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ABSTRACT 

In this work the results about the use of innovative software in the subject Project I is 
presented. The subject is given in the Degree in Engineering in Industrial Technologies 
(GETI) in the School of Industrial Engineering of Barcelona (ETSEIB) of Universitat 
Politècnica de Catalunya (UPC). In Project I, small groups of 12 students or less are 
defined, with the purpose of developing a collaborative project along one semester. 
The project discussed in this work was prepared by two different departments: 
Mechanical Engineering and Statistics and Operative Investigation. It deals with the 
measurement of shaft diameters with a micrometre, in order to evaluate the measuring 
system employed. Traditionally, many activities of the subject were recorded in 
handwritten reports. The present academic year, within the frame of the project 
EQUIPA’T (equip yourself), innovative software was applied to the subject. As for the 
methodology, first the teachers attended a training course. Then, the application of 
innovative software to the subject was planned. Finally, it was implemented. Google 
forms was used in the first and last classes to gather information to prepare subgroups 
of students and to evaluate the subject respectively, Edpuzzle was employed to add 
questions to videos about two lessons of the manufacturing area: metrology and 
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turning, and Trello was used to manage the design of a 3D printed support by different 
teams of students. In subsequent years, the application of new software is expected. 

 

1 INTRODUCTION 

1.1 Description of the subject Project I 

The subject Project I is given in the second year of the Degree in Engineering in 
Industrial Technologies (GETI) of the School of Industrial Engineering of Barcelona 
(ETSEIB) of Universitat Politècnica de Catalunya (UPC). It is a mandatory subject, 
although the students are divided into small groups with 12 students or less, with a 
specific theme for the project. The Department of Mechanical Engineering, in 
collaboration with the Statistics and Operative Investigation Department, offers the 
following subject: 
Are we measuring correctly the parts that we manufacture? In this project, the 
measuring system for shaft diameters (consisting of using a micrometre and a support) 
is evaluated. An R&R (Repeatability and Reproducibility) study is used for this 
purpose. 

1.2 Background of the research 

In the past, several authors have dealt with innovative software in the engineering 
area. For example, in the US, in 2011, a new software was developed and presented 
in order to teach Digital Signal Processing [1]. Other authors have applied existing 
software to improve teaching in the Engineering area, for example Labviews for data 
acquisition [2]. 
On the other hand, some technical universities develop group-environment courses in 
order to help the students developing employability skills such as team-work, 
communication skills, problem-solving, organizing, etc. [3,4]. In this sense, the 
Barcelona School of Industrial Engineering (ETSEIB) implemented the subject Project 
I with the new GETI degree in 2010. The students are divided into smaller teams of 3 
or 4 components, and the subject is evaluated by means of three successive 
presentations (with a written report and an oral presentation). Some results about the 
evaluation of the subject were presented in the CIDUI2014 conference [5], and lead 
to the publication of a journal paper [6].  
In year 2017 an important innovation was added to the project about the evaluation of 
the measuring system. It consists of the design and manufacture of a 3D printed 
support that helps to fix the micrometer and the shafts when measuring (Figure 1). An 
example of a support was presented in the CNIM2021 conference [7]. 3D printed 
supports are commonly employed in industry to fix parts, both in machines and in 
measuring instruments. 
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Fig. 1. Example of a 3D printed support used to measure the shaft diameters 

 
As for the development of the subject, along the semester, five sessions are directly 
related to the Manufacturing area. Session 2 consists of explaining the turning 
process, to the students. Session 3 corresponds to the measuring systems, both 
conventional and advanced, as well as the concept of tolerance interval. In session 4, 
the design methodology for machines is introduced. In session 5, the students design 
a support that will be used in session 9 to measure the diameter of the parts.  
The main pedagogical approach that the teachers use in this subject is the Project 
Based Learning, with the final objective to perform an R&R study of the measurement 
system. 

1.3 Objective of the research 

The main objective of this work is to present the results about the application of 
innovative software to the subject Project I of the GETI. The purpose of applying the 
new software is to increase the involvement of students in the subject, and 
encouraging them to participate in the different activities, but mainly in the of design 
and manufacture of the 3D printed support. 

2 METHODOLOGY 

This research is included in a project called EQUIPA’T (equip yourself), in which two 
different schools of UPC (ESEIAAT-Terrassa School of Industrial, Aeronautics and 
Audiovisual Engineeing and ETSEIB-Barcelona School of Industrial Engineering) are 
involved, as well as different departments: Projects, Mechanical Engineering, etc. The 
main theme of the project is the application of innovative software to the subjects 
involving collaborative work. 
The general methodology of the EQUIPA’T project is summarized in Figure 2. 
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Fig. 2. General methodology of the EQUIPA’T project 

 
The specific methodology that was used to implement the improvements to the subject 
Project I is explained in sections 2.1, 2.2, 2.3 and 2.4. 

2.1 Initial questionnaire 

During the first class, a Googleforms questionnaire was used about the different 
subjects that had previously been taken by the different students. It stated the following 
question: 
Please mark what is your situation about the following subjects: 1- Statistics, 2- 
Statistical techniques for quality, 3- Manufacturing workshop 

And the possible answers for each subject are: 
1- I did not attend it, 2- I am attending it now., 3- I attended it in the past 
The results of the questionnaire, which are explained in section 3.1, were used to 
define different subgroups among the students of each class. The idea is that in each 
subgroup there be, at least, one student with previous knowledge in Statistics, which 
will help the rest of the students in this area. 

2.2 Edited videos 

In order to encourage discussion in sessions 2 and 3 (about turning processes and 
metrology respectively), it was decided to use Edpuzzle to add questions to the videos 
to be presented in class. In a first step, most appropriate videos were selected among 
the possible ones. One video about turning operations and another video about 
tolerance intervals were used, which had been previously edited by other authors. The 
videos were shortened and more questions were added, according to the objectives 
and requirements of the subject Project I. The results are presented in section 3.2. 

2.3 Management of the design process 

The design process of the support is a quite long activity. It starts with the definition of 
the necessity of the technological object to be manufactured, as well as its main 
requirements. Then, conceptual design is carried out with the definition of the main 
moduli of the device. Later, the materialisation design is performed, in which different 
alternatives for each modulus are stated. Finally, the detail design is carried out, and 
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the final drawings are obtained [8]. In order to keep track of the development of the 
design process, the Trello software was used. It allows preparing lists of tasks in 
different columns: - Pending, - In progress, - Finished. It also allows adding drawings, 
pictures and comments to each task during the development of the design activity. 
The results of the application of Trello to the design process of the support are 
presented in section 3.3. 

2.4 Final questionnaire 

In the final class, a Googleforms questionnaire was used in which the students were 
asked about 3 positive aspects of the subject and 3 aspects to be improved. The 
results can be found in section 3.4. 

3 RESULTS 

3.1 Initial questionnaire 

The results about the initial questionnaire that was carried out during the first class 
are presented in Figure 3. 

 
Fig. 3. Results about the subjects that the students previously attended. 

 
Figure 3 shows that 11 students out of 12 had had previously attended Statistics or 
were attending it, while only 1 student had not attended the subject. In addition, 2 
students were attending Statistical Techniques for Quality, and no student had 
previous knowledge about Manufacturing Workshop. Three different subgroups were 
defined in which, at least, two components had previous knowledge about Statistics. 
It is expected to use the Googleforms questionnaire in the first class again the next 
academic years, because it helps to balance the subgroups regarding the knowledge 
of the students on Statistics. 

3.2 Edited videos 

Edpuzzle software allows the possibility to edit videos in a way that several comments 
and questions can be added [9,10]. In this work, two different videos were edited, for 
the machining (Figure 4) and for the metrology class (Figure 5) respectively. In both 
videos, several subsequent questions appear to be answered by the class group. 
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Fig.4. Screenshot of a video about turning 

 

 
 

Fig. 5. Screenshot of a video about metrology 

 

The selected video for Session 2 about machining processes is “Turning & the lathe”. 
In it, different turning processes are described, for example straight turning. In addition, 
the concept of rough and finish machining is explained. 
The selected video for Session 3 about metrology is “Fits and tolerances: how to 
design stuff that fits together “. The concepts of nominal dimensions and tolerances 
are explained, as well as the three kinds of fits: clearance, transition and interference. 
Both videos led to a discussion in class. For example, regarding the turning operation, 
the chamfering operation was commented. Its main aim is to avoid sharp edges that 
could hurt the person that machines or transports the part. In another example, the 
video about metrology helped to find some real examples for the different kind of fits 
that are used in mechanical design. 
The next year, it is expected to add another video about 3D printing. Another possible 
improvement is that the students answer the questions individually, in order to analyze 
the results and to compare them to the final marks. 

3.3 Tracking of the design process 

The application of Trello led to uneven results: while some groups just used it as a 
list of tasks (Figure 6), other groups took great advantage of its possibilities, adding 
schemes, pictures and comments to the list of tasks (Figure 7).  

  

Fig. 6. Screenshot of Trello with three sets of 
lists 

Fig. 7. Screenshot of Trello with lists and 
schematics 
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In addition, the use of Trello favoured the use of other software. For example, the 
Measure app of the mobile phone was used to measure the dimensions of the 
micrometre from an image (Figure 8). 

 
Fig. 8. Measurement of the micrometer from an image 

Next year it is expected to replace the conventional written report that was used to 
evaluate session 5 of the subject with a Trello file, in order to avoid duplication of 
information. 
3.4 Final questionnaire 

The results of the final questionnaire are as follows (Figures 9 and 10). The most   
positive aspects of the subject are team work, followed by oral presentations, to learn 
3D Printing and to learn Statistics. The main aspects to be improved are that there are 
too many presentations, the fact that all the teams deal with the same subject and the 
fact that there are too few laboratory classes at the workshop.

 
Fig. 9. Positive aspects of the subject 

 
Fig. 10. Aspects to be improved 

 

4 SUMMARY AND ACKNOWLEDGMENTS 

In this work the results of the application of innovative software to the subject Project 
I are presented. In the first session, a Googleforms questionnaire was used to ask the 
students which subjects they have previously taken. In the second and third sessions, 
Eddpuzzle was used to add questions to a video, which were answered by the 
students globally in class. In the fourth and fifth class, the tool Trello was used, which 
allows to perform a list of tasks that are pending, in process and finished respectively. 
In the last class, the students were asked about the subject with another questionnaire. 
From the teacher’s standpoint, all the innovative tools allowed to enhance the 
discussion of the subject with the students in class.  
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In subsequent academic years, it is expected to use the three tools again, with a 
special focus on the possibilities of Trello, which could completely substitute the use 
of conventional reports along the design process of the measuring supports. The 
students mainly appreciate team work and the possibility to present their 
achievements.  
Thanks are due to EQUIPA’T project, Desenvolupament I avaluació de la competència 
del treball en equip en entorns virtuals, as well as to Lluís Marco, Lourdes Rodero, 
Alejandro Domínguez, Ramón Casado, Àlex Lapuerta and Joan Guasch for their help. 
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