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Abstract  
This work presents the application of Project-Based Learning (PBL) in Descriptive Geometry course in 
Mechanical Engineering Degree, the strategy of educational innovation seeks to introduce basic 
concepts of the design of engineering objects in a subject of high complexity such as smooth surfaces 
of double curvature, and that implies learning difficulties for students. In addition, incorporating project-
based Learning, the development of transversal and professional competences such as teamwork, 
problem solving, effective communication and self-learning is intensified. Our model consists in 
evaluating the work done by the students through the evaluation by structured rubrics, which consider 
the student's own performance, his colleagues, the work group and the teacher. Finally, it shows the 
process followed in the development of the study using PBL and the results of the statistical analysis. 

Keywords: Project-Based learning, transversal skills, engineering education, active learning. 

1 INTRODUCTION  
Descriptive geometry is a course that enters to the student of engineering to the spatial analysis for 
the design of structures and development of technical systems, in the case of the university EAFIT, 
this is enrolled by the students of mechanical engineering in the first semester. Learn Geometry is 
difficult and every time the new generations have more problems for spatial analysis [1]. In the 
literature is common to find educational development new utilisation alternatives to assist to the 
student in the process of learning [1], [2], nevertheless in the case of the surfaces of double curvature 
did not find references to carry out the education of this subject. 

The surfaces of double curvature are those that, only, can be obtained by the movement of a curved 
line and do not have straight elements  [3], and according to analysis of the teachers in EAFIT is a 
course of great difficulty for the students, although it is important to be taught because is used in 
design of structures like ships, cars, planes, helicopters and others, by which the teachers make an 
analysis of the common educational strategies, selecting the Project-Based learning (PBL) due to its 
widely reviewed advantages [4], [5], [6]. 

In addition to make an implementation that allows the learning of the surfaces of double curvature by 
the students, with the incorporation of the PBL it is promoted promotes meta-cognition, independent 
learning, teamwork and problem-solving skills [7], [8]. About PBL is common to find in the literature 
that it is used in education in engineering in the last year of career by means of an integrated project 
[9], although this work uses PBL with 34 students of first year of mechanical engineering in 2016. 

In front of the process of evaluation of the results obtained with PBL, one of the alternatives most used 
is by means of rubrics, which are documents that articulate the expectations for an assignment, or a 
set of assignments, by listing the assessment criteria and by describing levels of quality in relation to 
each of these criteria [10]. For this work, they were designed rubrics for self-evaluation, colleagues, 
the work group and the teacher evaluation. 

2 METHODOLOGY 

2.1 Plan of work PBL 
For the application of PBL in surface of double curvature it was assigned to the students the design, 
manufacture and assembling in wood of a scale model that reproduces the more faithfully possible the 
surface of an car type Pickup Truck. The project is developed during a semester and has the following 
stages: 
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• Presentation of the project by teachers to the 34 students enrolled in the course. 

• State of the art and selection of the model by means of images, dimensions and configuration 
structures. 

• Definition of the model. Delivery of outlines manually with general details of the model (frontal 
view, lateral view, view of plant, isometric, etc.).  

• Design of the most important parts: chassis, bodywork and outside of the car in software of 
computer aided design for engineering.  

• Making of technical drawings. 

• Start of work in workshop. Court in laser of each model. Assemble of physical model. 

• Finishings and painting. 

• Delivery of the project. It includes it report written with follow-up of the project. 

• Evaluation by means of rubricas of the project developed. 

2.2 Design of the rubrics 
Four rubrics are design to evaluate the car by students. The Table. 1 contains the rubric used for self-
evaluation of his work, his level of commitment and the level of learning 

Table 1.  Self-evaluation. 

Criteria 5 4 3 2 1 Grade 

Assessment 
work own 

The quality of 
my project  is 
very high 

The quality of 
my project  is 
high 

The quality of my 
Project is 
regulate 

The quality of 
my project is 
deficient 

The quality of 
my project is 
bad 

 

Level of 
commitment 

I was highly 
engaged with 
the project 

I was engaged 
with the project 

I was fairly 
engaged with the 
project 

I was little 
engaged with 
the project 

I was not 
engaged with 
the project 

 

Level of 
learning 

I acquired many 
useful skills for 
my career 

I acquired some 
useful skills for 
my career 

I acquired many 
few skills for my 
career 

I acquired 
almost no skill 
for my career 

I did not  acquire 
useful skills for 
my career 

 

The Table. 2 contains the rubric of evaluation of colleagues regarding level of commitment, delivery 
time compliance and helping to the solution of problems during the project. 

Table 2.  Colleague Evaluation. 

Criteria 5 4 3 2 1 Grade 

Level of 
commitment 

My mate works 
in the project 
highly  engaged 

My mate works 
in the Project 
engaged 

My mate works 
in the project 
but his 
commitment is 
regular 

My mate works 
in the project 
with low level of 
commitment 

My mate works 
does not work in 
the project and 
does not have 
commitment 

 

Delivery time 
compliance 

My mate fulfills 
the tasks 
ordered 
promptly 

My mate fulfills 
the tasks 
ordered with a 
slight delay 

My mate fulfills 
the tasks 
ordered but 
delayed in the 
time 

My mate does 
not fulfil with the 
tasks ordered 
but informs 
conveniently 

My mate does 
not fulfil with the 
tasks ordered 
neither informs 
conveniently 

 

Contribution 
to the solution 
of problems 

My partner 
helps me in 
solving project 
problems 
always 

My partner 
helps me in 
solving project 
problems on 
most cases 

My partner 
helps me in 
solving project 
problems on 
few cases 

My partner 
helps me in 
solving project 
problems on 
one case 

My partner do 
not help me in 
solving project 
problems 
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For the evaluation of the work group, a rubric designed to evaluate the fulfillment of expectations as a 
group, cooperative environment inside the group and the level of achievement of the project in front of 
other groups. This rubric is shown in the Table. 3 

Table 3.  Work Group Evaluation. 

Criteria 5 4 3 2 1 Grade 

Fulfillment of 
the 
expectations 
as group 

The equipment 
works properly. 
The proposed 
goals are 
achieved 

The team works 
properly but not 
enough to 
achieve all the 
goals proposed 

The team works 
properly 
although the 
goals are 
partially 
achieved 

The team does 
not work 
adequately but 
achieves some 
goals 

The team does 
not work 
properly and 
the proposed 
goals are not 
achieved 

 

Cooperative 
environment 
inside the 
group 

We work under 
a collaborative 
environment 
and of good 
treatment in 
team 

We work under 
a collaborative 
environment in 
team 

We work under 
a collaborative 
environment 
and although 
with difficulties 
in the treatment 
as a team 

We work under 
a good deal in 
equipment but 
not in a 
collaborative 
environment 

Neither we work 
under an 
environment 
Collaborative 
and neither with 
good treatment 
as a team 

 

Level of 
achievement 
of the project 
in front of 
other groups. 

The project of 
my group 
stands out for 
its quality 
compared to 
other groups 
widely 

The project of 
my group 
stands out for 
its quality 
compared to 
other groups 

The project of 
my group does 
not stand out 
although it 
achieves the 
purpose 

The project of 
my group does 
not stand out 
But partially 
achieves the 
purpose 

The project of 
my group 
neither stands 
out nor meets 
the objective 

 

Finally, part of the model suggested to evaluate PBL, it is to determine the performance of the teacher 
who guides the project and assists in solving student difficulties. The criteria are: guide and intervene 
to keep projects up to date, provide constructive feedback on project deliverables and help groups in 
problem solving. The fourth rubric is shown in the Table. 4 

Table 4.  Teacher Evaluation. 

Criteria 5 4 3 2 1 Grade 

Guide and 
intervene to 
keep projects 
up to date 

Usually the 
teacher sees 
difficulties in the 
project and 
solves them  

Sometimes the 
teacher sees 
difficulties in the 
project and 
solves them  

Rarely the 
teacher sees 
difficulties in the 
project and 
solves them  

Almost never 
teacher sees 
difficulties 
encountered in 
the project and 
solve them  

The teacher 
never 
encounters 
difficulties in the 
project and 
gives solution to 
them 

 

Provide 
constructive 
feedback on 
project 
deliverables 

The teacher 
always provided 
positive ideas of 
the project and 
gave feedback 
correctly 

The teacher 
sometimes 
contributed 
positive ideas of 
the project and 
gave feedback 
correctly 

The teacher 
rarely 
contributed 
positive ideas of 
the project and 
gave feedback  

The teacher 
rarely 
contributed 
positive ideas of 
the project but 
did not gave 
feedback  

The teacher did 
not contribute 
with positive 
ideas of the 
project and did 
not gave 
feedback 

 

Help groups in 
problem 
solving 

The teacher 
always solved 
problems and 
contributed to 
my project 

The teacher 
many times 
solved 
problems and 
contributed to 
my project 

The teacher few 
times solved 
problems and 
contributed to 
my project 

The teacher 
solved me 
some problem 
but did not 
contribute to my 
project 

The teacher 
never solved 
any problem 
neither 
contributed to 
my project 

 

3 RESULTS 
From the process defined in the implementation of PBL, in Fig. 1 is shown a model obtained in scale 
by the students and that is a surface of double curvature 
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Figure 1. Model Pick up Truck from students using PBL. 

After administering the rubrics to each student, it obtains the average for each criteria about the 
student's own performance, colleagues, as a work group and the teacher. The results are summarized 
in the Table. 5 

Table 5.  Final Results: PBL Evaluation. 

Appearance Criteria Average 

Self-evaluation 

Level of commitment 4,32 

Delivery time compliance 4,32 

Contribution to the solution of problems 4,50 

Colleagues 

Level of commitment 4,56 

Delivery time compliance 4,62 
Contribution to the solution of problems 4,44 

Work group 

Fulfillment of the expectations as group 4,44 

Cooperative environment inside the group 4,24 

Level of achievement of the project in front of other groups. 4,41 

Teacher 

Guide and intervene to keep projects up to date 4,38 

Provide constructive feedback on project deliverables 4,24 

Help groups in problem solving 4,56 

4 CONCLUSIONS 
The work shows the implementation of PBL as an educational strategy to teach a topic of high 
complexity on surfaces of double curvature in descriptive geometry for Mechanical Engineering, in 
addition seeks to develop transversal and professional competences such as teamwork, problem 
solving, effective communication and self-learning 

From the results of the Table. 5, it is observed that the purpose of learning in students is achieved as 
they give a score of 4.5 for this aspect, in addition the qualification of criteria of the work group are 
greater than 4.2 which shows that this skill has been intensified through the application of PBL. 

It should be noted that one of the criteria with the lowest grade was the one corresponding to the 
teacher who evaluates "Provides constructive comments about the deliverables of the project", which 
is configured as an opportunity to improve the role of teachers in the development of PBL 

The designed rubrics can be extended to any PBL work for engineering teaching because they 
evaluate all people involved in the Project. Future work consists of evaluating the reliability of rubrics 
and improving their structure. 
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