Internal (Concrete/Abstract), most of the students considered them-
selves Concrete, but the perception of learning orientation was split to a great extent on
Abstract (Figure 4a). The same situation holds for Visual/Auditory, with student pre-
dominance in Visual (Figure 4b). However, for Deductive/Inductive, the population was
divided into both categories, despite most students perceiving predominantly a Deductive
orientation for learning in the university (Figure 4c). For Active/Reflexive, most students
considered themselves active, despite the university orientation being perceived as equally
divided (Figure 4d). Finally, for Sequential /Global, most students perceived themselves as
Sequential, and the predominant perception was that the learning style orientation in the
university fit them, a common outcome in Engineering programs.

Another view of the global composition of cohort 3 is presented in Figure 5a, represent-
ing the frequency of learning style classes effectively as a radar plot. Notably, two classes
are predominant: CoViDeAcSe and CoVilnAcSe (the short names given in the instrument),
with only one dimension split, Deductive/Inductive. More than one-half of the sample fell
in those classes. Interestingly, regarding the learning style orientation in the university, the
perception was disperse (Figure 5b). Notably, the real student classes in cohort 3 were not
the most perceived among the learning styles promoted in the university; they were just
moderately represented. Instead, classes CoAuDeReSe, AbViDeAcSe, AbViDeReSe, and
AbAuDeAcSe became the most perceived. There, the Abstract, Deductive, and Sequential
styles predominated. By comparison, the two first probably disrupted the main learning
styles of the students. An Affinity index could be constructed by considering the matching
fraction of coincident learning styles of each student with their opinion about the university
orientation. We discuss the Affinity index below in the context of academic performance.

5.2.2. Academic Personality Traits for the Transitional Cohort

Certain personality traits have been identified as meaningful in higher education
success. MBTI considers the learning preferences of students: external/internal, sen-
sitive/intuitive, thinking/reflexive, or judgement/perception. Using an adaptation of
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MBTI [32], we included Section B in the instrument of Appendix A to gather the students
self-perception of those personality traits.

Thus, Figure 5c shows the frequency of personality classes in those dimensions in
cohort 3. The main class, InltThju (using the short names in the instrument of Appendix A),
was followed by ExSeThPe, InltThPe, InSeThJu, ExItThJu, and ExSeThJu, comprising more
than two-thirds of the sample. Note that predominant traits in cohort 3 were Thinking
and Judgement. Below, we report the correlation of each class and trait with academic
performance, discussing Figure 5d.
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Figure 4. Students’ learning styles versus Learning styles of the school as perceived by students.
(a) Concrete/ Abstract, (b) Visual/Verbal, (c¢) Deductive/Inductive, (d) Active/Reflexive, and (e) Se-
quential /Global.

5.2.3. Technology Hidden Curriculum for the Transitional Cohort

A hidden curriculum for each student commonly contains diverse lifelong learning
that is practical to scaffold academic performance. It is crucial in higher education, where
students prepare for a professional life where success cannot only depend on academic
knowledge. Technology is part of that hidden curriculum on several levels in science and
engineering. The EDCEF classifies technology in five spheres: Search for information and
data (ID), Communication and collaboration (CC), Creation of digital content (CD), Com-
puter security (CS), and Troubleshooting (TS). The instrument used in this work gathered
in Section C the mastery of each student in five levels (1-5, with 5 the highest) based on
self-evaluation. The mastery means are reported in Figure 6a for each of the last technology
spheres (solid blue line in the middle), including bands marking minus/plus one standard
deviation (red/green or inner/outer dashed lines) to show the dispersion among students.
The average evaluation is around 3, denoting an expected value for a student in the Fresh-
man level (Search for information and data the lowest and Computer security the highest,
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but with the highest dispersion). In fact, technological command was not a concerning
issue throughout the confinement, mainly due to the university orientation.
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Figure 5. (a) Distribution of main learning styles in the group surveyed, (b) Distribution of the
primary school learning styles as perceived by students, (c) Distribution of primary personality
traits (Extroversion/Introversion, Sensitive /Intuitive, Thinking/Feeling, Judgement/Perception),
self-perceived by each student, and (d) Online performance declared (radial) and physics course

performance (color) by personality traits.

In the same trend, students were asked about their perception of their teachers’ mastery
in the identical technology spheres. The outcomes are shown in Figure 6b with the same
features as Figure 6a. There is evident similitude, but the teachers” computer security
rating is lower than the students’. This aspect generally reflects that students consider
themselves at the same level or higher in technological abilities as their teachers. At this
level of mastery, the students surely have sufficient ability to develop online learning.
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Figure 6. (a) Technological competencies (Search for information and data-ID, Communication and
Collaboration-CC, Creation of digital content-CD, Computer security-CS, and TroubleshootingTS)
self-perceived by each student on a scale of 1-6 (less to more), (b) Technological competencies
being perceived by students on their teachers on the same scale, and (c¢) Main teaching strategies
in the school as perceived by students (Learning organization-LO, Motivation-MO, Practice-PR,
Feedback-FB, Metacognition-MC, and Social learning-SL).

5.2.4. Variability in Teaching Strategies Perceived by the Transitional Cohort

Diversity in teaching strategies widens the opportunities for diverse learning styles,
adapting to the learning trend. It means certain inclusivity in academic life. In the instru-
ment applied, we included in Section D the gathering of perceived practices for several
teaching strategies classified as Learning organization (LO), Motivation (MO), Practice or
skills development (PR), Effective feedback (FB), Reflection or metacognition (MC), and
Social learning (SL) [52]. Practices present in each class add points to an increasing score.
Then, average student outcomes are presented in Figure 6¢ on a scale of 0 to 1 (solid blue
line in the middle), with 1 being the highest. The figure also displays bands marking
minus/plus one standard deviation (red/green or inner/outer dashed lines) to show the
dispersion among students. Such an average is defined as the Inclusivity Index. Learning
organization is the highest strategy recognized (~0.8), possibly due to using an institutional
learning management system (LMS). Other teaching strategies are average evaluated on
half of the scale (~0.6). A uniform evaluation of the teaching strategies suggests a consid-
erable Inclusivity index for cohort 3. Both terms will be considered equivalent in further
analysis.

5.3. Performance Analysed by Academic, Curriculum, and Personality Factors

In this section, several analyses were performed correlating learning styles, personality
traits, and teaching strategies (sometimes shown as Affinity or Inclusivity indices) versus
Online or Face-to-face learning performances and the physics course final grade in the most
recent face-to-face course (FJ2022-1). The instrument’s answers in Sections F and G were
used for analysis.

The affinity index is defined as the matching fraction between each student’s learning
style against the corresponding perceived orientation of learning style in the university
(0-1 scale). It indicates the fraction of coincidences between those two indicators. The
inclusivity index is first measured by assigning a normalized score for each teaching
strategy by adding the selections in Q25-Q30 and then averaging the scores of the six types.
In addition, we used the ordered 1-3 scale in Q34 to measure the teaching quality in online
instruction (3 is the best quality). The ordered 1-3 scale in Q38 was used to measure the
preference for face-to-face learning over online (3 is the higher preference). Adaptation (for
online and face-to-face models) is also measured in its own ordered 1-4 scale in Q33 and
Q37, respectively (4 represents the highest adaptation).
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Online and face-to-face perceived performances (Q32 and Q36, respectively) were
measured in the ordered scales 1-6 and 1-5, respectively (6 and 5 representing the highest
performances). Finally, the physics course grade was measured on its own 0-100 scale as
given to the student.

5.3.1. Minimum Online Performance and Physics Course Final Grade versus
Personality Traits

When Online performances (Q32 and Q36) are classified by Personality trait (Figure 5c),
they sometimes become statistically multi-modal by trait. Thus, Figure 5d comprises the
minimum mode (the worst performance) of each trait in declared Online performance
(radial) versus their average physics course performance (final grade, in color agreement
with the color-bar below). The final grades had values above 80 except for the ExSeThPe
(70.3) and InSeThPe (70.7) traits. Interestingly, the most frequent traits in cohort 3 in-
dicated higher performance in online learning, matching the course performance. On-
line performance was lower for a few traits, coinciding with a lower performance in the
face-to-face physics course during FJ2022-1 (despite no clear pattern of individual traits).
Note that the most frequent trait belongs to this last group (but not to the lowest online
learning performance).

5.3.2. Affinity and Inclusivity versus Physics Course Final Grade

In Figure 7, each student in the sample was characterized by Affinity and Inclusivity
indices. Slightly horizontal displacements are non-meaningful; they were introduced to
differentiate each respondent. Each dot was colored in agreement with the student quartile
of the final grade for the entire physics course, indicated in the color-bar below. The dashed
line graphically splits the cases with higher Affinity and Inclusivity indices from those with
lower ones. Figure 7a shows that the reddest dots with the best performance are mainly
located above the line, with middle and lower performances below (green to blue).

Notably, students in the highest quartile usually have both indices high. The opposite
is true for some students in the lowest quartile and the lowest indices. Some students in
the highest quartile correspond to a higher Affinity index without a clear dependence on
the Inclusivity index. It suggests that Inclusivity provides more support to those students
who are academically weaker.
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Figure 7. The incremental affinity between students and school versus the degree of inclusivity is
measured as cumulative perceptions of teaching strategies. Each student is additionally characterized
by their final grade quartile of the current physics course.

5.3.3. Adaptation and Teaching Quality Perceived versus Online Teaching Performance

We first analyzed the online teaching plot thoroughly. Adaptation to online learning
during the COVID-19 period within cohort 3 is represented in Figure 8a. It compares
Adaptation versus Teaching quality perception during the online learning period under
confinement. Each dot represents each student in the sample, colored in agreement with
their declared online learning performance (see the color bar below). Slight displacements
are non-meaningful again, just distinguishing the conglomerate of students individually.
The dashed line divides the highest Adaptation/Teaching quality from the lowest. The
highest declared performance corresponds to the highest adaptation and teaching quality.
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Note that better Adaptation does not necessarily correspond with the recognition of better
Teaching quality.
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Figure 8. (a) Degree of adaptation to the online teaching model during the COVID-19 confinement
versus self-perceived online teaching quality, with students characterized by their self-perceived
performance in the online teaching model; and (b) Degree of adaptation to the face-to-face teaching
model during the ‘New Normal versus preference of face-to-face over online teaching, with students
again characterized by self-perceived performance in the face-to-face teaching model.

Figure 8b compares Adaptation to face-to-face learning (coming to the ‘New Normal’)
versus preference for face-to-face learning over online learning. The color is again assigned
in agreement with the face-to-face learning performance declared under the ‘New Normal'.
Higher performances correspond with the preference for face-to-face instruction than
Adaptation. Again, lower performances correspond with poor Adaptation and preference
for the face-to-face model. In general, the performances declared are lower in face-to-face
learning than online.

5.3.4. Preference of Instruction and Physics Course Final Grade versus Online and
Face-to-Face Performance

Finally, we analyzed the comparison between declared performances in online in-
struction versus face-to-face instruction. The reader should remember that the scales for
each declared performance were different: 1-6 for online performance (to include a terri-
ble performance hardly present in the short period of the face-to-face transition during
the ‘New Normal’), and 1-5 for the face-to-face one. Thus, Figure 9a includes in color
the preference for the face-to-face model over the online one. The dashed line splits the
lower and upper-performance regions. Note that the reddest points (greater preference for
face-to-face over the online approach) are located above that line (both best performances).
Performance in face-to-face instruction depends intensely on the preference for such a
learning model but still not affecting the performance during online instruction. A few
students with lower performances in both models preferred online instruction. Students
with indistinct preferences still exhibited a better performance in the face-to-face model.

A similar comparison was performed in Figure 9b but is now considering the final
grade of the first physics course during the ‘New Normal’ period (in color). Again, the
reddest points corresponding to the higher grades are located above the line, corresponding
to the best-declared performances in both models. The grades are patently high and not
surprisingly correlated with higher performances in both models. The same previous
behavior is noticed; a few students had generally lower performance, not depending on
the learning model.
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Figure 9. Comparison of self-perceived performance between the online and face-to-face teaching
models, showing in color (a) the preference for face-to-face over online teaching and (b) the final
grade on the last face-to-face physics course.

6. Discussion in Context and Outstanding Findings

To fulfill the research objectives, at this point, we analyzed the performance behavior
through the pandemic stages, cohorts, sections, and sub-periods. We also introduce the
Affinity and Adaptation indices to measure specific interactions between the students and
the university that possibly supported their academic performance. We still needed to
study the meaningfulness of certain notable relations stating possible variations through the
pandemic periods. Beyond grade variations observed for cohort 1 and those related to math
and computing in some sub-periods, we were particularly interested in the effectiveness of
online education in the transition to face-to-face education under the ‘New Normal'.

Thus, finding critical differences through Affinity and Inclusivity indices precisely
identified their meaningfulness. Other factors such as Learning styles and Personality
should still be bounded. In this section, we discuss findings and outstanding aspects un-
veiled by the raw results in the previous section or their comparative analysis, particularly
those related to the research objectives. Each of the following aspects derived from the raw
data, and the immediate comparisons emerged from them:

(1) Meaningful differences in the performances based on sub-periods and course sections.

(2) Meaningful differences in performance as a function of personality traits and learning styles.

(3) Meaningful differences in performance through the online and face-to-face learning
periods.

(4) Education preference conditioned the success in online education during COVID-19
confinement.

(5) Academic traits and preferences conditioned the success of the return to face-to-face
learning during the ‘New Normal’.

We reanalyze these noteworthy aspects in the following sub-section, discussing their
soundness. The discussion is guided by solid data and formal analysis, which is made
more profound by the contextual facts of the teachers’ considerations.

6.1. Meaningful Differences in Performances in Course Sections through Sub-Periods

The Figure 2 clearly shows low performance by the first cohort during AD2019-1,2
sub-periods. This time corresponded to a period before the pandemic. In addition, it
was the first class entering under the university’s new educative model [20] changing the
traditional approach for a physics course. In this new model, called Tec21, the physics
course is delivered in two short courses in sub-periods of five weeks each, with content
managed independently compared to the traditional course during the entire semester. In
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addition, the course is delivered by three teachers, two supporting the physics contents.
The author remembers this generation’s poor performances in the physics and computing
section exams and requiring extended tutoring sessions. Notably, students were not
afforded the short time to prepare for examinations, a rare practice in traditional education
models having semesters with spaced examinations. It is additionally noteworthy that,
cohort 3 students in FJ2022-1, during the ‘New Normal’ already, had face-to-face exams
with much better outcomes than their peers in cohort 1 two years before. Still, they came
from an online model and transitioned to the ‘New Normal’ (this cohort had its first
semester optionally face-to-face, but less than 10% of students attended.) The facts show
good adaptation by this third cohort and a different performance level. Thus, the cohort
1 behavior appears to be an outlier behavior rather than an issue related to the educative
model or relaxation in grading during the pandemic.

Regarding the sections, there were no notable differences in performances by activity
type, apart from the behavior already commented for cohort 1, where the computing section
produced the lowest performances, notably in the exams. Exams and activities had an even
composition in the global grade of each section (see the vertical scales in the Figure 2 plots),
where no notable differences were observed except in cohort 1. There was no unusual
behavior in performance differences by sections, except more recurrent computing sections
exhibited lower performances. It was not necessarily in exams but in other activities, as
observed in the global grades of each section (already noticed in an initial partial study at
the beginning of the pandemic [15]). The latter is seen in the variations in Figure 3b. The
final grades for the course (reported vertically in the darkest arrows of each plot against
the performance for the challenge shown horizontally in those arrows) sometimes were
higher than the sections because they included a qualitative evaluation of engineering
competencies added or complementary to the section grades.

Another interesting issue is the dispersion of the courses, especially all in cohort 1, an
effect of its student composition. Other courses with notably higher dispersion were those
in the AD2020-2 and AD2021-1 sub-periods, both delivered online during the COVID-19
pandemic. The AD2020-2 sub-period for cohort 2 contained the Conservation Laws course,
which exhibited the lowest performance outcomes and largest dispersion by cohort 1. The
AD2021-1 sub-period contained the Kinematics Dynamics course for cohort 3, again the
entry point to the Tec21 model but with a mild impact on this cohort. There was still a
smooth behavior of the average final grade for each section in the period (see Figure 3a).
Initial variations in the observed period could be explained by the adaptation to the
complementary sections in math and computing in the physics course, which promoted
deep and applied learning (commonly not present in the traditional approach before the
Tec21 model). Still, regarding the outcomes, it is difficult to recognize the effect of the
pandemic on the performances because the evaluation and examination conditions were
changed. This comment also considers the performance observed in the FJ2022-1 sub-period
when the conditions practically returned to those similar to AD2019-1,2.

To establish the significant factor differences in the course performances in the sections
and sub-periods, we performed a two-way ANOVA test [62,63] considering two different
treatments: Course section (challenge, math, physics, computing) and Sub-period (each
of the nine sub-periods from the pre-pandemic to ‘New Normal’). The exam grades were
used to compare performance in this test, as they introduced the individual performance.
The outcome is shown in Table 2. Considering the p-values and the significance used,
a = 0.05, both are p < &, denoting the meaningful differences in the performance markedly
through the sections and the sub-periods. The outcome shows that differences observed in
the graphical analysis had a real substrate far from the natural variability.

Regarding the teachers, the sub-period differences were not due to the COVID-19
crisis but instead to the composition and abilities of students in each cohort, especially
cohort 1 with the lowest abilities. Similarly, for the course sections, the differences were due
to developing and evaluating different types of competencies, more applied in computing
and the challenge, much more theoretical in math, and more complex and sustained in
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physics. Still, not all students had consistent performance in each section, so the deviation
observed in cohort 1 was generated by a biased accumulation of low-performance students.

Table 2. Two-way ANOVA for exam grades by course section (challenge, Math, Physics, and
Computing) and pandemic sub-period.

D.F.  Sum of Squares Mean Sq F-Ratio p-Value
Section 3 101,2150 33,7382 90.0129 1.1371 x 10~>*
Pandemic sub-period 8 64,8444 810554 21.6255 7.9197 x 10732
Error 2020 757,126.0  374.815
Total 2031 923,185.0

In addition, to track meaningful differences in the previous performances by groups,
pairwise T—tests [62] with a significance of 0.05 were performed between the groups of
each involved factor. By course section, all pairs exhibited meaningful differences with
p-values lower than 8.345 x 1077 < 0.05 (the sections exhibiting the highest differences
were the challenge with math and computing and physics with computing). The analysis
by pandemic sub-period exhibited two meaningful differences. The first was among sub-
periods 1 and 2 with any other sub-period (with exception between them) due to the outlier
outcomes of cohort 1. For this case, all p—values are below of 0.023. The second, among sub-
period 4 with sub-periods 5 and 6 (same cohort 2, but changing from the Conservation Laws
block to the Electricity and Electromagnetism blocks). In addition, between sub-period
5 and sub-period 7 (cohort 2 for Electricity block and cohort 3 for Kinematics—Dynamics
block). All the corresponding p—values were below of 1 x 10~* in those cases.

6.2. Adaptive Success during COVID-19 Confinement and ‘New Normal’

Interesting initial aspects of the composition of the student population for cohort
3 were analyzed through the survey. First, very few combinations of Learning Styles
were present (Figure 5). The university orientation was not always focused on such styles
(Figure 2), particularly the Internal, Reflexive, and Global styles. This aspect leads to the
relatively extended patterns for the Affinity indices in Figure 7. Regarding personality,
Figure 5c shows more represented combination traits, and the predominant trait, InItThJu.
The variation of learning stimulus through diverse teaching strategies (Figure 6c) mitigated
such differences extending the defined Inclusivity index. Our university has a permanent
teacher training program on teaching methodologies, educative technologies, and student
welfare. Thus, most students exhibit acceptable values in both indices, indicating that the
best performance outcomes in the course were located in that region (Figure 7).

Figure 5d exhibits an interesting aspect of the student composition. The traits on the
right side of the plot indicate markedly poor online performances during the COVID-19
pandemic (the Introversion trait was the commonest among them). Still, for the most
represented trait InltThJu, (although the face-to-face performance in the physics course
appears to have recovered but still not to the best performance level), we have insight into
the effect of Personality traits on educative performances.

Interestingly, Figure 7 shows the impact on the face-to-face performance of the students
in the physics course with low values for both the Affinity and Inclusivity indices (below
the dashed line). From the teachers’ observations, students with the lowest grades in the
course were characterized by (a) shy behavior, always with some difficulties expressed in
previous abilities in physics and/or math, and (b) a bad attitude toward learning physics
and/or math (low attention, distraction by other academic activities or interests, a possible
belief that class is not necessary because they already understand—incorrectly—the physics
contents). These aspects fit with traits such as Introversion, Intuition, and Judgement,
commonly present in the engineering profiles, but we note that they are concomitant with
other attitudes or previous weak academic achievements. A causal relation is out of the
scope of this study; it means traits contribute to other factors generating low performances,
or the low performances are directly observed consequences of the traits.
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To assess these aspects, we analyzed the significance of Adaptation for cohort 3 (as
evaluated from the questionnaire) as a function of Learning styles and Personality traits,
each crossed with the Pandemic Stage (Online and Face-to-Face). Note that cohort 3 better
represents the average students in the course because it did not have the outliers like cohort
1. Thus, we considered the students” declared performance in each academic stage (Q33
and Q37) classified by Learning style and Personality trait, one at a time. Then, considering
them as treatments, we again performed a respective two-way ANOVA test to check the
significant dependence. Outcomes are reported in Tables 3 and 4.

Table 3. Two-way ANOVA for Adaptation by Learning style and Pandemic stage.

D.E Sum of Squares Mean Sq F-Ratio p-Value
Learning style 13 0.9215 0.0709 1.9749 0.0331
Pandemic stage 1 0.0006 0.0006 0.0178 0.8943
Error 83 2.9791 0.0359
Total 97 3.9011

Table 4. Two-way ANOVA for Adaptation by Personality trait and Pandemic stage.

D.F.  Sum of Squares Mean Sq F-Ratio p-Value

Personality trait 10 0.5923 0.0593 1.5397 0.1393
Pandemic stage 1 0.0006 0.0006 0.0166 0.8978
Error 86 3.3082 0.0385

Total 97 3.9011

In Table 3, the treatments based on Learning styles denote a meaningful impact on the
declared Adaptation (p = 0.0331 < 0.5 = «). Otherwise, that is not true for the transition
from the Online to Face-to-face period (p = 0.8943 > 0.5 = ). Similarly, Table 4 does not
show a meaningful impact on Adaptation from the Personality trait or the Pandemic Stage
(Online or Face-to-face), giving p values above the test significance, a. Such outcomes finally
reflect that some students’ learning styles could impact the perceived level of Adaptation of
each one, while Personality does not appear meaningful. This implies the necessity to align
the university teaching practices to the students’ profile in this dimension. Figure 7 depicts
that students with lower Affinity and lower Inclusivity denoted the lowest performances.
Interestingly, Adaptation to the academic approach through the pandemic periods appeared
not to be important, at least in the group of students belonging to cohort 3.

6.3. Differences Perceived in Online and Face-to-Face Performances

We analyzed deeper the performance differences during two different periods of
instruction, online during confinement and face-to-face during ‘New Normal’. We had
feedback regarding cohort 1 before the pandemic. First, Figure 8a,b, compare each with use-
ful indicators involved in each period. In Figure 8a, students declared higher performances
during the online instruction, apparently due to teaching quality and their Adaptation, as
understood in this work. Still, few students declared lower performances in general, despite
lower values for Adaptation and online quality of teaching. Whatever was the causal in
the appreciation, there is a notable distinction between two regions with higher and lower
indicators. Few students assessed themselves with extreme performances (highest or low-
est) for face-to-face instruction during the ‘New Normal” but most expressed higher /lower
middle performances. Nevertheless, the analysis still discriminates that students assessed
themselves with better performances when they identified a higher preference for the
face-to-face model. Despite being few, lower-performing students still preferred the lower-
quality online model. Both responses were not suggested to be correlated during the survey;
such students did not have good academic outcomes during the confinement. We come
back to this point in the next section. In the teachers’ opinion, some of those students could
be identified in the face-to-face class as students with lower grades commonly trying to
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return to the online approach, particularly during examinations (our institution opened
such a possibility if any student declared himself a possible COVID-19 contaminant).

Figure 9a,b, exhibit a comparison of the differentiated performances. Figure 9a com-
pares both performances in the function of preference for the face-to-face model. In any
case, students with the highest performances preferred the face-to-face model. Students
preferring the online model exhibited better performance in the online scheme. Those
outcomes probably result from the corresponding model’s final course outcomes. When
exam grades in the physics course were mapped on both performances, most students had
higher performances in both models. Students with lower performance in the physics class
show had the lowest outcomes in the online model, thus suggesting that the face-to-face
model was more effective. In the daily teaching practice, the teacher did not identify
a definite preference for the online model, apart from the declaration at the end of the
previous paragraph (the declared COVID-19 spread during the examinations increased
more than 300% than previous weeks before the examinations).

Otherwise, in the previous section, we found that Learning style had a meaningful
impact on the declared Adaptation, but what was the impact of the students’ traits on their
declared performance? Again, we analyzed Performance due to student traits through
the pandemic periods. Using a two-way ANOVA test again to establish the statistical
significance of Learning styles and Personality traits (one at a time) on the declared per-
formance through the pandemic periods (Q32 and Q36), we got the outcomes shown
in Tables 5 and 6. There, both declared performances were previously normalized on a
0-1 scale to be comparable by the test.

In this case, unlike the Adaptation case, only Personality traits appeared to have
a meaningful impact on declared performance (p = 0.0096 < 0.5 = «). Interestingly,
Learning styles had different levels of Adaptation in the academic context, but Personality
traits appeared significant for students” academic success. As observed in the classroom,
the learning styles different from those preferred by students resulted in some students
feeling excluded and little interested, but they were not conditional aspects of having
bad performance in the course; instead, they produced some discomfort in students.
Nevertheless, aspects mainly depicted by Personality traits do impact whether those
students become integrated or not in learning the course.

Table 5. Two-way ANOVA on the normalized performance by Learning style and Pandemic stage.

D.E.  Sum of Squares MeanSq F-Ratio p-Value

Learning style 13 0.4473 0.0344 1.0240 0.4368
Pandemic stage 1 0.0200 0.0200 0.5953 0.4426
Error 83 2.7886 0.0336

Total 97 3.2558

Table 6. Two-way ANOVA for the normalized performance by Personality trait and Pandemic stage.

D.E  Sum of Squares Mean Sq F-Ratio p-Value

Personality trait 10 0.7397 0.0740 2.5487 0.0096
Pandemic stage 1 0.0200 0.0200 0.6891 0.4088
Error 86 2.4961 0.0290

Total 97 3.2558

6.4. Analysing Multifactorial Success of Online Education

The behavioral responses of students were probed during the pandemic. Although
some contents could have been lightened during the COVID-19 period, new competencies
were developed. Possibly for the first time, educative theories were put on the table for
most educators during the pandemic. Educators modified, tried, experienced, and assessed
new approaches for their educative practices.
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In the current work, we learned some causal factors such as learning styles or academic
personalities that possibly supported the students during the COVID-19 pandemic, the
period of online education, and the return to face-to-face courses in the ‘New Normal'.
In our case, learning styles were sufficiently identified in the academic practice, thus
being addressed. Adaptation was measured by matching students’ learning styles and
the corresponding teaching orientation offered by the engineering faculty. Despite a clear
tendency to declare the face-to-face approach as preferred by the students, most perceived
a solid effort to adapt, particularly within the physics courses. Outstandingly, some
performance outcomes in physics of cohort 1 before the pandemic were widely superseded
by the following cohorts taking physics during the pandemic and excellently adapting to
the face-to-face return during the ‘New Normal’.

6.5. Transition to ‘New Normal” Period: Characterizing the Students and Their Response

Transitioning to the Tec21 model was difficult for teachers and students, partially
changing the focus on learning goals and teaching approaches. During the first cohort
period, still in the pre-pandemic stage, dispersed outcomes in several aspects of grades
were disturbing. Thus, one year later, the online approach for the same courses became
worrisome due to the conditions and limitations, despite one semester of experience already
accumulated, shared, and matured among the cloisters’ teachers [7]. Other previous
experiences during the first confinement semester had demonstrated a decreased social
learning during the first period of the confinement [21], worsening the learning expectation.

Despite the last scenario and context, teaching physics to students in cohort 2 was a
pleasant experience, probably because they were students with computer science orien-
tation. The mandatory simulation activities engaged them, thus producing outstanding
outcomes [15]. Thus, experimental practice is not necessarily associated with the courses
involved (other experimental courses in physics exist) but with the computer simulation
challenge. Together, despite online, outcomes in examinations were better than their face-
to-face version exhibited in the previous cohort. In their examinations, a large test bank
based on the same textbook and class problems was used. Thus, each student examination
could be different but have shared questions. Although multiple choice questions were
used, students could upload their procedures and argumentation for the entire test. A pre-
liminary thought was that online examinations offered a more user-friendly environment
than face-to-face versions. Still, with the same limited development time, the procedures of
cohorts 2 and 3 looked much better executed than those of cohort 1. Electronic preparation
of the examination report also pressured the students, so the user-friendly context could
pale for the students and sometimes was assumed by teachers.

In any case, cohort 3 demonstrated no significant loss in abilities on writing examinations
under the face-to-face scheme of the ‘New Normal’. Thus, for the teacher, cohort 1 exhibited a
lower profile in physics than cohorts 2 and 3. The teacher’s appreciation is about an excellent
level of adaptation in those groups of students for the online approach, which was rich in
learning support and resources [15]. Nevertheless, when we analyzed the individual, detailed
behavior, we found groups of students who were isolated from academic accompaniment,
despite teachers supporting them with additional tools and follow-up actions. In the groups
with lower Adaptation or Inclusivity, the teachers identified only a few students during the
analysis; not all were evident during the course time. Their previous categorization could have
helped identify potential course droppings or failures.

In the survey, students were asked about the Online teaching quality (Q34) and Face-
to-face education preference (Q38). We note that if both questions are well evaluated (either
poor online education compared to face-to-face preference or rich online education with
poor face-to-face preference), they do not indicate their real preference for the face-to-face
learning model. Instead, when they are oppositely concordant, it implies a double check in
preference for one of the models, face-to-face or online. Thus, to perform such a comparison,
we crossed and counted the outcomes of Teaching online quality (Q34) and Face-to-face
education preference (QQ38). They are represented in Figure 10 (counts are on the vertical
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axis). In addition, the relative average of declared online performance is reported for each
cluster on the top of each bar.

Students

Figure 10. Frequency comparison of Teaching online quality (Q34) and Face-to-face education
preference (QQ38), including the Online performance average on the top for students of cohort 3.

Outstandingly, in cohort 3, no students were evaluating lower models at the time,
which in the teacher’s opinion, denoted well-oriented students in the academic terrain.
Most students were divided, with a comparable online performance above the average
(scale 1-6). The first group with an Online average performance of 4.8 (red) were the
students who preferred the Face-to-face model, despite being well-adapted to the online
model. The second one, with an Online average performance of 4.6 (orange), comprised
students well adapted to any model (online or face-to-face). A third dominating group
(4.8 in Online average performance in blue) preferred the face-to-face model but became
well-adapted to the online one. A minority group of students preferred the online model;
possibly, they had good outcomes in such a model (gray). Such facts reflect the preference
for the face-to-face model but also show a healthy level of Adaptation to the online model.

6.6. Teaching Physics for Computer Science Students through the COVID-19 Stages: A Summary

In practice, teaching physics is a multi-factor experience for complete success. It
depends on the previous technical skills and interests of students. During the pandemic
stages, with the implementation of the new educative model, teacher adaptation required
a swift response during the first months of the confinement in terms of strategies, tools,
technology, and accompaniment schemes. As mentioned, for computer science students,
with differentiated learning programs and plans, the orientation to computer physics
simulations as a challenge helped the online learning approach. Computer simulation
alternative to the experimental practice engaged the students outstandingly during the
period, boosting the social learning above the previous experiences reported in other
courses [21], despite being oriented to simulation.

In a more traditional trend, the theoretical approach to physics was sustained using
prepared computer simulations, smartphones as measurement devices, automatic electronic
notes, multimedia materials, and a friendly design on the LMS in the form of a virtual
classroom. However, still, such a traditional main component of the course became more
meaningful due to its quick application in the applied simulations. Those simulations
involved a volcano, a roller coaster, and the earth’s magnetic field, making the physics
course valuable and visual.

Several practices were adopted during the ‘New Normal’ from the pandemic and
online period. These included using Matlab and Mathematica software to address project
simulations (not standard in physics despite being adopted due to Tec21 and mainly due to
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the pandemic) and the use of public electronic notes using an iPad, i-Pencil, and Notability
(currently, Blackboard is no longer used in the class). Notably, although students were
encouraged to take notes, they found the teacher’s notes helpful as references. During
the ‘New Normal’, around 30% of students used iPad to take notes in class. It is an
interestingly positive phenomenon because such technology has promoted the practice of
taking notes again; before the two years of the pandemic, students used to take pictures
of the blackboard. In addition, applications such as Verbe, Socrative, and Desmos, to
promote social learning in class activities, and smartphones as measurement devices, have
definitively changed the face-to-face approach [7].

The current analysis shows that some student traits, not just learning styles that com-
prise a common approach but also academic personality and the school’s characterization
of teaching strategies, naturally boost students” engagement and possible performance
improvement. Besides the overall analysis and learning about strategies and outcomes
in teaching physics during the COVID-19 pandemic, another outstanding observation
is the teachers’ self-analysis of their entire teaching practice throughout the time. The
self-assessment allowed the understanding of other elements present in teaching together
and possible performance improvement strategies.

7. Conclusions

Physics education is typical in the core of engineering programs. This discipline
gave a two-fold value to the students involved in the current research. For students to
be oriented to robotics, this discipline was the basis for other technical courses related
to mechanical engineering or electronics. Physics is a learning lab to integrate math and
computing through precise rules to practice programming related to computer simulations,
data science, or computer interfaces for students mainly oriented to Computer Sciences.
Still, not all students can comprehend that the scope of those courses is relevant to their
academic engineering program. Considering question Q31, only 18.3% of students felt this
course was an essential part of their program (considering it represents almost one-half
of their course time). The orientation of the Tec21 model promotes in those courses this
deliberated approach. The current analysis mainly centered on the effective integration of
face-to-face education in the ‘New Normal” and online education’s positive or negative
impact during the extended two-year period of the COVID-19 pandemic. We intended to
analyze the behavioral transition based on psychological issues such as Learning styles
and Academic personality recognized in Education literature as causal factors in the
success of university studies. In addition, the hidden curriculum, particularly that related
to technological mastery, helped understand the scope of this educative period widely
dominated by technology but invisibly related to personality. Our analysis centered on
the academic performance declared and observed during the physics course as an entry
point of engineering programs. In addition, Adaptation was considered a crucial factor in
success and transition. Finally, the recognition of online teaching quality and the preference
for each type of educative approach were at the core of the analysis for different groups
crossing the initial period in the university, but also directly associated with our primary
interest: physics learning and teaching.

Clearly, additional limitations for the current analysis regard university orientation
as essential support in terms of facilities and teacher training. In addition, engineering
and science students and teachers are commonly more technology-oriented to enable the
transition to online education. Still, experiences throughout the country are generally
diverse because each government and institution set different strategies in the regional
scenario to overcome the educative crisis [26,27].

7.1. Lessons through the Pandemic: Losses, Gains, and Challenges

Through three cohorts, we compared several sub-periods of a university physics
course that passed through the several stages of the COVID-19 pandemic: pre-pandemic
period, confinement, and the beginning of the ‘New Normal’. Analyzing almost the entire
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student population, we observed different variations, possibly due to the students” group
composition and type of education (online or face-to-face). All courses were delivered with
practically the same activities and structure, making them widely comparable.

Due to outlier behavior in the first cohort of students, we did not find significant
differences in performance for online education during the pandemic; instead, those
students exhibited a higher level of adaptation. Dispersion and averages observed in
the direct performances on the course grades could be more associated with the group
composition than other causal factors. For the transition cohort (cohort 3) in ‘New Normal’,
significant deviations in performance were not detected per the type of education received
(online or face-to-face).

In cohort 3 (where all students were enrolled at the university during the confinement,
question Q35), we detected a few Learning styles and Personality traits possibly repre-
sentative of engineering students related to Computer Science. Course performance for
several Personality traits appeared below the others, particularly those corresponding to
introverted students. Among them, personality traits appeared to be a significant factor
in deciding performance. In another trend, Learning style exhibited a more meaningful
correlation with declared Adaptation (lower for online education).

The hidden curriculum of prior technology mastery is acceptable and uniform for
students in the first year of university, possibly aligned with the university profile where
the faculty is perceived technologically competent by students. Thus, it was not a critical
causal factor of failure in the online education introduced. Notably, students declaring
a higher level of affinity and inclusivity with the university had higher performance in
the physics courses during the confinement period. In addition, there was a correlation
between adaptability and the declared performance in the confinement period and the
‘New Normal’ one. Students declaring good performance commonly had a high opinion
about the teaching quality received online; nevertheless, it was not their preferred way
of instruction.

Students declaring good performance commonly showed higher levels of adapta-
tion, performance, and recognition of teaching quality (both online and face-to-face). On
the other hand, students declaring low performance or physics course grades tended to
have a lower assessment of the university’s efforts during the confinement education and
the ‘New Normal’. Other performance differences were meaningfully associated with
the graded section (physics, math, computing, or challenge). Such differences among
sections significantly influenced the physics course (exams) performance through the
different sub-periods.

Although a statistically significant preference for the face-to-face approach was found,
we identified high adaptation among the students and part of declared performance
through the direct grades analysis of the analyzed cohorts. The main clusters formed
were split between: (a) a strong preference for face-to-face education or (b) recognition
of the value of both models. The students in the research almost comprised 100% of the
students in the target population, namely, the students in computer science and computing-
related programs. Their level of adaptation completely masked possible differences in
the performance induced by the changes in the educational context. The generation of
children and adolescents crossing such a period has been called a Lost Generation [64]
regarding health, well-being, and education. It could be an exaggerated label for the group
of students considered in the current research. What must be considered is the broader care
promoted by the institution, years of previous teacher training in educational technology,
and educative methodologies. This past and ongoing investment by the university could
have resulted in reasonable outcomes in the unexpected COVID-19 pandemic. The author
believes it is not the unique explanation; in the end, the human spirit of most students
effectively responded and was contextually supported by the establishment. Unfortunately,
not all students worldwide had this advantage [65]; the global experience was negative.
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7.2. Recommendations for the Practice

As teachers, the COVID-19 pandemic should show us that teacher training is essential for
the success of Education. Otherwise, educative technologies arrive in our lives, remain, develop,
and effectively become included in our teaching practices. Hybrid learning should be more
common as a valuable model to diversify the educative channels in our lives, mainly because it
is the recommended channel to be used for training in future professional life [66].

The attention paid and knowledge acquired by teachers during the COVID-19 pan-
demic about theories and methodologies of education, particularly in higher education
where it is not a common practice, has changed how teachers perceive and practice their
profession. The necessity for a self or institutional assessment is another inherited aspect
that should be remarked on for effective changes and impact on learning. Thus, teach-
ers must follow this practice to improve their teaching and comprehend each student’s
educative phenomenon.

7.3. Future Work ad Final Remarks

Despite us possibly (and hopefully) not having another period to prove the advantages
of online education and its improvement on a large scale, we must recognize that this period
improved teacher training in educative technologies and active methodologies to make
a difference in the sustainability and continuity of education. Another significant silent
difference is the personal assessment each teacher should perform at the end of each course
to improve it, which naturally became a common practice through the pandemic stages.

Thus, it is required that teacher training be boosted, together with institutional and
governmental promotion and recognition pursued worldwide. Exciting and valuable future
work would account for how extended this practice was, mainly because of the perceived
success of education through this crisis. In other additional and more sophisticated trends,
the previous analysis and categorization of our students in terms of their learning styles
and academic personalities could become helpful in providing closer support to the entire
student population. That practice and research should be future work, not requiring a crisis,
but rather for more advanced knowledge about the success factors in higher education.
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Abbreviations

The following abbreviations are used in this manuscript:

BLT Behavioural Learning Theory

CBL Challenge-Based Learning

CCLT  Connective Learning Theory

CGLT Cognitive Learning Theory

CNLT Constructivist Learning Theory

EDCF  European Digital Competence Framework
LMS Learning Management System

MBTI  Myers-Briggs Type Indicator

Appendix A. Higher Education Transition into ‘New Normal’

The textual representation of the questionnaire was applied online to students to
gather facts about learning styles, personality, school perception, technological compe-
tencies, and personal challenges from the COVID-19 pandemic and the ‘New Normal’ in
Education. Each question was labeled with a reference code in the form Qx, x being the
data entry number. Scale numbers included in each response item are used in the text to
show the outcomes. Symbol +0.5 implies adding 0.5 to the score of each option selected in
questions from Q25 through Q30. These Code labels for questions and Scale numbers are
used to report the raw outcomes in Table Al.

HIGHER EDUCATION TRANSITION INTO ‘New Normal’

The objective of this questionnaire is to analyze the impact of COVID-19 confinement
on higher education. The first part consists of 5 sections categorizing each student. The
second part contains questions evaluating the confinement period and the return to face-to-
face teaching during the ‘New Normal’.

Next, we ask you to answer the best option in a series of categorizations defining your
most common way of approaching learning.

(A) Teaching and learning styles

(A.1) Categorization of your learning style
It is believed that each person learns differently through certain stimuli, privileg-
ing particular approaches. None are good or bad; they are just how we like to
do it.

(Q1) What kind of information do you preferentially perceive when learning?

1  External (Co): visions, sounds, physical sensations
2 Internal (Ab): possibilities, hunches, intuitions

(Q2) Through what sensory channel do you commonly perceive external infor-
mation during learning?

1 Visual (Vi): photographs, diagrams, graphs, experimental demonstra-
tions
2 Auditory (Au): words, sounds

(Q3) When learning, what kind of information organization makes you feel
most comfortable?

1  Deductive (De): principles given, to deduce consequences and appli-
cations
2 Inductive (In): facts and observations given, to infer principles

(Q4) How do you prefer to process the information?

1 Actively (Ac): by including in a physical activity or discussion
2 Reflexive (Re): through introspection and abstraction

(Q5) How do you progress towards the understanding a learning topic?
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1  Sequentially (Se): in small continuous and structured steps
2 Globally (Gl): in leaps and bounds, suddenly towards the whole

(A.2) Categorization of the teaching environment
Higher education and academic disciplines can privilege certain teaching styles
that fit your learning experience to a lesser or greater degree.

(Q6) Inyour current education, what kind of information is mainly emphasized
by your teachers?

1  Concrete (Co): based on facts
2 Abstract (Ab): based on concepts or theories

(Q7) What type of presentation of information is most common in your classes?

1 Visual (Vi): photographs, diagrams, films, experimental demonstra-
tions
2 Verbal (Au): presentations, readings, discussions
(Q8) How is the information organized in most of your classes?
1  Inductively (In): phenomena guide learned principles
2 Deductively (De): principles guide the learned phenomena
(Q9) What kind of participation is promoted in most of your classes?

1 Active (Ac): students talk, participate, and reflect
2 Passive (Re): students see and hear

(Q10) What kind of perspective is primarily provided by the information pre-
sented?

1 Sequential (Se): step by step as a methodological procedure
2 Global (Gl): the global context and its relevance are initially given

(B) Personality

(B.1) Categorization of your personality
It is believed that certain personality traits can facilitate insertion and success in
university life. The following statements are generic; they are how you approach
certain aspects of your life in different situations.

(Q11) What is your fanciful world?

1 Extroversion (Ex): you focus on your external world
2 Introversion (In): you focus on your inner world

(Q12) What information do you privilege?

1  Sensitive (Se): the basic information that comes from the outside
2 Intuitive (It): the meanings and interpretation you generate of the
information

(Q13) How do you usually make decisions?

1 Thinking (Th): based on logic and consistency
2 Feeling (Fe): based on people’s opinion or special circumstances

(Q14) When dealing with the outside world, how do you prefer to act?

1 Judgment (Ju): based on consistent and final decisions
2 Perception (Pe): being willing to change based on new information
and choices

(C) Technological competences
Different digital and computing technologies are classified. Read the statement to un-
derstand each one, and then evaluate your proficiency level in the following questions
as accurately as possible.

(i)  Search for information and data (ID)
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(i)

(i)

(iv)

\

(C1)

It uses browsers and information search engines through keywords, information
discrimination, and source validation. Likewise, to obtain specific data from
public sources.

Software examples: browsers, consultation of information bases and their down-
load, precise search for specific information in viable sources.

Communication and collaboration (CC)

It refers to using applications to work and collaborate in groups creating solu-
tions, content, or learning.

Software examples: Word, Excel, Power Point, Canvas, Social networks, Zoom,
Google docs.

Creation of digital content (CD)

It concerns the creation of web pages or associated materials published in an
open or restricted form through servers, drives, and databases. These materials
establish curated documents that have a communication or learning purpose.
Software examples: Weebly, Word Press, Google Drive, Dropbox, and Applications
to generate interactive activities.

Computer security (CS)

It refers to the operational mastery of computer security in terms of comprehen-
sive password and privacy management, discrimination of information, and
insecure access, management, and use of antivirus.

Software examples: Antivirus, Multi-factor security in public applications, Privacy
management.

Troubleshooting (TS)

It concerns using specific software to handle information, processing it, and
obtaining useful and analyzed information to solve technical problems.
Software examples: Programming languages, specialized packaging (Matlab,
Mathematica, PSpice, Catia, CAD, Programming languages.

Inventory of your level of proficiency in computer technologies
Then, the following domain levels are established for each dominion from lowest
to highest.

1 lidentify concepts and strategies that would allow me to include this type
of technology in classes

I'have the skills that would allow me to include these technologies in class.
I can advise my classmates on the use of these technologies in class

I am normally motivated to use this group of technologies in my class

I think this type of technology is very significant in class, and I commonly use it

O = W N

Select for each one just the domain level (mastery) you consider you have
in each group.

Domain & Level  (Q15) ID (Q16) DC (Q17) CC (Q18) CS (Q19) TS

Qs WO N -

O O O O
O O O O
O O O O
O O O O

OO0000O

(C2)

Inventory on the technological domain of your professors and institution

Based on your general perception, evaluate the previous competencies for
the institutional knowledge and your teachers in the same dominion levels
used for you.
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Domain & Level  (Q20) ID (Q21) DC (Q22) CC (Q23) CS (Q24) TS
1 O O O O O
2 O O O O O
3 O O O O O
4 @) O O O O
5 O O O O O

(D) Teaching strategies

An institution should promote strategies to diversify learning regarding orga-
nization, motivation, skills development, effective feedback, and reflection. It
is crucial in the development of each student. Indicate which of the following
practices are common and present in your institution. Select all those that apply.

(Q25) Learning organization Selection
+0.5 A public study program is established O
+0.5 Study notes are provided d
(Q26) Motivation Selection
+0.5 Discussion is promoted and reinforced about the value of learning O
+0.5 Examples of procedural contents are developed O
(Q27) Practice Selection
+0.5 Tests are applied feed-backing to the student d
+0.5 Student is motivated to attend counseling individually O
+0.5 Procedural practice is promoted in small groups through some O
didactic technique
+0.5 An applied project is included to be developed from the contents, O

but it includes other related learning or already dominated by the student

(Q28) Feedback Selection
+0.5 Homework feedback to students O
+0.5 Students receive recommendations in their participation or O
presentations
(Q29) Metacognition Selection
+0.5 Spaces for reflection are established in class O
+0.5 Self-assessment is promoted O
(Q30) Social learning Selection
+0.5 Promotes social learning between activities with peers O
+0.5 Graded team activities are established O

(E) Question about personal academic location

(Q31) Currently, do you consider yourself already in the main line of learning about
your career development?

1
2

(F) Academic

Yes, I am already studying subjects related to my career
No, most of them are still basic and support courses corresponding to the
common core

stage during the COVID-19 confinement

(Q32) Performance in the online teaching model: Which of the following phrases best
describes your academic self-assessment during the lockdown period?

1
2
3

I failed more than three courses due to poor performance

I failed at least one course due to poor performance

I dropped out at least one course due to poor performance in the same
course

I passed all my courses, but I estimate that I was below the average perfor-
mance of my classmates

I passed all my courses and I estimate that I was above the average per-
formance of my classmates without being from the group with the best
dominion of the contents
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6

I passed all my courses, and I consider that I was in the top 25% of the
students with the highest performance in most of them

(Q33) Adaptation to online teaching model: Which of the following phrases best
describes your adaptation self-assessment during the lockdown period?

1

2

I was never able to adapt to online courses and had difficulty tracking
activities and content proficiency

I adapted to online courses, but I always felt lagging the performance I
observed in my peers.

I adapted well to online courses and felt as competent as most of my peers
I adapted well to online courses and was normally from the most competent
group of students in my courses

(Q34) Teaching quality of online courses. During the period of confinement, which of
the following phrases best describes your assessment of the teaching received?

1

2

Most of the online classes were monotonous and without no variation of
stimulus from one to the other.

I'had several outstanding online classes that varied the activities carried
out, with what I think I could learn better.

Most of my online classes had varied stimuli, making them attractive and
allowing me to learn better.

(Q35) I made the transition from high school to university during the period of con-

finement
1 Yes
2 No

(G) Face-to-face academic stage after confinement

(Q36) During the back-to-school period, which of the following phrases best describes
your academic self-assessment?

1
2
3

I have already dropped out of at least one course due to poor performance
I failed at least one course due to poor performance

I have passed all my courses so far, but I estimate that I have been below
the average performance of my classmates.

I have passed all my courses so far, and I estimate that I have been above
the average performance of my classmates without being from the group
with the best dominion of the contents

I passed all my courses and I consider that I in the top 25% of the students
with the highest performance in most of them

(Q37) During the back-to-school period, which of the following phrases best describes
your adaptation self-assessment?

1

2

I have not been able to adapt to the face-to-face courses and I had difficulty
monitoring activities and content mastery

I adapted to the face-to-face courses, but I always felt lagging in relation to
the performance I observed in my classmates

I adapted well to the face-to-face courses and felt as competent as most of
my peers

I adapted well to face-to-face courses and was normally from the most
competent group of students in my courses.

(Q38) Comparing your online classes with your face-to-face classes, which of the
following phrases best describes your assessment of the teaching received?

1

2

Online classes have more advantages over the classes I receive in person to
facilitate my learning

Both classes, although of a different nature, have elements that facilitate
my learning.
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3 Face-to-face classes have more advantages over classes I received online to
facilitate my learning

The questionnaire is over. We appreciate your participation in enriching the knowledge
about higher education’s effectiveness.

Appendix B. Raw Data Obtained in the Questionnaire Application Together with
Physics Course Grades

This section includes the raw data gathered for the current analysis in the questionnaire
using the Code labels and Scale numbers reported in Appendix A. Column ID is a non-
meaningful number identifying each student. The column labeled Grade reports the final
grade in the physics course FJ2022-1 for cohort 3 being surveyed.
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Table Al. Raw data obtained from each student in the questionnaire in terms of Code labels of each question and Scale numbers. The last column reports the final

grade for the physics course during FJ2022-1 for cohort 3.

ID Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32 Q33 Q34 Q35 Q36 Q37 Q38 Grade

78

1

1 075 1

1
1

98

5

05 05 2

1

05 05

2

98

2 2 2

1

98

99

6

2

05 05 025 05 05 05

3

4

81

0.5

1 075 1

1

90
90
99
98

12 2 1 2

2

7

5
6
5

2
2
2

05 05 05 05 05

1
05 05 075 1

4
3
1
4
2
2

0.5 0.5
05 0.5

1

05 025 05 05 05

4

05 075 1

1
1
1

1
0.5

10
11

94

0.5

05 05 05

92
89

96

4
5

2
2
2
2

12
13

05 05 05 05 05

1
05 05 05 05 05 05

1 2 2 2
1 2 2

1
1

1

05 05

1

1

1

14 2
15
16
17
18
19
20

91

4

5

4

95
98

0.5

0.5

94
56

4
2

2
2
2
2
2
2
2
1
2

05 05 05 05 05 05

3
5

1
4

05 05 05

1
075 05 05

05 0.5

1
1

2 2

1
1

89
97
92

1
05 05
05 0.5

1

1
1

2 2 2

6
6

05 075 1

5

21

1

0.5
05 05 075 05 05

1
1

22 2

82
97
90
73
96

1

05 05 025 05 05 05

3
5

3
4

23 2

24

6
6
4

05 0.5
05 0.5
1

025 1

1

1
05 05 05

2 21

1
1

2
1

1

25 2
26

1

05 05 05 05

4
3
4

5
5

2 2 2

0.5

27

92

6
6

2
1

05 0.5

05 025 1

1
1

1
0.5

1

2 2 2 2 21

1

28 2
29
30
31

88
96

05 05 05 05

075 1

0.5

1

1
05 05 025 05 05 05

05 05 05 05 05

92

5
6

2
2
2
2

05 05 05 05 05

4
5
5
5

97
98

3
5
5

32

1

33
34

92

5

05 05 05

1

05 0.5
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Table Al. Cont.

ID Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32 Q33 Q34 Q35 Q36 Q37 Q38 Grade

89
72
84
70
90
79
88
95
91

0.5

1

05 05 075 05

1

3

2

2 2
1

1
1

35
36
37
38
39
40

2
1
2
2
1

1

05 05 05

05 05

1

1
05 05 05

1
05 0.5

1 2 2

1

4

1

5

1

1

1
05 05 025 05 05 05

1

2 2 2 2 21

1

1

5
2

5

4

05 05 05

1

1

1

1

41 2
42

4

2

05 05 05 05 05

1

5

1

1

43 2
44

57
96

5
5

2
1

05 05 05 05 05 05

2

1

1 2 2 1

1

075 05 05 05

1
05 05 075 1

0.5

45

27
97
100

0.5

5
3

1
3

46

4

1

05 05 025 05 05 05

1

47 2
48

91

5

05 05 1 05 05 1

1

5

2 2 1

1

49
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