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Abstract: As they emerge from the pandemic, universities worldwide are evaluating the adaptations
in the education sector during the pandemic and determining their course of action for the future. In
this work, drawing on the lessons from four courses across two different universities, a survey of
over 300 students, and the literature, we present strategies for successfully implementing a flexible
blended education format. The survey revealed that the performance of the cohort taking the course
during the pandemic performed nearly the same as the cohorts that took the courses before the
pandemic. However, the students did not prefer an entirely virtual format, felt that their social
wellbeing was impacted, and preferred a hybrid education model with a lot of supplementary
learning material. As a key contribution of this work, we have identified and elaborate on four
key pillars for a flexible blended education format, namely, course design, pedagogical strategies
incorporating active learning and providing a sense of online community, infrastructure for delivery
and training, and incorporating activities that support student wellbeing.

Keywords: future learning; COVID-19 lessons; blended learning; online learning; strategies

1. Introduction

In December 2019, patients with pneumonia-like symptoms were admitted to the
hospitals in Wuhan, China. In no time, this spread to other provinces, and the health
authorities initiated investigations. Within the first few weeks of 2020, the existence of
the Novel Coronavirus was confirmed. As this spread to other countries, a worldwide
pandemic was declared. The pandemic not only had, and continues to have, a devastating
effect on human lives but also forced many businesses to shut down.

Educational institutions were not insulated from the impact of the pandemic. In the
initial weeks of the pandemic, many institutions were completely shut down and were
forced to reinvent themselves to continue the educational activities. Instructors worldwide
had to adopt digital technologies to deliver their courses in a virtual environment [1].
Several of them were not conversant with the new technologies and modern strategies for
virtual education [2]. Lack of infrastructure, financial and technical resources and logistic
challenges were also prominent in several cases. There are numerous articles on the impact
of COVID-19 on teaching and learning [2–15].

Despite the above, universities around the world showed resilience and adapted to
the new reality by choosing to offer their educational programs in an online/virtual format.
This was needed because an abrupt shutdown with uncertainty on the end date of the
pandemic, and thereby the opening of the university, could disrupt the graduation cycles
of millions of students around the world, significantly impacting their future. However,
with this new evolution in education, there is now a wider gap in educational inequality
because of a strong reliance on technology [2,16]. A total of 1.6 billion students have been
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affected by this pandemic. In the western part of the world, due to the digital divide, the
most impacted communities include people of African origin, Hispanic, and indigenous
communities. A recent report by Dorn et al. [17] has highlighted that the pandemic has left
the students from the vulnerable sections of society with the most undesirable learning
environments that are severely deficient in resources and support systems. This is echoed
by [16], who have found that in the Netherlands, which had a very short lockdown period,
has equitable school funding, and has high levels of internet penetration, students made
little or no progress while learning from home.

Further, the authors noted that the learning loss was glaring among the students from
the disadvantaged sections of society. Among the less educated households, the learning
slide was approximately 60% higher than the general population [16]. Needless to say, to
prevent a domino effect that will marginalize the less fortunate students even more in the
post-pandemic world due to a pandemic-forced lag in preparations, the public, private,
and social sectors must collaborate to invest and innovate the education space. This is
critical to bring excellence and equity into the education system that is currently failing too
many students.

The other major consequence of the shutdown is the impact on the overall wellbeing
of many students at the lower levels of the socio-economic strata and who rely on the
schools for the nutritional and, in some cases, health and educational needs [10]. Numerous
investigations have focused on the wellness and health issues due to the pandemic-forced
lockdown [18–21]. Students are showing wellness issues due to the increased stress and
lack of social and peer-to-peer interactions [10]. These studies highlight that schools are
not only to provide education to the students but also present an environment of social
interaction and a forum to collaborate and share ideas and experiences. Though a virtual
environment provides opportunities for peer-to-peer interactions, they are not as effective
as the physical space offered by the in-person learning environment where the students
can develop social competencies. In other words, social and emotional learning is largely
diminished in the virtual environment, leading to an overall reduction in the wellbeing of
the students.

Despite the above challenges in online education, there is a significant investment
being made by universities to offer online courses [22]. Apart from flexibility, this can
be attributed to the immense market opportunity online education provides, namely,
working professionals who can pursue an up-gradation of their credentials. Besides, an
online environment means students from any geographical region could join the classroom,
widening the student enrollment. With a reduction in operational expenses and ease
of creating and offering content of reasonable quality, there is potential to significantly
increase revenues. With the academic adjustments made during the pandemic and the
lessons learned in virtual classrooms and online courses, it is anticipated that this mode of
education is likely to make significant inroads into the formal education system [23–25].
Acknowledging that the experience gained from pandemic will have a strong influence
on the future of education and knowledge from our own experience that there is a solid
preference for embracing hybrid and blended learning environments in the future, the
objective of this research is to define the strategies to successfully move in this direction. For
this, we begin by presenting a summary of our findings from four different courses across
two different universities, i.e., one course from a Spanish university and three courses from
a Canadian university. Specifically, we present the details of the evolution of a virtual
classroom for three courses during the pandemic, outlining the best practices adopted
during the pandemic. We present a quantitative measure of the student learning via the
assessment during the covid pandemic. We compare the students’ performance with the
previous cohorts to draw conclusions on the impact of the virtual model of education. We
also evaluated the opinion of over 300 students who were surveyed on the online format of
education. Finally, considering all of this, we present the challenges and strategies moving
forward in a post-pandemic environment. In particular, armed with these findings, we
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present the key points that one must consider for a blended or virtual learning environment
in a post-pandemic setting.

2. Materials and Methods
2.1. Course Design

As mentioned earlier, three of the courses are taught at McMaster University in
Canada, and one course is taught in Universidad de Almería in Spain. Of the three
courses taught at McMaster University, the first course is a second-year subject focused
on the topics relating to signals and systems (Course-A). The course is taught from the
mathematics perspective and is focused on the properties of continuous and discrete signals
and systems, Fourier series and Fourier transform, and Laplace-transform. The second
course is taught to the first-year students and is focused on object-oriented programming
(Course-B). The specific topics taught in the course include pointers, data structures, classes,
inheritance, and polymorphism. The third course is on Finite element analysis (FEA), taught
to the third-year students at McMaster University’s Automotive and Vehicle Engineering
Technology program (Course-C). This course focuses on: (i) the foundational concepts,
including the solution approaches and verification processes, to apply FEA techniques to
solve engineering design problems. (ii) structural analysis of trusses, beams, and frames,
and (iii) thermal analysis. Finally, the fourth course (Course-D), offered by Universidad
de Almería, is a general mathematics course taught to first-year students in Computer
Sciences. The course covers algebraic concepts in Discrete Mathematics and Linear Algebra.
Specifically, the topics include arithmetic on finite fields and polynomials, graphs, Boolean
functions, vectors spaces, and linear functions.

The number of students registered in the four courses before and during the pandemic
is summarized in Table 1. Courses taught at McMaster University spanned 13 weeks.
In Course-A and Course-B, each week, the student met with the instructor for a total
duration of 4 h (split into two 2-h classes). While the first 2-h class focused on delivering
the content and teaching the principles, the second session was used for hands-on training
in which students would apply the concepts to solve various problems. In Course-C, the
class met once every week for a 3-h duration. In this course, in each class, as in the other
courses, the students learned the concepts and were trained to apply the concepts to solve
real engineering problems. All three courses at McMaster University were offered to the
undergraduate engineering students at the W Booth School of Engineering Practice and
Technology. Course-D taught at Universidad de Almería spanned 15 weeks with the class
meeting 4 h each week. Three hours each week were used for instruction in which the
concepts were delivered, along with some examples that demonstrated the application of
the concepts. The students were also given some problems to solve during these three-hour
sessions. The fourth hour was used as a tutorial session in which students worked with
their peers and the instructor to solve the problems they were unable to solve earlier. Thus,
the tutorial session helped elucidate the concepts for the students.

Table 1. The enrollment in the pandemic and non-pandemic cohorts for each course.

Course Non-Pandemic Cohort Pandemic Cohort

Course-A 73 154
Course-B 94 89
Course-C 66 76
Course-D 181 204

2.2. Procedure

The entire learning environment across all the courses was based on the constructivist
learning theory [26–30]. In this, students were asked to solve different kinds of problems
that would require applying concepts. Further, they were encouraged to discuss the
solution approaches with their peers, during and outside the class. While they were
encouraged to develop designs and solutions collaboratively, they had to submit individual
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reports/assignments/labs as part of their assessment. The exposure to different problems,
variety of solution approaches, and an enriching environment where they can interact
with others to learn their approach and views helps students develop a robust mental
construction of the principles.

The Adaptation for the Pandemic

During the pandemic, the courses were offered in a fully online format. All classes
at McMaster University were offered via zoom, whereas in Universidad de Almería,
the classes were offered via Blackboard Collaborate Ultra. A key challenge was to ensure
attendance and active participation from the students. This became an even stiffer challenge
when we adopted the practice of providing lecture notes before the classes and making the
video recordings of the lectures available to the students through the university’s learning
management system. These measures were encouraged by the university administration
to ensure that students who face technical difficulties during the class or who cannot join
the regular class since they are in a different time zone will be able to learn without any
significant hindrance. Further, there are students with special accommodations who might
not be able to manage their learning at the pace of the virtual class and would rely on the
materials available before and after the class.

Therefore, to teach these courses, various pedagogical options were considered for the
virtual learning environment. These include problem-based learning [29,31–36], project-
based learning [37], active learning [38–45], research-based learning [46–48], inquiry-based
learning [49], problem solving based approach [50], co-operative and small group learn-
ing [38,40]. From these, an active learning environment was preferred because it enables
students to learn in a hands-on mode. In particular, employing a constructivist theory of
learning [26,27,29,51], students engaged in problem-solving sessions engaging with peers
and the instructor that encourage them to reflect on their understanding of the concepts
and their applications, generating a greater contextual understanding of the course con-
tent. Classroom participation and engaging in problem-solving sessions would be a very
enriching educational experience for the students, something that will not be completely
achieved by simply reading the class notes or watching the lecture videos. Therefore, the
course material provided before the start of the class through the university’s learning
management system was not complete. More precisely, some of the slides only contained
the problem description without complete solutions. During the classroom sessions, stu-
dents were required to engage with peers and the instructor to determine the solution to
the problems. We found this to be a reasonable strategy to encourage students to attend
classes, and we had significant attendance levels (>85%) in all the courses.

Virtual assessments were conducted to measure student learning. In this, to minimize
collaboration, we did the following in all the courses: A database of questions was gener-
ated in the university’s learning management system. Each student was given a random
set of questions to be solved within a specific time. Thus, we were able to generate several
versions of the tests. Further, depending upon the course, the students were required to
either submit a scanned version of the solutions to an online dropbox or enter their answers
within the textboxes provided in the online exam form. This exercise had to be completed
within a stipulated time. Finally, in Courses-A and B, which were delivered in Winter 2021,
the assessments during the pandemic were done in a proctored environment in which
the students took the exams while being proctored via a camera. On the other hand, due
to the absence of a formal university policy, this was not possible in Course-C that was
delivered in Fall 2020. In Course-D, the assessments were done online. However, the
assessments were not proctored due to the lack of staff personnel to invigilate the exams.
Nevertheless, the instructors were online during the exam to answer student questions.
We believe that this combination of random questions and a stringent timeline to solve the
problems minimized the chances of collaboration during the exam. A student would prefer
to solve his/her exam first before helping someone else. Further, with a strict timeline, it
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will be unlikely that a student would be able to complete his/her exam, submit it, and then
assist someone else.

3. Results from Our Courses

The performance of the students in different courses is shown in Figure 1a–d. To
better understand the education and learning experience of the students, in each figure,
we also include a comparison with an equivalent cohort that took the same courses in a
non-pandemic setting. It must be emphasized that both cohorts appeared for the same
type of assessments with the same difficulty levels. The only difference is that before the
pandemic, the assessments for these courses were held in person.
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Figure 1. Performance of the students in (a) Course-A (b) Course-B (c) Course-C and (d) Course-D
over different assessments. The cohorts in 2019 took the assessments in person, whereas the cohorts
in 2020 and 2021 took similar assessments in a virtual format.

As seen in these figures, the students’ performance in most of the assessments is
almost similar in the pandemic and non-pandemic cohorts. The outliers are Test-1 and
Final exam in Course-A, Midterm exam in Course-B, and Test-2 in Course-C. For example,
from the final course grades in all the courses, we see that the difference between the two
cohorts in Courses-A and B are statistically insignificant and can be attributed to variation
in the population. In Course-C, the students’ performance during the pandemic is nearly
7% better. However, this can be attributed to the strong performance in Test-2. It must be
noted that this test was invigilated on camera, and as such, we did not notice any anomalies
in the results. In Course-A, the students in the pandemic cohort did relatively poorly in
Test-1. It could be argued that since they were made aware of the performance of the
previous cohorts in the corresponding assessments, they began to work better towards the
subsequent assessments, significantly improving their performance in the final exam. The
performance of the non-pandemic cohort continuously decreased, perhaps since students
invest their time optimally to perform well in all the courses they take during the term.
In fact, we can explain the fluctuations in the student scores through the term via this
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explanation. This is consistent with the propositions of [52]. In Course-D, the results are
very close in the two cohorts (pandemic and non-pandemic). However, a remarkable
achievement during the pandemic at the Universidad de Almería is the sharp decline in the
number of students who withdraw from the course. More precisely, in the non-pandemic
cohort, nearly 41% exercised this option and left the course without appearing for the final
exam, avoiding a grade on the transcript. On the other hand, during the pandemic, the
dropout rate was just 11%. This drastic improvement could be attributed to the inclusion of
several supporting activities such as quizzes, problem-solving sessions, assignments, etc.,
within the course. While these activities were designed as support mechanisms for students
during the pandemic, the students utilized them to engage with the subject continuously
for the entire duration of the term, eventually being better prepared for the final exam.

3.1. Student Opinion

In general, from the students’ performance in the assessments, one could argue that
online education did not significantly impact student learning and that the transition was
without any major issues. However, such a conclusion could be farfetched because it does
not include the voice of the key stakeholders, i.e., students. Therefore, to complete the
analysis, we conducted a detailed survey of the students in these courses. The survey was
aimed at understanding the student experience and preferences towards online learning.
The specific questions that were posted to the students are summarized in Appendix A.

While the survey was administered at McMaster University for 292 students, a total
of 200 completed surveys were received. Sixteen incomplete surveys were discarded from
the analysis of the survey. In Universidad de Almería, this survey was administered to
204 students, but only 106 completed it. The results from the survey can be categorized
into two major categories: 1. Lecture and supplementary videos—usage and preferences
2. Virtual learning—student experience and impact on students.

3.1.1. Lecture and Supplementary Videos

As seen in Figure 2, an overwhelming fraction of the students preferred to have
supplementary videos to learn the material well and are confident that it will help them
improve their understanding of the material (Q1 in Appendix A). Most of the students felt
they would prefer to look for supplementary videos on the learning management system if
it is available (Q2, Q3 in Appendix A). Further, nearly 50% of the students at McMaster
University and over 75% of the students at Universidad de Almería claimed that if a video
recording of the lecture is available, then they would focus more on learning the material
instead of ensuring that the notes are recorded appropriately (Q4, Figure 3).
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When probed about their likelihood to miss classes if the materials are provided online,
students acknowledged that they might consider missing classes if the lecture videos are
available (Q5 in Appendix A, c.f. Figure 4a). However, they stated that the availability of
lecture videos would not be a major factor influencing their decision on missing classes
(Q6 in Appendix A, c.f. Figure 4b).

Educ. Sci. 2021, 11, x FOR PEER REVIEW 7 of 20 
 

 
Figure 2. Student response on whether supplementary material helps them learn the concepts bet-
ter. 

 
Figure 3. Student opinion on their approach to lectures if video recording of the lectures is available. 

 
Figure 4. Student response on (a) the circumstances under which they would prefer to miss a lecture, 
and (b) how they perceive the availability of the lecture recordings might impact their attendance. 

Finally, with respect to the length of the supplementary videos, we found that the 
students preferred short videos (5 min or 15–20 min) instead of watching a 60 min or more 

Figure 4. Student response on (a) the circumstances under which they would prefer to miss a lecture,
and (b) how they perceive the availability of the lecture recordings might impact their attendance.

Finally, with respect to the length of the supplementary videos, we found that the
students preferred short videos (5 min or 15–20 min) instead of watching a 60 min or more
extended video recording (Q7, Q8 in Appendix A). In fact, the students are unlikely to
view very long videos (60 min or longer) (Q9 in Appendix A).

3.1.2. Online Learning Environment

As seen in Figure 5a, most students were not comfortable with fully online learning
(Q10 in Appendix A). Further, the students felt that online learning somewhat hindered
their learning, and so they preferred in-person learning (Q11 in Appendix A, c.f. Figure 5b).
This is despite the fact that the students’ performance across the different courses was
nearly the same when we compare the final course grades of the pandemic cohorts with the
non-pandemic cohorts (c.f. Figure 1). This is not surprising because the students who took
the courses in the online environment were abruptly thrown into it and were completely
cut off from a university ambiance that provides an enriching environment to socialize with
peers and opportunities to explore the discipline interacting with the peers and instructors.
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This, coupled with the pandemic challenges impacting their personal lives, adds to the
negative impression about online education.
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online learning has impacted their learning.

In fact, as seen in Figure 6, reinforcing the above, an overwhelming number of students
indicated that online learning harmed their wellbeing (Q12 in Appendix A). Further, in
response to ancillary questions about the online format of education, nearly 70% of the
students at McMaster University and well over 50% of students at Universidad de Almería
yearned for face-to-face interaction with peers and instructors (Q13, Q14 in Appendix A),
and felt that their social wellbeing significantly declined. The technical issues they faced
with online classes during the pandemic emanating from many reasons, such as poor
internet connectivity, data, bandwidth, technological incompetence, etc., further added
to their frustration with online learning (Q15 in Appendix A). Almost half the students
surveyed at McMaster University reported encountering occasional technical difficulty,
28% reported some difficulty, and about 10% reported extreme difficulty.
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However, despite the above negative feedback on online learning and a preference for
in-person classes, when given a choice, nearly 41% of the surveyed students at McMaster
University and 57% of the surveyed students at Universidad de Almería preferred to have
a hybrid offering of courses (Q16 in Appendix A, Figure 7). This is due to the flexibility
with the hybrid approach in which the students would have an opportunity to engage with
their peers in person and at the same time periodically exercise the option of attending
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the classes from home. This, in conjunction with the availability of supplementary videos,
online lectures, and course materials, is appealing to them as an ideal learning environment.
We believe that a significant fraction of the students (46% at McMaster University and 29%
at Universidad de Almería) who prefer an on-campus format of education are the ones
who have had a very negative experience in a fully online format of education. We believe
that if the hybrid model of education is established correctly, many of the students in this
category will prefer the hybrid model.
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3.2. Challenges with Online Education

With all the above results and after going through the four courses during the pan-
demic, we identified several potential issues that can impact the quality of online education:
(i) Attendance could be impacted if the materials are already provided to the students via
the university’s learning management system. There must be mechanisms in the form of
mandatory attendance and in-class activities that require student participation to encourage
attendance. (ii) The traditional closed-book closed-notes assessments in an online format
will likely be inefficient in an online setting and are mired with challenges. While the
availability of resources for online proctoring will help, this is still likely to be outpaced by
emerging technologies that will make access to information and the exchange of knowledge
easy for the students. (iii) Social wellbeing will be impacted in the absence of that university
environment that allows students to interact with their peers and instructors to enrich
their learning experience. (iv) Technical issues such as poor internet connectivity and other
technical glitches will continue to remain in the future. Even if they are temporary, these
disruptions can negatively impact the quality of education. (v) If courses that require
laboratory experiments are offered through virtual labs, the graduates will have very poor
hands-on experience and thereby deficient levels of laboratory skills.

4. Discussion and Cues for the Future

Universities worldwide adjusted their modes of education to deliver the courses
curing the pandemic [8,14,15,53]. It is also evident that remote learning will likely improve
with time, and institutions worldwide will be better prepared in the next few years [54].
However, it must be noted that just technological advancement and adequate internet
penetration are not enough to provide an excellent virtual education to the students. The
results from the assessments in multiple courses of this work (c.f. Figure 1) point to this.
This is also verified in the case study by Engzell et al. [16], who analyzed the student
performance in the Netherlands that was technologically well prepared for the pandemic,
had very short school closures and has equitable-school funding programs. In the ensuing
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paragraphs, we provide our commentary on the points to be considered for delivering a
high-quality education experience for the students. For this, we have identified the key
pillars of quality education as (i) a well-designed course content, (ii) novel pedagogical
strategies incorporating active learning techniques to engage students in the class and
create a sense of online community, (iii) better infrastructure for delivery and training, and
(iv) incorporating practices that promote student wellness and health.

4.1. Course Design and Delivery

In our opinion, going forward, it would be optimal to use a combination of in-person
and virtual education, i.e., a hybrid format. This is inferred from the survey wherein
the students want a blended/hybrid environment (c.f. Figure 7). A hybrid model of
education in which some courses or parts of courses are taught in-person and some in a
virtual mode will introduce flexibility in learning for the students, allow them to interact
with peers when they are on campus for certain aspects of the course, help universities
optimize their resources, especially if they are operating on budget and space constraints.
Specifically, courses that are primarily theoretical and that require discussions and reading
could be offered in a virtual format, perhaps with a few in-person contact sessions for
students to engage and interact with peers. Courses that are primarily hands-on in nature
that require students to perform experiments and engage in activities to experience the
concepts, for example, PLC programming, design techniques in Civil engineering, etc.,
could be primarily held in an in-person environment. Our views are in agreement with
other proponents of hybrid learning, such as in Refs. [23,55,56], who claim that with an
appropriate framework that resolves the key challenges of flexibility, an active learning
environment for interaction, and effective pedagogy, this mode of education will be very
popular and make education accessible even to working professionals who can upgrade
their education.

In addition to novel curriculum design approaches [57], as pointed out by other
researchers, flexible learning should include the following: a variety of learning modes,
offering students the choice on the pace, content, and the sequence in which they learn
the content, and location-independence [58–61]. Having said this, it must also be kept in
mind that students might not be skilled at self-direction and self-regulation that is essential
to be successful in such highly flexible educational environments [62,63]. In scheduling
classes, the timing of the class also matters since depending upon the subject, the students’
performance can be impacted by the time of the day the class is held [64]. Further, virtual
delivery should be planned more carefully because we are also faced with technological
and attendance issues in addition to the above challenges associated with it. Keeping in
mind the digital divide pointed out by Engzell et al. [16] and Carroll and Conboy [2], while
embracing technology, we must be mindful of the vulnerable sections that might not be
able to access live lectures or might face technical issues during live lectures. To ensure
an equitable learning opportunity for all students, it would be appropriate to maintain
flexibility by taking measures such as making reading material, lecture material, and
recordings of lectures available and accessible to the students [56].

Supplementary course materials such as short videos of key concepts and examples in
which the concepts are applied to solve problems, etc., significantly boost the quality of
education for the students. This has been identified as very helpful by a vast majority of the
students who participated in the survey in this study. Additionally, from our survey, it is
clear that students seem to prefer having access to any multimedia material relating to the
topics covered in the classes. In traditional learning methodology, students are advised on
readings and explained what will be learned in the following lessons. However, students
do not usually pursue the recommended printed material before joining the classroom
with a higher level of understanding of the concepts covered in those classes unless there
is a grade component associated with such pre-class work. On the other hand, it seems
students would be inclined to review short multimedia components before or after class to
prepare themselves better for a high-stakes assessment.
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4.2. Active Learning Pedagogy

We must also be mindful that providing all these materials might tempt the students
to miss classes. Knowing that the quality of education would be greatly impacted when
students choose to use only supplementary content and lecture videos instead of attending
the lectures live and interacting with peers and the instructor, appropriate measures
to encourage attendance are necessary. One way of doing this is by providing lecture
materials with some missing components. For example, solutions to all sample questions
need not be provided in the lecture slides. Students could be encouraged to work with
their peers and the instructor to obtain solutions to problems. In other words, the instructor
should use active learning strategies, and incorporate activities during the class time to
bolster attendance, perhaps even mandating attendance. However, it must be remembered
that due to technical difficulties, students might be missing classes. Also, there might
be students who have special accommodations needing additional time to complete the
class activity.

To ensure active student participation in in-person and online activities, it might
be an excellent strategy to start the courses with an in-person session wherein students
can introduce themselves to their peers and familiarize themselves with the learning
environment in which they will participate. Such an introductory meeting will significantly
benefit the students in forming study groups, stimulate interactions, helping students
create the social life of the school. This could be followed by routine opportunities for the
students to interact with their peers in an online environment, helping them understand the
essence of the disciplines through various perspectives shared by their peers. In summary,
integrating principles and practices of active learning pedagogy as prescribed by several
researchers in the literature can boost the quality of education [38–45].

4.3. Infrastructure and Training

Having adequate digital infrastructure resources is critical for the successful delivery
of a course either in an online format or blended format. Infrastructure is critical for the
following activities: course delivery, content creation, content sharing, training instructors.
For example, in an abrupt transition to a virtual model of learning, several instructors
were unfamiliar with the digital technology to deliver content. They had to create course
materials since, prior to the pandemic, they were not using technology to deliver the
content. Many of them did not have a good understanding of the novel pedagogical
approaches that need to be adapted to engage the classroom in a virtual setting. This also
necessitates appropriate teacher training programs that help improve the techno-pedagogy
skills of the instructors [65,66].

4.4. Assessments

In the courses discussed here, strategies that enable creating a unique assessment
with a strict deadline for each student were used to mitigate student collaboration during
assessments. However, despite this, since on-camera invigilation was not pursued, it opens
a window of opportunity for students to collaborate. Currently, the evolved university
policy at McMaster allows for monitoring students live on camera during the exams.
Further, we have also been exercising this option in other courses to ensure no collaboration
happens for assessments designed for a closed-book closed-notes format.

While pursuing this approach for assessments is an option, going forward, we must
reconsider this approach to assessments. Instructors should adopt more novel assessments
approaches [67–70]. For example, interviews of students to understand their comprehen-
sion of the various topics, focus group transcripts, portfolios, and open-book exams that
focus on the upper levels of Bloom’s taxonomy [71] and challenge-based learning that
would require students to undertake projects that employ the concepts and principles
taught in the course. These assessments allow the instructor to evaluate the students’
ability to apply the concepts, thereby validating their fundamental knowledge on the
subject. However, it is essential to recognize that with large classes, the implementation is
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probably not easy. Spanjers et al. [68] found that quizzes are a very effective way to track
student progress and measure their learning in an online environment. Personal response
systems such as clickers are effective tools for group quizzes and discussion prompts [72].
Collaborative group projects will encourage deep discussions, driving a constructivist form
of learning. Self-assessment tools should also be provided for the students in the form of
ungraded quizzes, web-based learning and evaluation tools to help students gauge where
they stand [73]. While these are some effective tools to assess the learning, it must be kept
in mind that the timeliness of feedback is equally critical. Quick feedback will prevent a
wrong concept from taking deep roots in the minds of the students. In other words, it is
easier to rectify the concepts in the students’ minds as soon as they have learned them
instead of trying to mend their incorrect understanding that has been cemented in their
minds for a long time [39,41,42].

4.5. Student Wellbeing

Student wellness should be an essential aspect of our education process. We must
employ strategies and coordination to ensure that student wellbeing is kept in mind while
undergoing rigorous curriculum training. For example, to mitigate the stress levels, an
instructor could consider avoiding high-stakes assessments and instead distribute the
weights over several low stakes assessments. This will not only ensure that the students are
constantly engaged throughout the term and being periodically assessed in smaller chunks
but will avoid critical situations wherein a single high-stakes assessment will determine
whether they pass or fail the course. Such high-stress assessments could drive students to
desperation and nudge them to pursue undesirable routes to pass the assessment.

Other sources of stress are related to the technology itself. It could be due to poor
internet connectivity during a lecture, submitting assessments, or completing tests and
exams. This can be mitigated by allowing for some flexibility in assessment submission
policies and uploading recordings of lecture videos. Besides this, supporting the students
with peer tutoring sessions is also a mechanism to help them learn the material at their
own pace.

Social wellbeing is essential for students to succeed in their education. In a hybrid
learning environment, the interaction with peers and the instructor can play a very pos-
itive role. In fact, the psycho-social relationship is a critical aspect of hybrid learning
design [60,74,75]. These interactions can help assuage students overcome the sense of
isolation [76], help them learn better in a constructivist environment [59]. The interac-
tions should not only focus on curriculum content allowing students to undertake group
study activities but should also promote a positive learning environment that allows for
emotional engagement to keep the students motivated, confident, and enthusiastic about
learning [58,77,78]. For instance, to motivate students, one could introduce interactive
online activities such as games, puzzles, quizzes, and flash exercises based on topics that
were covered earlier. Apart from this, the instructor can pose thought-provoking questions
that need group problem-solving skills or introduce problem-based learning. To ensure a
seamless connection between the in-person and online classes, there must be a clear plan
to conveniently transit between the two phases to ensure that the students do not lose
enthusiasm for the subject.

5. Limitations of This Study and Scope for Future Work

The findings of this research emanate from four courses across two different countries
with a population of slightly over 300 students. These specific courses are selected since
they are taught by the authors across two successive formats, namely, during the pandemic
and before the pandemic. Since the courses only cover mathematics and computer science
topics, the key findings cannot be generalized across all engineering disciplines. Further, it
is important to note that while we have used formative assessments inside the classroom
to calibrate the in-class activities and help students understand their shortcomings and im-
prove their understanding of the concepts, these are not explicitly quantified and analyzed.
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We believe that these formative assessments helped the instructor enhance the quality of
education, and the students were able to learn the concepts better, ultimately helping them
perform well in the summative assessments. Put differently, the formative assessments’
effectiveness and impact are indirectly captured in the summative assessments. The other
points that we have not considered in this study, and which are likely to have contributed
to the outcome of the survey and student preference, include the following:

(i) The students from level-1 and level-3 have been surveyed. However, there is a
difference in the maturity levels of these students, with the latter being more self-
aware and more entrenched in the university culture. The impact of these parameters
has not been accounted for in the evaluations.

(ii) While we have surveyed students from two countries in different courses and drawn
our conclusions based on the surveys and test results, the impact of parameters such as
cultural differences, societal contexts, national contexts, etc., have not been considered.

(iii) The operationalization of tasks and assessments across four different courses are not
identical, and the variations and effects due to these variations have not been factored
in our analysis.

(iv) Further, in comparing the cohorts before and during the pandemic, the impacts on
student performance due to the variation in the population and the mental state of
the students due to the pandemic have not been considered.

Future research could be focused on a more exhaustive study involving courses from
different disciplines, involving a much larger population, and account for the additional
parameters listed above. In particular, because this sample population prefers a hybrid
model of education, it would be important to undertake investigations that probe this
preference further, offer effective course design and offering strategies, and study the effects
of hybrid mode of education on student learning.

6. Summary and Conclusions

In this work, we present education strategies that can be adopted in the post-pandemic
scenario. In arriving at this strategy, we evaluate our experience in four different courses
across two universities. We compare the outcomes during the pandemic with the results
when these courses were offered before the pandemic. We also surveyed over 300 students
across the two universities to gather their opinion on (i) their education experience during
the pandemic, (ii) and their preferences on the course offering. The key highlights of our
findings from these include the following:

(i) The cohorts that took the course during the pandemic in a virtual setting had almost
the same overall course grade as the cohorts that took the course before the pandemic
in an in-person setting.

(ii) Students who took the survey before the final course grades were revealed felt that
their learning diminished during the pandemic and did not like the fully virtual
model of education.

(iii) Students preferred to have supplementary material such as course notes, short sup-
plementary videos that explain the concepts, and the lecture recordings. They felt
that these immensely helped them in better understanding the concepts.

(iv) The social wellbeing of the student was greatly impacted, with a large fraction of the
students claiming that it either declined (Canadian students) or remained unchanged
(Spanish students).

(v) In a post-pandemic scenario, a large bulk of students preferred a hybrid model of
education that will give them the flexibility for on-campus as well as virtual education.

From the results of this work and the findings in the literature, we establish that an
impactful change is imminent in the post-pandemic education processes. Specifically, a
hybrid model of education is likely to be embraced by many educational institutions. From
our adaptation in the pandemic courses, the outcomes in these courses, and the student
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opinion, we identified four key pillars for a successful implementation of a course in a
hybrid or fully virtual format:

(i) A well-designed course that offers flexibility in the pace of learning, variety of learning
modes, location independence, and offers the students a choice on pace, content, and
to some extent, the sequence in which they learn the content, thereby providing
equitable learning opportunities for all students.

(ii) Novel pedagogical strategies that incorporate active learning techniques to engage
students in the class and create a sense of online community. Provide adequate
supplementary materials to foster self-paced learning. Use a variety of assessment
techniques that focus on upper levels of Bloom’s taxonomy and rapid in-class assess-
ment techniques that focus on the lower levels of Bloom’s taxonomy.

(iii) Infrastructure for delivery and training for the following activities: course delivery, con-
tent creation, content sharing, and training instructors on techno-pedagogy competencies.

(iv) Student wellbeing is a critical aspect of hybrid and fully virtual learning design.
Create a vibrant virtual learning community that aims to bring the campus social
life into the virtual setting by incorporating activities that promote peer interactions
and provide opportunities for emotional engagement to keep the students motivated,
confident, and enthusiastic about learning.

In summary, given the reality of universities embracing the hybrid or fully virtual
mode of education in at least some parts of the curriculum, this paper has outlined the
strategic steps one could take to position themselves to successfully deliver a course in a
hybrid or fully virtual setting.
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Appendix A

The following are the list of questions and the options that were asked during the
survey. Besides each option two numbers are provided. These represent the percentage of
respondents who chose that option from Universidad de Almería and McMaster University,
respectively.

Survey Questions

1. Do you think supplementary materials improve your performance in the course/
class/topic?

· Supplementary videos/recorded lectures improve my performance. (85.71, 66.5)
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· Supplementary videos/recorded lectures are no different than in person learning for
my performance. (0, 20.5)

· Supplementary videos/recorded lectures reduce my performance (14.29, 5.0)
· No answer (0, 8.0)

2. For a given course, how likely are you to watch all videos and attend all lectures?

· Extremely likely (19, 18.5)
· Somewhat likely (43, 45.5)
· Somewhat unlikely (38, 23.5)
· Extremely unlikely (0, 9)
· No answer (0, 3.5)

3. If you had access to pre-recorded videos, how likely are you to watch these before
attending class?

· Extremely likely (0, 11.5)
· Somewhat likely (42.36, 37.5)
· Somewhat unlikely (37.9, 29.5)
· Extremely unlikely (19.1, 19)
· No answer (0, 2.5)

4. Which of the following is acceptable to you if the video recording of the lecture
is available?

· Be a little less attentive in classroom but attend most lectures (33, 29.5)
· Take less notes in the classroom but attend most lectures (5, 48)
· Miss more lectures, but still attend some (24, 10)
· Miss the lectures (38, 1.5)
· Extremely unlikely
· No answer (0, 11)

5. Please rank the options in the order that is most appropriate for you, where 1 is
most likely and 4 is least likely.

I will be prepared to miss a class if:

· The lecture is recorded (33, 56.4)
· My friend is attending the lecture instead and can explain it to me (4.8, 4.1)
· A tutorial session is available (23.7, 10.3)
· Short 5 min videos are available for learning the concepts (38, 29.2)
· No answer (0.5, 0)

6. Which of the following is more applicable to you?

· I would miss more lectures if the lectures are recorded and available online (19, 19.5)
· I would not miss a lecture even if the recorded lectures are available online (76, 37.5)
· My attendance is not dependent upon the availability of lecture recording (5, 38.5)
· No answer (0, 4.5)

7. Which of the following are you likely to watch if you are having trouble with a
certain topic?

· 5 min video specifically on the topic—(86, 54)
· 60 min lecture video in which the concept is explained for 5–10 min—(0, 34)
· 120 min lecture video in which the concept is explained for 5–10 min—(14, 8.5)
· No answer—(0, 3.5)

8. What video length do you prefer to watch for a certain topic?

· A concept with examples explained using a package of 5–7 min videos—(9.5, 24.5)
· A concept with examples explained in one 15–20 min video—(76.2, 51)
· Full 60-120 min lecture video consisting of multiple concepts with examples—(14.3, 22.5)
· No answer—(0, 2.0)
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9. Please indicate your top reason for NOT watching a video:

· It is too long—(52, 49)
· It is of no interest—(14.28, 8.0)
· I learn better with peers—(4.76, 7.5)
· I do not have time—(19.04, 21.0)
· There is no grade incentive—(9.52, 4.5)
· No answer—(0, 10.0)

10. Which of the following best represents your experience?

· Online learning is less preferable than in-person learning (52, 68.5)
· Online learning is no different than in-person learning (29, 8.5)
· I prefer online learning to in-person learning (19, 19.5)
· No answer (0, 3.5)

11. Do you think online learning improves your performance in the course/class/topic?

· Online learning improves my performance (33, 21.5)
· Online learning is no different than in person learning for my performance (48, 21.5)
· Online learning reduces my performance (19, 53)
· No answer (0, 4)

12. Which of the following best represents your experience?

· My social wellbeing has declined as a result of online learning (24, 67.5)
· My social wellbeing has not changed as a result of online learning (38, 20)
· My social wellbeing has improved as a result of online learning (33, 8.5)
· No answer (5, 4)

13. In the online learning environment, how is lack of face-to-face peer interaction
affecting you?

· I am extremely negatively affected (9.52, 22)
· I am somewhat negatively affected (47.31, 46.5)
· I am somewhat positively affected (0, 7)
· I am extremely positively affected (0, 4)
· I am not at all affected (42.55, 18.5)
· No answer (0, 2)

14. How is lack of face-to-face instructor interaction affecting you:

· I am extremely negatively affected (14.28, 21)
· I am somewhat negatively affected (38, 49.5)
· I am somewhat positively affected (4.76, 5)
· I am extremely positively affected (0, 4)
· I am not at all affected (42.35, 17)
· No answer (0, 3.5)

15. Have you had or do you have issues with internet connectivity, data, bandwidth,
or other technology that impacts your ability to attend online courses and/or access
course content?

· Yes, extreme difficulty (-, 10)
· Yes, some difficulty (-, 28)
· Occasional difficulty (-, 44.5)
· No difficulty (-, 15)
· No answer (-, 2.5)

16. What type of learning environment do you prefer?

· Campus environment (29, 46)
· Work from home (10, 11.5)
· A hybrid approach with both in-person and work from home options (57, 40.5)
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· No answer (5, 2)
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