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Abstract: The COVID-19 pandemic has modified and diversified the ways that students receive
education. During confinements, complex courses integrating previous knowledge must be carefully
designed and implemented to effectively replace the elements present in face-to-face learning to
improve the students’ experience. This work assesses the implementation of a digital-learning physics
course for computer science students in a skill-based education program in higher education. The
assessment was useful for the institution to evaluate if the digital strategy implemented in the course
fulfilled the original premises and objectives. The analyses performed provide useful knowledge
of theoretical and operational actions applied in this methodology that could be adapted to similar
courses for the younger generations in this university. COVID-19 confinement will continue in Mexico
in 2021. This assessment resulted in a positive evaluation of the digital strategy being followed,
which can be continued while the contingency lasts. Three teachers came together to design math,
physics, and computational sciences content for various sections of a physics course. The analysis was
developed and implemented according to an institutional digital delivery model for the COVID-19
pandemic. Elements related to attendance, digital access, performance distribution by gender, activity
types, and the course learning sections were considered. The analysis was performed with some
techniques found in the literature for small groups, complemented when necessary by standard
statistical tests to discern meaningful trends. A primary goal was to assess skill-based learning in
the course delivered digitally due to the COVID-19 confinement. Furthermore, additional issues
concerning the learning dynamics were searched, reported, and analyzed. Finally, the outcomes
of an institutional exit survey collecting students’ opinions supported certain observed behaviors.
The analysis produced meaningful evidence that the course’s skill-based development was well
supported by the digital delivery during the confinement. Furthermore, differences in the students’
performances in the various course content sections proved statistically significant and are discussed
in this work.

Keywords: blended learning; mobile learning; COVID-19; physics education; performance learning;
educational innovation; higher education

1. Introduction

In September 1985, Mexico’s strongest earthquake of the 20th century devastated
extended areas of Mexico City. Around thirty-thousand buildings were damaged or
destroyed during that event. Broad sectors of services and commerce halted in the country’s
most populated area for weeks and months [1]. As a university student at the time, I could
not attend classes for more than three weeks while all the university buildings were
assessed for safety and utility and transport got restored. Phone telecommunications were
not completely fixed for six months. During that time, the internet was not part of our daily
lives, so all notices about the re-starting of activities were delivered through newspapers or
television. The possibility of remote, online education was impossible at that time.

Thirty-five years later, the COVID-19 pandemic has made things worse and some
things better. More than 152,000 deaths in Mexico due to the pandemic have been reported
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at the date of this writing (21,000 in the Mexico City area). This compares to the 40,000
deaths estimated in the 1985 earthquake, still considered the most devastating event of
the last century in Mexico City. The present confinement has been extended by months,
particularly in the schools, a situation sustainable in education mainly because of the
internet [2]. It has also served to support general commerce, government services, and
entertainment services. However, if the pandemic had occurred in 1985, education’s
sustainability would have been untenable. Nevertheless, the internet is not the only factor
contributing to education’s success during the pandemic; other social and economic factors
have been identified that support diverse sectors of the student population in new ways [3].

After various suspensions of academic activities for weeks to months due to the
COVID-19 pandemic beginning in March 2020, sustaining public education in Mexico
became extremely limited on several levels due to the absence of technology and the
variable teacher experience. However, private education responded faster because it was
better adapted to distance learning. Contending with the students’ different degrees of
self-discipline and their moods during the confinement, educators found that the digital
education intervention unveiled profound differences in social opportunities throughout
the student population [4]. The scenario was better in higher education, having more uni-
formity due to standards and alliances among universities [5]. Despite those alliances, there
were differences in student access to personal computers [2]. During the first scholastic
period of the COVID-19 confinement (beginning in March), the author experienced what is
reported here. The confinement forced a different focus on teaching and interesting student
behavior, providing evidence that access to services and technology is the fundamental
requirement for hybrid learning success [6].

After fulfilling the first scholastic period, a second educative cycle from August to
December 2020 provided continuity for better preparing education strategies. With more
robust and diverse methods and applications, public and private educational institutions
educated millions of Mexican students. Public universities implemented laptop loan
programs, and private universities developed a more substantial and broader scaffolding
to sustain academic life.

Higher education is usually associated with high performance and complex learning.
It has been documented in the last few decades that society and industry have exerted
growing pressure on universities to offer more relevant and useful student training to
benefit the economy and society [7]. Thus, one trend in higher education has been to de-
velop specific skills to close education and workforce gaps. Distance Learning (DL) initially
emerged precisely to benefit education for employability. It has had the same intention
through the years, at least for technical and higher education, as analyzed in [8], for in-
stance. This distance learning concept has evolved, becoming emancipated, and diversified,
not necessarily focusing on its effectiveness in providing professional work skills.

This article aims to gather and analyze information to assess the hybrid learning
model implemented for a first-semester, higher education physics course based on skills
development. The course integrated different content sections, such as math applied to
physics, computational physics, and theoretical physics, considering a broad range of
collaborative student performance, engagement, and social behavior factors in Distance
Learning (DL). The research aimed to identify if a designed pedagogical method under
DL forced by the COVID-19 pandemic effectively fulfilled the learning objectives of a skill-
based model previously offered in face-to-face instruction. The changes in the delivery of
high school and higher education, combined with the current complexity of learning due to
the pandemic, created significant challenges for the teachers. A contextual literature review
about the hybrid approaches related to Education is performed in Section 2. Section 3
presents the research questions, objectives, type of research, and associated methods. A
description of the course organization and learning design is presented in Section 4 to
establish the basis for analyses. From the data collected, several analyses related to the
research objectives were developed in Section 5. The discussion of findings and critical
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issues during the course and recommendations are included in Section 6. Section 7 presents
the conclusions and future work for the course.

2. Literature Review: Context and Theoretical Framework
2.1. Internet Development and Education under Test during the 2020 in the COVID-19 Pandemic

Even though the internet had origins dating to 1969 with the Advanced Research
Projects Agency Network (ARPANET) in the United States Department of Defense, it
was not until 1993 that the internet entered the public domain. In the first decade of the
21st century, it surpassed the one thousand users reaching the residential spread, while
the mobile revolution began around 2010. Just ten years later, the COVID-19 pandemic
catapulted the internet, with its massive tele-networking, into the best investment and
development in human history, saving social structure, economy, development, and edu-
cation worldwide. Nevertheless, in our inequitable world, 41% of the world population
still lacks internet access [9]. Its use appears limited for many important actors in daily life,
which still operates predominantly face-to-face [10].

Through the Internet, the original goal of education was to provide more effective,
cheaper, complementary, or primary education to various sectors of the population, bring-
ing them current in contemporary world knowledge and economic benefits [11]. Such
efforts have endured years of criticism and antagonism among followers and detractors.
Nowadays, however, the COVID-19 pandemic has brought the value of using the internet
for education to the forefront as it has become urgent to sustain learning at all educative
levels [12].

2.2. Mobile and Hybrid Learning

The mobile revolution boosted the compatibility of educational apps for laptops,
tablets, and mobile phones and the concepts of Mobile Learning (ML) and Blended Learn-
ing (BL) [13]. The number of applications generated since 2010 has grown exponentially,
even while dominant developments have grown linearly through time (as an example [14]).
The initial slowness to adopt the technologies in the classroom was due to the resistance of
teachers who were accustomed to face-to-face interactions, as reported in the literature on
digital learning history [15]. Nevertheless, it is a fact that many teachers in all educative
levels gradually began to increase their usage and transmit their experience to other teach-
ers [16]. Much of this depended on institutional motivations. The symbiotic relationship
between the institutional support for learning and adopting emerging technologies and
teachers’ interest in providing valuable materials and learning activities has been iden-
tified as crucial for this development [16]. This phenomenon was notorious during the
sudden COVID-19 confinement in Mexico, letting stranded to many teachers without this
knowledge, interest and external motivation.

In Mexico, the effort to promote this training to teachers in the public schools has been
considered as poor, variable, and inhomogeneous [17]. Despite the 2014 recommendation
from the Organization for Economic Co-operation and Development (OECD) to other
countries to follow Mexico’s example of introducing Information and Communications
Technologies (ICT) in education, these programs were not entirely accepted into the daily
lives of teachers and students in the local public schools. Several factors identified as
reasons were that equipment was not provided, training was optional, and there were few
value stimuli to motivate the teachers [18]. The literature has reported this as differing from
private education, which attached value and managed resources to support the utilization
of emerging technologies and teacher training [19,20].

In Higher Education, Learning Management Systems (LMS) became common through
Moodle or Classroom in the public university setting, and Blackboard and Canvas in private
institutions. LMS is commonly developed to facilitate collaboration among professors and
students supported by external tools or apps for learning development. In the author’s
institution, the first LMS dated from 1995, involving Learning Space, Blackboard, Canvas
among others. Technology evolved and improved quickly; mobile applications experienced
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exponential growth in quality, user-friendliness, and diversity [21]. As a result of an intense
training and technological culture since 2010, the use of technology to support learning
has become part of our daily academic life. Ten years later, this cumulative experience has
prepared almost the entire faculty in the author’s institution with in-depth knowledge of
Distance Learning (DL), ML and BL [22]. Such training has had the objective to develop
competencies and mastery of technical skills among the faculty and the student population,
which is considered a critical success factor in learning [23].

2.3. COVID-19 Pandemic Context in Tecnologico De Monterrey and the Hyperflex Model

Confinement by COVID-19 began suddenly on 16 March 2020. The author’s institu-
tion suspended classes for one week to prepare the distance learning strategy, probably the
fastest reaction in the country and due to its experience using the necessary tools to deliver
classes in a hybrid format. Other Higher Education institutions delayed the academic con-
tinuity for two weeks or even months. Nevertheless, the Mexican response was recognized
as notable in the Latin American region [2]. As a result, that semester period finished on
time. Summer courses and the subsequent semester were offered under the same model,
called the Hyperflex model or Digital Flexible Model (DFM) [24]. This hybrid model used
video-classes through the Zoom video-conference system and allowed some face-to-face
interactions when local measures dictated by the National Health Council permitted this.

ML and the mobile revolution have been discussed and highlighted widely during
the last decade [25]. Nevertheless, new aspects and considerations must be considered
when an extended contingency experience is sustained by teachers and students who are
unfamiliar with a full approach. However, some courses had already been delivered online
under a similar model for a small number of students and faculty (as an example [26]).
It has been remarked that the social behavior under the COVID-19 learning experience
should also be considered in the success [27]. This experience involved the fear of the
COVID-19 crisis, the depressive episodes due to the confinement, changes in the family
dynamics, the accessibility of services (computer, electricity, and internet) [2], and the
extended time attending or delivering online courses, generating a reshaping of the ML
approach [28]. One of the most challenging issues was the video-class: the media used, the
materials and content generated that had to be developed suddenly, changed the Online
Learning (OL) environment for students and teachers imperatively, forever reshaping the
Education perspective, as remarked in [29].

The DFM considered in its design the appropriate tools for each course to be provided
to each teacher (as recommended by [30]). These included a personal Zoom account for
video-conferencing and software, tablets, communication apps for collaboration, and others
commonly integrated with the Canvas LMS. In the learning block depicted in our study,
classes were broadcast on the original timetable of the face-to-face courses. However,
they had a didactic design more flexible in terms of attendance (broadcasted classes were
recorded) and evaluation (differentiated by an extended bank of exams), which remained
open for students several days and allowed a couple of attempts.

2.4. Education Based on Skills Development and Tec 21 Model

Skill Based Education (SBE) development has been promoted as a new Higher Edu-
cation trend for over two decades. In the author’s institution, Education based on skills
development (also known as competency-based learning) evolved during that time first
with the implementation of didactic techniques such as Problem-Based Learning (PBL),
Project-Oriented Learning (POL), and Research-Based Learning (RBL) [31]. In 2019, Tecno-
logico de Monterrey rolled out a new vision of Higher Education through the so-called Tec
21 Educative Model, wholly based on skills development [32]. Under this model, academic
content is delivered through punctual formative units that apply knowledge to realis-
tic scenarios through “Situation Problems”. Core content courses are delivered through
learning blocks, integrated courses offered by teachers covering the same contents with a
multidisciplinary approach. Furthermore, for Freshman and Sophomore students, courses
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are grouped in “pathways” of related programs. Thus, for the Computer Science pathway,
the Physics courses are delivered by three teachers who teach Mathematics, Computational
Sciences, and Physics courses. Nevertheless, all content focuses on applied physics, in
this case, centered on computer physics simulations. The applied knowledge is delivered
through a Challenge, an activity where students must solve a real-world type of problem.
This course covers Kinematics, Dynamics, Thermodynamics, and Electromagnetism during
the Freshman year, and it is divided into four sequential five-week courses.

This work examines the first course offered to students entering their university
studies under this educational model. Note that the Tec 21 model began to be offered in
August 2019, so there are few intersections with previous periods for comparison. The
author also taught this course in the Fall of 2019 only under a face-to-face scheme before
the current implementation.

For Computer Science students who will be future computer professionals doing
simulations, data scientists, and those pursuing robotics, the teaching of Physics under
the Tec 21 Model is developed utilizing computer simulations of physical phenomena, as
recommended by [33]. This study reports on the learning block called “Computer Modeling
of Motion”. While learning traditional physics skills, the students tackled a challenge that
was a five-week project focused on numerical dynamics and kinematics simulation.

In this block, there were three four-week classes each week. Three teachers delivered
the block: two teachers scaffolding the Math and Computational Science contents (this
content is independent of other courses in calculus and computation), and a teacher of the
Physics content (covering one half of the course time). Along with the Computation section
(which has brief, relevant contents related to programming structures), the Challenge
section was delivered. It was designed and structured to give direct advice to students in
the challenge development.

Such DFM content should be offered clearly and usefully to impact the quality chal-
lenge, considering it as the block’s central element. Some authors have developed an inter-
est in the practical relation of theoretical knowledge applied to a real-world challenge [34].
In the current report, the research’s main objective was to contribute to Education by
assessing the emergency implementation of a DFM course with a skills-based orientation.
In the next section, the objectives of the current report are stated. More about the teaching
model for the block and the DFM are discussed after the Materials and Methods section.

3. Materials and Methods

Educative research is sometimes associated with learning performance. Learning
often cannot be measured directly due to the many variables present in each learning
situation. This report concerns the relationship between Tec 21 model objectives and
the DFM strategy imperative, together with the social behaviors observed during the
intervention, considering them valuable factors to understand the learning dynamics
during the COVID-19 pandemic. In this section, the elements analyzed in the research
are presented.

3.1. Research Questions

The research questions arose from the course objectives and delivery, based on obser-
vation of the learning dynamics. They were:

• Did the DFM effectively facilitate the SBE approach established by the Tec 21 Educative
Model in which the learning block was developed?

• Which dynamics emerged during the DFM’s delivery? Did the dynamics converge to
facilitate appropriate behaviors that accomplished learning?

• Was the learning performance equitably represented among the students and sections?
If not, which had problems and why?

Despite being limited to the specific experience reported in this work, these questions
were crucial for the DFM and Tec 21 during the crisis, considering that blended learning
was the best solution for humankind to meet the emergency without stopping education.
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During the COVID-19 crisis, the educational performance was determined by efficient
access to technology and the attitudes toward learning and previously acquired learned
skills, as reported by [35].

3.2. Research Objectives

This article reports the outcomes of the following research objectives emerging from
quantitative analyses of the previous questions. The objectives were:

• To assess the learning content in the DFM learning block sections developed under
the Tec 21 Educational Model during the COVID-19 confinement.

• To analyze the comparative performance by section, gender, and type of activity
(individual or team) generated under the DFM.

• To highlight noteworthy behaviors of the Physics section students, who learned the
content and developed the problem solutions to the challenge under the DFM, and
their exit perceptions.

3.3. Method, Participants and Data Collection

The current study is mixed research. Despite the primary analysis being conducted
quantitatively, complementary information came from systematic observation and interpre-
tation, reported in the Discussion section. Some outcomes must be considered as insights
and guides for future research because there is still a lack of historic information under
the Tec 21 model just initiated in 2019 and, of course, the emergency DFM that had to be
developed suddenly because of the COVID-19 pandemic.

Data were recovered from Canvas and Zoom interactions and some parallel resources
to develop active learning activities. It includes each grade assigned to each student in each
activity and section. The presented information comprehends the block’s overall sections
to compare or subscribe to the Physics section in the entire block context. Data sources
included detailed grades and metadata for individual and team activities, homework, and
examinations (percentage value in the entire course, date of delivery, type of activity—
individual or by teams—themes included, etc.). All grades were reported on a 0 to 100 scale.

Additionally, a comprehensive video-story was recorded session by session as ob-
servational input for the Physics section. The recordings were reviewed to determine
the participation by gender, students participating actively in the sessions, etc. Zoom
automatically recorded the attendance through sessions programmed under the mandatory
register; thus, a list of attendants was provided by Zoom. Other pertinent issues such as
problems with technology or services, family issues hindering the class attendance, etc.,
were recovered from messaging registers or e-mail. For statistical techniques in the quanti-
tative analysis, all the measurements used for statistical or graphical purposes were metric
scale measurements (nominal or ordinal, and always well-ordered measurements). The
established frequencies, averages, and analytical dispersion were validated in subsequent
statistical analyses [36] as established by each of the research objectives.

In the following sub-sections, the description and report of each analysis highlight the
most notable findings. The population being analyzed corresponded to a pair of blocks
with 28 and 32 first-year students, respectively. They were taught by the same teachers in
the different sections of the block. The Physics section classes were delivered on Monday,
Thursday, and Friday, one from 7:00 to 9:00 a.m. and the other from 9:00 to 11:00 a.m. (other
sections had the same timetable but reverted, thus delivering a four-hour session each
day for each class from 7:00 to 11:00 a.m. with the same treatment). In the entire group of
students, 35.7% were female. The two classes were not differentiated by gender.

The socioeconomic description of the population corresponded to middle-class stu-
dents ranging ages between 16 and 19 years old. Most had easy access to the internet
but not necessarily with the best quality and stability, as observed during the teaching
process. A minority of the students declared problems with technology, internet access,
family issues, and inadequate devices. The university is in an urban area of Mexico City
with all services available, although the internet and electrical services suffered occasional
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cuts. Utility and internet services in most Latin American cities are not perfect, and family
subscription to these services is diverse; the family dues impacted the students. They could
also have other siblings or younger ones in various educational levels where computers
were mandatory or not, thus being forced to compete by the requirement for such devices
in the pandemic context.

As a complement to the data analyses, the students’ opinion was considered as sensi-
tive qualitative input. In this study, the author’s institution systematically applies a final
exit survey evaluating several aspects of the teaching process in each implementation. Ques-
tions in the survey included opinions about the teacher, course design, and teacher-student
interactions. Such data could allow discerning some aspects of the primary quantitative
analysis. In the following section, the research objectives are addressed through the appro-
priate data collection and observations during the teaching and learning process.

4. Organization and Strategy Implemented for COVID-19 Confinement
4.1. Physics and Computer Simulation Orientation in the Block

In the design, the block orientation was first boosted by the physics teacher during
the first two weeks of the course, then continued by the computational sciences teacher,
thus mutually supporting the content. The Physics section classes were delivered three
times a week, each taking a couple of hours of the block schedule. Then, the Math and
Computational Sciences teachers covered a similar time. The computational sciences time
included the Challenge time. Figure 1a is a schematic of the interactions and activities in
the block.

Figure 1. Structure of the Computer modeling of the motion block for Computer Science students.
Mainly a Physics course but supported by two additional teachers in Math and Computational
Sciences (sections), conducting a parallel Challenge based on a physics simulation. Each section had
Examinations (E) and Team Activities (A), including the Challenge (which had an oral examination).

4.2. Tec 21 Model Combined with DFM in the Block

Under the DFM, all classes were delivered using the Zoom video-conferencing system.
Each class of the Physics section was commonly divided into two parts. The first one
(Type A) was to develop traditional skills in theoretical physics, while the second one
(Type B) developed computer physics skills using simulations in physics. The Math and
Computational Sciences teachers gave support with the same goal in the remaining time.
The Physics section’s strategy was to deliver theory and exercises (Type A) through a digital
blackboard using an i-Pad Pro, the Notability app, and Apple pencil, with the publication
of such materials together with the recorded class. The same strategy was followed during
the additional tutoring sessions (a couple of two-hour-sessions a week). For the Type B part,
Mathematica allowed a fast programming and animation approach to several computer
physics simulation problems, despite the coding being adapted to Matlab or Python as the
leading programming platforms in the block, mainly in the Computational Sciences section.
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All the mentioned materials were published in the Canvas LMS for the block, divided
chronologically by sections. Another strategy was to centralize all information in an easy
Virtual Classroom (VC) as a weblog since all other activities were achievable. Thus, any
student could follow and move to complementary materials and associated activities from
there. The digital version of the course was comprehensively prepared with all kinds of
support throughout the course. Around ten extra hours of supplementary videos about
solving physics problems (other than those solved in the video-class) were posted in the VC.
These problems combined animated Notability documents and Mathematica notebooks
with programming. These materials were prepared during the month before the block
beginning, along with practical and extensive banks of exams for flexible online delivery (see
Figure 1). Note that the Math and Computational Sciences sections’ teachers still delivered
their examinations as “face-to-face” activities, fixed during one of their video-classes.

In the Physics section, two examinations were applied directly in Canvas through those
banks of exam questions (see Figure 1). Some homework and teamwork were required for
traditional theoretical problems. The situation was similar in the Math and Computational
Sciences sections for the examination (just one for each section) and teamwork.

Tutoring was delivered via Zoom through a proper channel (different from the video-
classes channel), accessible from the VC page in Canvas. It was prepared with free access
or through a waiting room depending on the kind of assessment being delivered. Around
95% of the tutoring sessions were under a specified timetable. The tutoring sessions were
recorded for students being unable to join the live classes. Students were very respectful
about the time of the professors, effectively watching the recorded tutoring sessions.

Finally, Remind, a messaging system for learning, was used to send or to receive short
messages or files from or to the teacher. This was an easy-to-use, fast tool to stay in touch
directly with students’ smartphones.

4.3. Block Challenge and Its Evaluation

For the semester covered by the present report, the challenge was to simulate a volcano
eruption considering air resistance and a statistical simulation considering times, emissions,
and impact zones. The challenge was divided into two parts before the final delivery. The
first concerned the numerical simulation of each trajectory, involving physics, calculus,
and numerical methods, and involved prospective topics commonly included in advanced
semesters in a traditional engineering curriculum. The second part integrated a complex
analysis considering statistical issues in the problem to generate multiple trajectories.

The Challenge was evaluated through two advances by teams. An individual oral
presentation about the challenge was given to each student at the end as a Challenge
section examination (see Figure 1). During this oral presentation, each student was asked
about the team development and how they needed to prove their mastery in the Challenge
development.

In Figure 2, several aspects of the block are presented, particularly with the Physics
section. Thus, the Zoom sessions, Canvas course, Notability documents and Mathematica
notebooks are shown. Some aspects of the Challenge presentation by students are shown in
Figure 2b: Zoom session in a Breakout room, Matlab codes, and PowerPoint presentations.
Finally, a simplified view of each section is presented in Figure 2c: Activities, Examinations
and the Challenge Product.

Note that the current work mainly reports the Physics section outcomes as the core con-
tent in the block. However, these are commonly compared with the performance outcomes
in the parallel sections of Math and Computational Sciences to have a complementary
parallel view of the entire course’s development. So, the outcomes and discussions focus
on the Physics section but provide complementary comparisons of outcomes in the partner
sections. Below is the description of the research question and objectives settled concerning
the learning block implemented.
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Figure 2. Representative elements during the course. (a) Canvas LMS, physics evaluation sample, class notes using
Notability and programming in Mathematica; (b) Zoom session during outcomes presentation of the course challenge;
and (c) distribution of activities and evaluation elements by section.

5. Analysis and Outcomes

Several analyses of different aspects of the research questions were conducted, based
on the data and meta-data collected through the entire learning process. First, a general
view of the process is presented—average grades and general behavior—to detect patterns.
Then, an analysis of grades considering groups or sections is performed to attend to the
research questions.

5.1. Storyline Records: An Analysis of Behavioral Trends

A storyline for the course development showing average grades, attendance, and LMS
access is shown in Figure 3, presenting the most meaningful learning period events. Thus,
attendance of video-classes (blue lines with red diamonds) is collected from the Zoom
registers class by class and presented on a 0–100% scale for the entire population. The
tracking of accesses to the materials (orange lines with brown squares) in uniform periods
of class-days, was also measured on a 0–100% scale of the maximum access achieved
(0–100%, occurring on the 7th class day). Additionally, for the graded tasks in the overall
course sections, learning activities (A) and examinations (E), their respective average per-
formances were reported for the entire group of students identified by sections (green dots):
Mathematics (M), Physics (P), Computational Sciences (C), and the Challenge (Ch). In the
last section, the activities were differentiated for individual performances (via individual
oral presentations, AI) and team performances (via the team reports and programming
products, AT).

The storyline reveals several issues. The first one is a slight decrease in attendance
through time, possibly due to the recorded classes. It dropped around 15% compared with
just 2% in a typical face-to-face course (experienced in the 2019 application). The access to
materials peaks somewhat before the examinations. Note that the course is concise and
fast, and the peaks appear just one or two sessions before the examinations. There are no
apparent trends in the activities’ average grades, neither by section nor type (A or E); all
fall between 85 and 100 points, with drops to the 75–80 range for some specific activities
(A-M, E-M, A-P, E-P).
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Figure 3. Storyline showing attendance (blue line) and LMS accesses (orange line) in a 0–100% scale (in the last case
respect to the maximum of daily accesses in the period), together with the grades average by section (Math—M, Physics—P,
Computation—C, Challenge—Ch) and type (Activities—A, Examination—E, Activity Team—AT, Activity Individual—AI).

5.2. Analysis of Performances by Section and Type of Activity

Comparisons between individual and team performances were useful in DL, BL and
OL to discriminate certain behavioral aspects in the learning dynamics (see [37]). Notably,
the trends shadow the individual performance and show how social learning could support
low to mid-performing students.

To analyze the individual and team behavior in terms of course performances, we
compared average individual and team grades by type (Activity: teamwork or Examination:
individual) and by section (Mathematics, Physics, Computational Sciences, and Challenge).
Thus, in each section, the weighted average for each grade for each student was performed
as a component of the entire block value. A quantile analysis was performed to analyze the
behavior of performance distribution in each section. A quartile distribution was preferred
for its simplicity. The data were closely conglomerated in general, thus not requiring
refinement. Quartile analysis is valid for metric variables (as grade scales are) to reveal
characteristics of the inner statistical distribution.

The corresponding quartile distribution was constructed for the individual and team
performance average of students in each section. Figure 4 presents the five limits for the
quartile distribution of each measurement. Data are also directly reported in Table A1 of
Appendix A. Thus, the inner space between the lines depicts the performance amplitude in
each quartile (interquartile ranges, IQR). No individual examination was considered in the
Challenge domain because it had a different character, oral instead of written. Note that
teams conducted the activities while the examinations were individual.

Figure 4. (a) Average grades in team activities by section and limits of quartile distribution, and (b) average grades in
individual examinations by section and quartile distribution.
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For the Math and Physics sections, the zero quartiles (Q0) in the Activity grades begin
at zero (Figure 4a), meaning that the activities were dropped or completely failed by some
students, which did not happen in Computational Sciences. Note the large dispersion in the
activity grades in the Math and Challenge sections, not occurring with the same magnitude
in Physics and Computational Sciences. For examinations, Figure 4b (see Table A1), shows
that the Computational Sciences section has a narrower dispersion. Furthermore, in team
activities, this section exhibits such narrower behavior notably. In terms of the second
quartile (Q2, constructed with the second and fourth limits) centered in the median, there
is a remarkable drop in the Challenge section of Team performances and an elevation in
the Computational Sciences section for Individual performances (see [38] for interpretation
of the quartile distribution).

Because there was interest in the differentiation between individual and social learning
to quantify the performance impact of the COVID-19 quarantine and students’ learning
behavior, a splitting of the performances in both arenas was performed. Individual perfor-
mances lower than teamwork performances can indicate hidden low-performance students
affecting the team grade. Higher individual performances than teamwork performances
denote low collaboration or disorganization within the team. Furthermore, gender is com-
monly associated with disadvantages in Education (see [39]), so this possible differentiation
factor was considered. A more in-depth view of those aspects is addressed below.

The average individual versus the average team performance under a statistical
similitude assumption was associated with a dispersion plot, presented in Figure 5. It
compares gender performance in each section (red triangle markers joined by the peach
line for the female gender and square red markers joined by the blue line for the male
gender) together with the general population (similarly using circular red markers joined by
a green line). The lines are used only to mark each group represented. The corresponding
data are included in Table A2 as a reference. There, the horizontal axis measures the
average individual performance and the vertical axis measures the teamwork average. Red
markers show each corresponding comparison by sections and gender, as explained.

Figure 5. Comparison between Individual and Teamwork average grades by genders (Peach—Female, Blue—Male,
Green—General) and section (Math, Physics, Computation and Challenge).

Note the large gap in performance between Computational Sciences and Challenge
versus Math and Physics in the individual domain. This could be due to the teacher’s
style and/or the orientation of section contents. However, the design included rubrics
for each activity. Each rubric sweeps grade ranges from 0 to 100 based on the elements
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absent/present in each deliverable activity (including the examinations). In this sense,
the teacher style for grading becomes limited as a factor of that difference. Another more
feasible explanation (more acceptable as a cause) is that the Computational Sciences section
is more oriented to practice than theory, making a sensible difference from the Math and
Physics sections. Another comparative difference is that in Computation Sciences, the
higher individual grades went to the female gender; for Math and Physics, the male gender.
Furthermore, for the Challenge performance, the individual and team grades were almost
equal, while for the content sections, teams generally performed better than the individuals.

For the overall grade averages (shown in green), the standard deviation is reported as
thin, black, vertical and horizontal error lines. The ranges comprehend the gender average
grades; Figure 5 shows how, in the Math section’s individual domain, the deep dispersion
is explained by gender (almost located in the lower limit). Otherwise, in the teamwork
domain, the Math and Physics sections’ dispersion is deeper but not necessarily explained
by gender: both sections’ teamwork averages for each gender are not within the standard
dispersion bar extremes.

The Discussion section comments more on gender behavior. Did the female gender
boost the team performance? Was the individual performance meaningfully higher for the
male gender? Were the differences in performance meaningful by gender in each type of
evaluation and section?

5.3. Impact on the Challenge Performance of Individual and Teamwork Performances

A premise of the Tec 21 Educational Model is that in the courses, the performance
exhibited in resolving the Challenge should be correlated with team members’ individual
performances. Nevertheless, other factors related to the organization and team homogene-
ity could be necessary for a successful outcome. In this subsection, an analysis of that aspect
was performed, considering the 12 teams in the course (six in each group). An analytical
comparison was developed for each one: their members’ examinations averages (E) and
their corresponding standard deviation (∆E), plus the average of Teamwork activities
(other than the challenge), and, finally, the Challenge grade (Ch). Table 1 reports these
figures for each team.

Table 1. Averages of Examinations (E), Teamwork Activities (TW), and Challenge (Ch) with the
standard deviation of Examinations ∆E by team.

Class 1 Class 2

Team E ∆E TW Ch Team E ∆E TW Ch

1 78.6 15.7 85.8 88 1 83.0 7.2 96.1 89
2 72.2 10.4 97.7 89 2 81.2 13.1 89.5 98
3 80.7 12.9 96.3 100 3 74.6 7.3 89.9 89
4 80.1 10.7 89.3 92 4 87.8 4.1 99.2 98
5 78.6 7.8 84.0 60 5 88.1 8.1 97.5 90
6 85.8 9.1 92.8 96 6 68.0 18.1 91.6 94

As a graphical insight, Figure 6a presents the data in the form of a dispersion or scatter
plot. A dispersion plot is a visual statistical tool to display a set of data (typically for two
variables, although a higher number of data sets could be considered) to identify functional
behavior trends [40]. It may be supplemented by regression analysis (linear or non-linear)
to explain a complex multi-factorial dependence. Figure 6a exploits some properties to
explain some expected factors in the Challenge performance.

Then, for Table 1 data, each team is represented as a dot allocated as a function of
its E performance and TW performance as they were depicted previously (for the overall
activities without distinguishing the section and excluding only the challenge). The size
of the dot reflects ∆E. Finally, the grade obtained exclusively on the challenge, Ch, is
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represented as the dot color. The dots’ color and sizes are shown in the graphical scale to
the dispersion plot’s right (Figure 6a).

(a) (b)

Figure 6. (a) Challenge performance dispersion as function of average Examination and Teamwork performances,
and (b) outcomes in the exit opinion survey for students about teacher, design and DFM performances.

At first glance, the teams’ average Examination performances do not appear to be a deci-
sive factor for success. Despite having been reported as a cohesiveness factor, their dispersion
appears weak (see [41]). So, the average Teamwork performance does not appear as a main
meaningful factor as expected. These combined factors are the Tec 21 model’s assumption
for the course, as represented in Figure 1. However, which of these sets of parameters is most
relevant for the quality of the outcome? This crucial element in the research is discussed in the
next section because it is at the core of the course, derived from the Tec 21 Model.

5.4. Students’ Exit Opinion Survey

Tecnologico de Monterrey applies a student opinion survey that gathers data on sev-
eral aspects of the teacher and course design performance at the end of each course. This
survey includes students’ opinions about (1) the teacher’s mastery of the contents, (2) the
course challenge, (3) teacher confidence and respect during the course, (4) teacher’s accom-
paniment, (5) global evaluation of the overall experience, and finally, (6) the effectiveness
of the DFM design on the interactions. The last item was recently added due to the DFM;
all the other questions are common in the exit surveys for the programs under the SBE.
The survey is applied in the present form to the entire group of students under the SBE
model without distinguishing the program; this survey was not just for the students in the
Computer Sciences pathway. Like other exit surveys applied to Higher Education students
worldwide to assess teacher performance, self-performance, or university services [42], this
survey evaluates university teachers in the same learning period and is always applied
online. Differently designed surveys could be found for blocks, single courses, and even
services. Its design is to promote the most number of student responses. It was applied with
particular emphasis during the confinement period like many other initiatives worldwide
(see [43,44]). This opinion survey has brought transcendent meaning to the institution to
know students’ perception of their digital education because these outcomes are compared
with previous outcomes of applications under the face-to-face methodology.

The precise questions or inquiries included in the survey are reported in Table 2. Those
elements in the survey are evaluated using a 0 to 10 scale, worst to best. The averages
for the entire groups of students (µ) are presented clockwise from the top in Figure 6b
for the Physics section. Together, the range of one standard deviation (µ ± σ) is marked
with dotted lines to exhibit the opinion dispersion graphically. Such limits do not have
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a statistical basis; no more in-depth attention will be put on the distribution. Instead,
consider just the general meaning of the central tendency and dispersion measurements.
Note particularly the large dispersion for questions (2), (5) and (6). Table 2 includes as a
comparison the outcomes corresponding to the 2019 survey.

Table 2. Precise questions being included in the students’ opinion survey and average outcomes.

#
Year of Application: 2019 2020

Question Text µ σ µ σ

1 Teacher shown dominion and experience in the block topics 9.6 1.8 9.8 0.5
2 Teacher challenged me to deliver the best of me 9.3 1.8 9.6 1.4
3 Teacher promoted a confident and respectful learning environment 8.8 1.9 9.8 0.4
4 The learning accompaniment from my teacher was adequate 10.0 0.0 9.7 0.9
5 In general, my learning experience with the teacher was 9.0 2.6 9.3 1.4
6 The interaction with my teacher under the DFM due to the confinement was - - 9.3 1.7

Some important survey precedents are: the outcomes for the 2019 and 2020 applica-
tions are compared in Table 2, the mean (µ) and standard deviation (σ). In general, the
outcomes were higher and more consistent compared with the single previous face-to-face
course in 2019 for questions (3) and (5). This fact could be explained by the new approach’s
novelty and the complete set of resources prepared for several learning styles. The outcome
in (3) could be explained because video-conferencing automatically requires distance com-
pared with face-to-face contact. Dispersion in questions (2) and (5) about being challenged
in the course and the general experience exhibits similar behavior but smaller dispersion.
More discussion should be appointed to questions (4) and (6) referring to specific aspects of
the DFM. Question (4) about accompaniment obtained a lower value (despite the teaching
circumstances) than the perfect evaluation in 2019 but with a larger dispersion. Question
(6), without a previous comparison point, exhibited the largest dispersion.

6. Discussion

Some aspects of the data, instruments, and analysis should still be aligned with
the observations made. There should be an investigation if there are real differences in
the performances in sections and, particularly, genders and if the learning elements as
teamwork activities add value to the challenge development. Finally, an analysis of how
the findings relate to the students’ opinion survey is needed.

6.1. Course Development’S Figures and Their Interpretation in the Confinement Context

The most notable behavior in the storyline presented in Figure 3 is the drop off in
attendance (7% on average) compared with the face-to-face course (2% on average), despite
the final grade outcomes. The conclusion is that the students were committed to their
responsibilities and reviewed the recorded classes when necessary. Furthermore, students
were prompted to notify the teacher about possible absence through Remind. Only half the
students did, but by tracking and matching the notifications with the absences, the other half
of absences could be explained by factors such as: (a) health emergencies (55%), (b) service
problems with electricity or internet access (37%), and (c) other priority diverse situations
to attend (8%). These percentages derive from half of the 7% of total absences in the course
period. In any case, many other institutions recommend a flexible attendance policy (see [45]).

The high evaluations in questions (4) and (6) of the student opinion survey show the
largest dispersions (possibly due to the impossibility of attending the tutored classes at the
established times, even though the sessions were recorded). Question (6) recognizes the
effort put into the students’ learning in the DFM course design (classes and tutoring). The
Physics section’s effort to include additional videos of problem-solving and recording all
video broadcasts and their posting on the VC page were viewed positively by the students.
Additional videos and extra materials supported the challenge before the Computational
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Sciences’ teacher intervention, all of them managed mainly out of the Physics section’s
class time.

6.2. Differences in Performances by Section and Type of Activity

Two primary considerations surround the course composition in four sections. The
first one relates to the dispersion of outcomes in each section for individual performances
and teamwork performances. Note for Math and Physics that the three higher quartiles are
populated by students with individual task grades above 60 (Figure 4b). The same is true
for the Computational Sciences section, but the lower quartile does not include students
dropping to zero in their grades. Math had the lowest grades, shown in Figures 4b and 5.
These facts reveal how some students could not dominate the more formal elements present
in the Math and Physics sections at the end of the course. The Computational Science
concepts are more practical than abstract. However, students took the most advantage
of the Math and Physics concepts to resolve the Challenge, as observed in Figure 4a. In
teamwork, the teams improved their grades together, particularly in the Challenge section,
which combined elements of the other three sections. The latter is one of the block’s primary
objectives to provide Math and Physics skills in solving realistic problems [32].

The second consideration to comment about the sections comprising relates to differ-
ences by gender in each section, a sensitive concern about female education opportunities
during the pandemic [46]. This issue is addressed in the next sub-section.

6.3. Additional Differences in the Performances: Type, Gender, and Section

This section revisits the differences by sections but now including gender as an
additional discriminant in the analysis. Appreciating the Physics teacher, both genders
became committed to the course (classes and work) without noticeable distinctions. Some
of the students commonly turn-off their cameras (a behavior permitted in the course) and
switch them on to ask questions or collaborate with their partners in teamwork time. Both
genders practiced such behavior without loss of representation.

Differences suggested in Figure 5 can be statistically analyzed. By considering the
input data for those plots grouped by gender and section for each type of performance, two
ANOVA tests for two factors were performed. ANOVA tests (in this case, a two-factor test)
compare the mean value of groups extracted from some population as a null hypothesis
assuming independence in the selection, normality, and equality in the variance, versus the
differences in those parameters in the alternative hypothesis. Based on a t-distribution to
fit small samples, the current analysis fulfills this test’s premises [47]. ANOVA tests are
shown in Table 3: (a) the upper part for individual performances and (b) the lower one for
teamwork performances.

Table 3. ANOVA two factor tests to probe equality between section and gender performances
working (a) individually, or (b) by teams.

(a) Individual performance

Factors d.f. Sq. sum Sq. av. F value p Fcritical

Section 332.18 3 110.73 13.50 0.03 9.28
Gender individual 8.17 1 8.17 1.00 0.39 10.13
Error 24.60 3 8.20
Total 364.95 7

(b) Teamwork performance

Factors d.f. Sq. sum Sq. av. F value p Fcritical

Section 51.90 3 17.30 0.76 0.59 9.28
Gender team 69.12 1 69.12 3.04 0.18 10.13
Error 68.16 3 22.72
Total 189.18 7
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Note that only the individual performance 13.50 = F > Fcritical = 9.28, so there is a
meaningful difference among sections, not observed in the teamwork performance. Neither
are differences by gender observed in any kind of performance. Those facts, then, are
consistent with Figure 5.

6.4. Evaluating Tec 21 Model in the Block under the DFM

As the institution’s primary interest is the DFM’s impact on the SBE in the course,
then assessing this during emergency confinement is imperative. It is still one of the main
interests for the author to assess course design decisions, but together with other punctual
aspects emerging from the course’s digital delivery. Because the Challenge is an indicator
of the SBE model’s success for the course as planned by the institution, this analysis focuses
on it, then considers causal factors of some other performances emerging in the knowledge
sections (Math, Physics, and Computation).

For the “before” purpose and focusing on the data in Figure 6 and Table 1, we per-
formed a regression analysis to describe E dependence on ∆E, TW, and Ch variables. Two
assumptions were considered (see [47]). The first one is that functional dependence is
parametric (the predictors have a concrete form in such dependence); otherwise, non-
parametric dependence requires extensive data sets not available in the current situation.
The second one is that the dependence is barely linear, justified because short ranges are
considered for E ([68, 88.1] in Table 1). The dependence on those factors is expected to be
partial (due to the complexity of the behavior), so this assumption is sufficient to justify an
insight about it.

Thus, from the data in Table 2, the adjusted square correlation coefficient, R2
adj for

increasing sets of the assumed independent variables E, ∆E, and TW was obtained. In
that analysis, it was found that TW provided the highest R2

adj = 0.26 compared with other

single elections. It becomes maximally increased to R2
adj = 0.41 by adding ∆E (compared

with adding any other two variables, one at a time). Finally, it increases to R2
adj = 0.43 when

considering the three variables. Other order combinations reduce R2
adj. These computations

show that the primary variable of explanation is TW, followed by ∆E, and, lastly, E with
a small contribution. For the complete regression model, R2 = 0.59 is obtained. Despite
being small, it becomes meaningful to establish certain explanations [47]. An expected
outcome was then tested; a successful team in the single activities commonly predicts a
good outcome in the Challenge resolution. A secondary factor (measured through the
Examinations) is the skill dispersion in the team, notably more than the proper mean, E.
Performing the associated ANOVA test [47] with α = 0.05 for the multiple coefficients of
correlation and the data shown in Tables 2 and 4, we obtain 3.79 = F > Fcritical = 0.06, thus
indicating a clear underlying correlation.

Table 4. ANOVA test for the absence of correlation between Ch grades and variables E, ∆E, and TW
as null-hypothesis.

ANOVA d.f. Sq. sum Sq. av. F value Fcritical

Regression 3 698.46 232.82 3.79 0.06
Residuals 8 491.79 61.47
Total 11 1190.25

Some aspects found in the analysis commonly escape teachers in the daily develop-
ment and delivery of the class. Absorbed by their own sections, teachers can lose attention to
their students’ success in the Challenge development (despite the expectation they should
resolve it with little assessment and feedback). Nevertheless, the analysis showed some
correlation between the Challenge performance and the sessions’ work, which, together
with the students’ opinion survey, reflects the students’ need for broad accompaniment
from the professors, even outside the sections they teach.
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6.5. Summarizing the Relations between the Findings with the Research Questions

At this point, answering the research questions to some degree should be synthetically
performed. This research’s main intention that the DFM effectively supports the Tec 21
Educational Model’s objectives for this specific Physics course has been verified. In SBE,
knowledge acquisition is not the primary interest but rather, a growing ability to apply it
to professional situations. In the analysis presented, the elements in the Math and Physics
sections adequately support the development of the Challenge, even if some elements
of specialized, theoretical knowledge would escape some graduating students. As the
Tec 21 model states [32], a growing mastery of knowledge and skills should be gained
gradually, building on the various courses’ offerings in each pathway and program. Still,
some attitude changes result from implementing the DFM in comparison with the face-
to-face pedagogy. As has been shown, attendance and team dynamics changed. Student
attendance in classes was still a considerable success, partially helped by the flexibility of
recorded classes. Differences in the individual performances by section and gender were
exhibited. However, more longitudinal research studies should be performed in this type
of course as future work to draw concrete conclusions about the DFM’s impact on learning.

As stated, the consistent performance through the sections was disrupted. Math and
Physics sections have disadvantages in the DFM despite the technological deployment to
reproduce similar or better learning experiences than the face-to-face approach. A more
extensive follow-up should be performed to reach conclusions about this. Nevertheless,
for the Tec 21 Model, this aspect is being fulfilled adequately for its short-term goals. In
this research, the course challenge offered across disciplinary sections and the quality
or effectiveness of the DFM interactions was causal for the observed behaviors. For the
Challenge development outcomes, the teamwork performance as the primary explanation
for individual performance did not sufficiently correlate. Team member composition is
notable because this aspect is sensitive to how teams internally organize themselves. Thus,
a distance learning model could produce obstacles to organizing and optimizing teams.
Unfortunately, this aspect was not included deliberately in the survey. In other research, the
author has found this aspect crucial in the students’ opinion surveys (as reported by [6]).
More in-depth research should be performed for the current course and model to benefit
similar DFM courses in the Tec 21 Model.

6.6. Relating the Course Design and Teacher Support with the Student Performance

The students’ opinion survey summarizes and sometimes highlights several blind
spots exhibited through the delivery. Until the publication of the outcomes, each teacher
is not entirely sure about students’ possible perceptions of the different issues surveyed.
This fact intensifies under the DFM because the teacher does not have a close perception of
hidden student behaviors.

Despite this, by comparing the outcomes in Table 2, one sees that a similar or even
higher impact on students occurred due to the course design, delivery, and teacher accom-
paniment. This phenomenon has been reported in the literature as social behavior [48].
After such outcomes, there were several critical aspects identified for success in the delivery.
These are discussed below.

6.6.1. To Prepare Several Channels for the Delivering

Include several delivery methods (live or recorded), several kinds of support materials
(notes or videos), and several purpose materials (mandatory or supplementary). In the
course design, those different methods were planned for different parts through the course
objectives, and some were created ongoing.

6.6.2. To Keep in Touch

Keeping in touch with the students was an essential aspect for the teacher. In the
face-to-face course during Fall 2019, students required much help to solve physics problems.
Then, covering this aspect became a big concern for the teacher designing the digital course
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because the dynamics and delivery would be completely different. Thus, the idea to record
the tutoring session, publish the lesson notes, and include additional problem-solving
videos was considered in the class, and the idea to use several integrated communication
channels (Remind, Canvas, e-mail, VC page, etc.).

6.6.3. To Consider the Learning Styles

This fact was essential to try to avoid students dropping the course. Thus, each
class began with some illustrative videos of the theoretical concepts to be covered. Then,
the theory was promptly presented, including the fundamental principles and formulas.
Afterward, a series of problems were solved step-by-step, covering each study unit’s topics
and increasing the complexity level. In parallel, other problem sets were recorded and
included in the daily agenda with exercises to be delivered by the students working in
teams to promote social learning. Then, the Rally before the Examination offered the
opportunity to gain points for each problem correctly solved and additional points to the
winners (those solving the most problems correctly and faster).

6.6.4. To Support the Challenge Resolution Creatively

The teacher prepared materials (notes, videos) to orient students to the challenge
solution without losing challenge complexity. Instead, they engaged them with partial
outcomes and simulations that gave them ideas to improve. Those materials were delivered
during the Zoom sessions; others were recorded (but always introduced in the class, which
was important).

6.6.5. To Keep Coordinated with Teacher Partners

The correct delivery of materials must be on time and harmonically support the other
section teachers’ contents, remembering that Physics was the core course content and the
complex product was the Challenge.

Definitively, those global experiences under DFM and the collaboration with other
teachers to deliver the course, while integrating technological elements to achieve the course
objectives, became a unique experience in recovering the learning and communication
channels of the face-to-face approach (sometimes incorrectly), being clear about them. This
perspective has established a new way to prepare the class considering complementary
elements not previously used in the face-to-face approach. Most of the new materials could
be combined in a new version of the course based on blended learning.

7. Conclusions

The current report presents an assessment of a Physics course under SBE for Computer
Science students offered under a BL model necessitated by the COVID-19 confinement.
Because the pandemic occurred during the second scholastic period (semester), the course
had to be deliberately planned under an online, blended learning scheme. The original ap-
proach was to apply physical simulations that combined programming skills with physics
knowledge. In the Tec 21 Educational Model, in which the course is embedded, three
teachers collaborated to deliver four complementary sections: Math, Physics, Compu-
tational Sciences, and a Challenge (a dare to combine those disciplines in a product of
physical simulation).

Throughout the COVID-19 pandemic, the block was delivered under a Digital Flexible
Model (DFM), an approach to teach all the course contents digitally and employ the
teaching strategies developed for it. The findings concluded that the students’ overall
performance in skills development was well-balanced and attained Skill Based Education
(SBE) goals. The teamwork in all four sections allowed students to develop relevant
knowledge from each other uniformly. Despite this, students’ individual performances
in the Math and Physics sections were lower than the applied sections, Computational
Sciences and the Challenge. The student opinion outcomes for the teacher performance
in the course design and delivery attained notably high notable values. Thus, some
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transcendental reflections about Education derived from the principal findings of this
research are discussed below.

Regarding the first research question in the Introduction section, the effectiveness of
SBE under the DFM implemented was validated. This evidence about the effectiveness
of the author’s institution’s implementation of the planned DFM during the pandemic
for non-traditional SBE was crucial. This finding’s value was to assess if its delivery was
useful to promote the skill development planned. The use of a Challenge in the current
course as a learning activity led to the acquisition of theoretical knowledge in the skill
development terrain. It is a useful contribution for assessing DL schemes (particularly BL),
having a notable impact on skills development, clearly observable and supported by the
work’s analyses (see tracking such concern in similar schemes not under the pandemic
conditions in [8]). This analysis’s generalization or scalability to similar Higher Education
courses is possible if the courses are oriented to SBE by including observable elements (such
as a challenge). Our work had professional skills to be attained that were considered in
designing the course delivery (Physics section here). It included the observable elements of
a challenge resolution in the Physics section and supported by the Computational Sciences
and Challenge sections. This was crucial, going beyond merely observing performance in
the most theoretical contents, Math and Physics.

On another topic, the author believes that under the pandemic, each teacher has the
responsibility to assess their outcomes and reflect on improving their actions in an account-
ability exercise (see [49]). In that sense, this report’s contribution is to close the gap between
digital education and employability education in Higher Education through a specific SBE
program, whose premises do not automatically follow an alternative digital scheme. This
course design attended to a student sector in technical Science and Engineering programs,
a limitation toward generalizing this project. Furthermore, most participating students
had an adequate technological background in the availability of devices, connectivity, and
complementary services. Those aspects delimit the findings presented as an essential basis
to strive for more ambitious goals. Other findings have also been identified in the overall
digital experiences processes; they should be highlighted. Additionally, note that the form
of the technological design solution is still a limitation in the current analysis (for example,
combining video-classes with sporadic face-to-face interventions) because the guidelines
for the DFM were introduced by the institution (mainly in the approach of using Zoom
and conforming the section to the learning block) and were suddenly wrought by the
pandemic restrictions.

As humankind, we learned more about Technology and Education in 2020 than in
the previous ten years. It is surprising that just some years ago, ML seemed to have an
uncertain future [11], when today it has been the best solution for academic continuity
during the COVID-19 pandemic. Possibly, if the educative sector had prepared itself to
improve its learning approaches systematically, its current experience would be better. The
author’s institution has done this in a big way, which played a vital success role in the
study case presented here.

Other recent findings of the success of digital education point to aspects of physical and
mental health, teacher attrition, access to internet services and devices, digital knowledge
gaps, and others [11,50], which, in this case, became emergency concerns in already existing
programs in the institution. In the current presentation, despite the socioeconomic level
of students, those aspects were present in some students due to the entire complicated
situation: parents’ loss of employment, several children in the family competing for devices
and access, lack of appropriate digital learning spaces, continuous access to quality internet,
a closer involvement in family situations during confinement, particularly health issues,
and so on.

In a world where Education changes rapidly, becoming more complex and specialized,
future education trends look to be a contest among several actors: society, industry, and
academia moving toward a distant point still undefined [50]. This approach considered
that technology should serve a Physics course under SBE where three teachers in different
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disciplines come together to teach a group of students through distance education. The task
became possible, thanks to educative technologies and the systemic boost given by the in-
stitution to update teachers continuously, as recognized by [19]. In the author’s experience
during the COVID-19 confinement, the mastery of apps and devices improved consider-
ably despite the time demands of continuously developing BL in their courses. In any
event, apart from those technologies, the teachers’ and students’ human spirit worldwide
embraced technology as here to support our human activities, still in an imperfect stage for
some, a promising stage for others. It depends on us, the capitalization we get from this
crisis, both at the personal and country levels. What do we do to improve this experience?

As teachers, we have changed our minds or not about the effective use of technology
and the contributions brought about by the COVID-19 pandemic, significantly adapting
our teaching style to new modes of teaching. In the end, each teacher must be comfortable
in their design, being effective in improving their students’ learning. It would be regrettable
if we forgot everything we learned in 2020, just returning to the comfort of our face-to-face
courses, using our old teaching versions. Face-to-face courses under the new-normal or the
normal should become enriched by this experience. Certainly, the materials, technology,
and activities developed or created for this contingency remain valuable under a blended
learning scheme [4].

The same is true for educational institutions. To construct the approach shown in
this report, the educators invested lots of hours to create repositories of examinations,
problem-solving videos, the VC page, and other supplementary resources to support the
students’ learning. Such preparation became very exhausting, as it has been pointed out
in the various experiences around the world [51]. COVID-19 served to hasten learning to
use technology and applications and provided a rich exercise of real educative design and
curricular construction [52,53]. Those resource materials could have a long-life, with or
without the COVID-19 pandemic. Then, definitively the effort has been made with absolute
durability. We have also learned, teachers and students, to move Education forward to a
more flexible, digital, and responsible realm.

For some institutions and its teachers, the last years’ investment has returned its value
during the COVID-19 pandemic. It has also allocated us to new levels of course orientation:
based on skills, research, traditional teaching, etc. In the current context analyzed, the
teachers and the institution were clear about the resources, approaches, and technology
necessary to construct a strategy to react quickly in the best possible way. The students in
this study also commonly had adequate resources and services to fulfill the online course
requirements. Nevertheless, every teacher must resolve other ongoing issues. For instance,
in the initial part of the confinement, the author taught a Numerical Methods course, which
was easy to implement due to constructing a BL approach for it over several years. For the
current experience in the Physics section, other new elements were present, the main one,
how to present calculations digitally in a fluid way? The technology was there, but still,
hours of preparation had to be invested in arriving at an adequate solution, which also still
required additional resources and advice.

Like, technology, Education will continue evolving in the next years. The COVID-19
pandemic has sped up humankind’s knowledge about alternative and improved ways to
deliver education. Nevertheless, during the pandemic, others experienced variables such
as battles against government or administration over policies and inertia from countries,
educative councils, or schools [15]. In comparison, the internet is evolving into faster and
more powerful versions. In 2015, one-half of the world had access to the internet; in 2020,
during the COVID-19 pandemic, this fraction barely reached 60% [54]. The remaining
number of people without internet access is still large, worrisome when considering a
worldwide event that necessitates it. Unfortunately, such an event is warned in several
possible scenarios in our immediate future (see as an instance the analysis presented
in [55]), thus making urgent the need to capitalize on the experience of Education during
the COVID-19 pandemic. The future of Education for each teacher, school, and country
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was here, among us, in 2020. Our next decisions will determine our level of participation
in the further evolution of Education.
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Abbreviations
The following abbreviations are used in this manuscript:

BL Bleanded learning
Ch Challenge grades or performances
DFM Digital Flexible Model
DL Distance learning
E Examinations grades or performances
ICT Information and Communication Technologies
IQR Interquartile range
LMS Learning Management Systems
ML Mobile learning
OECD Organization for Economic Co-operation and Development
OL Online learning
PBL Problem Based Learning
POL Project Oriented Learning
RBL Reasearch Based Learning
SBE Skill based education
TW Teamwork grades or performances
VC Virtual classroom

Appendix A. Processed Data About the Students’ Performances

In this section the processed data obtained from the individual and team grades for
each student are reported. The quartile limits for Team and Individual grades by section
involved are reported in Table A1 with which Figure 4 was constructed.

Data generating Figure 5 are reported in Table A2 including Individual and Teamwork
performances for each section and gender.
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Table A1. Quartile limits for grades by section in individual and teams activities.

Quartile Limit
Teams Individual

Math Phys Comp Chall Math Phys Comp

0% 0 0 80 60 0 0 50
25% 80 95 93 89 60 60 77
50% 98 98 97 90 80 80 90
75% 100 99 100 97 95 90 100

100% 100 100 100 100 100 100 100

Table A2. Average grades by section, gender, and type of grade.

Section
General Male Female

Individual Teamwork Individual Teamwork Individual Teamwork

Math 76.07 87.41 77.92 83.10 72.75 95.17
Phys 77.67 89.11 79.40 85.07 74.54 96.38
Comp 86.82 95.52 85.55 95.22 89.10 96.06
Chall 90.54 89.95 91.11 90.19 89.50 89.50

References
1. Castellanos, U. 07:19 A Treinta años Del terremoto en la Ciudad de México (1985–2015); La Cabra Ediciones: México City, México, 2015.
2. Vieyra, A.; Belden, M.; de la Calle, J.; Martínez, A. The Impact of the COVID-19 Pandemic on Higher Education in Mexico, Colombia

and Peru; Ernst & Young LLP: London, UK, 2020.
3. Organista, J.; Sandoval, A. Appropriation and Educational Uses of Mobile Phones by Students and Teachers at a Public University

in Mexico. Creat. Educ. 2014, 5, 1053–1063. [CrossRef]
4. Daniel, J. Education and the COVID-19 Pandemic. Prospects 2020, 49, 91–96. [CrossRef] [PubMed]
5. ITESM. Tec, UNAM, and Other Universities Working Together Due to COVID-19. Available online: https://tec.mx/en/news/

national/institution/tec-unam-and-other-universities-working-together-due-covid-19 (accessed on 1 October 2020).
6. Delgado, F. Transforming a Blended Learning Course in Numerical Methods into a Flexible Digital Course During the COVID-19

Crisis. Int. J. of Mobile Learn. Org. 2021, in press.
7. Mishra, P.; Mishra, A.; Chowhan, S. Role of Higher Education in Bridging the Skill Gap. Univers. J. Manag. 2019, 7, 134–139.

[CrossRef]
8. Singha, A.; Singh, L. E-Learning for Employability Skills: Students Perspective Author links open overlay panel. Procedia Comput.

Sci. 2017, 122, 400–406.
9. Statista. Global Digital Population as of October 2020. Available online: https://www.statista.com/statistics/617136/digital-

population-worldwide/ (accessed on 1 December 2020).
10. Hauben, R.; Cerf, V. The Internet: On its International Origins and Collaborative Vision (A work in progress). Amat. Comput.

2004, 12, 5–28.
11. Ally, M.; Prieto-Blázquez, J. What is the future of mobile learning in education? Mobile Lear-ning Applications in Higher

Education. Rev. Univ. Soc. Del Conoc. 2014, 11, 142–151. [CrossRef]
12. Naciri, A.; Baba, M.A.; Achbani, A.; Kharbach, A. Mobile Learning in Higher Education: Unavoidable Alternative during

COVID-19. Aquademia 2020, 4, ep20016. [CrossRef]
13. Berge, Z.; Muilenburg, L. Handbook of Mobile Learning; Routledge: Abingdon-on-Thames, UK, 2013.
14. Usak, M.; Masalimova, A.R.; Cherdymova, E.I.; Shaidullina, A.R. New playmaker in science education: COVID-19. J. Balt. Sci.

Educ. 2020, 19, 180–185. [CrossRef]
15. UNDP. Policy Brief: Education during COVID-19 and Beyond; UNDP: New York, NY, USA, 2020.
16. OECD. School Education During COVID-19: Were Teachers and Students Ready? OECD Publishing: Paris, France, 2020. Available

online: http://www.oecd.org/education/Mexico-coronavirus-education-country-note.pdf (accessed on 9 September 2020).
17. Toquero, C.M. Challenges and Opportunities for Higher Education amid the COVID-19 Pandemic: The Philippine Context.

Pedagog. Res. 2020, 5, em0063. [CrossRef]
18. European Commission. Supporting Teacher Competence Development for Better Learning Outcomes; European Commission Education

and Training UE: Brussels, Belgium, 2013.
19. Buabeng-Andoh, C. Factors Influencing Teachers’ Adoption and Integration of Information and Communication Technology into

Teaching: A Review of the Literature. Int. J. Educ. Dev. Using ICT 2012, 8, 79–105.

http://doi.org/10.4236/ce.2014.512119
http://dx.doi.org/10.1007/s11125-020-09464-3
http://www.ncbi.nlm.nih.gov/pubmed/32313309
https://tec.mx/en/news/national/institution/tec-unam-and-other-universities-working-together-due-covid-19
https://tec.mx/en/news/national/institution/tec-unam-and-other-universities-working-together-due-covid-19
http://dx.doi.org/10.13189/ujm.2019.070402
https://www.statista.com/statistics/617136/digital-population-worldwide/
https://www.statista.com/statistics/617136/digital-population-worldwide/
http://dx.doi.org/10.7238/rusc.v11i1.2033
http://dx.doi.org/10.29333/aquademia/8227
http://dx.doi.org/10.33225/jbse/20.19.180
http://www.oecd.org/education/Mexico-coronavirus-education-country-note.pdf
http://dx.doi.org/10.29333/pr/7947


Future Internet 2021, 13, 35 23 of 24

20. Green, R.; Duzor, M.; Hannas, C. Generational Catastrophe, Possible as Pandemic Creates Education Crisis: A Report for VOA
News. Available online: https://www.voanews.com/covid-19-pandemic/generational-catastrophe-possible-pandemic-creates-
education-crisis (accessed on 9 September 2020).

21. IFC. Breaking Paradigms to Develop Leaders for the 21st Century; IFC: Washington, DC, USA, 2020. Available online:
https://www.ifc.org/wps/wcm/connect/06d96e58-6aa1-4317-8ce3-87fb60b86cd1/IFC-TechMontereyCaseStudy-final-3.
pdf?MOD=AJPERES&CVID=m-x1B1Z (accessed on 9 September 2020).

22. Delgado, F.; López, C.; Gutiérrez, F. Collegiate Deployment and Assessment of a Mobile Learning Program in Higher Education; Winner
essays of FIMPES prize 2012; FIMPES: México City, México, 2012.

23. Fraillon, J.; Ainley, J.; Schulz, W.; Friedman, T.; Gebhardt, E. Preparing for Life in a Digital Age: The IEA International Computer and
Information Literacy Study International Report; Springer: Berlin/Heidelberg, Germany, 2014.

24. ITESM. Tec Digital Plus Flexible Model. Available online: https://tec.mx/en/plus-digital-flexible-model (accessed on
9 September 2020).

25. Wong, L. A Brief History of Mobile Seamless Learning. In Seamless Learning in the Age of Mobile Connectivity; Wong, L., Milrad, M.,
Specht, M., Eds.; Springer: Berlin/Heidelberg, Germany, 2015.

26. Yescas, F.; Delgado, F. Implementation and outcomes of a university course in statistics for business under the FIT blended model.
In Proceedings of the e-Society 2018, Lisbon, Portugal, 14–16 April 2018; pp. 40–46.

27. Balkhi, F.; Nasir, A.; Zehra, A.; Riaz, R. Psychological and Behavioral Response to the Coronavirus (COVID-19) Pandemic. Cureus
2020, 12, e7923. [CrossRef] [PubMed]

28. Pakpour, A.; Griffiths, M.; Lin, C. Assessing Psychological Response to the COVID-19: The Fear of COVID-19 Scale and the
COVID Stress Scales. Int. J. Ment. Health Addict. 2020. [CrossRef] [PubMed]

29. Li, C.; Lalani, F. The COVID-19 Pandemic Has Changed Education Forever. World Economic Forum. Available online:
https://www.weforum.org/agenda/2020/04/coronavirus-education-global-covid19-online-digital-learning/ (accessed on
9 September 2020).

30. Wang, Q.; Woo, H. Systematic Planning for ICT Integration in Topic Learning. Educ. Technol. Soc. 2007, 10, 148–156.
31. Brown, M.; Patrick, F.; Tate, D.; Wright, S. A Collection of Readings Related to Competencies-Based Training; Deakin University:

Melbourne, VIC, Australia, 1994.
32. ITESM. Model Tec 21. Available online: https://tec.mx/en/model-tec21 (accessed on 30 November 2020).
33. Bröker, K.; Kastens, U.; Magenheim, J. Competences of Undergraduate Computer Science Students. In KEYCIT 2014; Padeborn

University: Paderborn, Germany, 2015; pp. 77–96.
34. Mishra, A.; Bartram, J. Perspectives on Distance Education: Skills Development through Distance Education; The Commonwealth of

Learning: Vancouver, BC, USA, 2002.
35. Dame, P.; Gueye, B.; Niang, I. Adoption of distance learning at Cheikh Anta Diop University during COVID-19: Responses and

challenges. In Proceedings of the ACM Sigcomm Education Workshop and Community Discussion 2020; ACM: New York, NY, USA,
2020; pp. 1–7.

36. Coombs, C. Theory and Methods of Social Measurement. In Research Methods in the Behavioral Sciences; Feslinger, L., Katz, D., Eds.;
Dryden Press: New York, NY, USA, 1957.

37. Delgado, F. Evolving a Numerical Methods course into an approach based on flexibility and research skill development. Proc. Int.
Conf. Adv. Educ. Teach. Technol. 2016, 2016, 58–65.

38. Tukey, J. Exploratory Data Analysis; Addison-Wesley Publishing Company: New York, NY, USA, 1977.
39. Parker, S.; Pederzini, C. Gender Differences in Education in Mexico; World Bank Group: Washington, DC, USA, 2020. Available online:

http://documents.worldbank.org/curated/en/659741468752986916/Gender-differences-in-education-in-Mexico (accessed on
9 September 2020).

40. Friendly, M.; Denis, D. The early origins and development of the scatterplot. J. Hist. Behav. Sci. 2005, 41, 103–130.
41. Huang, C. Knowledge Sharing and Group Cohesiveness on Performance: An Empirical Study of Technology R&D Teams in

Taiwan. Technovation 2020, 29, 786–797. [CrossRef]
42. Ng, A.; Kiang, K.; Cheung, D. Assessing Students Attainment in Learning Outcomes: A Comparison of Course-End Evaluation

and Entry-Exit Surveys. World J. Educ. 2016, 6, 56–65.
43. Mishra, L.; Gupta, T.; Shree, A. Online teaching-learning in higher education during lockdown period of COVID-19 pandemic.

Int. J. Educ. Res. Open 2020, 1, 100012. [CrossRef]
44. Demuyakor, J. Coronavirus (COVID-19) and Online Learning in Higher Institutions of Education: A Survey of the Perceptions of

Ghanaian International Students in China. Online J. Commun. Media Technol. 2020, 10, e202018. [CrossRef]
45. IES. Measuring Attendance during COVID-19: Considerations for Synchronous and Asynchronous Learning Environ-

ments. Inside IES Research: Notes from NCER & NCSER. Available online: https://ies.ed.gov/blogs/research/post/
measuring-attendance-during-covid-19-considerations-for-synchronous-and-asynchronous-learning-environments (accessed on
1 December 2020)

46. OECD. The Impact of COVID-19 on Education: Insights from Education at a Glance 2020; OECD Publishing: Paris, France, 2020.
Available online: https://www.oecd.org/education/the-impact-of-covid-19-on-education-insights-education-at-a-glance-20
20.pdf (accessed on 1 December 2020).

47. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Erlbaum: Hillsdale, NJ, USA, 1988.

https://www.voanews.com/covid-19-pandemic/generational-catastrophe-possible-pandemic-creates-education-crisis
https://www.voanews.com/covid-19-pandemic/generational-catastrophe-possible-pandemic-creates-education-crisis
https://www.ifc.org/wps/wcm/connect/06d96e58-6aa1-4317-8ce3-87fb60b86cd1/IFC-TechMontereyCaseStudy-final-3.pdf?MOD=AJPERES&CVID=m-x1B1Z
https://www.ifc.org/wps/wcm/connect/06d96e58-6aa1-4317-8ce3-87fb60b86cd1/IFC-TechMontereyCaseStudy-final-3.pdf?MOD=AJPERES&CVID=m-x1B1Z
https://tec.mx/en/plus-digital-flexible-model
http://dx.doi.org/10.7759/cureus.7923
http://www.ncbi.nlm.nih.gov/pubmed/32499970
http://dx.doi.org/10.1007/s11469-020-00334-9
http://www.ncbi.nlm.nih.gov/pubmed/32837424
https://www.weforum.org/agenda/2020/04/coronavirus -education-global-covid19-online-digital-learning/
https://tec.mx/en/model-tec21
http://documents.worldbank.org/curated/en/659741468752986916/Gender-differences-in-education-in-Mexico
http://dx.doi.org/10.1002/jhbs.20078
http://dx.doi.org/10.5430/wje.v6n3p56
http://dx.doi.org/10.1016/j.ijedro.2020.100012
https://ies.ed.gov/blogs/research/post/measuring-attendance-during-covid-19-considerations-for-synchronous-and-asynchronous-learning-environments
https://ies.ed.gov/blogs/research/post/measuring-attendance-during-covid-19-considerations-for-synchronous-and-asynchronous-learning-environments
https://www.oecd.org/education/the-impact-of-covid- 19-on-education-insights-education-at-a-glance-2020.pdf
https://www.oecd.org/education/the-impact-of-covid- 19-on-education-insights-education-at-a-glance-2020.pdf


Future Internet 2021, 13, 35 24 of 24

48. García, E. The Pandemic Sparked More Appreciation for Teachers, but Will It Give Them a Voice in Education and Their Working
Conditions? Econ. Policy Inst. 2020. Available online: https://www.epi.org/publication/the-consequences-of-the-covid-19
-pandemic-for-education-performance-and-equity-in-the-united-states-what-can-we-learn-from-pre-pandemic-research-to-
inform-relief-recovery-and-rebuilding/ (accessed on 10 December 2020)

49. Huber, S.; Helm, C. COVID-19 and Schooling: Evaluation, Assessment and Accountability in Times of Crises—Reacting Quickly
to Explore Key Issues for Policy, Practice and Research with the School Barometer. Educ. Assessment Eval. Account. 2020, 32,
237–270. doi:10.1007/s11092-020-09322-y.

50. UNICEF. Global Knowledge Report: Good Practice and Lessons Learned on Distance Education during COVID-19; UNICEF: New York,
NY, USA, 2020.

51. Sokal, L.; Trudel, L.; Babb, J. Canadian teachers’ attitudes toward change, efficacy, and burnout during the COVID-19 pandemic.
Int. J. Educ. Res. Open 2020, 1, 100016.

52. Cochrane, T.; Munn, J. Integrating Educational Design Research and Design Thinking to Enable Creative Pedagogies. Int. J.
Technol. Enhanc. Learn. 2020, 2, 1–14.

53. Hollweck, T.; Doucet, A. Pracademics in the pandemic: Pedagogies and profesionalism. J. Prof. Cap. Community 2020, 5, 295–305.
[CrossRef] [PubMed]

54. Statista. Internet Usage Worldwide. Available online: https://www.statista.com/statistics/273018/number-of-internet-users-
worldwide/ (accessed on 1 December 2020)

55. Perrow, C. The Next Catastrophe: Reducing Our Vulnerabilities to Natural, Industrial, and Terrorist Disasters; Princeton University
Press: Princeton, NJ, USA, 2011. [CrossRef]

https://www.epi.org/publication/the-consequences-of-the-covid-19-pandemic-for-education-performance-and-equity-in-the-united-states-what-can-we-learn-from-pre-pandemic-research-to-inform-relief-recovery-and-rebuilding/
https://www.epi.org/publication/the-consequences-of-the-covid-19-pandemic-for-education-performance-and-equity-in-the-united-states-what-can-we-learn-from-pre-pandemic-research-to-inform-relief-recovery-and-rebuilding/
https://www.epi.org/publication/the-consequences-of-the-covid-19-pandemic-for-education-performance-and-equity-in-the-united-states-what-can-we-learn-from-pre-pandemic-research-to-inform-relief-recovery-and-rebuilding/
http://dx.doi.org/10.1007/s11092-020-09322-y
http://www.ncbi.nlm.nih.gov/pubmed/32837626
https://www.statista.com/statistics/273018/number-of-internet-users-worldwide/
https://www.statista.com/statistics/273018/number-of-internet-users-worldwide/
http://dx.doi.org/10.1016/j.ijedro.2020.100016

	Introduction
	Literature Review: Context and Theoretical Framework
	Internet Development and Education under Test during the 2020 in the COVID-19 Pandemic
	Mobile and Hybrid Learning
	COVID-19 Pandemic Context in Tecnologico De Monterrey and the Hyperflex Model
	Education Based on Skills Development and Tec 21 Model

	Materials and Methods
	Research Questions
	Research Objectives
	Method, Participants and Data Collection

	Organization and Strategy Implemented for COVID-19 Confinement
	Physics and Computer Simulation Orientation in the Block
	Tec 21 Model Combined with DFM in the Block
	Block Challenge and Its Evaluation

	Analysis and Outcomes
	Storyline Records: An Analysis of Behavioral Trends
	Analysis of Performances by Section and Type of Activity
	Impact on the Challenge Performance of Individual and Teamwork Performances
	Students' Exit Opinion Survey

	Discussion
	Course Development'S Figures and Their Interpretation in the Confinement Context
	Differences in Performances by Section and Type of Activity
	Additional Differences in the Performances: Type, Gender, and Section
	Evaluating Tec 21 Model in the Block under the DFM
	Summarizing the Relations between the Findings with the Research Questions
	Relating the Course Design and Teacher Support with the Student Performance
	To Prepare Several Channels for the Delivering
	To Keep in Touch
	To Consider the Learning Styles
	To Support the Challenge Resolution Creatively
	To Keep Coordinated with Teacher Partners


	Conclusions
	Processed Data About the Students' Performances
	References

