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ARTICLE INFO ABSTRACT
Keywords: This article presents new teaching methodologies implemented in subjects in the Ground Engi-
Question bank neering Area. Specifically, it focuses on a series of activities carried out due to the appearance of

Training and learning methodology

the COVID-19 pandemic that resulted in restrictions on class attendance. The new teaching
Online teaching

methodologies brought about substantial changes in the way students learn and are assessed. For

ggr:g?mllcg the practice sessions, a series of videos were prepared so students could attend and take part in
Laboratory practices the laboratory practices remotely. As regards the final theory exam, a comprehensive multiple-
Videos choice question bank was made available to students prior to the exam to consolidate the con-
Online multiple-choice exam cepts seen in the master classes, which we call training and learning. We evaluated the impact of

these new methodologies, implemented during two academic years, through the analysis of
voluntary and anonymous student surveys and a series of indicators related to the results of the
final exams. After analyzing the impact of the new teaching methodologies, we conclude that
students are positive about the video experience for laboratory practices, but only as a comple-
mentary activity to in-person laboratory sessions. The students also stated that they would like
the multiple-choice question bank to continue to be available in successive academic years. Im-
provements in the final grades of the theory exams demonstrate the success of this new teaching
methodology.

1. Introduction and objectives

Bachelor’s and Master’s degrees in Engineering, Health, and Experimental Sciences, among other areas, include many subjects that
are eminently practical [1,2]. Students learn much of the theoretical and practical content taught in the classroom through experi-
mentation in laboratories. In laboratory teaching sessions, students can interact with equipment, materials, teachers, and other
classmates in a different way than in master class sessions [3].

However, the appearance of the COVID-19 pandemic has forced universities to propose new methodologies to teaching remotely
[4], including laboratory practices [5], typical of engineering studies. The closure of face-to-face universities led to the rapid adoption
of distance education based on e-learning [6], although blended approaches had already started to become widespread before the
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pandemic [7]. To achieve the success of these methodologies, a careful design and a good selection of resources and learning materials
are needed [8], always keeping in mind the benefits and the pedagogical pitfalls inherent to virtual tools [9-12]. The decrease in
face-to-face experiences may represent a risk for students to lose contact with everyday life and with their peers [13], increasing
demotivation. In this sense, teachers have the challenge of adapting and modifying our instructional methodologies to provide an
attractive and quality learning experience [14-16].

In the field of Ground Engineering, which encompasses a multidisciplinary area including applied geology, the physics of porous
media, and construction engineering [17,18], many subjects apply mechanical and descriptive knowledge of the ground (soil me-
chanics) to the design of foundations and retaining structures (geotechnics or geotechnical engineering). We chose subjects from the
Ground Engineering Area of the Mining and Civil Engineering Department of the "Higher Technical School of Civil Engineering and
Mining Engineering" (ETSICCPyM) at the Polytechnic University of Cartagena (UPCT) to implement the new methods described and
analyzed in this study. These subjects are summarized in Table 1.

From the total of 23.5 ECTS these 4 subjects provide, the average percentage of credits corresponding to laboratory hours (also
including computer lab practice) is 23.4%, which shows the highly practical approach of these subjects.

The purpose of this work is to present two teaching methods adopted in the activities of Ground Engineering subjects as a joint
response to restrictions on face-to-face classes caused by the COVID-19 pandemic [20-22] (which affected access to the laboratories
during the academic years 2020-21 and 2021-22) and the low number of students who passed or had good grades in theoretical
content assessments in previous courses. The measures consisted of substituting face-to-face attendance to laboratory practice for
videos and creating a multiple-choice question bank to help students prepare for the final theory exam. Both activities were accessible
on the teacher-student digital communication platform of the UPCT, which allowed both activities to be carried out online (Virtual
Classroom, https://aulavirtual.upct.es/mod/book/view.php?id=122005).

In order to know the opinion and satisfaction of students with the methodologies implemented, voluntary and anonymous surveys
were carried out during the academic years 2020-21 and 2021-22. Students rated (among other questions) their motivation for the
new activities, whether they felt they were a good way to adapt teaching to the online conditions imposed by the pandemic, and
whether the new teaching materials helped them to better understand the procedures and theoretical concepts. At the same time,
students were free to leave comments expressing any complaints or suggestions for improvement. Additionally, the evaluation results
of the final theory exams in the academic years 2018-19 and 2019-2020 (prior to the pandemic), and 2020-21 and 2021-22 (during
the pandemic) have been compared to reflect the impact of the new methodologies on the academic performance of students.

Itis interesting to note that similar experiences were carried out, also during the pandemic, for the emergency transfer from face-to-
face teaching to distance learning of Chemistry Laboratory courses in the Bachelor’s degree in Pharmacy [23], General Chemistry
undergraduate courses for non-science majors [24], and courses in Mechanics of Structures [25], concluding that the adaptations,
besides having been successful during the health crisis, have also resulted in new tools that could be very useful in the future [23].

The structure and organization of the article is as follows: in the first place, the new methodologies for teaching under non-
presential conditions, the subjects involved, and the implementation of the activities in the daily lives of the students are presented
and described. In the following section, we describe how the materials and contents necessary to implement the new methodologies
were prepared. Subsequently, the tools used by professors to assess student performance and know their satisfaction are presented,
with discussion and analysis in the following section. Finally, the last section summarizes the main conclusions derived from this work.

2. Description of teaching methodologies
2.1. Laboratory practice videos

Unlike the alternatives promoted to teach master classes (live-streaming, with slides, and camera focused on the whiteboard)
through specific applications and software [26], laboratory practice classes required intermittent camera focusing from different
scenarios or parts of the Soil Mechanics Lab at different times to capture each detail and phase of the tests during the practice. This
made broadcasting unfeasible through the means available to professors at the UPCT. Recording the practice sessions was proposed as
a solution to this problem, and the professors of the subjects carried this out. During the 2020-21 academic year, students did not have
access to the Computer Lab either (this was not the case in 2021-22), so computer practices were streamed and recorded to give
students the opportunity to view the videos as many times as they wished.

A total of 8 videos were made of laboratory practices and 5 of computer practices (Table 2), which were uploaded to the UPCT

Table 1
Ground Engineering Area subjects in which the new teaching methodologies were implemented.
Identifier Subject (degree acronym) Degree (Bachelor/Master) Academic year
1 Geotechnics (GIC)* Bachelor’s degree in Civil Engineering 2020-21
1 Soil and Rock Mechanics (GIC)® Bachelor’s degree in Civil Engineering 2021-22
2 Geotechnics and Foundations (MICCP) Master’s degree in Civil Engineering 2020-21
2021-22
3 Geotechnics (GFA) Bachelor’s degree in Fundamentals of Architecture 2021-22
4 Advanced Soil Mechanics (MCIETAT) Master’s degree in Water and Ground Science & Technology 2021-22

@ It is the same subject with a different name in the 2021-22 academic year [19].
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multimedia site (UPCTmedia, https://media.upct.es/). URL links to the videos can be found in the Supplementary Material.

In the Soil Mechanics Lab tests, the tests were explained at the beginning of each recording (geomechanical or descriptive pa-
rameters that are determined: soil moisture, granulometry, plasticity, internal friction angle, oedometric modulus, etc.), their fields of
application (soil classification, ground deformation, water flow, time-dependent settlement, etc.), and, depending on the case, some
basic theoretical content to contextualize the practice, in addition to the standards guiding the tests. Subsequently, the tests were
carried out according to the procedures described in the standard, shortening them in the final edition of the recording. Finally, ex-
planations were given on how the data processing must be carried out to fill in the laboratory reports necessary to pass the practice
activities.

Each recording (see Table 2 or the Supplementary Material of this paper) was uploaded to the UPCTmedia folder corresponding to
the subject that each lecturer has in their profile. From this platform, the URL links were obtained, which were then posted in the
Virtual Classroom (where professors post content, activity schedules, documents, exam results, data for practices, etc.).

As a complement to viewing the video, two activities were proposed. The first one was a multiple-choice quiz with unlimited
attempts available in the Virtual Classroom. It displayed the number of correct answers, and the quiz had to be taken as many times as
necessary to answer all the questions correctly. It remained open the week after the publication of the practice. The second activity
involved using access to the practice transcript and files (generally in a spreadsheet) with the data obtained during the test. These were
used to complete a laboratory report, which students had to upload to the platform.

Both viewing the video and the two activities associated with the practice were scheduled according to the general planning of the
subject, which the students have available from the first day of class in the Virtual Classroom. Students could make specific queries
using the Virtual Classroom communication chat, by email, or through a voluntary WhatsApp [27-29] group managed by the subject
lecturers.

Since attending practices is mandatory, the complete and correct submission of the laboratory reports, completing the multiple-
choice quizzes, and watching the videos provide elements for the teacher to determine whether students pass or not. Passing the
laboratory practice part of the course is necessary before the rest of the subject activities can be assessed (individual projects, attending
seminars, field trips, group work, multiple-choice theory exams, practical problem exams, etc.).

In the Computer Lab practices, also mandatory to pass the subject, students had to correctly complete the corresponding transcript,
relying on the instructions given by the professor and consulting the videos created for this purpose (Table 2) as many times as they
wanted. The deadline for this type of practice was the day of the final exam (first call). If the submission was later, it would be applied
to the final call.

2.2. Multiple-choice question bank and theory exam

This methodology was implemented in the Bachelor’s degree in Civil Engineering (GIC) and Master’s degree in Civil Engineering
(MICCP), in the subjects Geotechnics (renamed Soil and Rock Mechanics in the 2021-22 academic year) and Geotechnics and
Foundations, subjects 1 and 2 in Table 2, respectively. For both subjects, the application period was the academic years 2020-21 and
2021-22.

The multiple-choice exams of the theoretical contents, which in June and September 2020 (second and third calls) were carried out
online in the Virtual Classroom due to attendance restrictions brought about by the COVID-19 pandemic, have remained in the
successive courses in an online format, although in the 2021-22 academic year they were taken in person in the Computer Lab, also
using the Virtual Classroom.

As an activity prior to taking the exam, the novelty of allowing students access to the set of multiple-choice questions of each
teaching unit before the final exam was implemented in 2020-21. This question bank was made available to students at the end of each
didactic unit and remained open for the rest of the academic year. Each unit contained between 10 and 40 questions (Fig. 1), depending
on its contents.

With this question bank, students were able to consolidate the theoretical contents in a training-learning phase by practicing with

Table 2

Recordings of laboratory and computer practices and the subjects in which they were used.
Title of the video-practice Subjects Subjects Length

2020-21 2021-22

Granulometric analysis (Soil Mechanics Lab) 1 1,3, 4 13 min
Atterberg Limits (Soil Mechanics Lab) 1 1,3,4 37 min
Determination of density, porosity, and specific weight of the particles (Soil Mechanics Lab) 1 1,3,4 7 min
Constant head permeability test (Soil Mechanics Lab) 1 1,4 11 min
Proctor test (Soil Mechanics Lab) 1 1,3,4 30 min
Oedometer test (Soil Mechanics Lab) 1 1,4 32 min
Unconfined compression test (Soil Mechanics Lab) 1 1,4 28 min
Direct shear test (Soil Mechanics Lab) 1 1,3,4 69 min
Soil consolidation (Computer Lab) 1 69 min
Seepage flow (Computer Lab) 1 92 min
Diaphragm walls and anchors (Computer Lab) 2 65 min
Shallow foundations (Computer Lab) 2 65 min
Deep foundations (Computer Lab) 2 92 min
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e Laboratory practices (0) DS
o Permeability test (6) [T A S
o Poctor test (10) [ AV S
o Atterberg limits test (20) ] rYS
o Particle size test (11) [ &8 A ¥ >
e Unit 1. Introduction (0) A~
o Introduction: The Rissa Landslide (14) [ D>
e Didactic unit 1.1 (20) [ rY D
e Didactic unit 1.2 (14) [ r S
e Didactic unit 2.1 (12) T r D
e Didactic unit 2.2 (28) [ r S
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o Didactic unit 4 (14) T A D
e Didactic unit 5.1 (10) T A S
o Didactic unit 5.2 (40) r S
e Didactic unit 6 (24) r D

Fig. 1. Example of the Virtual Classroom question bank for the subject “Soil and Rock Mechanics” (Bachelor’s degree in Civil Engineering), with the
number of multiple-choice questions (and editing options) for each didactic unit.

the questions from which an arbitrary selection would later be made to compose the final exam (assessment and final exam phase).

The new methodology was implemented with the idea of guiding students in the most relevant and important theoretical issues of
each didactic unit. Previously, students were lost with so much documentation and were not able to synthesize the relevant infor-
mation on their own. Each of the multiple-choice questions in the bank of a specific didactic unit had 5 possible answers: one correct
(100%), three incorrect (—33.3%), and one "no answer," which did not count.

During the training-learning phase, students could access the complete quiz with all the questions as many times as they wished.
Given that at the end of a training-learning test, users could check their global scores (maximum 10) and which questions had been
answered incorrectly (but not the correct answer), they were forced to search for information and consult the bibliography to find the
correct answers. The process of repeating the quizzes together with the study of the teaching materials, reflection and the application of
critical thinking contributed to achieving the learning objectives [30-32] and helped students prioritize the contents of each didactic

Training and

Lab practice video activity f:} assessment quiz
Video recording On-line release Video viewin HESeSCs
8 lab practices :> URL links posted in :> Unlimited attemptgs :> :> as?gzls‘;]"z“t
Virtual Classroom Upload the
A b completed practice
transcript

Deadline: final exam day

Computer practice video activity

Video recording On-line release Video viewing Hipload she ivi
o= ; S ) SN —> completed practice =~ —» _ Activity
5 computer practices URL links posted in Unlimited attempts - assessment
Virtual Classroom transcript
B Deadline: final exam day
Question bank activity and theory exam
Question bank Question bank Training-learning Final multiple Activity
creation (m— release = phase = hetes theory exam SesassHiant
10-40 questions per At the end of each Unlimited attempts 20% of the final course
didactic unit didactic unit grade

c

Teaching staff
Student

Fig. 2. Implementation process flowchart of the new teaching methodologies. Panel A shows lab practice video activity. Panel B shows computer
practice video activity. Panel C shows question bank and theory exam activities.
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unit based on their relevance, which is one of the objectives of this methodology.

The final multiple choice theory exam, which counted 20% of the final grade in each subject, consisted of 50 questions selected
from all those generated for each didactic unit. When creating the exam with the Virtual Classroom tool, each professor decided how
many questions from each didactic unit would be included. Each student took a different exam thanks to the "arbitrary selection"
option, which helped to minimize the possibilities of cheating when the test was taken remotely [4,33-37].

The Virtual Classroom tool allows professors to copy the question bank from one academic year to another or transfer it to other
subjects. Assessment tests can also be copied from one year to another. The application allows the contents of these two activities to be
edited.

By way of illustration, Fig. 2 shows a flow chart of the implementation process of the teaching methodologies presented in this
section (videos and question bank).

3. Developing materials and content for new teaching methodologies

In this section, we will describe how the multiple-choice activities were created and made available to the students in the Virtual
Classroom, as well as the creation of the practice videos.

3.1. Multiple-choice question bank and evaluation quiz

The question bank is one of the many tools available in Virtual Classroom. It allows you to create questions of a wide variety of
types, such as true or false, exact numerical result, and short answer questions, among others. In our case, we decided on multiple-
choice questions, since they lead the student to reflect on the veracity (or not) and precision of a series of statements, which deal
with fundamental concepts of the subject taught that the future engineer must master.

Fig. 3 shows an example with the basic functions available in the question bank. In addition, a help section on using the question
bank is available at https://docs.moodle.org/402/en/Teacher_quick _guide.

In this way, a total of between 180 and 250 questions per subject were created, which are made available to students in the training-
learning phase, once each didactic unit is finished. The questions consist of a statement and 5 response options, with a limit to choose
only one. The proportion each one counts in the score is: 100% for the correct answer, —33.3% for each of the 3 incorrect answers, and
0% for the "no answer" option. Thus, for every three incorrectly answered questions, one correctly answered question is subtracted.

The final exam is designed with the quizzes tool of Virtual Classroom. In it, you can define numerous configuration options: timing
(date and time of the exam), scores, review options, navigation options (go forward or back between questions), and the possibility of
modifying the answer, among many other options. A certain number of questions from each didactic unit are loaded (this must be
proportional to the relative importance of each unit), so the total number required for the exam is added (50, as established in the
teaching guide). The random selection option allows each student to take a different exam since the tool arbitrarily compiles it from the
question bank of each unit. Fig. 4 shows an example of what students see in the Virtual Classroom, while the flowchart in Fig. 5
describes the process from the training-learning phase to the final evaluation phase.

Once the final exam has been created, the maximum score is established (usually out of 10). The application performs the weighting
to attribute the same value to each test-type question.

Question bank

Select a category:

Proctor test (3)

Each correctly answered question adds 100%

Each incorrectly answered question penalizes 33%

The option "does not know, does not answer" neither subtracts nor adds scoring

You have 3 minutes to complete the activity

CREATE A NEW QUESTION...

-~ Question Actions Created Last modified

Question Name / ID Number Name / Surname(s) / Date Name / Surname(s) / Date

o 0 Proctor 01 Edit w April 23,2020, 17:33 May 23, 2020, 10:16
According to the curve of a modified Proctor test:
8 = Proctor 02 Edit w April 23, 2020, 17:36 May 23, 2020, 10:16
In the Proctor test:
B = Proctor 03 Edit w April 23, 2020, 17:45 May 23, 2020, 10:16

In the Proctor test:

Fig. 3. Example of the question bank for the Proctor test laboratory practice (Virtual Classroom professor profile).
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Remaining time 0:23:38 | 19 Quiz Navigation

By means of a flow net we can obtain §
No answer yet Select one: C
Scores.as.1.point © No answer 6

{ Mark i i 2 : s
< Mark question O Pore pressures, risk of siphoning and permeability

Edit question

Finish attempt ...

O Infiltrated flow, pore pressures and water thrust on a structure

O Infiltrated flow, center of thrust and saturated specific weight

. . o Start a new preview
O Center of thrust, velocity and saturated unit weight

Fig. 4. Example of what students see in the Virtual Classroom exam: questions, possible answers, remaining time, and navigation panel between the
different questions.

EVALUATION AND FINAL
TRAINING-LEARNING PHASE EXAM PHASE
Question bank Test weight Randomly chosen questions
Didactic unit 1.1
20% 4

20 questions

Didactic unit 1.2
— 14.3% — 2

14 questions

Didactic unit 2.1 16.6 % 2

12 questions

3 —> 180-250 (trial tests) > — 50 (final test)

Fig. 5. Flowchart showing the shift from the training-learning phase to the final exam in the Virtual Classroom.

Practice 4 _ Proctor Test

Friday, October 8 at 13:10

MARK AS DONE

Practice 4 _ Proctor Test (transcript)

MARK AS DONE

Practice 4 _ Proctor Test (video)

MARK AS DONE

Practice 4 _ Proctor Test (presentation)

MARK AS DONE

#=7 Practice 4 _ Proctor Test (submission)

MARK AS DONE

V] Practice 4 _ Proctor Test (test)
MARK AS DONE

Fig. 6. Example of activities and tasks associated with the Proctor test practice in the Virtual Classroom: transcript, video URL link, deadline,
laboratory report submission, and multiple-choice quiz.
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3.2. Laboratory practice videos

Before starting the lab practice, pre-recording preparation is necessary, which takes a long time. Thus, the soil samples to be
analyzed must be prepared, along with the necessary tools to carry out the test (including a transcript of the practice prepared by the
lecturers). In addition, a laptop connected to a projector is used to project the practice transcript, the results (e.g., in a spreadsheet),
supporting images, notes, etc. A whiteboard is also used to display information related to the object of the practice, its phases, results,
relevant theoretical aspects, etc.

For the recording of the videos, at least two lecturers were necessary, who alternated in the explanations during the different parts
of the practice. The recordings usually begin with an introductory presentation, after which the practice is carried out. Next, the results
are interpreted, and, finally, how to complete the laboratory report is discussed.

For the editing of the recordings and the final assembly of the videos, the free software VideoPad [38] was used. Once the final
video file is obtained, it is uploaded to the UPCTmedia platform, which automatically generates a URL link, so the material is available
and the teaching team decides whether access is public or restricted.

URL links are posted in Virtual Classroom, together with activities associated with the practice videos (multiple-choice quizzes and
completed laboratory transcripts), Fig. 6.

In the videos of computer practices, a similar procedure was followed, although they did not require further editing since, in this
case, the recording was made directly from the live-streamed broadcast (from the screen of the central computer in the Computer Lab).

4. Tools used to assess the new methodologies

In this section, two tools used to assess the success and achievements of the new methodologies will be presented. These are: i)
voluntary student satisfaction surveys and ii) student performance indicators from the assessment results of the final theory exam.

4.1. Satisfaction surveys

The students enrolled in the subjects (Table 1) where the new teaching methodologies had been implemented were surveyed,
anonymously and voluntarily, to receive their feedback through a series of questions with a 1-5 Likert scale [39,40] and with the
possibility (optional) of giving their opinions or suggesting changes or improvements.

The surveys were carried out in two ways to allow students to choose the one they felt the most comfortable with: i) filling out a
paper survey in the classroom or ii) in the Virtual Classroom. For both options, the students were duly informed that the surveys were
completely voluntary and anonymous (they did not have to give their names if they completed them in class, and the Virtual Classroom
has an option for anonymous surveys).

4.1.1. Survey preparation

Two independent surveys were created, one for the experience of the online laboratory practices and the other for the quizzes on
didactic units and theory exams in the Virtual Classroom. The questions included in each survey are shown in Tables 1S and 2S of
Supplementary Material.

The first of the surveys aimed to capture students’ perceptions of the online laboratory practice experience, which was composed of
6 Likert-type questions (with a score between 1 and 5) and a seventh multi-choice question (where students could mark up to 5 possible
answers) (Table 1S of Supplementary Material). Table 3S of Supplementary Material shows the attributes that corresponded to the
scores 1-5 in the Likert-type questions for this first survey, which also had a final section (or eighth question) where students could
leave comments or suggestions if they wanted.

The questions were the same for all the subjects involved in this experience: subjects 1, 3, 4, and 2, the latter only for the academic
year 2020-21, from Table 1. The Likert-type questions sought students’ assessment of the new teaching methodology of online
practices, as well as their degree of satisfaction [41,42], while the multi-choice question was intended for students to point out what, in
their opinions, were the advantages and disadvantages of the new methodology.

The second survey was aimed to capture students’ perceptions of the experience of the quizzes on the didactic units and the theory
exam taken in the Virtual Classroom. It has a very similar structure to the first survey: 5 Likert-type questions with a score between 1
and 5. The questions in this survey are identical to those in the first survey except for question 1.4, which is specific to the online
practice experience. A sixth multi-choice question was added where students could choose up to 5 answers (Table 2S of Supplementary
Material). Table 1S of Supplementary Material shows the attributes that correspond to the scores 1-5 in the Likert-type questions for
this second survey. A final question permitting students to leave a comment or suggestion if they wanted was included.

4.1.2. Survey results

The voluntary surveys were given to the 120 students in the subjects and academic years in Table 1. Forty-five of them responded
(37.5%). Therefore, the sample is considered to be sufficiently representative to reflect students’ perceptions of the new teaching
methodologies we implemented. In this section, only the graphs with the average values (or number of students choosing an option) for
the different questions (or options) of the surveys are shown, leaving their analysis for the Results and Discussion section.

The results of each of the two surveys have been grouped in three different ways: i) by subjects, ii) by academic year, and iii) by
overall results.

The feedback and suggestions for improvement proposed by the students in the free comment question are collected in the
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Supplementary Material.
i) Survey results by subjects

Figs. 7 and 8 show the results of the survey for the five subjects that, to date, have employed online practices. Of these five subjects,
two correspond to the academic year 2020-21 and three to 2021-22. Geotechnics (GIC) was the only subject that was taught using this
method in 2020-2021 and 2021-22 (it was renamed Soil and Rock Mechanics (GIC) [19]). Geotechnics and Foundations (MICCP) had
online practices during the 2020-21 academic year but not in 2021-22, when this activity went back to face-to-face practices. Finally,
Geotechnics (GFA) and Advanced Soil Mechanics (MCIETAT) were added to the experience in 2021-22, due to the positive reception of
this methodology during the hardest year of the pandemic (2020-21).

Fig. 7 shows the average ratings for each of the 6 Likert-type questions in this survey, while Fig. 8 shows the number of students
who chose each of the 5 options available in the multi-choice question.

Figs. 9 and 10 show the results of the survey for the four subjects that, to date, have employed the quizzes on didactic units and the
theory exam in the Virtual Classroom. In this case, they are the same two subjects for the 2020-21 and 2021-22 academic years:
Geotechnics and Foundations (MICCP) and Geotechnics (GIC), the latter renamed to Soil and Rock Mechanics (GIC) in 2021-22.

Fig. 9 shows the average ratings for each of the 5 Likert-type questions of this survey, while Fig. 10 shows the number of students
who chose each of the 5 options available in the multi-choice question.

ii) Survey results by academic year and overall

This section presents the results grouped by academic year and the global results of the surveys. At this point, it is important to bear
in mind that the global value differs from the arithmetic average of 2020-21 and 2021-22 since all the mean values obtained in this
paper are weighted by the number of students participating in each subject or, where appropriate, academic year.

Figs. 11 and 12 show the overall results of the survey for the online practice experience and the academic years 2020-21 and
2021-22. Fig. 11 shows the average ratings for each of the 6 Likert-type questions of this survey, and Fig. 12 shows the number of
students who chose each of the 5 options available in the multi-choice question.

Figs. 13 and 14 show the overall results of the survey about the quizzes on didactic units and the theory exam in the Virtual
Classroom and for the academic years 2020-21 and 2021-22. Fig. 13 shows the average ratings for each of the 5 Likert-type questions,
while Fig. 14 shows the number of students who chose each of the 5 options available in the multi-choice question.

Ethical approval

All the procedures carried out in this study with student surveys were conducted in accordance with the ethical standards of the
UPCT Research Ethics Committee.

(https://www.upct.es/vicerrectoradoinvestigacion/es/etica/comite-de-etica-en-la-investigacion).

Informed consent was obtained from all students for the surveys.

4.2. Impact of teaching methodologies on students’ grades: final theory exam indicators

In this section, a series of indicators of the influence of the new teaching methodologies on students’ grades will be shown. The
analysis is included in the Results and Discussion section. This study has focused on the subjects Geotechnics and Foundations (MICCP)
and Geotechnics (GIC), the latter renamed Soil and Rock Mechanics (GIC) in the 2021-22 academic year [19] since they are the only
subjects to date that have implemented the new teaching methods for more than one academic year.

Before presenting the indicators related to the final theory exam, we offer a brief clarification about the assessment of online
practices. This activity has always been assessed as pass or fail. Students who attend the practice sessions and submit the laboratory
report correctly pass. With this pass, students are always given the highest grade for this activity, so in this case, it is not possible to
think of indicators to analyze the effect of this methodology on the students’ grades.

Online practices (by subject)
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Fig. 7. Average ratings (by subject) of the Likert-type questions (online practice survey).
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Online practices (by subject)
M Geotechnics* (GIC) 2020-21 Geotechnics and Foundations (MICCP) 2020-21
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Fig. 8. Number of students who chose each of the different options (by subject) in the multi-choice question (online practice survey).

Questionnaires and exam (by subject)
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Fig. 9. Average ratings (by subject) of the Likert-type questions (quizzes on didactic units and theory exam survey).

Questionnaires and exam (by subject)
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Fig. 10. Number of students who chose each of the different options (by subject) in the multi-choice question (quizzes on didactic units and theory
exam survey).

Online practices (academic year and global survey)
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Fig. 11. Average ratings (by academic year and overall) of the Likert-type questions (online practice survey).



G. Garcia-Ros and 1. Alhama Heliyon 9 (2023) e19742

Online practices (academic year and global survey)
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Fig. 12. Number of students who chose each of the different options (by academic year and overall) in the multi-choice question (online prac-
tice survey).

Questionnaires and exam (academic year and global survey)
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Fig. 13. Average ratings (by academic year and overall) of the Likert-type questions (quizzes on didactic units and theory exam survey).

Questionnaires and exam (academic year and global survey)
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Fig. 14. Number of students who chose each of the different options (by academic year and overall) in the multi-choice question (quizzes on
didactic units and theory exam survey).

As for the impact of the quizzes on the didactic units and the theory exams in the Virtual Classroom, Figs. 15-18 show a series of
indicators related to the final theory exam since it is directly related to this part of the assessment of the subject. For this analysis, the
last four academic years were chosen (two prior to the implementation of the new teaching methodology and two with the experience
already implemented). In addition, to more clearly demonstrate the impact of the quizzes and exam preparation on the theory exams,
the study was limited to the first call of the theory exam (January).

Thus, Fig. 15 shows the evolution of the percentage of students who took the theory exam in the first call for the two subjects,
analyzed during the last four academic years.

The evolution of the percentage of students who passed out of the students who took the theory exam in the first call is shown in
Fig. 16.

Fig. 17 shows the evolution of the percentage of students who passed the theory exam in the first call out of the total number of

students enrolled.
Lastly, Fig. 18 shows the evolution of the average mark in the first call of the theory exam.
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Fig. 15. Evolution of the percentage of students who took the theory exam in the first call.
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Fig. 16. Evolution of the students who passed out of those who took the theory exam in the first call.
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Fig. 17. Evolution of the students who passed out of those enrolled (first call of the theory exam).
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Fig. 18. Average mark evolution for the theory exam (first call).
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4.3. Limitations, strengths and future prospects

The sudden appearance of the COVID-19 pandemic, in the middle of the second semester of the 2020-21 academic year, completely
affected the normal course of the classes, which had to be adapted to the remote mode with no time margin and on the fly. In addition,
the restrictions affecting face-to-face attendance were fully extended to the 2021-22 academic year at the UPCT. In this sense, it was
not possible for the teaching team to set up control groups, since all students had to take the subjects under the distance modalities
implemented. Moreover, no student satisfaction surveys on previous teaching methodologies were conducted in the years prior to the
pandemic, so this information is not available for comparison.

However, the improvement (in global terms) of the performance indicators does allow us to infer to some extent the effectiveness of
the implementation of the new activities in the 2020-21 and 2021-2022 academic years, compared to previous years when they did not
exist in 2018-19 and 2019-20. However, the teaching team has always been aware that this approach only covers the point of view of
academic results (a way of measuring student learning), but not that of student satisfaction.

The teaching team is working on renewing (in the short-medium term) the materials used for both teaching methodologies
(question bank and videos), in addition to implementing slight modifications: on the one hand, shortening and restructuring the videos
(to help students to keep concentration and better assimilate the concepts taught [43,44]), and, on the other, the introduction of small
intermediate evaluations throughout the semester that allow us to assess the improvement of students’ performance in terms of grades
over the period. One slight modification is already in place: the laboratory practices are once again fully face-to-face, leaving the videos
as reinforcement material. In addition, the monitoring and analysis of student satisfaction is also a priority, and various options are
being considered to allow the creation of control groups.

5. Results and discussion

In this section, an analysis of the results of the surveys (Figs. 7-14) and the evaluation indicators (Figs. 15-18) presented in the
previous section will be carried out.

5.1. Analysis of survey results
5.1.1. Online practice activities

5.1.1.1. Overall surveys. In view of the results of the Likert-type questions, a positive perception of the experience is observed overall
(Fig. 11). This way of complementing teaching and learning (question 1.1) received an average rating of 4.13 (remember that the
Likert-type questions were valued between 1 and 5). Regarding the question related to the increase in students’ motivation in the
subject (question 1.2), the global assessment was 3.90, while 4.16 was given to the statement that the methodology helps students
better understand practice procedures (question 1.3). Especially important is the assessment of the question on whether the meth-
odology is a good adaptation to the attendance restrictions imposed by COVID-19 (question 1.4) since it is the Likert-type question that
received the highest score, with 4.19. Finally, on whether the students think it would be suitable to apply this methodology in other
subjects of their Bachelor’s or Master’s degrees, and if they would like this to happen (questions 1.5 and 1.6), the results also showed
general acceptance, with 3.58 and 3.29, respectively, although they are the questions that received the lowest ratings in this survey.

Concerning the multi-choice question (Fig. 12), the students considered that the new online practice methodology had more ad-
vantages (questions 1.7.1 and 1.7.2) than disadvantages (questions 1.7.3 and 1.7.4). Being able to watch the videos as many times as
they wanted was an advantage for 65% of the students when it came to better understanding the concepts and procedures of the
practices (question 1.7.1), and in 61% of the cases, the students considered that it helped them to better complete the practice report
(question 1.7.2). However, not being able to do the practice in the laboratory was considered a disadvantage for 48% of those surveyed
when it came to understanding the concepts and fundamentals of the practices (question 1.7.3). This causes us to reflect that the
practices should be carried out in person again in the future as long as the health conditions imposed by COVID-19 (or of any other
nature) allow. The videos of the practices will be available in the Virtual Classroom as a content reinforcement activity and to
compensate for justified absences from any of the face-to-face practices. Regarding question 1.7.4, only 19% of the students considered
that not attending the laboratory had a negative impact when completing the practice report.

5.2. Surveys by academic year

The main issue to add to what has already been mentioned about the global results of this activity is the fact that students had a
better perception in 2020-21 (the hardest year of the pandemic, with total cancellation of face-to-face classes) than in 2021-22 (the
second year, with fewer restrictions on face-to-face teaching). Thus, maintaining these trends in the global results, the average rating of
the Likert-type questions was 4.00 for the 2020-21 academic year, falling to 3.80 in the 2021-22 academic year (Fig. 11).

In the analysis of the multi-choice question (advantages versus disadvantages), we observe trends similar to those already
mentioned; that is, a slightly lower evaluation for the second year of the experience (Fig. 12). However, there is one notable exception:
the perception that being able to watch the practice videos as many times as students wanted was helpful in completing the practice
reports (question 1.7.2) increased considerably from the first year to the second (only 42% considered it so in 2020-21, but 74% did in
2021-22). This could be due to better adaptation to the new teaching technologies during the second year of the pandemic. Since the
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appearance of COVID-19 was so sudden and dramatic, students may have needed a period of adjustment to such drastic changes in such
a short period of time.

5.3. Surveys by subject

In view of the average ratings of the Likert-type questions (Fig. 7), a better perception of the methodology is observed in the
Master’s than in the Bachelor’s degree students. Thus, the highest average score was obtained in the Master’s degree subject Advanced
Soil Mechanics (MCIETAT), with 4.53, followed by another Master’s degree subject, Geotechnics and Foundations (MICCP), with 4.20.
After these were Bachelor’s degree subjects. In third place was Geotechnics (GIC), with 3.86. In fourth position was Geotechnics (GFA),
with 3.64. Finally, Soil and Rock Mechanics (GIC) closed the ranking with 3.43 (as it is the same subject as Geotechnics (GIC), these
had a combined average of 3.64).

A certain heterogeneity among the subjects is observed (Fig. 8) in the number of students who valued the advantages or disad-
vantages of the methodology. In the 2020-21 academic year (the first coinciding with the pandemic), 100% of the students of the
Bachelor’s degree subject Geotechnics (GIC) stated that it was a disadvantage for their learning not to be able to attend the laboratory,
while for the Master’s subject Geotechnics and Foundations (MICCP), 100% of the students thought the online practice experience was
positive.

With all the above, we conclude that Master’s degree students adapted better to this methodology than Bachelor’s degree students.
The greater maturity of Master’s students, coupled with the fact that they have a better command of the fundamental concepts needed
to interpret and understand abstract representations, may explain this difference. On the other hand, undergraduate students, who
have not yet mastered the basic concepts, may require more concrete and practical approaches, thus showing somewhat lower
acceptance for this activity.

5.3.1. Question bank and theory exam in the Virtual Classroom

5.3.1.1. Overall surveys. This teaching methodology was even better evaluated by students than the online practices, based on the
results of the Likert-type questions (Fig. 13) and the multi-choice question (Fig. 14). This way of complementing both teaching and
learning (question 2.1) received an average score of 4.52, the highest of all the Likert-type questions (Fig. 13). The question related to
students’ motivation in the subject (question 2.2) had a global assessment of 4.10, while the fact that the methodology helped to better
understand the procedures of the practice was valued at 4.16. (question 2.3). Finally, on whether the students thought it would be
suitable to apply this methodology in other subjects of their Bachelor’s or Master’s degrees, and whether they would like this to happen
(questions 2.5 and 2.6), the results also showed general acceptance, with 4.31 and 3.97, respectively. These values were substantially
higher than those obtained for the online practice experience.

Regarding the multi-choice question (Fig. 14), the students considered that the new methodology of taking quizzes on didactic units
and the theory exam in the Virtual Classroom had significant advantages and no disadvantages. Thus, i) being able to do the theory
quizzes during the course was an advantage for 71% of the students when it came to better understanding the theoretical concepts
(question 2.7.1), ii) they were an aid to focusing on the most important theoretical concepts (question 2.7.2) for 65% of the re-
spondents, and iii) they were an advantage for 74% of the students when they prepared for the theory exam (question 2.7.3).

For all these reasons, we plan to maintain this methodology as it is today, regardless of the face-to-face nature or not of the teaching
that may be necessary due to the health conditions of COVID-19 or other circumstances, with a training and learning phase based on
the question bank on the didactic units and a subsequent phase of final theory exam preparation. Both activities will be carried out
using the Virtual Classroom tool.

5.4. Surveys by academic year

In general, the global trends set out above were constant for this experience, although the average evaluations improved in the
second year. Thus, the average rating of the Likert-type questions was 3.96 for the 2020-21 academic year, and they increased to 4.35
in 2021-22 (Fig. 13). Similarly, the number of students who valued the advantages of this methodology also increased in the second
year of the experience (Fig. 14).

All this leads us to conclude that in addition to the success of the experience from the beginning (very good ratings; no disad-
vantages were observed on the part of the students), in the second year of COVID-19, the students were already beginning to assimilate
the enormous changes that the pandemic had brought to their lives and, specifically for this study, to their learning in the university
environment.

5.5. Surveys by subject

When we analyze the average ratings of the Likert-type questions (Fig. 9), a better perception of the methodology is again observed
in the Master’s than in the Bachelor’s students. Thus, in the average of the two courses in which the new methodology was imple-
mented, the Master’s degree subject Geotechnics and Foundations (MICCP) had an average score of 4.36, and the Bachelor’s subject
Geotechnics (GIC), renamed Soil and Rock Mechanics (GIC) in 2021-2022, was 4.00. The number of students who valued the ad-
vantages of this methodology increased for the second year of the experience (Fig. 10).
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With all of the above, we observe better student adaptation to the teaching experience in the second year and a more positive
perception by the Master’s students.

5.6. Analysis of academic indicators

Next, the analysis and comparison of the indicators related to the first call of the final theory exam objectively demonstrate the
success that the quizzes on the didactic units and the theory exam in the Virtual Classroom have had.

Firstly, students’ motivation in the subjects increased in view of the larger number of students taking their exams in the first call
(which was 88.2% for the 2021-22 academic year, Fig. 15) in the Master’s degree subject Geotechnics and Foundations (MICCP) as a
consequence of the implementation of the new methodology in the 2020-21 academic year. The Bachelor’s degree subject Geotechnics
(GIC) also increased its average values after the implementation (60.3%), which were slightly higher than in previous years (55.3%).
However, a significant increase was observed compared to the last year the new teaching experience was not carried out (37.5% in
2019-20), Fig. 15.

An appreciable improvement was achieved in students’ academic performance, as can be observed from the rates of students who
passed the subjects, represented in Figs. 16 and 17. This is most notable in the Master’s degree subject Geotechnics and Foundations
(MICCP). One hundred percent of the students who took the final exam passed in 2021-22, and 88.2% of the students who enrolled in
the subject passed it. We should highlight that in this subject, the percentage of students who passed out of those who enrolled was only
23.1% for the 2018-19 academic year. In the Bachelor’s degree subject Geotechnics (GIC), the improvement is also palpable, going
from an average percentage of students who passed out of those taking the final exam of 75.8% before the implementation of the
experience to 88.9% after (41.5% of students who passed out of those enrolled before, 54.1% after). It is important to note that the
theory exam is passed with a minimum of 4 points out of 10.

Finally, improvement in students’ academic performance can also be corroborated by an increase in students’ average grades in the
final theory exam (Fig. 18). Thus, in the Bachelor’s degree subject Geotechnics (GIC), the average rating after the implementation of
the methodology was 7.15 points out of 10. Before the experience, it was only 4.6. In the Master’s degree subject Geotechnics and
Foundations (MICCP), the increase is even more noticeable, going from an average rating of 3.60 out of 10 before implementation to
8.70 after.

6. Conclusions

As a consequence of the sudden appearance of the COVID-19 pandemic, the teaching team of the Ground Engineering Area (Mining
and Civil Engineering Department) of the UPCT had to adapt the teaching methodologies of their subjects to remote conditions. To this
end, a series of videos were used to teach the laboratory practices, as well as the creation of a question bank to help students reinforce
and better understand the theoretical content taught in the online master classes.

Regarding videos for lab practices, the students overall gave more importance to the advantage of being able to watch the practice
videos as many times as they wanted than to the disadvantage of not being able to attend the practice lab in person. However, the
experience received higher ratings in 2020-21 (with total cancellation of face-to-face classes) than in 2021-22 (with slightly fewer
restrictions), which highlights the importance students place on attending the lab in person. For this reason, laboratory classes have
returned, for the current academic year 2022-23, to being fully face-to-face, while the viewing activity of the practice videos, available
in the UPCT Virtual Classroom, has been left as reinforcement content.

On the other hand, a better perception of this methodology was observed among Master’s students. Compared to these, under-
graduate students have not yet mastered the fundamental concepts needed to interpret and understand abstract representations, so
their adaptation to online teaching methodologies is not as good. In this sense, undergraduate students may require more concrete and
practical approaches.

In relation to the question bank, students consider that the availability of theory quizzes during the course offers significant ad-
vantages in terms of focusing on the most important theoretical concepts, achieving the learning objectives and better preparing for the
theory exam. Undoubtedly, this was one of the objectives of this methodology, which will be maintained in successive courses.

The perception for this methodology was very good for both Bachelor’s and Master’s students. However, for the latter group, the
rating was once again higher.

Finally, the analysis of the academic performance indicators shows an improvement in students’ motivation for the subjects, re-
flected in the increased number of students taking the theory exam. At the same time, there has been an improvement in students’
academic performance, demonstrated by a higher percentage of students passing the theory test, as well as an increase in the average
mark for this exam.

In summary, pandemic-forced adaptations in teaching and learning, while effective during the health crisis, have led to useful new
approaches and tools, representing a significant improvement and advancement in both teaching and learning for our students.
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