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Abstract: University education approaches related to the field of science, technology, engineering
and mathematics (STEM), have generally particularized on teaching activity and learning programs
which are commonly understood as reoriented lessons that fuse theoretic concepts interweaved with
practical activities. In this context, team work has been widely acknowledged as a means to conduct
practical and hands-on lessons, and has been revealed to be successful in the achievement of exercise
resolution and design tasks. Besides this, methodologies sustained by ICT resources such as online
or blended approaches, have also reported numerous benefits for students’ active learning. However,
such benefits have to be fully validated within the particular teaching context, which may facilitate
student achievement to a greater or lesser extent. In this work, we analyze the impact of attendance
modalities on the learning performance of a STEM-related course on “Machines and Mechanisms
Theory”, in which practical lessons are tackled through a team work approach. The validity of the
results is reinforced by group testing and statistical tests with a sample of 128 participants. Students
were arranged in a test group (online attendance) and in a control group (face-to-face attendance)
to proceed with team work during the practical lessons. Thus, the efficacy of distance and in situ
methodologies is compared. Moreover, additional variables have also been compared according to
the historical record of the course, in regards to previous academic years. Finally, students’ insights
about the collaborative side of this program, self-knowledge and satisfaction with the proposal have
also been reported by a custom questionnaire. The results demonstrate greater performance and
satisfaction amongst participants in the face-to-face modality. Such a modality is prooven to be
statistically significant for the final achievement of students in detriment to online attendance.
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1. Introduction
Over the last decade, technical education in universities has experienced a reformulation brought by innovative methodologies, which in most cases are actually recognized as
the present model for todays’ education. Focusing on areas related to science, technology,
engineering and mathematics (STEM), and more particularly to engineering, the trend
heads towards new communication strategies [1,2] sustained by a common framework of
ICT resources. This fact fosters the integration of blended and fully online methodologies,
which again, demonstrate promising results in a wide range of scenarios [3–6].
Notwithstanding the doubtless and general success of these methodologies, a more
explicit discussion should be addressed in terms of their appropriateness to certain specific
learning contexts. To that end, the main goal usually seeks to assess active and valid
learning. However, this comes implicitly associated with a set of secondary objectives
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which are strongly connected to the need of overcoming generalized misconceptions and
wrong pre-acquired understanding of basic theoretic concepts [7–10] (most of them are
even experienced by teachers [11]).
Teachers’ efforts are concentrated on the guidance of the learning process [12,13]. Synthesis of information, redesign of materials and resources, and curriculum alignment [14]
are examples of demanding tasks expected from teachers, which have to lead students to
direct their own learning [15,16] and self-understanding of concepts involved in a subject.
In this sense, planning teaching activities that add real value to the master class is crucial.
Either the interaction is considered face-to-face or online, allowing students to assimilate
transference between theoretic concepts, practical activities and real world cases is the
crucial question to tackle.
Apart from the sort of attendance to lessons, either in person, virtually or by means
of blended approaches, their success is also constrained by the arrangement of students,
specially when it comes to practical and hands-on lessons. In many education scenarios
within the engineering field, collaborative frameworks [17–19] may be more decisive
than individual work [20]. However, there are many aspects to evaluate with respect to
possible methods of arranging students and their efficacy. In addition, many authors have
studied the particularities of the communication channel (i.e., sort of attendance) [21–24],
contextualized on different frameworks. In this regard, the present work concentrates
on the effect of face-to-face and online attendance during collaborative practical lessons,
within the field of Mechanics engineering education. The previous aspect envisages the
formulation of the main research question: Which attendance modality is more significant
for the students within this context?
Despite the fact that the existence of an endless variety of approaches [25–28] confirms
the success of ICT resources to reinforce the active learning amongst engineering students,
the join between arrangement of groups and thoughtful design of activities within the
whole teaching strategy, seems the essence to reach successful comprehension amongst
students, rather than trusting success solely on the communication channel [29]. Therefore,
and according to this postulate, in the field of Mechanics the influence of the communication
channel might be relegated to a second place in favor of the sort of activities defining the
approach: project-based [30,31], problem-based [32–34], game-based [35–37], simulationbased [38,39], virtual environments [40–42], etc.
According to these previous aspects, this work contributes with a renewed learning
program, principally sustained by a collaborative practical framework in which students
face problem-based and project-based activities in work teams. Moreover, the attendance
modality is also under study. The group of students has been randomly divided into: (i) A
test group that carries out the team activities by means of online tools, which are provided
by the Google Suit for collaborative work and (ii) A control group that carries out the
team activities face-to-face in the laboratories of the faculty. It is worth highlighting that
face-to-face attendance has been selected as the control group, since it corresponds with
the most traditional approach of lessons attendance. Besides, the random arrangement was
intended to assure equal characteristics within groups for robust and reliable statistical
tests. However, there are always possibilities that some bias may appear. Amongst others,
the initial preference of students to be assigned in one group of another, might induce some
bias. This aspect is expected to be diluted thanks to a extended comparison with previous
academic years in which this program had not been implemented.
Thus this study concentrates on assessing the improvements in terms of students’
performance but also on the significance and impact of the communication channel (either
face-to-face or online) when integrating this learning program in a general course of
“Machines and Mechanisms Theory” in engineering degrees. That course is taught during
an entire semester of the second year of two Bachelor’s degrees in engineering: Electrical
Bachelor’s degree and Electronics and Automation Bachelor’s degree. Both are comprised
by standard academic plans of the Miguel Hernandez University, within the official Spanish
university system. Several indicators and statistical parameters have been obtained in
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order to produce robust and reliable comparisons, inferences and dependencies between
variables. This study has been conducted during the academic year 2019–2020, however,
some results have also been compared with the historic record of the subject.
The remainder of the paper is structured as follows: Section 2 presents an overview
of the designed methodology; Section 3 focuses on the results, presenting the statistical
analysis and the questionnaire data; Section 4 discusses the results. Finally, Section 5
comprises the conclusions and insights derived from this study.
2. Materials and Method
The course in which the present research is focused comprises the subject “Machines
and Mechanisms Theory”, imparted in the second year of several degrees in engineering.
The subject deals with a syllabus related to fundamentals of synthesis of mechanisms,
kinematics and dynamics. The learning objectives essentially concentrate on providing
students with the necessary knowledge and tools for tackling the design of machines and
mechanisms. Together with analysis, synthesis of mechanisms is crucial in the preliminary
design of wider mechanic systems that eventually accomplish with certain movement
constraints, generally imposed by the operation of the system.
The learning program was conceived under the encouragement of a teaching innovation program within the framework of a local call in the Miguel Hernandez University
(University Teaching Innovation Program [43]). The call regulations postulated the granting of funds to proposals which promoted and faced the objectives and challenges stated by
the New Media Consortium (NMC) in the Educase Learning Initiative (ELI), both included
by the recent Horizon report in higher education [44]. In that sense, such a call to seek the
following purposes is endorsed:
•
•
•

Redesigning learning spaces.
Promoting blended learning designs.
Promoting collaborative learning.

With such purposes in mind, but also considering the syllabus of the subject and
the expected competences to be acquired by students, the set of activities for the course
had to be redesigned. Thus this implementation concentrated on developing practical
activities in which students had to work collaboratively under problem-based and projectbased methodologies.
Additionally, the use of specific collaborative ICT tools is integrated to deal with
the main objective of this work: assessing the level of performance and achievement of
students, depending on the communication channel by which practical activities are tackled.
In order to conduct the study, the applications Google Hangouts (chat outlook) and Google
Groups (forum outlook) have been chosen to arrange half of the students in a test group.
By contrast, the other half was arranged in a control group that proceeded with the same
practical activities face-to-face in the mechanics laboratory and in the computer classroom.
2.1. Student Groups
The present study considered a total of 128 participants, as the set of students enrolled
in the subject during the academic year 2019–2020. The teaching activity of the course,
learning program and lectures are common for all the participants, however, these students
belong to two different engineering degrees: Electrical Bachelor’s degree (39) and Electronics and Automation Bachelor’s degree (99). The arrangement in which students were
divided for group testing was randomly selected, so that equal groups were established,
as listed below. It is worth noticing that these two sets were, in turn, subdivided into work
teams of four students when practical lessons started.
(a)

(b)

Test group conformed by 64 students (16 subgroups of 4 students), who attended
the practical lessons virtually through the collaborative apps Google Hangouts and
Google Groups.
Control group with the other 64 students who attended the collaborative practical
lessons face-to-face (16 subgroups of 4 students).
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It is also worth mentioning that the students participating in this study gave their
consent to process data associated with satisfaction and academic marks, without any other
personal identifiable information. Their demographic characteristics are the following:
•
•

Gender: Male (103); Female (25).
Nationality: Spanish (122); Non-Spanish (6).

2.2. Course Description
The breakdown of the teaching activity is divided into three differentiated blocks,
namely content units, throughout the semester:
•
•
•

Unit 1: Introduction to synthesis of mechanisms.
Unit 2: Kinematics and dynamics of machines.
Unit 3: Machines elements.

The fact that this is an essential subject in the area of Mechanics permits teaching it
simultaneously in the mentioned degrees in engineering during the first semester of the
academic year, within their second year of the degree. Regardless of the previous subjects
passed by students, the structure and development of the subject starts at the same initial
point, for which the only previous and expected knowledge is that related with the rigid
body. From that point onwards, Figure 1 presents the schedule of the course, while Table 1
lists the entire syllabus and content of each lesson. These lessons concentrate on the three
central units, being distributed along the 15 weeks of the semester (100 min per lesson).
Generally, these theory lessons are scheduled on the basis of twice a week, while seven
practical lessons are planned from week 3 to 9. These practical lessons are divided into
simulation lessons at the computer classroom (4), and hands-on lessons at the mechanics
laboratory (3).

Figure 1. Schedule of the course along the semester (15 weeks). It comprises theory lessons and
practical lessons (laboratory hands-on lessons and simulation lessons) throughout 3 units of content.
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Table 1. Course syllabus, unit content and lessons.

Theory Lessons
Unit Content

Lessons

Assignments

1

Basic mechanisms; Degree of Freedom DOF (GruberKutzbach criterion).
4R mechanisms. Grashof’s criterion.

-

Introduction to mechanisms

Unit 1

2

Statics

2.1 Freudenstein equation.
2.2 Chebyshev’s equation.
2.3 Kinematics of 2D mechanisms (part 1).
2.4 Analytical methods (velocity).
2.5 Velocity examples.
2.6 Kinematics of 2D mechanisms (part 2).
2.7 Analytical methods (acceleration).
2.8 Acceleration examples.
2.9 Dynamic force analysis. Newtonian solution method.
2.10 Dynamic force analysis. Principle of virtual work cyclic
machines.

Unit 2

3

Transmission

3.1 Mechanical transmission mechanisms.
3.2 Gear trains.
3.3 Cams.

Unit 3

Practical Lessons: Team work
1

Laboratory Hands-on

Simulation
2

Simulation

1.1 Mockup 1: 4 bars mechanism.
1.2 Mockup 2: Cam-crank mechanism.
1.3 Mockup 3: Double-sliding mechanism.
1.4 Synthesis and simulation of mechanisms: introduction.

Initial questionnaire
-

2.1 Synthesis and simulation of mechanisms: 3 poses movement generation.
2.2 Synthesis and simulation of mechanisms: 3 poses trajectory generation.
2.3 Synthesis and simulation of mechanisms: Function generation.

Final questionnaire.

As mentioned above, this learning program established in the course 2019–2020,
reformulates these practical lessons to be conducted in a collaboratively approach of small
work teams, in which activities and exercises are assigned. It is worth noticing that in the
previous courses students simply attended the practical lessons and completed the practical
activities (assigned and handed-in) without any particular approach of problem-based nor
project-based. They just tended to, exceptionally, discuss activities in couples. In this sense,
Figure 2 sketches the evolution of resources and sort of lessons devoted to the teaching
activity during the past six courses.
The theory lessons also introduce resolution of exercises and numeric activities, in this
case, these are solved by the lectures and alternated with the teaching of theoretic concepts.
It should be noted that these theory lessons are also reinforced by specific individual
assignments at the end of each unit. Figure 3 presents an example of exercise contained
in one of these assignments. Figure 3a shows the exercise statement and Figure 3b its
resolution. In this manner, students face the resolution of real world exercises (two per
unit; six in total). This makes them work autonomously in order to complement the
comprehension of the contents taught in class, but most importantly, it approaches them
to the context of higher-order real problems, similar to those which they will cope with
during the collaborative work in the practical lessons. Again, it is essential to highlight the
renewal of the practical lessons in the course 2019–2020. In contrast to the previous ones,
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the current considers problem-based and project-based methodologies to tackle activities
collaboratively during these lessons. Simulation and hands-on lessons maintain the essence;
however, individual assignments and single work is no longer carried out. The lecturers
take the guidance and promote the team work during the lessons.

Figure 2. Resources devoted to the teaching of the subject during the last six academic years.

(a)

(b)

Figure 3. Example of practical activity. (a) Exercise statement. (b) Exercise resolution.

2.3. Team Work and Activities
The previous subsections have already outlined the course in which this learning
program has been implemented. The theory lessons and practical lessons schematize its
global structure, as already detailed in Figure 1 and Table 1.
The main effort of the lecturers incises on the collaborative work devoted to the practical lessons, both in the mechanics laboratory and in the computer classroom, with three and
four lessons, respectively. During these seven lessons, which are taught concurrently with
the theory lessons, the team work arrangement with differentiated attendance (namely,
communication channel) is implemented. Again, the principal goal is to assess the learning performance and achievement of students when working collaboratively in groups,
depending on the communication channel: (a) Online attendance (test group: 64 students)
and (b) Face-to-face attendance (control group: 64 students). These groups were subdivided
into teams of four students during each lesson. Amongst the test group, two sub-divisions
were established: some groups conducted the collaborative work with Google Groups; and
others with Google Hangouts.
The practical activities consist in a set of practical exercises to be solved with projectoriented and problem-oriented approaches by those small teams of four students. On the
one hand, activities in the mechanics laboratory seek the consolidation of theory concepts
by its application to physical mockups. Recognizing movements and poses are the primary
purposes of these hands-on sessions. Figure 4 presents the different mockups that are tested
during these sessions. On the other hand, practical lessons at the computer classroom
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pursue the synthesis and simulation of mechanisms, being run by different simulation
softwares (AutoCAD and Matlab). Figure 5 exemplifies one of these practical activities.
In particular, Figure 5a presents the simulation of the mechanism, carried out during
one of the applicable lessons conducted with computer, while Figure 5b presents the
corresponding real mechanism in operation, tested by students in the mechanics laboratory.
During these sessions students are capable of testing and verifying velocities, accelerations
and poses of the studied mechanisms. Despite the fact that students are expected to work
autonomously in teams, the lecturers handle the guidance of the sessions, by providing
students with steps of procedure, concepts revision, and answers to common doubts that
finally allow them to accomplish with the assigned activities. It must be noted that this role
of guidance played by the lecturers is replicated both in the face-to-face practical lessons
(control group) and in the virtual lessons (test group), since both take place live, according
to the official schedule of the subject.

(a)

(b)

(c)

Figure 4. Schemes of the mockups tested during the hands-on sessions in the laboratory. (a) Four bars mechanism.
(b) Cam-crank mechanism. (c) Double-sliding mechanism.

(a)

(b)
Figure 5. Example of practical activity. (a) Simulation of a mechanism obtained with Matlab. (b) Entire
operation of the mechanism in the mechanic’s laboratory.
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2.4. Satisfaction Questionnaire
Secondarily to the main goal of this work, the assessment of this learning program
in terms of perception reported by participants is also emphasized. Apart from evident
results in relation to performance and achievement of students, which may be typically
represented by marks, there exists an essential relation between the participant implication
and adhesion to a method with its influence on the final efficacy and success of the learning
program [45]. That is why the intention is to obtain preliminary results about the insights
of the participants towards the basis of this proposal. As indicated in Table 1, a custom
questionnaire was passed to participants twice: at the beginning (week 2) and at the end
(week 15) of the course. Only four questions were formulated, so as not to lose the thread
with a lengthy questionnaire, but most importantly, to focus principally on the collaborative
frameworks:
•
•
•
•

Q1: Communication between team mates while tackling activities resolution.
Q2: Understanding of explanations, reasoning and postulates of team mates.
Q3: Comprehension and reinforcement of theory concepts thanks to other team mates
contributions.
Q4: Difficulties in following the technical resolution procedure collaboratively.

3. Results
3.1. Questionnaire Results
The first results are those related to the previous subsection, in which the satisfaction
questionnaire has been presented. Figure 6 depicts the evolution in the responses to the
questionnaire, from the initial pass (Figure 6a) to the final pass (Figure 6b), as measured in
average terms. These questions were responded on a Likert scale from 1 to 5, going from total disagreement (1) to total agreement (5). Some preliminary comparisons can be extracted
from these figures. A significant difference is observed between the test groups and the
control group. In general terms, all the assessed aspects were more satisfactorily perceived
by students who attended the practical lessons face-to-face than students who attended
virtually. Despite the increasing tendency observed in the evolution between the initial
and final pass, the satisfaction of virtual attendance do not improve sufficiently as long
as the course advances in time. Similarly, face-to-face modality presents slight increments
from the initial to the final pass. Nevertheless, the average responses demonstrate higher
satisfaction. Notably, it reveals a promising result about how these lessons are perceived.
Face-to-face attendance might represent an excellent complement to assimilate theory concepts for students, while practical activities are tackled through a collaborative approach.
Additionally, Figure 7 presents another comparative outlook, which involves students’
time to accomplish the activities proposed during these practical sessions. The previous
perception of easiness in the work flow and procedure for the face-to-face attendance may
be confirmed since the average time is nearly 20 min less than the times dedicated in the
virtual modality.
After inspecting these results, a first outcome can be deduced. Students perceive
better profit for their learning when practical activities are faced collaboratively employing
face-to-face team work. Nonetheless, in the following section, other data acquired in the
study are analyzed in-depth, such as achievement metrics and possible inferences and
correlation between variables.
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Initial questionnaire

5

value [1-5]

4

3

2

1

0
Test: G. Groups

Test: G. Hangouts

Control: Face-to-face

(a)
Final questionnaire

5

value [1-5]

4

3

2

1

0
Test: G. Groups

Test: G. Hangouts

Control: Face-to-face

(b)
Figure 6. Participants responses to the questionnaire (average values, [1–5]). (a) Initial pass in week
3. (b) Final pass in week 15. Legend:  Q1;  Q2;  Q3; Q4.

Mathematics 2021, 9, 558

10 of 23

80

Mean resolution time per activity

70
60

time (min)

50
40
30
20
10
0
G. Groups

G. Hangouts

Face-to-face

Figure 7. Time dedicated (min) by students to finish the practical activities. Legend:  Google
Groups (test group);  Google Hangouts (test group);  Face-to-face (control group).

3.2. Academic Performance
Once the collaborative structure adopted for the practical lessons has been satisfactorily validated by the face-to-face attendance group in terms of satisfaction, this section
delves into further study of data associated with both the test and the control groups.
Apart from the students’ opinion and attitude to the different modalities of attendance,
it is essential to appraise the real outcomes obtained in terms of learning performance
and achievement.
Initially, an obvious indicator to state new comparisons between groups is the students’
success, denoted as their academic performance in the subject and represented in broad
terms by their final marks. To broaden the comparison’s horizon, this has been extended
with the inclusion of the historical records of marks of the subject (from the academic year
2014–2015). Figure 8 summarizes such comparisons. Figure 8a shows the progression of
the mean marks along with the six past courses. These mean data have been obtained by
considering the whole set of students who: took the final exam of the subject (blue bars),
regardless they passed or failed; and exclusively the students who did pass the examen
(yellow bars). It is evident that the tendency is not stable, and at first sight, not many
inferences can be extracted. Apparently, in the current course 2019–2020, in which the
present learning program has been implemented, there is a certain growth in both sets.
However, the mean mark for the entire group is still under the level of 5 out of 10. Likewise,
students who pass do not reveal any relevant difference concerning the previous years,
in average terms. For these reasons, these data are complemented with a breakdown of
marks in Figure 8b. Here, individual marks have been classified according to five ranks,
as denoted in the legend. There is a noticeable increase in the current course, especially
when compared with the two previous since the number of students who obtain pass
marks is substantially higher.
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Historic mean marks
8
7

mean mark [0-10]+

6
5
4
3
2
1
0
2014/15 2015/16 2016/17 2017/18 2018/19 2019/20

academic year

(a)
90

Marks distribution by ranks

80
70

no. students

60
50
40
30
20
10
0
2014/15 2015/16 2016/17 2017/18 2018/19 2019/20

academic year

(b)
Figure 8. (a) Historic mean marks [0–10]+σ. Legend:  the whole set of students (pass and fail
marks);  only students who pass. (b) Historic marks distributed by ranks. Legend:  [0–5]; 
[5–6];  [6–7];  [7–9]; [9–10].

Another addition to the comparison considers the success ratios and dropout ratios,
respectively. It also differentiates between students who already took the examen in any
of the previous courses (repeaters) and students who are enrolled in the subject for the
first time (non-repeaters). Figure 9 represents such data, but processed in relative terms
of percentage, as normalized by the number of students registered in the subject during
each academic year. Figure 9a discerns between repeaters and non-repeaters and their
mark as per pass or fail. In general, there is an evident tendency in the ratios of nonrepeaters who tend to fail (green) more than repeaters (yellow). Notwithstanding, the
current course presents a clear improvement concerning the previous, for both repeaters
and non-repeaters. In turn, Figure 9b includes the dropout ratios. It may be observed that,
though small, an almost constant ratio of repeaters dropout the subject (yellow), whereas
it is confirmed that non-repeaters are more prone to dropout (brown). Again, the current
implementation reveals a recovered percentage of non-repeaters who follow the subject
until the final exam, concerning the previous course (the worst in the historical series). This
may be possibly seen as an engagement value in this learning program.
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% Pass and Fail marks of students who take the exam
100
90
80
70

%

60
50
40
30
20
10
0
2014/15 2015/16 2016/17 2017/18 2018/19 2019/20

academic year

(a)
% Pass and Fail marks of all students
100
90
80
70

%

60
50
40
30
20
10
0
2014/15 2015/16 2016/17 2017/18 2018/19 2019/20

academic year

(b)
Figure 9. (a) Pass and Fail percentages of only students who take the exam. Legend:  Pass-nonrepeaters;  Pass-repeaters;  Fail-non-repeaters;  Fail-repeaters. (b) Pass and Fail percentages
of all students (including dropout). Legend:  Pass-non-repeaters;  Pass-repeaters;  Fail-nonrepeaters;  Fail-repeaters;  Dropout-non-repeaters;  Dropout-repeaters.

Overall, a clear output is extracted from processing these data globally: nearly 70%
of repeaters take the final exam in the next course. Only 40% of non-repeaters take the
exam during the current course they are enrolled in. As per the final success, around
55% of repeaters manage to pass, in contrast to 35% of non-repeaters. This evidences that
some students need to take the course at least twice. That was an insight that the lecturers
perceived from their experience. Such fact also encouraged us to include improvements in
this learning program during 2019–2020.
Even though these first results might not be highly insightful yet, nor widely differentiating, they permit envisaging further benefits of the implementation since it should
be noted that group testing has not been evaluated, however. Hence the necessity to
analyze the real outcomes of the adopted modalities of attendance during the collaborative,
practical lessons of the subject. Thus, Figure 10 introduces the mark comparison between
the test (online attendance) and the control group (face-to-face attendance). A relevant
benefit may be noted in Figure 10a, where students in the control group demonstrate mean
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marks that outperform those in the test group. No matter the differentiation (mean marks
computed only with students who pass, in yellow; or with the entire set of students in
the group, in blue), since both mean marks in the control group are above 5 out of 10.
This means that very few students attending face-to-face eventually fail. Inspecting the
breakdown of qualifications in Figure 10b leads to confirm this fact. Again, it can be easily
depicted that almost all participants in the control group managed to pass, most of them
with high qualifications (more than 50%). Contrarily, the vast majority of students in the
test group did not manage to pass (nearly 80%).
Mean marks. Control vs Test groups.

9
8

mean mark [0-10]+

7
6
5
4
3
2
1
0
Control group

Test group

(a)

50

Marks distribution by rank
Control vs Test groups

45
40

no. students

35
30
25
20
15
10
5
0
Control group

Test group

(b)
Figure 10. (a) Comparison of mean marks [0–10]+σ between test group (online attendance) and
control group (face-to-face attendance). Legend:  the whole set of students (pass and fail marks); 
only students who pass. (b) Comparison of marks distribution by rank between test group and
control group: Legend:  [0–5];  [5–6];  [6–7];  [7–9];  [9–10].

Although some relevant conclusions can already be deduced concerning the modality
of attendance, the analysis still has to be completed in the same terms as in the previous
results, that is to say, by including in Figure 11 the repeaters and dropout values. Consequently, Figure 11a confirms that, amongst students who take the final exam, more than
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80% succeed in passing the subject, provided that they participated in the control group.
In contrast, only 20% of the students in the test group achieve the same. It can be noted
that fail values associated with repeaters and non-repeaters are similar to those within the
general historical marks, previously presented in Figure 9. However, in this case a huge
decrement in the number of fail marks is demonstrated. In the same manner, Figure 11b
considers the dropout ratios. The difference between test and control groups is again clearly
revealing: less than 10% of students attending face-to-face head to dropout the subject,
whereas almost 50% attending virtually turn to lose the subject’s plot and finally dropout.
% Pass and Fail marks of students who take the exam
Control vs Test groups
100

90
80
70

%

60
50
40
30
20
10
0
Control group

Test group

(a)

100

% Pass and Fail marks of all students
Control vs Test groups

90
80
70

%

60
50
40
30
20
10
0
Control group

Test gruop

(b)
Figure 11. (a) Pass and Fail percentage comparison between test group (online attendance) and
control group (face-to-face attendance) with only students who take the exam. Legend:  Pass-nonrepeaters;  Pass-repeaters;  Fail-non-repeaters;  Fail-repeaters. (b) Pass and Fail percentage
comparison of all students (including dropout) in the test and control groups: Legend:  Pass-nonrepeaters;  Pass-repeaters;  Fail-non-repeaters;  Fail-repeaters; :Dropout-non-repeaters; 
Dropout-repeaters.

All in all, these results about the academic performance bring out and emphasize the
significance of face-to-face attendance when collaborative work is conducted within an
educational context of Mechanics, as initially hypothesized in this work. Nevertheless,

Mathematics 2021, 9, 558

15 of 23

further data processing has been carried out, aiming at providing reliable dependencies
and hypothesis testing to produce formal and reliable comparisons and contrasts.
3.3. Global Statistical Tests
Given the previous results in terms of attitude towards this learning program but also
in regards to the academic performance, and it can be anticipated the favorable comparison
in favor of face-to-face attendance, to the detriment of online attendance, when considering
collaborative, practical lessons. Nonetheless, statistical tests are necessary to reassert them.
Furthermore, an investigation is needed to determine dependencies or inferences between
variables associated with the teaching resources used in this learning proposal.
Firstly, it is worth mentioning that all the data in the historical record (available from
the academic year 2014–2015 to 2018–2019) have been utilized to obtain these first contrast
tests. We examine possible correlations in such a historic basis between the academic
performance and the different resources used for teaching, as some of those presented in
Figure 2. Specifically, we compute the Pearson (r per ), Spearman (rspe ) and Kendall (rken )
correlations [46], as observed in Table 2. Firstly, we obtain the Pearson correlation in order
to determine possible linear dependence. Secondly, the Spearman correlation since it
provides positive correlation whenever there exists monotony dependence (regardless such
dependence may not be entirely linear). However, Spearman correlation is less sensitive
than Pearson correlation to strong outliers present in the tails of a sample. And finally,
we also tested Kendall correlation since it is more robust and slightly more efficient than
Spearman [47].
The evaluated resources are those dependent on the students. That is to say, their
performance in the individual assignments and in the practical activities handed-in after
the practical lessons. As extracted from the values of these correlations, presumably, there
might exist weak dependencies (r ≥ 0.30) between the final mark obtained in the subject
and the marks obtained in the individual and practical assignments.
Table 2. Correlation results between final marks and resources for teaching: Individual Assignments and Practical Activities, respectively. Correlation parameters: Pearson (r per ), Spearman (rspe ),
and Kendall (rken ).

Correlations

Individual Assignments

Practical Activities

r per
rspe
rken

0.4179
0.4224
0.3040

0.1425
0.0203
0.0072

To go beyond the previous correlations, a tstudent test [46] is performed, in which
H0 represents the null hypothesis that accounts for the independency between variables,
at a significance level of α = 5% (95% confidence interval). The results are presented in
Table 3, which reveals more explicit conclusions than the previous correlations. Here, both
tests reject H0 since tstudent > ttest( α ) and p-value < α. In the table, validation is indicated
2
as H0 = 0 and rejection as H0 = 1. Such rejection means that independency cannot be
assumed between the final marks obtained in the subject and the marks obtained in the
individual assignments and in the practical activities conducted during the practical lessons.
These data indicate that certain association might be present between these two teaching
resources and the final academic success of the students, taking into account the historic
data evaluated. Notwithstanding that, this fact could have been presumably forecasted
before conducting this test, since the more work dedicated by students to assignments,
the more probability of obtaining better marks.
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Table 3. tstudent test between final marks and resources for teaching: Individual Assignment and
Practical Activities, respectively.

Resource

tstu

p-Value

ttest ( α )

dof

H0

Individual Assignments
Practical Activities

13.9637
15.5624

3.9 × 10−25
2.3 × 10−28

1.9842
1.9842

99
99

1
1

2

Next, in Table 4 an Anova (Fisher) test [48] is performed to analyze the number of
individual assignments that students handed-in (classified in subgroups, from zero to
six assignments) and its influence on the final mark in the subject. Again, H0 encodes
the null hypothesis for independency of variables. It can be confirmed that H0 is also
rejected, and therefore certain dependencies can be expected between the total number of
assignments handed-in and the final mark in the subject. In this sense, Figure 12 presents
the breakdown of these data, expressed in a boxplot that compares the different subgroups
(blue boxplots), which include their median value (red line), standard deviation (dashdotted line) and outliers (red crosses). Here, it can be confirmed that the more dependent
subgroups are those who handed-in six assignments and less than two. Their final marks
are closely constrained in this sense (more probability to obtain higher and lower marks,
respectively).
Table 4. Anova test between final marks and Individual Assignment (categorically from zero to six
assignments).

Anova Test
no. of assignments

10

F

p-Value

13.79

3.7 ×

10−10

Ftest (α)

H0

2.4085

1

Anova test: marks vs no. of assignments

Marks [0-10]

8

6

4

2

0
<2

3
4
5
No. of assignments

6

Figure 12. Anova test results between final marks and number of Individual Assignments. Legend: —
boxplot for each group; — median value; ` − a standard deviation; + outliers.

Once the Anova test has been computed, and we decided to inspect these data in
more detail, that is, by computing tstudent tests separately over each subgroup (from one
to six assignments handed-in). Accordingly, Table 5 presents the results for such tests.
As already perceived in Figure 12, a distinction can also be noticed between students who
hand-in between three and five assignments since they validate H0 . Therefore, they assert
independence on the final mark. By contrast, students who hand-in less than two or the full
assignments (six) cannot confirm H0 , hence implying that there might present influence
on their final marks. This can be better studied by inspecting Table 6, which comprises
the probability to obtain a mark within a certain rank. We concentrate on the probability
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to pass the subject (p pass ), as obtained in a contingency table that keeps a record of the
number of assignments in categorical terms, that is to say, by classifying them again into
different ranks. Here it is reasserted that success in the subject is more possible, as long as
the maximum number of assignments are handed-in. However, in addition, failure is more
probable when two, or less than two assignments are completed. It is also worth noting
that a higher concentration of marks is ranked in the level of high qualification [7–10]. This
postulates that, the maximum assignments handed-in, the higher marks obtained.
Table 5. Individual tstudent tests between final marks and the number of Individual Assignments.

No. of Assignments

tstu

p-Value

ttest ( α )

dof

H0

1
2
3
4
5
6

2.7377
3.0010
1.6635
1.3741
1.1211
3.2697

0.0169
0.0046
0.1018
0.1725
0.2648
0.0014

2.1604
2.1788
2.0032
1.9842
1.9826
1.9820

13
12
34
99
106
109

1
1
0
0
0
1

2

Table 6. Marks probability (∈[0–1]) classified per ranks and number of Individual Assignments.

No. of Assignments

<5

[5–6]

[6–7]

[7–10]

pPass

<2
3
4
5
6

0.12
0.09
0.12
0.21
0.46

0.03
0.11
0.23
0.33
0.30

0.03
0.05
0.18
0.29
0.45

0.02
0.06
0.08
0.29
0.55

0.013
0.038
0.089
0.151
0.198

Another statistical test to infer dependencies for categorical variables is the chi-squared
test, χ2 test [46]. In the same way as in the previous test, the data associated with marks
and assignments is processed, but in this case, categorically arranged. Again, H0 represents
independence. As it may be observed in Table 7, this test validates a global independence
between these variables (χ2 < χ2test(α) and p-value > α). Likewise, the contingency coefficient,
C ∈ [0–1], does not confirm significant levels of association, neither the Cramer0 s coefficient
V ∈ [0–1]. This is the last confirmation that, in general, the number of assignments
handed-in, should not influence the final mark, however, with certain exceptions as those
commented above.
Table 7. χ2 test between the final marks and the number of Individual Assignments. Qualitative comparison, computed categorically.

chi-Squared Test

χ2

p-Value

χ2test (α)

dof

no. of assignments

12.5283

0.0544

16.9190

9

C=

p

χ2 / ( χ2 + n )
0.218

Cramer0 s V

H0

0.223

0

3.4. Group Testing Statistical Test
Once produced all the previous statistical tests for the entire set of historical data in
the subject, evidence of associations and dependencies between resources and the final
academic performance have responded to partially obvious forecasts. However, not many
conclusive dependencies can be stated yet. So that, now we move forward to compute
similar tests with the data belonging to the course in which this learning program took
place. More particularly, the focus is put on the group testing that was carried out to
evaluate the real efficacy of attending the collaborative practical lessons either face-to-face
(control group) or virtually (test group) with tools provided by the Google Suit.
Similarly to the previous subsection, an initial correlation study is computed.
Table 8 presents more substantial correlation results than those regarding the histori-
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cal record, as previously presented in Table 2. Despite the fact that these correlations are
still under 0.7, it can be appreciated that face-to-face (control group) presents a higher
correlation with the final mark (and significantly better than those in the historical set,
Table 2).
Table 8. Correlation results between the final marks and the attendance modality: Control group (faceto-face) and test group (online). Correlation parameters: Pearson (r per ), Spearman (rspe ), and Kendall
(rken ).

Correlations

Control Group

Test Group

r per
rspe
rken

0.6049
0.5246
0.4455

0.3144
0.2455
0.1736

The following test complements the previous one by performing the tstudent test. Again,
the aim is to assess whether there is an association between final marks and participating
in the collaborative framework in one of the two modalities of attendance. Table 9 shows
rejection to H0 (independency) in both the test group and control group. As it might be
expected from the correlation data, now there is more substantial evidence that taking
part in the program might have associated a dependency with the final mark. However,
the more relevant influence falls on the control group, with students who attended face-toface presenting the highest tstudent value.
Table 9. tstudent test between the final marks and the attendance modality: Control group (face-toface), test group (G. Groups), and test group (G. Hangouts).

Resource

tstudent

p-Value

ttest ( α )

dof

H0

Control group (face-to-face)
Test group (G. Groups)
Test group (G. Hangouts)

18.3765
9.0282
8.9560

2.0 × 10−16
1.7 × 10−9
1.9 × 10−9

2.0227
2.0227
2.0227

40
40
40

1
1
1

2

As per the categorical test represented by the χ2 test, Table 10 demonstrates interesting
outcomes. Here, categorical values of marks (pass or fail) have been considered. It can be
confirmed that only the control group rejects the independence, whereas the two variations
of the test group validate it. This fact implies that virtual attendance does not reveal
significant relation with passing the subject, whereas face-to-face attendance rejects such a
statement, meaning that influence on passing the subject is highly probable (please notice
the high value of χ2 ). Moreover, it is also worth mentioning that pass probability has also
been computed from the contingency table. The last column of Table 10 reveals a highly
satisfactory p pass = 0.789 amongst students who attended face-to-face, in clear detriment to
students who attended virtually.
Finally, to assess other variables, such as engagement, Table 11 contains the same χ2
test but considering the variables of participation in the control group (true) or the test
group (false) and taking the final exam (that is, not dropping out). Again, H0 is rejected,
and thus dependency can be expected between attending face-to-face and taking the final
exam. Particularly, during the course analyzed, 87.5% of students who participated in the
control group finally took the exam, fact that enhances the proposal’s engaging value.
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Table 10. χ2 test between the final marks (pass or fail) and the attendance modality. Qualitative comparison. Control group
(face-to-face), test group (G. Groups), and test group (G. Hangouts).

chi-Squared Test

χ2

p-Value

χ2test (α)

dof

Control group (face-to-face)
Test group (G. Groups)
Test group (G. Hangouts)

39.7414
0.497
0.0714

1.4 × 10−10
0.4825
0.7203

3.8415
3.8415
3.8415

1
1
1

p

C=
χ2 / ( χ2 + n )
0.595
0.105
0.039

H0

p pass

1
0
0

0.789
0.078
0.157

Table 11. χ2 test between the probability of taking the final exam (not dropping out) and the attendance modality. Qualitative comparison.

chi-Squared Test

χ2

p-Value

χ2test (α)

Control group

24.3691

4.1 × 10−7

3.8415

p

C=
χ2 / ( χ2 + n )
0.597

Cramer0 s V

H0

pexam

0.774

1

0.875

4. Discussion
This section aims to provide an insightful overview and summary of the main results
obtained in the previous section. In addition, some insightful comments are included in
terms of comparison with other research.
Initially, perception results have been gathered in Figure 6, which envisage better
efficacy in the collaborative, practical lessons for the face-to-face attendance modality.
Figure 7 reinforces this idea of easiness due to the lesser time dedication observed.
Secondly, the academic performance has been assessed in general terms, thanks to
the subject’s historic record (Figure 8). These statistics prove that slight growth in marks
appears during the course that this proposal was implemented. Similarly, Figure 9 evaluates
the ratios associated with pass and fail marks, but also with dropout ratios, discerning
between repeaters and non-repeaters. Notwithstanding that many students who first
course the subject finally manage to pass, a considerable number of them need at least
two attempts. The dropout ratio has been reduced to nearly 30% (in contrast to 40% of the
previous academic year).
Thirdly, and most importantly, the same academic results have been studied during
the course in which the implementation took place. Attendance modality has been analyzed
thanks to the group arrangement for the practical lessons. In terms of marks, Figure 10
clearly evidences a considerable improvement for students who attend face-to-face: nearly
80% pass the subject, whereas only 20% pass the subject in the online group. Taking into
account dropout ratios, Figure 11 also confirms better results for the face-to-face attendance,
with only 10% of dropout, while the online attendance presents nearly 50%.
In addition to the previous results, formal statistical tests have been conducted in order
to determine the interrelations and dependencies between variables. Tables 2 and 3 state that
a slight dependency on the final mark may exist with the marks obtained by students in
the individual assignments and practical activities. Nonetheless, these outputs are partially
expected. Similarly, Table 4 and Figure 12 delve into the previous results. In particular, they
demonstrate that there is more dependence on the final mark for students who hand-in
the maximum number of assignments (it means high marks) and students who hand-in
2 or less (it means low marks). Contrarily, a number of assignments between three and
five refuses the previous implication since independence with the final marks is validated.
Table 5 reasserts these outcomes by means of a more specific hypothesis test. One step
forward in this matter leads us to present a breakdown of marks versus the number of
assignments, expressed in probability terms (Table 6). Here, that fact is endorsed. Higher
marks and pass probability are tied to the maximum number of assignments. Contrarily, a
lower number of assignments behave otherwise to this inference. Therefore, the relation
between assignments and the final mark is evident, however, it can be confirmed that it is
only statistically confirmed for particular groups (in the extremes of the range). Finally,
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Table 7 analyses the marks by ranks, categorically sorted, in order to validate that the
commented dependencies are not present as a whole set.
Ultimately, the same statistical tests have been computed over the data associated
with the present course, in which group testing for the attendance modality has been
established. Similarly, Tables 8 and 9 show higher dependencies on the final mark and the
students’ belonging to one of the groups. However, the most evident and significant values
are unequivocally highlighting that face-to-face attendance reveals higher dependency
on the final mark of the students. Again, the categorical test that analyzes the dependence on the bimodal mark, as pass or fail, disambiguates the previous support results
(Table 10). Notably, it is demonstrated that the only group that rejects the null hypothesis for independence is the control group. This result evidences the real significance of
face-to-face attendance for the final success in the subject, in detriment to online attendance. Besides this, another confirmation is noticed in the passing probability, which
nearly reaches 80%. Finally, the same test appraises the relation between taking the final
exam (dropout) and the attendance modality (Table 11). Again, face-to-face attendance
demonstrates high dependency on taking the exam (not dropping out) with a probability
87.5%, in detriment to nearly 50% amongst online groups. This confirms the bright side of
this proposal.
As a comparative reflection on other state-of-the art research, our results do not
interfere with others that confirm the goodness of using ICT resources in engineering [2]
or methodologies sustained by collaborative frameworks [17–19]. Indeed, this program
relies on simulation tools for the practical lessons, which have also demonstrated positive
outcomes as ICT support, together with collaborative work, as other studies enhanced [20].
Nonetheless, we have not concentrated on those secondary facts. The main focus for
comparison falls on the answer to our research question, which confirms that face-to-face
attendance provides more benefits to students than online attendance. In this sense, similar
results have been presented in [3,21]. By contrast, the first one differs from our satisfaction
results in terms of perception, since they do not reveal significant differences between
modality, as all are positively perceived. In our study it can be deduced that the perception
of online modality was not positive enough from the preliminary results. Besides, authors
turn to confirm that communication between student and lecturers, and also between
students, is better in the face-to-face modality [3,22], fact that coincides with our results.
Similarly, a large study in [21] supports the same hypothesis that face-to-face modality
produces better outcomes for the students. It is worth noticing that these comparisons
confirm a general trend within this STEM context, particularized on the engineering field.
5. Conclusions
This work has studied the influence of the attendance modality in a STEM-related
course on “Machines and Mechanisms Theory”, taught in the second year of two Bachelor’s
degrees in engineering, under the academic plans of the Miguel Hernandez University.
The main goal was to evaluate the efficacy of each sort of attendance, either face-toface or online, to the practical lessons of the subject, which in turn, were reformulated
with respect to the previous courses. In particular, the renewal concentrated on a useful
collaborative framework sustained by problem-based and project-based outlooks.
Despite the fact that ICT resources and new methodologies emerge as the future
for the new decade of higher education, this work postulates that the join of traditional
face-to-face attendance with a thoughtful design of practical activities is the key aspect to
succeed in providing students with active learning. To validate this idea, several indicators
have been analyzed and different strategies used for comparison. The main one has utilized
group testing in the arrangement of students for the attendance modality. The entire set
of students registered in the course has been divided into a control group for face-to-face
attendance and a test group for online attendance (supported by the Google Suit).
A diverse list of results has been computed. First of all, the student’s satisfaction,
besides their perceptions of efficacy of both attendance modalities, have been assessed
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by a custom questionnaire. This first output has evidenced positive attitude, perception,
and satisfaction with the traditional face-to-face attendance. Moreover, and secondly,
each group’s academic performance, denoted as well as success in terms of marks, has
been assessed. The historical data has also been included for the comparison. Inspecting
generally the landmark study, there is not any critical fact to highlight when comparing
the academic year in which this program has been implemented, concerning the previous
academic years. However, more relevant insights are depicted from the breakdown of
marks, when the same comparison is focused on the sort of attendance and remarkably
evaluated during the present proposal. Marks demonstrate better performance of face-toface attendance at every studied aspect: mean marks, pass marks, higher mark ranks and
dropout. It is worth highlighting the satisfactory ratios of students who pass within the
face-to-face group (nearly 80% in contrast to 20%) and the reduction in the dropout ratio
(almost 10% compared to almost 50%). This last aspect reasserts the positive engagement
elicited amongst students.
Finally, this work also validates the previous results and its contribution to the practical
learning of a Mechanics-related subject, with a detailed statistical analysis that comprises
reliable hypothesis tests. In this way, several dependencies and inferences between variables associated with the teaching activity, and the final success in terms of marks, have
been determined. Apart from partially predictable dependencies (e.g., with the number of
assignments), these statistical contrasts have corroborated that the traditional face-to-face
attendance represents the more influential and significant aspect for students to succeed
in the active learning and satisfactory performance of marks. Other slight dependences
on the final mark have been studied (such as teaching resources). However, they have
been finally disambiguated in favor of the face-to-face modality. The statistical tests have
also demonstrated that face-to-face attendance is a more influential approach than online
attendance. Overall, the most relevant conclusion of such dependency is represented by
the high probability of passing the subject when attending face-to-face (nearly 80%) on
the valuable engagement and motivation to follow the thread of the course, with 87.5% of
face-to-face attendees taking the final exam.
In summary, this work has demonstrated the validity of the contribution to the
practical learning of Mechanics in a context of engineering education and validated the
better efficacy of face-to-face attendance when team work activities are considered. The
last consideration has to do with limitations of this study which will be tackled as future
work in the following academic years. It has to be noted that certain considerations about
population diversity might have been acquired by addressing specific questions that permit
characterizing participants with more detail. This would lead to finding more outcomes and
possible dependencies, in particular those that might imply certain bias. Moreover, the size
of the sample will be increased in the following academic years through the extension of
the program to other degrees in engineering within our technical school in the Miguel
Hernandez University. Integrating this program as a standard learning model, without any
group testing, would help to avoid possible bias associated with the participation in one
group of another.
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