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Abstract: Some subjects of Engineering Mechanical result particularly difficult because previous
knowledge and skills are required. It is the case of Graphic Expression. There are two main reasons
justifying failure. Firstly, it is very common to find students with difficulties for the spatial vision.
Secondly, a variable percentage of students do not have any previous experience about the contents
of this subject since it is a non-compulsory subject in secondary school. This work presents different
experiences of inclusive teaching to help these students to achieve the required level of knowledge
and the evaluation of this activities.
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1. Introduction

The teaching of Graphic Expression in a Mechanical Engineering degree poses different
challenges mainly due to the high level of demand in relation to spatial vision comprehension and
ability [1]. Spatial visualization was described as one of the eight human intelligences [2] and it is
essential to achieve mental transformations when converting a 3D reality into a 2D representation [3]
as needed in Graphic Expression. Spatial visualization has been related with the personal abilities
and some studies have indicated the difficulties to teach the concept [3] but also the possibility of
being improved through instruction [3-5]. Then, spatial visualization capabilities depend on the
individual but also their experience and previous instruction.

In addition, the spatial visualization development has been linked to math skills [6] and
engineering [7]. This way, deficiencies associated with spatial visualization could affect not only the
learning of this subject, but also the success of many other subjects in an engineering degree.

However, at high school in Spain, subjects which includes these skills are non-compulsory for
students to access to technical studies at university. These students usually present singular
difficulties in learning and inclusive learning activities are therefore recommended to help them.

This work was developed in the Defense College (Centro Universitario de la Defensa—CUD)
integrated in the Spanish Naval Academy to train future Spanish Navy officers in a Mechanical
Engineering degree integrated into the European Higher Education Area (EHEA).

In last years, the number of students who access without previous knowledge in Graphic
Expression at the CUD reached about 24%. The academic achievements of this group of students
were poorer than the ones acquired by the students with previous experience. In this frame, the
teachers of the subject have become aware of the need to develop teaching-learning strategies to
assist and improve the academic performance of students with severe deficiencies, as recommended
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by European Commission [8]. In application of the principles of the Bologna Declaration and the
EHEA, this learning process will be understood as a continuous process embedded in a continuous
evaluation system.

2. Materials and Methods

The study presented in this work was focused on two different approaches: design and

application of inclusive learning activities and evaluation of their success. The different activities
planned by the teachers in order to evaluate the level of knowledge of the students and to improve
their comprehension and ability are described below:

1.

Level test, to assess prior knowledge and abilities of the students to identify the differences in
knowledge and the poorest capabilities, which allows us to define the learning activities with
precision.

Zero course, to introduce briefly the most important basic concepts required to face the subject
in good conditions. It is usually carried out in the first weeks of the term.

Group work task: the project. Students, whether or not they have knowledge or previous
experience, work by groups in the elaboration of a document that includes a brief introduction
and, mainly, the plans (2D standard views and perspectives like axonometric system) of a
simple machine and its parts (Figure 1). Then, each student must present the results and his
contribution to teachers and classmates.

Overview Drawing Partial Views

Figure 1. Example of different views elaborated in a project.

3D printer for improving spatial visualization. Task of converting a 3D part into several 2D
views (Figure 2), helped for versions of these parts sectioned in different ways to achieve a
better understanding. These sectioned parts can be obtained from the original part by 3D
printer and the students can measure the different details easier than over the original. It is
possible to consider this and previous tasks like inclusive activities (except the zero course)
because the students work together adapting the learning tool to their needs.
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Figure 2. Example of sectioned printed parts and a drawing plan elaborated.

5. Partial and final exams and other assessments, required to grade students, but useful to know
the effectiveness of the teaching-learning methodologies employed.

6. Satisfaction surveys to know the success and level of satisfaction of the students with the
inclusive activities planned to help them with learning. Two surveys, one about the satisfaction
with the group work project and the other one about the 3D printer activity, were done. The
level of satisfaction was measured using a Likert rating scale, from 1 to 5 points, being the 1 for
“nothing” and the 5 for “complete”.

3. Results and Discussion

Two types of results are presented: the results obtained by students (separated whether or not
the students have previous experience) through the different assessments and the results obtained
from the satisfaction surveys realized to the students regarding the inclusive activities.

3.1. Level Test
Results of level test shown:

e  Any student without previous experience passed the level test. The best mark obtained by this
group of students was lower than 3 points (scored over 10).

e 58% of the students with previous experience passed the level test.

e 31% of the students with previous experience who did not pass the test obtained a mark
between 4 and 5 points.

e  The most difficult content, for students with previous experience, is dihedral system.

From the results obtained, it was possible to highlight the different level of knowledge and
skills between the two groups of students (with and without previous experience), and students
without experience seem will have special difficulties to learning.

3.2. Exam Tasks and Results

Figure 3 shows the success rate (separated by students with and without previous experience)
for the different exams planned, including all the contents of the subject: level test (LT), continuous
evaluation (CE), ordinary evaluation (OE) and the final rate in the first round (FR).
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Figure 3. Compared results of different exams separated by students with and without previous
experience.

All the students without previous experience failed the test level, but the final success of this
group is more than a half of their classmates. Approximately 53% of the students without previous
experience passed the continuous evaluation (CE), after enjoying the inclusive learning activities,
versus 90% of the students with previous experience. This situation is not the same in Ordinary
Exam. The students who did not passed the subject in continuous evaluation have to attend this
exam, but they did not to take advantage of learning activities developed in the classroom.

3.3. Satisfaction Surveys

Table 1 describes the level of satisfaction by the students with respect to the group work and
sectioned printed parts activities and the start situation of knowledge of students.

Table 1. Results of the satisfaction surveys about the group work and printed parts activity.

Students with Students without
Question Previous Experience Previous Experience
(Scored over 5) (Scored over 5)

What was your ability for spatial visualization and your
knowledge about standards of technical drawing before 3.6 1.3
starting this subject?

How many important was the realization of the project
(group work) to improve your knowledge of standards 3.1 3.2
in drawing?

Grade the utility of the project-based learning in

comparison with traditional learning methods. 31 31
Grade the contribution of the activity to the group work 35 39
competence.

Grade the utility of the seminar of standard views using 33 39

3D printed to improve your spatial visualization abilities.

Both activities were graded with medium-high scores and the level of satisfaction was similar in
both groups of students considered (with and without previous experience) Nevertheless, the
students without experience gave a higher score to the contribution of the activity to the group work
competence (3.9 versus 3.5), which certainly demonstrates that this group of students more widely
recognized the collaborative work as a learning methodology. With respect to the level of
satisfaction with the 3D printed parts activity, the group of students who had spatial visualization
difficulties considered the activity of greater utility than the other group (3.9 and 3.3 over 5,
respectively).
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4. Conclusions

After this study, it was possible to conclude that the students without previous experience
related to Graphic Expression or Technical Drawing had more difficulties to pass the subject as
expected. However, the inclusive activities planned in order to assist and improve the learning process
and academic results of those students presenting difficulties have demonstrated positive effects.

For further improvements in the teaching-learning methodology, inclusive activities should be
designed and implemented focused on the contents of the geometry block, and more particularly on
the dihedral system.
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