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The experience presented is part of the teaching of two subjects of the Mechanics discipline: Continuum Mechanics and

Strength ofMaterials, in the field ofMechanical and Industrial Engineering. In the bachelor’s degree at the ETSEIB-UPC,

the first semester of the third academic year is devoted to Continuum Mechanics and the second one to Strength of

Materials. Both subjects integrate theory and practice: applications, lab and coursework. The article focuses on the

coursework or also named course project, which consists of designing/optimizing, analysing, manufacturing and testing a

mechanical/structural element subject to stresses and strains. This paper aims at showing the benefits of combining

practice, theory, simulation and experimentation, as well as some of the limitations and difficulties encountered in its

implementation, such as the evaluation of the degree of involvement of each team member and the lack of correlation

between themark of the coursework and examinations’ scores. An important conclusion is that students enjoy the project,

get deeply involved and work hard, making the subject more attractive.
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1. Introduction

Ten years ago the Engineering School of Barcelona

(EscolaTècnica Superior d’Enginyeria Industrial de

Barcelona, ETSEIB—Universitat Politècnica de

Catalunya, UPC) was about to define a new curri-

culum for the Industrial EngineeringDegree. This is
amultidisciplinary degree, coveringmany industrial

fields, like Mechanics, Electrics, Electronics,

Robotics, Chemistry, Materials, Industrial Build-

ings, Energy, Industrial Management, Bioengineer-

ing, etc. The degree has a curriculum of 4 years,

including a Final Project Work in the second

semester of the 4th year. In the first two years,

students get a very good scientific basis. Then in
the third and fourth year, a wide variety of applied

sciences and basic technologies build up the multi-

disciplinary and transversal profile of the degree.

After graduating, our students usually get good

jobs, because of their multidisciplinary technical

profile, with a good scientific basis. Nevertheless,

before defining a new profile to adapt it to the

requirements of the European Higher Education
Area (Bologna), the School decided to do a survey

to employers and former students about the strong

and the weak points of the profile of our graduates.

The results of this survey revealed that the main

deficits of our graduates were in soft skills, rather

than in knowledge, especially in three aspects:

application of the theory knowledge to the solution

of practical problems, team working, and oral and
written communication.

Therefore, it was decided to introduce simulta-

neously several innovations in the curriculum to

solve these deficits: (1) By introducing two new

subjects, called Project 1 and Project 2, in the

second semester of the 2nd and 3rd year, respec-

tively. These two subjects are project-based,

designed for the application of the knowledge
acquired by students in previous subjects. (2) By

fostering the introduction of a coursework in theory

subjects to force students to apply their knowledge

to the resolution of practical problems or to the

design of simple components or devices.

The real benefits of introducing project-based

learning into an engineering curriculum can only

be achieved when combined adequately with class-
based learning (theory and problems).

In subjects such as Continuous Mechanics and

Strength of Materials, with a strong physical and

mathematical load, a good theoretical basis is

needed before attempting to analyse or solve any

problem or project, if it is to be treated as a true

‘‘engineering’’ issue. Otherwise, there is a risk of an

overly naive approach to the design and analysis
aspects of the proposed issues. Therefore, the over-

all success of introducing project-based learning is

the appropriate distribution of projects throughout

the curriculum. It can be started with a project as

early as the first year, but the difficulty and subject

matter must be carefully selected according to the

knowledge and maturity of the students. The intro-

duction of these two course projects into the sub-
jects, after having presented the theoretical
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concepts, shortly after having been learned, seems

to be a good practice to improve the benefits of

project-based learning.

In this paper, the experience of introducing the

coursework in the subjects of Continuum

Mechanics and Strength of Materials is presented.
In the ETSEIB-UPC curriculum, Continuum

Mechanics is studied in the first semester and

Strength of Materials in the second one, of the 3rd

academic year. Both of them are compulsory sub-

jects for all the students of the Industrial Engineer-

ing Degree. About 200 � 240 students are enrolled

in the course, distributed in four groups for theory

lectures, and these, in turn, are divided in four
groups of lab/experimental activities with a max-

imum of 15 students each one.

The coursework consists of designing/optimizing,

analysing, manufacturing and testing amechanical/

structural element subject to stresses and strains,

and is developed by teams of three students. Each

team has to present the output of the work in oral

and written form.
High levels of Bloom’s taxonomy are implemen-

ted in these projects:

� Applying: using the knowledge acquired to new
situations

� Analysing: how material and geometric proper-

ties influence on the behaviour of the designed

object.

� Evaluating: which is the best option to meet the

required criteria in terms of stresses and strains.

� Creating: the work consists precisely in ‘‘design-

ing, constructing, planning, producing, designing
and processing’’ a mechanical or structural ele-

ment under load conditions.

The two forms of Kolb’s experiential learning

model are also implemented: abstract learning (AC)

through conceptualization and generalizations pro-

vided in theoretical classes, and concrete experience

(CE) materialized in the courses described here.

With the two ways of transforming these experi-

ences: actively experiencing what has been learned

in a new situation (design of a resistant element) and
fostering analysis, thinking and comprehension

(how to meet the imposed design criteria).

Experiences addressed in Mechanical Engineer-

ing demonstrate benefits of assimilating Hands-on

methodologies in subjects or curricula. Several

methods to categorize student’s learning styles and

models of the learning process, as Kolb cycle and

Bloom’s taxonomy, are applied in [1]. Cooperative
project-based learning as education methodology

for incorporating competences in engineering

higher education is presented in [2]. Elements of

each of the six Bloom’s competencies (knowledge,

comprehension, application, analysis, synthesis and

evaluation) are developed explicitly in this—

engineering mechanics module [3]. [4] Points out

as positive key themes, among others, a practical

opportunity to gain skills in preparation for profes-

sional practice, the opportunity to ‘‘learn by doing’’

and a group-work experience. Design Spine, a
multidisciplinary experience focused to project-

oriented courses, can be an effective method for

teaching engineering design [5]. This study [6] com-

pares both traditional classroom lecture and

CHAPL (Cooperative Hands-on Active Problem-

based Learning) through a survey addressed to

students to assess their perspectives. Experiential

learning methodology enhances students’ learning
outcomes; the class pass percentage and grade score

are better, and the class attendance is higher,

compared with traditional lecturing methodology

[7]. Design, modelling and manufacturing of an

instructional module for the use in the classroom,

is an alternative to standard lecture [8].

[9, 10, 11] report benefits about including engi-

neering analysis andFEA (Finite ElementAnalysis)
in design inMechanical Engineering Curricula. It is

stated or concluded that the use of the finite element

method enables students to solve advanced pro-

blems in stress analysis [9]. In [10] it is suggested

that different competencies should be integrated

into subjects and not be taught as a separated

subject. ALM (Active Learning Modules) contri-

bute to improvement of aptitude and comprehen-
sion of contents in engineering [11].

References [12] to [15] include projects with

design, analysis and FEA, as well as comparison

of experimental results with analytical and/or FEA

predictions. In [12], a survey completed by students

indicated that learning experiences obtained from

the project were valued as much as traditional

classroom lectures combined with working home-
work problems. A comparison between hand calcu-

lations and FEA as design tools to predict

experimental results is presented in [13]. Students

working on mechanical design projects face to

analogical thinking, prototyping and testing, mod-

elling and analysis, and tolerating uncertainty [14].

Teaching students by way of case studies in engi-

neering courses is key to achieve competencies in
several branches of engineering design, asmaterials,

structural analysis, numerical and experimental

analysis [15].

Theseworks [12] to [15] are themost similar to the

course projects presented in this paper.

Regarding findings on approach experimental

projects in Strength of Materials courses, [16]

claims that solving a real-life project motivates
students because they learn as theoretical concepts

taught are applied and multiple valid solutions can

be found. Furthermore, students and lecturers agree
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in that theMultipleApproachExperimental Project

(MAEP) is useful for reinforcing the theoretical

concepts previously explained in the classroom [17].

Active learning methodologies are essential in

engineering since they constitute an important

means of effective assimilation of theoretical con-
cepts by students. For example, the recommenda-

tion in the Educating the Engineer of 2020 calls for

creating learning environments ‘‘in which students

(1) were more actively engaged than taking notes,

(2) focused on problems, design challenges and

artefacts in addition to concepts, and (3) often

worked with other students to understand and

complete assigned tasks’’ [18].
The motivational component that inductive

learning, and especially project-based learning,

offers in response to challenges that simulate real

professional situations, cannot be achieved through

theory classes [19, 20]. In this regard, the study

conducted by VDI in collaboration with ASME

[21] on the skills to be developed for engineering in

the context of industry 4.0 emphasizes the impor-
tance of practical experience, close to the work

reality, in the education of future professionals.

This type of training allows the development of

other transversal skills, such as complex problem

solving, critical thinking, creativity, teamwork or

conflict resolution. Such skills are of great value to

the profession and necessary for the new paradigm

of industry 4.0 [22], but they can hardly be devel-
oped by the traditional teaching methods used in

conventional classes.

The materialization of concepts in the form of

physical objects that students design, simulate,

construct and test is undoubtedly an extraordinary

complement to the consolidation of theoretical

learning and to the development of real-life pro-

blem-solving skills.
In order to promote complex problem-solving

skills, we do not start from a well-defined statement

with a single answer, but from an open proposal on

which students should investigate until a solution is

found in terms of geometry, materials, manufactur-

ing process, etc. At the same time, students are

introduced to the use of numerical simulation

technologies based on the application of theoretical
concepts previously presented in class. The resolu-

tion of a real situation instead of a theoretical

problem helps greatly to the correct assimilation

of knowledge.

At a later stage of the work, students use their

critical thinking skills through a reasoned analysis

of the results of both the simulation and the sub-

sequent testing of a functional prototype.
The entire project at the same time fosters the

creative abilities of the students, both in the initial

design and for its subsequent optimization.

Finally, the physical realization of a prototype

that can be tested adds a component of hands-on

knowledge to the whole process and mitigates the

danger of overly moving students away from phy-

sical reality and the real problems that engineers

encounter in transforming their ideas into reality.
3D printing is currently being incorporated into this

phase, in a further step to bring students closer to

the new trends in the 4.0 industry.

In conclusion, it is an innovative exercise in its

methodology and innovative in its objectives. It

takes advantage of the necessary consolidation of

theoretical concepts, which in a subject with a

strong physical and mathematical load, such as
the mechanics of the continuous medium, could

otherwise be too far removed from immediate

experience, with the development of the most

important transversal skills for the development of

the engineering profession.

2. Project description

The following sections describe the two course
projects mentioned above, corresponding to the

consecutive and independent subjects: Continuum

Mechanics and Strength of Materials.

2.1 Continuum mechanics’ coursework

The coursework consists in the design, optimization

by FEA, prototype construction and laboratory
testing of a simple mechanical tool. Several tools

are defined to avoid repetition of the problem from

one semester to the next one: nutcracker, brake

handle (see Fig. 1), hook, elastic tweezers, flat

wrench, crown-cap opener, etc. having to accom-

plish different technical requirements depending on

the case.

Whatever the semester version, some contents are
prescriptive in the study. These common contents

are summarized in Table 1.

Dynamics and chronology:

The wording of the coursework is available to

students from the very beginning of the course (15
weeks long, see Table 2), so that the first design and

research stage can be early started.

After the global mid-term test (week #8), all

students take the first contact with a finite element

software ina2hours longpractice session (week#9).

Two weeks later (week #11) a coursework tutorial

class takes place. The teams are requested to present

theworkmade to date (10minutes long at themost).
Apreliminary draft report containing sections 1 and

2 of Table 2 should be delivered. Any mistake or

confusion is fixed by the professor and every team is

guided to proceed with the rest of the work.

Three weeks later (week #15), during the last
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week of the course, the final presentations and

experimental tests of the prototypes take place.

The coursework must be orally presented for 15

minutes at the most. In order to prompt students to
focus on speech efficiency, every out-of-time minute

reduces the coursework grade in 1%. The final

presentation should not be descriptive-type, but

justifying-type. Any aspect of the work should be

justified and argued by any one of the team mem-

bers. One single grade is issued for every team,

shared by its members, in order to prompt the

three members to work as a real team. Every
member of the team should be able to present the

whole work content. The professor may arbitrarily

decide which member will be presenting in every

moment. Normally, only one of the members is

prompted to present the whole coursework. After

the presentation, the professor may address ques-

tions to anymember of the team in order to evaluate

the comprehension level of the subject.

The final purpose of this coursework is to achieve

a deep comprehension of continuummechanics and

its practical application to engineering by means of

the finite element method. The oral presentation of
the coursework should be focused on showing the

deep comprehension of the subject.

After the presentations, the experimental tests are

carried out with the prototype. The report should

then be finished in situ, by adding the experimental

results, the results correlation with expected values

and the conclusions. After this, the final report is

delivered. Every team must deliver a single report.

Grading:

As shown in Table 2, the coursework grade pon-

deration is 17%of thewhole course grade, where 2%

comes from the preliminary tutorial class and the

15% remaining corresponds to the final oral pre-

sentation, the prototype testing and the written

report.
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Contest:

The best teams are awarded attending to the design

efficiency, innovation, originality, creativity, sus-

tainability, rigour, neatness, smartness, etc. The

prize consists of an increase by 10% of the global
subject grade for each member of the team, pro-

vided that a global pass grade was achieved before

adding the prize. In case the final grade gets out-

standing level, then theHonourGrade is awarded as

well. Professors decide on the awarded team/s after

reviewing and publishing the whole grades of the

subject. The decision is published in virtual campus.

Finally, the coursework wording includes the
following note to ensure that the students become

aware of the final aim of their work. IMPORTANT

NOTE: The final aim of the coursework is to assess

the deep comprehension of the physical phenomena

studied in this subject and its practical use through the

finite element method and the laboratory testing of

prototypes. The oral presentation of the coursework

should be focused on showing the comprehension of

the following theoretical concepts. In particular:

– the displacements field;

– the strain and stress tensors;

– the elastic problem;

– the materials’ constitutive models;

– the boundary conditions;

– the reliability and limitations of the finite ele-

ment method;

– the elastic failure criteria and the safety factor.

The particular ANSYS procedures have NO interest,

but the proper definition and analysis of a finite

element model.

2.2 Strength of materials coursework

The course project proposed in the Strength of

Materials course consists in designing and con-

structing a structural beam following the scheme

shown in Fig. 2. It can be observed that the beam is

simply supported at A and B, and it has to carry a

point load (P) applied near the mid-span (point C).

Geometric restrictions are imposed to the beam
design in order tomake the projectmore interesting:

(i) end supports are located at different levels; (ii) the

beamhas to overcome two 50mmsquared obstacles

(O andO’); (iii) the longest straight part of the beam

is limited to 400mm; and (iv) the cross-section of the

beam cannot be a commercial one (i.e., the cross-

section should be transformed in some way after

buying the pieces that will make up the beam).
Students are free to design any beam accomplishing

the just mentioned restrictions. There are, however,

two additional conditions concerning the beam

performance: (i) the overall strength safety factor

with respect to the given load (P) should be in the

range from 1,5 to 2,5; and (ii) the maximum vertical

displacement at point C should be lower than 15

mm.

Dynamics and chronology:

The tasks to be performed by students during the

project are presented in the subsequent paragraphs

in chronological order. In Table 3, it can be

observed that the structure of the coursework is

very similar to that presented in the previous Sec-
tion. In fact, part of the following explanations,

especially those concerning materials testing and

construction, also apply to the Continuum

Mechanics’ coursework.
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The first step is to carry out a preliminary beam

design (weeks #9 and #10 in Table 3). This involves
to set the beam longitudinal axis geometry; perform

a structural analysis that will provide with the

internal forces needed for strength design (axial

and shear force, and bending moment); choose the

material that will be used for construction; and

design the shape and main dimensions of the

cross-section. The project starts at mid-term (week

#8), when students know the theoretical bases
required to tackle these first tasks. In fact, this

part of the project helps them to consolidate most

of the theoretical concepts dealt within the first part

of the course.

The most common design resulting from this first

stage is a three parts beam, as depicted in Fig. 3,

made of wood, aluminium or steel. The beam can

show constant or tapered cross-section. Different

geometries are chosen for the section, being rectan-
gular, rectangular hollow, T or I cross-sections the

most commonly used options. Nevertheless, there

are always motivated students presenting interest-

ing designs, such as: reinforced mortar or plaster

beams, composite beams or 3D printed beams.

All the preliminarywork is discussed in a first oral

presentation to the professor and the other teams of

the course (week #11). At this point, professors
review the proposed designs and calculations, and

give advice on the next steps of the project: con-

struction and final presentation.

The construction phase starts with students

buying the materials needed to build the beam.

These materials are tested to get their mechanical

properties (weeks #11 and #12). For instance, in
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case of a beam made of steel, a standard tensile

coupon test is performed to know its Young mod-

ulus and yield stress. This is a way to introduce

students into testing techniques for quality control

of materials.

Material tests usually result in mechanical prop-
erties different from the nominal values used in the

preliminary design. This makes students to revise

the cross-section dimensions, and even the cross-

section shape, to ensure that the final safety factor

falls within the prescribed range. It is an interesting

iterative job involving students andmaterial suppli-

ers.

Once the design is definitively set according to the
real material values, students proceed to construc-

tion (weeks #13 and #14). They are asked to build

their beams at home with their own tools, or at the

laboratory with the tools provided by the depart-

ment. This ‘‘homemade’’ construction is feasible in

case of wood and aluminium beams, if no welding is

needed. In case of studentsworking on abeammade

of steel, wherewelding is usually applied to assemble
the different parts, or students that believe that are

not capable to build the beam themselves, it is

allowed to contact a professional to carry out the

construction. This makes things easier, but students

have to deal with a supplier again, which is always a

challenge for them.

Students combine construction with the last steps

of design, which involve: joint design and displace-
ment check. On the one hand, approximate calcula-

tions are carried out to verify the strength capacity

of the joints between beam parts (see Fig. 4), and

connections between cross-section parts (for

instance, the connections between web and flanges

in an I-beam). On the other hand, the vertical

displacement at point C (Fig. 2) should be deter-

mined to check that it does not exceed 15 mm. The
displacement prediction is usually performed twice,

by means of hand calculation applying Castiglia-

no’s second theorem, and by means of the Finite

Element Method (see Section 3.2).

In the project development process, students

should write a report explaining the technical deci-

sions made by the team about design and material,

describe the structural design, and provide complete
analysis of the beam by applying theory of Strength

of Materials. Specifically, the basic theory of beam

elements must be applied: internal force determina-

tion, section design, verification and optimization,

stress analysis and safety factor calculations, and

displacement analysis.

The project closes with a second oral presentation

and a final experimental test of the beam. In the
presentation, students summarize the content of the

written report to a small committee of professors,

who will participate in the assessment of the course-

work. Oral presentations are organized in the way

outlined in Section 2.1. Interesting discussions take

place during these presentations concerning design

issues and correctness of theoretical calculations.
Finally, beams are tested as described in Section 3.1.

Two experimental results should be verified: (i)

students have to checkwhether the vertical displace-

ment under nominal load is similar to the value

resulting from calculations; and (ii) the experimen-

tal ultimate load should be compared to the pre-

dicted one. After the test, students write a short

discussion on the experimental results and submit
the report.

Grading:

As shown in Table 3, the coursework grade pon-

deration is 14%of thewhole course grade, where 2%

comes from the preliminary tutorial class and the

12% remaining corresponds to the final oral pre-
sentation, the prototype testing and the written

report.

3. Experimental setups and numerical tools

3.1 Experimental setups

In both project works, each team has to build the

component that they have designed and to test it.
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For doing the test properly the department has

designed and build special tooling.

In Continuum Mechanics, there are different

devices that are defined changing each semester.
Up to six testing devices have been designed and

build in order to measure the applied forces or

reactions according to the requirements of each

case.

As an example, Fig. 5 shows the nutcracker

testing case. A simple strain-gauge device was

designed to measure the force applied by the nut-

cracker to the nut (Fig. 5 left). Moreover, if trans-
parent materials are chosen by students to build the

tool, as methacrylate, they are invited to use the

photoelastic technique as well (Fig. 5 right).

In Strength of Materials, the type of element is

always the same, see Figs. 2 and 3. However, the

dimensions vary from one semester to the next:

distance and height between the supports. In addi-

tion, the position of the force application point and
the value of the force, vary from one team to the

other, as a function of the initial letter of the name

and family name of the team member with the

highest ID number. The testing device consists of:

a base plate slot platen that allows to clamp all the

elements in different positions; two columns, which

hold the supports at an adjustable height; a pneu-

matic cylinder that generates a force adjustable
through the air pressure between 0 and 2000 N.

The force is measured with a force transducer

mounted at the mobile end of the pneumatic cylin-

der, and the vertical displacement of the section of

the beam where the force is applied, is measured

with a displacement transducer (see Fig. 6). Lateral

guides assure that the displacements of the beams

are in the vertical plane.
The beam has to withstand the service load

specified without any type of damage, and the

displacement under service load has to be measured

and compared with the analytical one, previously

calculated by each team. Finally, the beam has to be

loaded until failure, and the failure load and type of

failure have to be compared with the ones predicted

by the team.

3.2 The finite element analysis

During the course projects, the finite element

method is used as a numerical tool in order to

consolidate all theoretical concepts of the subject.

In each one, students have to deal with different and

complementary engineering problems. The finite

element analysis is also used to analyse and compare
the differences obtained between a linear and a

geometrical nonlinear analysis, which allows the

consolidation of complex theoretical concepts.

For Continuum Mechanics course projects, a

Learning in Engineering through Design, Construction, Analysis and Experimentation 379

Fig. 5. Testing examples of Continuum Mechanics coursework. Aluminium and methacrylate nutcrackers

Fig. 6. Special device for testing the beam of Project work in
Strength of Materials.



finite element analysis is done to optimize a 2Dpart.

Therefore, students must deal with the definition of

the boundary conditions of a two-dimensional

plane stress finite element model. The usage of

FEA provides a more optimized solution. Conse-

quently, students can face a real life optimization
engineering problemwhich, in fact, is a key factor to

consolidate and increase their learned knowledge

and motivation. Furthermore, a finite element ana-

lysis can be used to introduce some advanced

theoretical concepts, such as contact algorithms or

topology optimization, which will probably be a

relevant optimisation technique in a few years with

parts obtained with additive manufacturing pro-
cesses. On the other hand, in the Strength of

Materials project students use FEA to obtain the

structural response of a beam member. Therefore,

beam elements are used to solve the problem. The

finite element analysis is done to calculate the

efforts and deflection of the member. Conse-

quently, the students can compare and validate

their analytical calculus with FEA results obtain-
ing the feedback of their work and learning pro-

gress.

In both projects, students are encouraged to

introduce the material stress-strain relationship

obtained through experimental tensile or flexural

test in order to approximate as much as possible the

course project to a real engineering case. Finally, the

experimental and numerical ultimate loads are
compared. Consequently, students have an experi-

mental feedback to know if their finite element

model has produced an acceptable prediction of

the member structural response. Furthermore, this

comparison also gives them the chance to under-

stand the simplifications used to translate the

experimental real conditions to the boundary con-

ditions of the numerical model.

4. Validation of the methodology

We could now ask ourselves whether all the effort in

carrying out the work—both by the student and by

the teacher—has really been useful, that is, whether,

as we said in the introduction, combining practice,

theory, simulation and experimentation is really

useful and beneficial for learning.
Based on surveys to students conducted by the

university at the end of the semester, it can be

concluded that the work has really helped to

deepen the concepts seen in classes (sometimes

very theoretical). Students also find very interesting

the fact that they are facing—perhaps for the first

time—a real problem similar to those they will have

to solve as engineers. In fact, it is intended that the
course projects—both in Continuous Mechanics

and in Strength of Materials—include a significant

part of the content seen in class. The general

structure is common to both projects, and the fact

that prior to the presentation they have a tutorial

class (4th laboratory session) as a guide, is highly

valued. Reality is often not exactly how a theory

class has presented it, sometimes the problem has
been simplified or idealized. There are unforeseen

events, mistakes, failures of one’s own and others’

own, etc.With all this inmind, they will have to face

the problem and find a solution. This will be

evaluated along with their oral presentation and

the testing results. The overall assessment of the

work is generally positive, but there are different

opinions on the weight that the coursework grade
should have in the overall assessment of the subject.

We have already commented on the weight given to

work.Most students agree that it is low, because the

time and effort required does not correspond to the

percentage of final grade earned. Some of them

believe that the presentation, defence and testing
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of the model should be sufficient for the overall

assessment of the student, making the existence of a

final examination of the subject unnecessary; it is

understood that the work itself is already a kind of

final examination.

Below are some specific answers to survey regard-
ing coursework:

About Continuum Mechanics Coursework

� ‘‘I find it a very interesting work that allows us to

apply the concepts of class in a useful way’’

� ‘‘The project is very interesting, practice comple-

ments theory’’
� ‘‘The best work I have ever done in my curricu-

lum’’

� ‘‘It is very well organized and that makes you get

interested in it and, fortunately, you can learn a

lotmore than bywriting exams. The project helps

a lot to get it’’.

� ‘‘Because of the workload involved, I think the

weight in the final grade should be higher’’.
� ‘‘The project was themost interesting thing of the

course. A more extensive work could replace the

final exam’’.

About Strength of Materials Coursework

� ‘‘It is a very good tool for consolidating knowl-

edge’’.

� ‘‘It is very interesting to learn how towork in team

and to apply theoretical concepts’’.

� ‘‘It is verymotivating.Most of the contents of the

subject are involved in the project’’.

� ‘‘It should have a higher weight in the global

evaluation because it means a lot of work’’.
� ‘‘I think the assessment of the project should

replace the final exam, as most of the contents

of the course are included in it’’.

� ‘‘I consider that a project including construction

of the structural element, writing report with

analysis and oral presentation should have a

higher percentage on the final mark’’.

For both subjects, the relationship between

coursework scores and written exam’s scores has

been analyzed. A multiple-choice exam including
short questions about theory and problems is done

at midterm. The written final exam has three parts:

theory and two problems. Results in Continuum

Mechanics are plotted in Fig. 8. Table 4 shows

results in Strength ofMaterials. Both are data from

the 2017–2018 academic year, second semester.

It can be seen that:

1. Graphs (a) and (b) are similar.

2. Most marks of the coursework range from 7

to 9.
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Fig. 8. Comparison of Marks: (a) Coursework vs Final exam; (b) Coursework vs Midterm exam; (c) Coursework vs Theory; (d)
Coursework vs Final Mark of the course.



3. The marks of the Theory part are lower than
those in the exam as a whole.

4. The final marks of the subject are higher when

the mark of the coursework and laboratory is

incorporated (experiential learning).

Columns 1-2-3 in Table 4 show the best Final

Marks of the course compared to Final exam and

coursework Marks. Columns 4-5-6 show the best

Marks of coursework compared to Final exam and

Final Mark of the course.
As it can be observed, not many connections can

be seen within the data, in most cases; with one

exception, the coincidence between columns 1 and

2. Sometimes good students, those with the best

FinalMarks (column 2), do not get the best Course-

work marks (column 6). This is due to different

reasons. For instance, it can be that the experimen-

tal result of the designed element was not as
expected, or maybe they took risks with the

design; but this is also part of the learning process.

Upon this issue, we conclude that there is no

correlation between coursework marks and exam-

inations’ scores. In this regard, the following con-

siderations can be made:

1. The coursework mark covers (a) the construc-

tion and design of the element, (b) the report

and analysis, (c) the presentation and defence,

and (d) the agreement between theoretical and
experimental results. Whereas, written exams

essentially evaluate part (b).

2. The mark of the coursework is given to the

team, and it is often observed that the degree of

involvement of each member in the project is
uneven.

3. In order to achieve a correlation between the

coursework score and the examinations’ score

(is this an objective?), more time should be

allocated to the oral presentation, and teachers’

questions should be focused rather on the

comprehension of the theoretical and analytical

concepts.

5. Conclusions

The evaluation criterion is one aspect to be
improved. Professors should realize that the stu-

dents’ enthusiastic attitude, their commitment or

the correctness of the written report is not the real

goal, but only the right path to the real goal:

learning. Therefore, effective learning should be

the only aspect being graded. On the other hand,

students should realize that the aim of the course-

work is not to play engineering for getting the best
design, but it is about getting the best learning

through playing that game.

The commentsmadeby the students help to verify

that the coursework has really contributed to

achieve the objectives that we set out to fulfil in

the beginning. The combination of theoretical con-

cepts seen in class with real examples has helped to

improve the learning of the subject, and the students
are satisfied and more motivated; although the

overall grade obtained in the subject is not related

to the specific grade of the work.

The grades of the coursework are higher than the
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Table 4. Strength of Materials’ score



ones obtained from the written exams. Teachers

tend to mark the project taking into account the

work done, as a recognition of the effort and interest

demonstrated by the team. Some students consider

that theweight of thework grade is low in relation to

the time they spend and the learning outcome they
experience. It is difficult, however, to identify the

degree of involvement of each member of the team,

since the number of groups is over 60 (about 240

students each academic year).
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