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Tarragona, Spain face-to-face methods with e-learning technologies to improve learning outcomes in
Mechanical Engineering. The enhanced teaching environment includes upgraded
teaching material, new self-assessment methods, and video clips providing detailed
instructions for each practical session. Our challenge was to improve the learning
method by changing from a model that simply presents the practical sessions to a
model that actively involves students in the learning process. The results of an
anonymous student satisfaction survey show that these improvements have been
very well received; students consider that the new techniques are very useful both
for better understanding the subject and for preparing for the oral exam. Rates of
success demonstrate that the improvements have had a direct and significant
impact on performance, as well as reducing the dropout rate. As an overall
conclusion, we can state that all the new techniques are effective tools for
improving learning outcomes in the Degree in Mechanical Engineering.
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Introduction

Since the incorporation of Spanish universities into the European Higher Education
Area, teaching methodologies have been radically overhauled, creating a more open
and student-centred educational experience that fosters self-directed, participatory, ac-
tive, group-oriented and engaged learning (Mérquez & Jiménez, 2014).

The integration of practical training into the university curriculum, in order for stu-
dents to develop a suitable professional profile, has become an issue of particular rele-
vance since the launch of the Bologna Process (Molina et al. 2008), under which
practical training is given greater prominence to strengthen the bond between theory
and practice, which is fundamental to the acquisition of quality professional competen-
cies (Molina et al. 2008; Colombo & Gémez Pradas 2014). With the implementation of
the Bologna Process, teaching approaches have changed significantly and now focus
more explicitly on student performance. Consequently, lecturers have looked for new
methodologies and learning tools that strengthen the role of students, enabling them
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to take control of their own learning processes (Gamiz Sinchez et al. 2014). The new
methodologies are geared towards fostering student participation to promote an au-
tonomous learning process in a student-centred environment (Kramarski & Michalsky
2009; De Miguel, 2006).

Based on these principles, the Degree in Mechanical Engineering at Rovira i Virgili
University uses unique teaching methods that bolster the students’ aptitudes and abil-
ities, applying advanced experimental and practical teaching techniques. The experi-
mental techniques are used for a number of practical subjects (laboratory subjects) that
dovetail with the corresponding theoretical subjects but which have their own assess-
ment, management and organisational structures.

The laboratory subject analysed in this paper is Laboratory of Elasticity and Strength
of Materials, taught in the second semester of the second year of the Degree in Mech-
anical Engineering. Students complete 60 face-to-face teaching hours in one semester
to acquire a practical understanding of the main concepts of materials strength as ap-
plied to engineering systems. The basic content is divided into three modules:

e Module I, characterisation, testing and inspection of structural materials, with four
practical sessions.

e Module II, experimental characterisation of strain gauge measurement techniques,
with four practical sessions.

e Module III, development of the basic principles of the finite elements method, with

four computer sessions.

Each week, students attend a 4-hour practical session for one of the modules.

Each module has a coordinator, who is responsible for the theoretical content, the
teaching material, the assessment system and the coordination of the five other lec-
turers who teach the subject. All the supporting teaching material can be accessed in
the corresponding virtual space on Moodle.

The main learning outcomes of this subject are, broadly, the ability to apply experi-
mentally the fundamentals of elasticity and strength of materials (derived from a
specific competence), the ability to apply engineering knowledge to practice (also de-
rived from a cross-disciplinary competence) and the ability to produce correct oral com-
munication (structured, clear and appropriate to the communicative situation) (derived
from a core competence). The latter two competencies are also considered Generic
Competencies in the Dublin Descriptors and refer to those competencies that are key,
cross-disciplinary and transferrable to a wide variety of personal, social, academic and
professional contexts throughout life. By acquiring these skills, on completion of the
degree students will possess not only technical competencies but also methodological,
human and social competencies (Garcia-Aracil & Van der Velden, 2008; Villa, 2007).

The assessment system for this subject focuses on both the content and the acquisition
of these competences. One of the evaluation techniques used in this system is the oral
exam, during which the student gives a five-minute presentation on one of the practical
sessions, chosen at random, and then answers questions from the teaching staff for an-
other five minutes. The learning outcomes evaluated in this oral exam are as follows:

e The practical session is presented in a proper, clear and organised manner.
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e The time allocated to the presentation is observed.
e The student is capable of discussing and answering the questions posed.

The other evaluation items in the assessment system for this subject are the marks
obtained in each practical session (see Table 1).

From our experience of teaching this subject, we have identified certain problems
that impede or delay the acquisition of the learning outcomes, as well as significantly
reducing the rate of success (the ratio of students who pass the exam to the total num-
ber of students taking the exam) and increasing the dropout rate (the ratio of students
who do not take the exam to the total number of students enrolled in the subject)
(Fernandez Rico et al. 2007; Galdn & Cabrera, 2002). In addition, a systematic decline
in student satisfaction is detected each academic year.

These problems may be caused by various factors:

e There is too much time between the first practical sessions and the exam date
(about four months), as a result of which the students do not remember the main
concepts of the first sessions.

e In the oral exam, the students are unable to summarise the chosen practical session
in five minutes.

e The students do not receive guidance or model questions similar to those posed by

the examiners, so they do not know how to prepare for the oral exam.

Another, less significant, problem that might noticeably reduce student satisfaction is
the lack of uniformity between the different teaching materials and teaching methods,
mainly due to the involvement of five different lecturers.

In order to reverse this trend, we intend to drastically change the teaching and learn-
ing methodology used for our laboratory subject, adapting it to a more interactive sys-
tem by introducing a blended-learning strategy based on the use of different teaching
tools that combine face-to-face methods with e-learning technologies. This type of
strategy is characterised by the convergence of traditional face-to-face systems and on-
line distance learning systems, thus forming integrated and complementary environ-
ments (Graham, 2006; Osorio, 2010; Gamiz Sanchez et al. 2014). Online methodologies
in general and blended-learning models in particular have been well received by lec-
turers and students because of their usefulness, the flexibility they allow and the greater
degree of student involvement and participation they permit (Sancho & Escudero,
2012; Seluakumaran et al. 2011). The implementation of blended-learning strategies
has also been found to improve academic performance (Cabero et al. 2013; Garrison
and Vaughan 2008).

Table 1 Evaluation items and weighting

Evaluation items

Oral Exam (70 %) « 30 % First Oral Exam (modules | & 1)
- 40 % Final Oral Exam (all modules)

Reports from Practical Sessions (PS) (30 %) All PS are equally rated
+ 10 % Personal attitude in lab
+ 20 % Written report on each PS
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The tools developed and implemented in our project are also aimed at improving au-
tonomous learning before and after each practical session. The most important of these
tools are a series of video clips summarising the lab sessions and a set of self-
assessment activities. Several studies have related the use of a learning strategy based
on self-assessment activities to improvements in student performance (Boud, 2003;
Cukusi¢ et al. 2014; Snodin, 2013), so they would seem to be an excellent aid for our
subject. Additionally, the incorporation of web tools, such as video clips accessible via
YouTube, can be effective in improving levels of student engagement in the learning
process, facilitating a learning-by-doing approach and better levels of retention and
competence acquisition (Manca and Ranierit 2013; Rama, 2014).

The challenge is to introduce this set of e-learning tools in combination with trad-
itional face-to-face practical training (essential in this kind of subject) to improve learn-
ing outcomes for laboratory subjects in Mechanical Engineering. Therefore, this project
focuses on the accurate design, development, implementation and evaluation of a new
teaching methodology for practical training in Degree in Mechanical Engineering la-
boratory subjects aided by e-learning environments.

Method

The improved teaching tools

We have introduced a number of interactive tools to enhance the learning experience:
teaching material, with illustrated presentations (called learning by reading); video clips,
with detailed instructions for each practical session (with a QR code linking to the
video on YouTube for mobile devices), called learning by watching; and self-assessment
methods to be carried out before (Are you ready?) and after (What have you learned?)
each practical session.

These new resources have been integrated into the Moodle space for the subject and
uploaded to YouTube, and are structured to achieve a high level of performance in learning
activities. Our challenge is to improve the learning method by changing from a model that
simply presents the practical sessions to a model that actively involves students in the learn-
ing process. We aim to convert our educational model to a “user-centred” model that places
the students at the centre of the learning process and empowers them to guide their own
educational experience.

e Learning by reading (Fig. 1). We have developed enhanced teaching material for
each practical session, which unify the content, provide explanatory illustrations
and photographs for the experimental methods, and highlight the main objectives
and conclusions. The new materials also provide clear and concise step-by-step in-
structions for each practical session and are accompanied by Are you ready? and
What have you learned? self-assessment materials on the main questions related to
the session. A QR code on the front cover of each document links to the associated
video clip. There are numerous experiences of using QR codes in education, either
to link to collections of student resources (Romén & Martin, 2014; Allueva, 2013)
or to integrate audio-visual media (Geyer, 2010; Marquis, 2012; Watson, 2013). In
our laboratory environment, these codes can link to detailed instructions on how to
use the equipment for the practical session. The aim is to integrate a full range of
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Fig. 1 Examples of teaching material for two practical sessions: a Module I; b Module I

techniques so the students can use any of them when studying for the oral exam.
With the improvements made to this material, we aim to help students achieve the
specific learning outcome evaluated in the oral exam: The practical session is
presented in a proper, clear and organised manner.

e Learning by watching (Fig. 2): This is the most significant improvement to the
subject; it has also required the most time and dedication to prepare. For each
practical session, we have prepared a 5-10 min illustrative video, which presents
the fundamental aspects (overall objectives, operational objectives, key ideas,
conclusions, etc.). The videos are intended to help students summarise each
practical session for the oral exam. They are also a useful reminder of the content
of sessions completed at the beginning of the semester. The addition of this e-
learning tool enables students to acquire the necessary competences for the oral
exam: The practical session is presented in a proper, clear and organised manner
and The time allocated to the presentation is observed.

o Are you ready? We have also designed self-assessment tests, one for each practical
session, consisting on 20—25 items classified by difficulty and containing a combin-
ation of numerical and multiple-choice questions. Part of the tests focuses on
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Fig. 2 Example slides from video clips: a, b Module |; ¢ Module II; d Module Il

knowledge that we consider essential for successfully completing each practical ses-
sion. Students should complete the tests before the corresponding practical ses-
sions, and can access them via Moodle.

o What have you learnt? In order to help students prepare for the oral exam, part of
the self-assessment tests also focuses on concepts that students must be familiar
with by the end of each practical session. These concepts will be discussed in the
oral exam and must therefore be learned to achieve the desired learning outcome:
The student is capable of discussing and answering the questions posed.

Both self-assessment methods implemented in Moodle are developed with feedback

and can be attempted without limitations in number of attempts (see Fig. 3).

Tools for the analysis
The study was conducted on students taking the Laboratory of Elasticity and Strength
of Materials subject in the 2013/14 academic year. The academic results were analysed
for 75 students, where only 5 % were female (four female and 71 male), which is a com-
mon proportion in engineering degrees (Ferrando et al. 2013). The average age of par-
ticipants was 20 years (age interval 19-23 years).

To measure the students’ perceptions of and satisfaction with the new resources, a
survey was conducted via Moodle, containing twenty questions divided into three main
categories:
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Fig. 3 Self-assessment questions for Module ||

e Questions related to rating the usefulness of the improvements for better
understanding the overall subject, and their usefulness for preparing for the oral
exam. A modified 10-point Likert scale was used (1 = not at all, 10 = totally agree).

e Questions with closed-answer text to analyse which of the improvements were
most highly valued by students.

e Closed questions (YES/NO) regarding the usefulness of the video clips and self-

assessment methods for achieving the main learning outcomes.

The survey was conducted at the end of the semester, after the final oral exam. Of the
75 students enrolled in the subject, 50 answered this survey (4 female and 46 male). The
data collected from the survey were analysed to obtain the respective percentages for each
question posed.

To measure the results of the autonomous learning process with the implementation of
this interactive teaching system, the students’ final grades for the subject were also analysed,
considering the rate of successful task completion (rate of success) and the participation rate
(dropout).

Results and discussion

Rate of successful task completion (rate of success) and participation rate (dropout)

To analyse whether the improvements have helped to increase the rate of success, Fig. 4
presents a comparison between the grades obtained in previous years with those

-
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Fig. 4 Grades obtained in the last three academic years
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obtained in the current year (when the new techniques were introduced). This com-
parison helps to understand the advantages brought by these improvements and to
quantify the benefits of their implementation.

We can see from Fig. 4 that the results for the first two years were similar and that
grades have risen dramatically for the current year. The number of dropout students
(NP) has been considerably reduced (from 41 % in 2011/12 to 24 % in 2013/14), as has
the number of failed students (from 20 % to 8 %). By contrast, the number of students
achieving good grades (between 7 and 9) has increased noticeably from 3 % in 2011/12
to 20 % in 2013/14. Unfortunately, there are still no students in the highest grade band,
although this is probably due to the use of continuous assessment, which produces a
more distributed grade.

Based on the results presented above, we can conclude that the effective use of our
improved activities has had a considerable impact on the dropout rate and on the stu-
dents’ grades. It would be useful to know if the students who have actively used these
improved teaching methods are those who have obtained better grades, but since the

survey was anonymous, the two facts cannot be correlated.

Students’ perceptions and satisfaction
To analyse the students’ opinions of the new resources, a survey was conducted via the
Moodle platform. The 20 questions were designed to determine the degree of satisfac-

tion with the improvements introduced.

e Rating the usefulness of the improvements for better understanding the overall

subject and preparing for the oral exam.

Figure 5 shows the students’ ratings with respect to the question: Rate the usefulness
of the improvements for better understanding the overall subject: (i) video clips; (ii) self-
assessment methods; and (iii) teaching material. The most noticeable result is that all
of the students’ ratings fall between 5 and 10, even though a scale of 1 to 10 was used,
which suggests that the improvements were generally well received.

Similarly, an initial observation of the data indicates that the students considered
video clips to be the most useful item (with a mean rating of 8.9) and teaching material
to be the least useful, although they still valued it highly (a mean rating of 8.3).

P
[0 Video clips [ Self-assessment Methods [ Teaching Material

18 19

Number
-]

6
6
4
4
24 3
ot
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5 6 7 8 9 10
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Fig. 5 Student ratings of the usefulness of each improvement for better understanding the overall subject
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Fig. 6 Student ratings of the usefulness of each improvement for preparing for the oral exam

Figure 6 shows particularly illustrative results for the second question: Rate the use-
fulness of the improvements for preparing for the oral exam: (i) video clips; (ii) self-
assessment methods; and (iii) teaching material. In this case, by comparing the results
with those shown in Fig. 5, it is clear that students consider the improvements to be
significantly more useful for preparing for the oral exam than for better understanding
the overall subject, and that they found video clips (mean rating of 9.2) and self-
assessment methods (mean rating of 9.3) the most useful. Surprisingly, although teach-
ing material was considered useful for better understanding the overall subject (mean
rating of 8.3), it was less highly valued for preparing for the oral exam (mean rating of
7.6).

Nevertheless, from the results for the first two questions we can conclude that, in
general terms, the improvements have been very well received by students, and that
they are considered very useful both for better understanding the overall subject and
for preparing for assessment.

o Items with closed-answer text to analyse which of the improvements were most
highly valued by students.

In order to identify which aspects of the teaching material and video clips were most
highly valued by the students, the following questions were asked:

1. Which of the following aspects of the teaching material do you consider most
valuable?
a. They are uniform in structure
b. A QR code is inserted in the front cover
c. They are clearly structured, organised and explained
d. They include explanatory illustrations and photographs
2. Which of the following aspects of the video clips do you consider most valuable?
They are short and concise
. They can be accessed via QR code
They are good reminders of the sessions

AN T oW

. They are uniform in structure
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Fig. 7 Qualitative assessments of the (a) teaching material and (b) video clips
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Figure 7 shows the students’ qualitative assessments of the improvements. In Fig. 7(a)
it can be clearly seen that students found the structure, organisation and clarity of the
teaching material to be the most valuable aspect (60 %), followed by uniformity (21 %)
and illustrations and photographs (19 %). This confirms our hypothesis that the decline
in student satisfaction was due, in part, to the lack of uniformity of the different teach-
ing materials and teaching methods and suggests that the problem has been corrected
with the introduction of the improved teaching material.

Figure 7(b), as expected, shows that the most highly valued aspect of the video clips
was that they provide a clear reminder of the lab sessions (69 %), particularly the ses-
sions carried out at the beginning of the semester. Again, our hypothesis that the de-
cline in student satisfaction was also due to too much time elapsing between the first
practical sessions and the exam date is clearly confirmed, and the problem has been
corrected. We also hypothesised that dissatisfaction arose from the fact that, in the oral
exam, the students are unable to summarise the chosen practical session in the allotted
time; we therefore expected students to value the short length and conciseness of the
video clips, yet only 24 % selected this as the most valuable aspect.

Finally, the most surprising result shown in Fig. 7 (a, b) is the total lack of value —
0 % — given to the QR codes, which totally contradicts our initial assumptions about
their usefulness. The students’ views are clear: they do not value this aspect of the im-
proved teaching resources.

e Closed questions (YES/NO) on the usefulness of the most relevant resources (video
clips and self-assessment methods).

In order to ascertain whether the video clips and self-assessment methods have
helped students to achieve two of the main learning outcomes (the specific compe-
tence, the ability to apply experimentally the fundamentals of elasticity and strength of
materials; and the core competence, the ability to produce correct oral communication),
we asked four questions:

1. Do you think that the video clips have helped you understand and complete each lab
session?

2. Do you think that the self-assessment methods have helped you understand and
complete each lab session?

3. Do you think that the video clips can help to reduce your preparation time for the
oral exam?
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Table 2 Results for questions relating to the video clips and self-assessment methods

Video clips Self-assessment methods
Understanding lab Reducing preparation time Understanding lab Reducing preparation time
sessions for oral exam sessions for oral exam

Yes 98 % 55 % 40 % 100 %

No 2% 45 % 60 % 0%

4. Do you think that the self-assessment methods can help to reduce your preparation
time for the oral exam?

The results, shown in Table 2, are largely what we expected to find: all the students
consider that the self-assessment tests are the most useful resource in reducing prepar-
ation time for the oral exam, and 98 % of students consider that the video clips are the
most useful resource for understanding the lab sessions. These data therefore support
our hypothesis that the resources help students achieve two of the main learning out-
comes: the specific competence, in the case of video clips; and the core competence, in
the case of the self-assessment methods. However, in contrast to our initial assump-
tions, the results also show that the self-assessment tests do not help students under-
stand and carry out the lab sessions, so we can conclude that the Are you ready?
questions completed before each session are not useful for acquiring the specific

competence.

Conclusions
Video clips for teaching and learning, combined with other interactive techniques (self-
assessment methods and enhanced teaching material) are effective tools for improving
learning outcomes in the Degree in Mechanical Engineering. These resources have sig-
nificantly improved student grades, considerably reduced the dropout rate, and in-
creased the overall pass rate. Moreover, the degree of student satisfaction, ascertained
through an anonymous survey, has increased noticeably, so it can be concluded that
the improvements have been well received. The students consider the new resources to
be very useful both for better understanding the overall subject and for preparing for
the oral exam. Our principal hypotheses regarding the causes of the annual decline in
student satisfaction have been confirmed, and the underlying problems have been cor-
rected, with a consequent improvement in the students’ acquisition of the specific and
core competences.

To follow up this work, it would be interesting to monitor grades and student satis-
faction over the coming years to gauge whether the improvements observed in the
study are maintained or if additional improvements are recorded.
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