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Abstract 
Usually industrial drawing courses in the field of engineering are focused on CAD modeling and two-
dimensional graphic representation of industrial products. Mechanical engineering students learn 
graphical standards for industrial elements by means of repetitive geometrical problems. This 
methodology doesn’t focus in resolving design professional problems, discouraging the student in 
learning of standards. The paper presents the application of a learning model oriented to project 
solving into the field of industrial drawing, in which the engineering students, working in teams, must 
solve a real design mechanical problem proposed by the teacher. The objective of this methodology is 
to involve and to motivate the student in solving design problems working in a collaborative 
environment presenting as a result a portfolio of professional technical drawings. The results show an 
increase of the motivation in the students that have worked collaboratively, as well as an improvement 
of the learning results. 
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1 INTRODUCTION  
Project-based learning is a teaching methodology that groups together the teaching process and the 
classroom learning involving students in real problems solution[1]. Project-based learning aims at 
student-centred teaching, integrating motivation and learning into this process. In this framework, 
students seek solutions to non-trivial problems by asking questions, debating ideas, making 
predictions, designing plans and experiments, collecting and analysing data, drawing conclusions, 
communicating their ideas to others, and designing new products [2,3]. Teachers should be 
responsible for questions approaching and activities solving. However problem statement has to allow 
different results, leaving students develop their own approaches. The process of solving complex real 
problems involves performing cognitively complex tasks. The students build knowledge by solving 
problems in situations in which they use cognitive tools and multiple sources of information. 
Additionally the learning process occurs in a social context where students interact and internalize 
ways of thinking from other co-workers[4,5].  

The PBL begins with a task, to carry out specific tasks that would eventually lead to the arrival of a 
final product: a design, a model, a device and / or a computer simulation. The final result is usually a 
written and / or oral report that highlights the main steps taken to produce the product and the result 
[6,7]. PBL is an instructive approach that challenges students to learn by working cooperatively in 
teams that seek solutions to real-life problems. It prepares students to think critically and analytically, 
as well as to find and use the appropriate learning resources. It is important to note that PBL 
encourages students to be in charge of their own education. It emphasizes critical thinking skills, 
learning to learn and cooperating with others. 

The PBL is potentially effective as it emphasizes the participation of students in the learning process 
and helps develop creativity and innovative thinking. It is a strategy that promotes lifelong learning 
habits. With PBL, the students, who work in teams, must identify what they know and, what they do 
not know, in this process the role of the teacher is only to facilitate the process, not to provide easy 
answers. Several authors claim that first-year design-oriented courses make students quickly learn 
that generating a great idea is the first step in the innovation process. Likewise, they improve students' 
interest in engineering, motivate learning, improve performance in design courses, in general, and in 
initial design courses in particular[8].  

Mechanical engineering students learn graphical standards for industrial elements by means of 
repetitive geometrical problems. This methodology doesn’t focus in resolving design professional 
problems, discouraging the student in learning of standards. In order to solve this problems the paper 
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presents the application of a learning model oriented to project solving into the field of industrial 
drawing, in which the engineering students, working in teams, must solve a real design mechanical 
problem proposed by the teacher. The objective of this methodology is to involve and to motivate the 
student in solving design problems working in a collaborative environment presenting as a result a 
portfolio of professional technical drawings. The freedom of the students to generate designs is 
fundamental since this generation process allows the students to build their knowledge (doing and 
learning). The designs are representations of the solution of problems that reflect the knowledge 
learned. Because the designed devices are concrete and explicit, they can be shared and shown to 
the rest of the students, who can make constructive comments. The results show an increase of the 
motivation in the students that have worked collaboratively, as well as an improvement of the learning 
results. 

2 METHODOLOGY 
With the aim of involve and to motivate the first course engineering students in design problems 
solving methodology a set of activities was carried out during the academic year 2017/2018. These 
activities have been framed in an innovation project funded by Jaen University - Spain. The purpose of 
these activities has been using the methodology of PBL as a tool for learning the standards in 
industrial drawing. Usually industrial drawing courses in the field of engineering are focused on CAD 
modeling and two-dimensional graphic representation of industrial products. Industrial engineering 
students learn graphical standards for industrial elements by means of repetitive geometrical 
problems. This methodology doesn’t focus in resolving design professional problems, discouraging the 
student in learning of standards. In Fig 1 is represented a traditional design problem used in the 
course of industrial drawing in industrial engineering degree.  

 
Fig 1.- Traditional drawing problem in industrial drawing course. 

The traditional work methodology makes all students solve the same problem, individually. This 
causes demotivation and lack of attendance to the classes of the subject. In order to develop the skills 
in graphic engineering, and motivate students in the subjects of industrial drawing, a design problem 
has been proposed to students as a statement. Students in groups have designed a new transmission 
system for a bicycle. This system must meet the stability and support requirements of the bicycle, as 
well as be creative. As a result, students must submit a portfolio of CAD files using SW software as 
well as a set of 2D drawings of the designed parts. The design was chosen because of the familiarity 
that students have with bicycles as a means of sustainable transport. The first step in the development 
of the design project was to obtain the design concept using a freehand sketching methodology. This 
fact makes the students get involved in the development of the design idea, given that the group feels 
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identified with it. In Fig 2a, an example of resolution of the design concept developed by a course 
team is shown. Figure 2b shows the final design made in CAD. 

 

 
Fig2a, 2b.-Design concept and detailed design. 

Another of the objectives of the subject is that the student learns the standards of the drawing for a 
correct bidimensional representation. The learning of these concepts is a tedious task that makes the 
student moves his effort towards other subjects. However, by representing two dimensions a new 
design project created by the group has as a consequence a difference of solutions between groups 
motivating the student in the learning process of graphic representation. Fig. 3 shows the assembly 
drawing of the new design developed by one of the groups of the subject. 

 
Fig3.- Assembly drawing. 

Below are some of the designs made by the groups. The results of the design projects highlight the 
involvement of the design teams. The presented designs have included a large number of details Fig 
4. The proposed design project has favored the autonomous self-learning of the student including 
details such as textures etc, outside the scope of the subject Fig 4. 
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Fig 4.- Final detailed presented designs. 

3 RESULTS 
In order to validate the results of this methodology a survey was conducted in ILIAS platform to the 
students that have participated in these activities. The survey was completed voluntarily by 39 
students from different groups. The survey aims to assess whether the implementation of this activity 
has helped students to approach a new real design in the future and on the second hand to improve 
the knowledge about two-dimensional representation for 3D assemblies. The survey was conducted in 
two groups: 

- Group A: 18 Students:  4 women 14 men. 
- Group B: 21 students:  2 women 19 men. 

 
Fig 5.- Survey results Group A. 
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Fig 6.- Survey results Group B. 

Students were asked about the usefulness of the learning design requirements in order to approach a 
real new design in their professional future. The level of utility was valued in a ratio of 1 to 4, with 4 
being the maximum value. Students answered with the maximum value (4) (group A in 83.3 % Fig 5, 
and group B in a 80.95% Fig 6). The value of the arithmetic mean in group A was 3.72 and in group B 
it was 3.81. In both groups the most selected value was 4. Both groups evaluated the performance of 
the PBL as a great aid to the learning of new products development. 

 
Fig7 .- Survey results Group A. 
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Fig 8 .- Survey results Group B. 

Students were asked about the importance of the PBL in industrial design as an aid to the learning of 
drawing representation of parts and assemblies, as well as CAD. Students answered affirmatively (4 
value) (group A in 71.43% Fig 7, and group B in to 88.89% Fig 8). Both groups evaluated the 
performance of the creative assembly and the competitive analysis as an aid to the learning of 
standardization and two dimensional representations. The value of the arithmetic mean in group A 
was 3.71 and in group B it was 3.78. In both groups, the most selected value was 4. 

4 CONCLUSIONS 
The development of solving real design problems in engineering requires a significant change in the 
training processes, integrating educational and research systems to generate and experience 
sustainable creative processes and practices. PBL is shown as an alternative that is effective as it 
emphasizes the participation of students in the learning process and helps develop creativity and 
innovative thinking. It is a strategy that promotes lifelong learning habits. Following this line, in the 
course 2017/18 in the degree of industrial engineering at the University of Jaen a set of activities with 
real problems solving in a collaborative environment and using the PBL methodology has been carried 
out. The engineering students, working in teams, have solved a real design problem proposed by the 
teacher and a portfolio of professional technical drawings. The results show an increase of the 
motivation in the students that have worked collaboratively, as well as an improvement of the learning 
results. The survey results indicate the importance and usefulness of the methodology learned with 
the new design project, valuing the usefulness of the activities carried out in more than 80%. 
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