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S1. Outputs of SRP 

S1.1 Output structure 

The cover of the Output shows the general Q-A map deployed by the group in the study of the initial 

question Q0i. The rest of the Output is structured as a sequence of Questions, Medias (utilized to tackle the 

question), Answers, with a colour code (Q-red, M-blue, A-black) to facilitate the organization and 

monitoring of results.  

 

Figure S1. (Below) Example of Output report: Q-A map and sequence of Questions/Media/Answers (only 

some screenshots are shown, as an example of the of study and inquiry tasks performed).   

 

Output Q03 

Group # Date xx-xx-xx 

Group 
members 

#,#,#,#,# 

Q03 How does a car hood stand in equilibrium?  

 

 

 

 
 
  

Q03-How does a car hood stay in equilibrium?

Q-How is the equilibrium of a 
system in 3D analytically solved ?

We study the theory available in 
Moodle and look solved exercises in 
books and Internet

Research of information on Internet, 
observation of real hoods

Q-Can we make a model kit to 
understand better the equilibrium 
and supports involved? 

Q-Design of the kit? 
Materials and 
tools?

Q-Can we simulate
the reactions using
some software?

Q-What is the hood? How many types are 
there? How are they supported?

Asymmetric (3D)
(Q03) 

Symmetric (2D)
(Q02) 

Q-Dimensions? 
Angles? Supports?
Reactions?

Q-What would be the 
reactions in the supports of 
the car hood?

Analytical
solution for
kit dimensions

Q-Reactions for 
the model kit car 
hood? Analytical solution

for real hood
dimensions

Q-Reactions for 
real car hood?

Q-Reactions for different 
positions of support bar ?

Systematic analysis and 
measurements for different
bar positions

Q-What does a real car hood 
stand in equilibrium?

Measurements in 
our own car hood

Q-Modeling of real 
hood?

SolidWorks
simulations
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Q How is the equilibrium of a system in 3D analytically solved ? 

M We study the theory of equilibrium in books (Meriam), and solve some 
related examples, with the help of books and Internet  

 
Example of exercise solved:  

 
 

Q What is the hood? How many types are there? How are they supported? 

M We search in Internet and observe in real cars  

(a) (b) (c)

(a) (b)

Different types of Hood 
models 

Asymmetric vs. symmetric 
support types 

Different hood 
supports 
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Q Can we make a model kit to understand better the equilibrium and supports 
involved?  

M We design and make a model hood  

 

Q What would be the reactions in our model hood?  

M We calculate analytically the reactions, for the specific dimensions of our kit 

 

 

 

 

 

 

 

 

 

 

 

Q How would the reactions change as a function of the support position?  

M We study the reactions for 5 different positions of the support bar 

 

 

 

 

 

S2. Evaluation of sessions  

 

S2.1 Class diary: assessment of competences from sessions 

Material 
• 1 x wooden stick  
• 2 x expanded PVC 
plates 
• 2 x hinges 
• 2 x crews (3mmØ) 
• 5 x nuts of 3mm 
• 2 x wooden strips 
Tools  
• Wood saw 
• Bank screw 



5 
 

Q What would be the reactions in a real hood car? 

M We make measurements on the car of one of the group members 

 

 

 

 

 

 

 

 

 

Q Could we study the equilibrium of the 3D hood by simulations?  

M We use SolidWorks to simulate a simplified hood 
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S1.2 Q-A maps 

Simplified Q-A maps developed from the generating questions Q0i in the TMM-SRP: Q01 (gearshift lever), 

Q05, Q06 (motor crankshaft-rod), Q07 (car window) and Q08 (car crane). (The Q-A maps corresponding to 

Q02,03 (car hood) and Q04 (car-jack) are shown in Fig. S1 and Fig. 2, respectively). Some examples of the 

results of the inquiry and study processes are shown in each case.   

 

     

 

Figure S2. Top: Simplified Q-A map triggered by the question Q01-“How does a gearshift lever work?”; 

Bottom: examples of results of the SRP activities, (a) schematics of gearshift system found on the Internet, 

(b) vector position of the lever in each gear, (d) constructed model kit, (e) training problem to learn about 

vectors, (f) analysis of force required to change gear, (g) measurement of the force in a real car.  

Q01-How does the gearshift work ? 

Q-How to describe the 
movement of the lever?

Vectors

Q-What is the gearshift? Types? 
Where is it placed?

Q-Vector position 
of the lever in  
each gear ri ?

Q-Force to change 
gear?

Q-Vectorial
description of 
the force ? 

Forces

Q-Measurement 
of these forces?

Q-How to describe the 
sequential application of 
forces?

Q-Moment produced 
by theses forces at the 
base (O) of the 
gearshift lever?

Moments

Q-How does the lever 
stay in a gear? Why 
does it not turn back?

FBD
Equilibrium Q-Where is 

the centre of 
mass of the 
lever?

Q-Reactions ?

Q-Calculation of 
moments?

(e)

(c) (d)

F

(f) (g)

(a) (b)

ˆˆ ˆ  x y zF F i F j F k

Q-in a real lever (your car) ? In a model kit?
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Figure S3. Top: Simplified Q-A map triggered by the question Q02-“How does a car hood stay in 

equilibrium? (2D)”; Bottom: examples of results of the SRP activities, (a) examples of symmetrically 

supported car hoods, (b) car hood model, and (c) planar approximation, (d) FBD analysis of system and 

bars, (e) study of related examples, (f) WM simulations.  

 

Q02-How does a car hood stay in equilibrium? (2D)

Q-How is the equilibrium of a 
system in 2D analytically solved?

Study of planar equilibrium, 
FBD, frameworks

Q-What is car hood? Types? How are they supported?

Q-Model kit to understand 
the equilibrium and 
supports involved? 

Q-Design of the kit? 
Materials, tools?

Q-in a generic 
2D hood?

Q-Dimensions? 
Angles, How to 
implement supports?

Q-What would be the 
reactions in the support 
of the car hood? 

(e)

(c) (d)

(f)

(g)

(a) (b)

Research of information on Internet and observation of 
real car hoods

Asymmetric (3D)
(Q03)

Symmetric (Planar aprox)
(Q02)

Q-in a real 
car?

Q-In the 
model kit?

Q-influence of type of 
support? Position? 
Dimensions? Angle?

Analytical solution

Q-Dimensions? 
Mass? CM?

Measurements WM simulations

Q-Comparison?

Q-Dependence 
on other forces 
applied( wind) ?
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Figure S4. Top: Simplified Q-A map triggered by the question Q0i-“How does the crankshaft-rod device of 

a motor work (Q05-kinematics, Q06-dynamics)? Bottom: examples of results of the SRP activities, (a) 

investigation of use of crank and connecting rod mechanism; (b) use in different types of motors; (c) 

experimentation with a real motorbike motor and construction of several model kits; (d) analysis of a 

crankshaft-rod device at different angles; (e) WM simulations; (f) Excel numerical calculations of the 

piston’s velocity and acceleration as a function of the angle, for a given crank/rod ratio.  

Q05/Q06-How does the crankshaft-rod device of a motor work?

Q-Different types of motors?
(l inear, V motor, radial…)

Planar dynamics

Q-What is the crankshaft-rod device? Which common 
machines are based on that mechanism? 

(motors, oil  pumps, different machines in industry…)

Q05-What is the velocity and 
acceleration of the piston at each 
moment ?

Q-Construction of 
a DIT crankshaft-rod 
mechanism ?

Planar kinematics
Q-Reactions?
Q-Effect 
of friction?

Design, fabrication
measurements

Q-Analysis of kinematics at 
a given angle? 

Analytical methods
FBD-DD
Systems of bars

Q06-Which is the torque achieved 
for a given force in the piston?

Q-How does a real motor 
crank-shaft rod device 
system work? 
Experiments with
motorbike motor
Measurements of v, a,

angular w,a

Absolute / relative methods

Q-at any angle?
Numerical methods

Q-influence of bar
dimensions?

Numerical methods

Q-Analysis of dynamics at a 
given angle? At any angle?

WM 
simulations

(a)

(b)

(c)

(d)

(e) (f)

Sewing
machine

needle

guides

crank

rod
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Figure S5. Top: Simplified Q-A map triggered by the question Q07-“How does a car window work?”; 

Bottom: examples of results of the SRP activities, (a) and (b) examples of window mechanisms, (c) 

problem to learn analytical resolution of planar kinematics, (d) WM simulation of a window elevator based 

on articulated bars, (e) Solid Works design of a window elevator system, and (f) fabricated model kit, 

controlled with Arduino.  

 

Q07-How does a car window work?

Q-Which is the motor torque required to 
raise or roll  down the window ?

Planar Dynamics

Q-What is the window elevator ? Types? 
(articulated bars, tensile-cable, helix-cable systems)

Q-What is the velocity and acceleration 
of the window at each moment?

(g)

(b)

Q-Construction of a 
window elevator system?

Planar kinematics

Q-Reactions 
at  supports and joints?

Q-Effect 
of friction?

Measurements of v, a

Q-Simulation of window 
system to analyse v, a, F’s, ‘s?
Botton-up study of i) gear
system, i i) adding the
system of bars; i i i) complete 
system

Q-How to determine 
analytically v, a, F’s, M’s? 
Free-body diagram and Dynamic Diagrams
Systems of bars
Graphical methods, relative movement

vA = Varr + vrel

window

(a)

(b)

(c)

(d) (e) (f)
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Figure S6. Top: Simplified Q-A map triggered by the question Q08-“How does a car crane 

move?”; Bottom: examples of results of the SRP activities, (a) study of 3D kinematics, (b) 

analysis of movement of real car cranes, (c) analytic solution of related examples, and (d)  

familiar cases, (d) fabrication of model cranes.  

Q08-How does a car crane move?  

Q-How to describe the 
movement of the crane? 

Q-Types of cranes?
(mobile, tower, cantilever, level luffing, gantry, telescopic cranes..)
Degrees of movement, rotation? 

Q-Position 
of the crane’s 
hook? 
Vectors

Q-Velocity and acceleration 
of the crane’s hook?

Q-How to design and build up a 
crane with the desired degrees 
of movement?

Measurements

(d) (e)(a) (b)

Q-Angular velocity and 
acceleration of each of 
the crane elements ?

3D rigid body kinematics
Relative motion
Rotation about a fixed point

Q-Kinematics analysis of 
the model kit crane?

Q-Analysis of systems with 
increasing complexity?

(f)(c)

Design, plans
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S1.3 Output: assessment of competences from reports     

 

 

Figure S7. Rubric sheet utilized to assess the competences from the Output report.  

    

  

SRP-TOMM

Assesment Output: Q0i

Group number: G#

SC Specific competence

Solving of example/relatedproblems
Analytical /numerical study of the Q0i case

e.g. Q01-gear 
Force/moment to shift a gear? 
FBD of the gear when the car is running?

Fabrication of a kit machine ? Experiments/measurements 
on kit/real machine?

T2 Learn new knowledge and techniques autonomously 
throughout the entireprofessionallife.

Do they use systematical methods learned by themselves in 
the different sourcesavailable?
Do they use different approaches / sources to learn ?
Do they use new or original approaches to learn? 

T4 Management of time and organization

Organization of the Q-A map ?
Is the Output well structured? (Q/M/A’s, order…)
Are there more/less answers than discussed in the initial 
(braimstorming) Q-A ?

T7 Ability to solve problems with critical reasoning

Are they critical with obtained results ?
Do they compare/validate results obtained by different 
methods ?

T12 Ability to solve problems with initiative,decision 
making and creativity

How do they tackle the question ?
Do they divide the problem in easier parts?
Do they use different approaches to solve a question?
How do they circumvent problems/difficulties, in case they 
appear? 
Do they use original approaches ?

T10 Show interest in quality

Is the Output presented according to the given template?
Is the Output neat, well ordered, structured ?
What is the amplitude of the work ?
The information presented is relevant, well selected ?
Is the information well referenced ?
Are the results discussed ?

Output mark (50% SC+10%T2+10%T4+10%T7+10%12+10%T10)
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S2. Evaluation of sessions 

 

S2.1 Class diary: assessment of competences from sessions 

 

 

 

Figure S8. “Class diary sheet” used to annotate individual and collective work of students during the SRP 

sessions, and evaluate the competences associated to TMM. The session mark for each student was 

calculated as 50% SC + 10% T2 + 10% T4 + 10% T7+10%/T12 + 10% T10. 
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S2.2 Co-evaluation of sessions 

In order to validate the competence method used to assess the competences during the SRP sessions, two 

different observers co-evaluated 4 out the 26 sessions of the course (sessions S7, S8, S9, S10 during which 

students were working on Q03-the hood in 3D). Observer 1 was a fourth-year student, researching on SRPs 

for his Master thesis (2nd author of this paper) while Observer 2 was the teacher and researcher 1 of the 

article. The two observers took annotations, using the “Diary class sheet”, and evaluated the competences 

based on their notes and the competence rubric descriptors of xx university. It is noted that although the 

generic rubrics provide a scale 1-4, the researchers found it convenient to subdivide the scale to evaluate 

the competences on a more familiar 0-10 scale. Fig. S4 shows an example of the annotations and marks 

given by the two observers for two students of group G5. For each session, a global “session mark” was 

calculated, taking into account the competence marks with weighted percentages, as specified in the official 

Academic Guide: 

 

Global session mark: = 50% SC + 10% T2 + 10% T4 + 10% T7+10%/T12 + 10% T10 

 

The comparison of results obtained over the 4 sessions allowed deriving both qualitative and quantitative 

conclusions. 
 

 

 

Qualitatively, it is found that the annotations of both observers about the individual session work 

and group dynamics are very similar, although sometimes expressed in different words. Quantitative results 

on the co-evaluation performed by the two observers are shown in Fig. S5, deploying the correlation 

between the marks for the competences (SC, T02, T04, T07, T12, T10), as well as the total global mark, 

for the 4 co-assessed sessions S7, S8, S9, S10). In each case, the data follow a linear trend; the fit and 

correlation factor (R2) are shown in the figure. The linear fits pass through zero since, for the two observers, 

the mark for a student not attending a session was 0, as the competences could not be evaluated.  

The slope of the fits informs about the degree of correlation between the two observers (y = x, slope 

m = 1 implies that the two observers have the same scoring criteria), while the R2 factor quantifies the 

dispersion of results around the fit line. The analysis of the data allows to draw the following conclusions:  

Regarding the correlation between the two observers, it is observed that, generally m is slightly 

smaller than 1, which implies that observer 1 systematically evaluates more strictly than observer 2, 

however, deviations are always smaller than 10%.  

On the other hand, the regression factors found for the data of all sessions are high (R2> 0.75), which 

indicates a low dispersion. It was noted that a few data points deviated significantly from the linear fit; 

G5 Name Observations SC T2 T4 T7-

T12 

T10 

 

#11 Obs2: The student explains he has dismounted the hood of his car to 
measure and weight it (impressing).  
I explain there is a software simulation program (SolidWorks motion) 
which allows to find forces and moments in 3D. He shows interest in 
learning how to use it. He will go to see another teacher at xx expert in 
the program 
He spends some time concentrated on his own, following an Internet 
tutorial to learn how to solve problems of equilibrium in 3D. Good work 
today. 

8 9 9 9 10 

Obs1: Student interacts with teacher and answers adequately to the 
answers posed about the delivery of Output 2. He proposes a very 
original alternative to measure a real hood, and makes the analytical 
analysis of Q03. 

8 8 8 8 9 

 

#5 Obs2: Working together #5G5+#9G5+#21G5: they are discussing and 
solving analytically the equilibrium in 3D of the hood. They are a bit 
delayed, but I think they will get it. After solving the general case, they 
will put in the values for i) the Meccano kit, ii) the real hood.  

6 8 7 7 8 

Obs1: together with other members of the group, he works on the 
analytical part of the problem. 

7 7 6 7 6 

… … …      

 

Figure S9. Example of co-evaluation of session work by the two observers, using the class diary sheet.  
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analyzing in detail the annotations of the two observers, it was found that these situations occurred when 

one of the two observers was busy and could not observe some of the activities observed by the other. If 

those exceptions are excluded, the correlation increases even more.  

Figure S5f shows in addition the correlation of the session marks for the four co-evaluated sessions 

(Si, i=1-4) . It is concluded that the evaluation criteria of the two observers is very similar (m = 0.97), and 

the regression factor is very high (R2> 0.91) when taking into account the averaged mark <Si> of the four 

sessions. The trend shown by the data indicates that the dispersion could be even lower when considering 

all 26 sessions. In conclusion, the method used to assess the competences during the sessions provides a 

high degree of confidence, even taking into account the subjectivity of the observers. 

 

 
 

Figure S10. Correlation between the marks taken by Observer 1 and 2 during 4 sessions (S7, S8, S9, S10) 
for the specific competences (a), transversal competences T2 (b), T4 (c), T7 (d), T10 (e), and session mark 
(f).  

  

SC T2

T4 T7-T12

T10 Session mark

<Si>
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S3. Survey results  
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S4. Interview questions  

Individual interviews to all the participants of the SRP in TMM were conducted, to obtain information 

about the students’ perceptions on the implementation of new methodology. In the interview, students could 

explain their experience more extensively than in the quantitative survey. All 25 participants were 

interviewed (nobody refused), after having experienced 5 of the 7 Q0i’s, by one interviewer (the 2nd 

researcher of this work). The interviews were recorded, with the authorization of the participants, and 

subsequently transcribed to be analyzed. The questionnaire included 29 questions, grouped into several 

blocks: 

 

Name: # 

Retaker ?: yes / no 

Degree: Mechanical / Electrical Engineering / double degree 

 

I. General impressions about the SRP and Q0i’s: 

1. What is for you an SRP? How would you explain the SRP to someone who doesn’t know the 

methodology? 

2. What do you think about the duration of the project? 

3. What do you think about the duration of each of the blocks (Q0i)? 

4. What do you think about the difficulty of each of the blocks (Q0i)? 

5. What has been the most difficult part of the SRP and why? 

6. What has been the easiest part about the SRP and why? 

 

II. Group work, organization: 

7. Did you find it easy or difficult to work in a team? 

8. What has been more difficult for you to work in a team? 

9. In teamwork, did you find difficulties in keeping work to date so that the rest of the members 

would not get stuck? 

10. How have you organized and distributed tasks and workload? 

11. Were the tasks and assigned roles fulfilled? 

12. On a practical level, how did you communicate with each other? 

13. Do you think you would have got better results working individually than in a group? 

14. Have the exchanges of ideas between the classmates helped you learn more? 

 

III. Adaptation to active work: 

15. Do you think the SRP methodology has taught you to work autonomously? 

16. Has the overall work environment in the class been good? 

17. Has the teacher helped and motivated you during the course? 

18. Would you have liked to be guided in another way? 

19. Regarding the Q-A maps: do you think it is useful to develop the project as a sequence of 

questions and answers? 

20. Did you find it easy to adapt to an open project, where you decide the study variables? 

21. Have you found it easy or difficult to write the Outputs? 

22. Were the Output deliveries affordable in terms of time and difficulty? 

 

IV. Overall evaluation of the methodology: 

23. Have the Q0i performed during the SRP allowed you to have an idea of “what is TMM and what 

is it good for”? 

24. What is your opinion about the SRP methodology? 

25. What surprised you the most? 

26. What is your overall satisfaction level? 

27. Has the application of the SRP methodology been positive for you? 

28. Has it motivated you more than traditional classes? 

29. Would you recommend the SRP methodology to other colleagues? 
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S5. Groups’ description    

The students’ perceptions about the SRP depend to a great extent on their personal predisposition to 

teamwork and the experience lived in the groups where they were integrated. At the beginning of the course, 

the students self-organized in 5 groups of 5 students (G1, G2, G3, G4, G5). After observing dysfunctions 

in some of the work groups, after four Q0i study blocks the teacher decided to reorganize the groups, 

maintaining two of the groups that worked correctly (G3, G5), and redistributing the rest of the students 

into three new groups (GN1, GN2, GN4). Next, some of the characteristics of these groups are described, 

as a result of the classroom annotations, which helped to put the interview answers in context, especially 

those of the block “II. Teamwork". 

 
 

G1 (#1, #6, #7, #15, #23): constituted by rather individualistic students. They tend to work in sub-

groups (2+2+1 students). Each of the group members is technically competent, but does not adapt 

well to teamwork. Each couple has a leader, and the two couples do not understand each other. Often 

there are conflicts and mutual regrets crossing. They make a rigid and strict distribution of tasks, 

and do not support each other when each one has finished his own task. They never get together 

outside the classroom to work on the project.   

 

G2 (#2, #3, #4, #14, #17): they often work subdivided into subgroups (2 + 2 + 1 students). One of 

the couples is formed by two friends, very used to study together. The other couple is not very 

compliant, they miss some sessions, and the rest of group members complain about their attitude. 

 

G3 (#10, #12, #13, #19, #20): the group includes three re-takers, and an older student who combines 

studies with work. They are oriented to the common goal of passing the subject. None of them seeks 

excellence, but they are able to work very well together as a team, and they support each other. They 

have worked in groups before. They do not have too much time to meet together outside the 

classroom, but just because of that they profit very much their time during the sessions. The 

distribution of work roles is flexible, and they support each other when they finish their part of the 

work. 

 

G4 (#8, #16, #18, #22, #24): formed by friends who like going out together in the week-ends. 

Technically, less prepared than students in other groups. Some do not adapt well to self-learning and 

expect the traditional lecturing role of the teacher. They get tangled up in class, and are little 

committed to work. Everyone expects the other to do the job, and they blame each other of not doing 

enough. 

 

G5 (#5, #9, #11, #21, #25): formed by 4 very strong students and a hardworking retaker. Everyone 

seeks to get good marks.  The group members of the Electrical Engineering degree are not specially 

attracted by this mechanical subject, but at any rate, they want to learn and they demonstrate a pro-

active attitude. They adapt their way of distributing work over time, and apply continuous 

improvement in each Q0i. They solve incidences, when they appear. They get together regularly out 

of the class to work on the project. 

 
 

GN1 (#1, #7, #4, #18, #22): the new group consists of a leader and other students compliant with 

what they are told to do.  The group is compensated, with some students more skilled in performing 

calculations, and others in modeling and simulating. All members are satisfied with the change of 

group, and work at ease, although their work is still very fragmented. 

 

GN2 (#2, #3, #6, #15, #24): the new group consists of two couples, getting well together, and a fifth 

student. In this case, the two sub-groups get along well with each other, and there is more 

communication and a good working environment. Everyone is more satisfied to work in the new 

group than in the previous one.  

 

GN4 (#8, #14, #16, #17, #23): formed by students who tried to avoid work in their previous groups. 

In the new group, everyone is forced to contribute to the common task, to pass the subject. One of 

the members stands as leader of the group and tries to stretch the rest, without much success, and 

ends up "burned" and dissatisfied with the change of group. As a result of the poor individual and 

collective work, four out of the five members of this group fail the subject. They represent the 16% 

of students who failed TMM course in academic year 2018/19.  
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S6. Comparison of SRPs in Engineering courses 

 

SRP 
Subject 

TMM-SRP 
“Theory of Machines and Mechanisms” 

SM-SRP 
“Strength of Materials” 

CM-SRP 
“Continuous Media” 

Ref. This work E. Bartolomé et al., EJEE 44, 330 (2019) I. Florensa et al. IJEE 34, 1848 (2018) 

Year 2nd year, first semester  2nd year, second semester  3er year, first semester  

Type Mandatory and common for the Mechanical, 
Electricity and Electronics Engineering degrees 

Mandatory for the three degrees Mechanical Engineering degree  

ECTS  7 ECTS (5 h class/week) 6 ECTS (4 h class/week) 6 ECTS (4 h class/week) 

Number of 
students 

30 15-25 20-30 

Language Spanish English English 

Traditional 
conception 

Static and dynamic analysis of the effects of forces 
and moments on rigid bodies and machine 
systems, using Newton’s laws.   

Strength and stiffness study of prismatic structural 
members submitted to different loads.  

Stress and strain analysis of continuous media under the 
hypothesis of Elasticity. 

Contents Statics: vectors, forces, moments, equilibrium, 
frames and trusses, friction; Dynamics: kinematics 
(2D/3D), dynamics in 2D 

Principles of SM, axial loads, shear, pure and simple 
flexure, properties of cross-sections, deflection of 
beams, axial flexure, torsion, combined loading.   

Experimental elasticity, stresses, strains, Lamé equations 
and Generalized Hook’s laws, introduction to FEM, plain 
stress & plain strain hypothesis, failure criteria, fatigue.  

Previous 
organization 

Theory – Problems – Lab sessions 
Assessment through two exams (problems on 
Statics/Dynamics), and 3 lab reports 

Theory – Problems – Lab sessions 
Assessment through several exercise exams, and 3 lab 
reports 

Theory (2h/week)– Problems (2h/week)– 3 Lab sessions 
Assessment through exercise exams, and lab reports 

Competences Specific competences  
- Knowledge and use of TMM foundations 
Learning goals 
- Be able to analyze and solve mechanical 
mechanisms or systems through numerical 
methods. 
- Be able to explain the fundamental principles of 
TMM. 
- Be able to analyze the behavior of parts, subsets 
or systems under established requirements. 
 

Specific competences  
- Knowledge and use of the principles of SM. 
Learning goals 
- List the basic laws of SM. 
- Use the theoretical concepts of SM in structure 
mechanics. 
-Apply the theoretical and practical basis required to 
determine the state of stresses and strains of a system 
submitted to any system of loads. 
- Solve problems on mechanics of materials. 
- Use correctly the techniques and instruments for the 
mechanical testing of materials. 
- Be able to analyze and interpret the results of lab 
mechanical tests on SM. 
- Reporting the results of mechanical tests. 

Specific competences  
Be able to use knowledge and capacity to apply the 
Foundations of elasticity and strength of materials at the 
study of the behavior of real solids. 
Learning goals 
– Be able to list and use the basic laws of CM. 
– Analyze and interpret the results of the mechanical tests 
obtained at the CM lab. 
– Solve problems of Continuum Mechanics. 
– Use the techniques and instruments from the CM 
properly. 
 

Transversal competences  
-Learn new knowledge and techniques 
autonomously throughout the entire professional 
life. 
-Manage time and organize work. 
-Ability to solve problems with critical reasoning. 
-Orientation to quality. 
-Ability to solve problems with initiative, decision 
making and creativity. 

Transversal competences  
-Oral and written skills to communicate to an audience in 
Catalan, Spanish and English 
- Work in multidisciplinary teams, while assuming 
different roles, with absolute respect for fundamental 
rights and equality between men and women. 
- Ability to solve problems using critical thinking. 

Transversal competences  
-English language communication. 
-Troubleshooting. 
 

Didactic 
problems 

- Foundational 
- Lack of “raison d’être” (especially for non-

mechanical engineering students) 
- Lack of motivation 
- Very general (large variety of problems) 
- Academic systems studied are far from reality 
- Algorithmization, without deep understanding 
- Atomization of knowledge; lack of ability to apply 

theory to practical problems 
- Need to work and asses a large number of 

associated transversal competences 

- Lack of practical sense, lack of motivation  
-Lack of connection with real Engineering problems 
- Algorithmization of problems to pass exams 
- Atomization of knowledge (no link between different 

chapters) 
- Need to work and asses 2 associated transversal 
competences 
- Need to develop English skills 

- Lack of “raison d’être”  
- “Monumenalistic” conception 
- Unclear correlation to real problems 
- Disconnected practical sessions 
- Detached use of computer FEM simulations  
 

Q0 question 
 
 

Q0- “How does a (machine in a car) work”?  
8 Q0i machines: gear, car hood, car-jack, motor 
gear crank, window elevator, car crane 

Q0-“Does the slatted-bed resist?” (3 editions)  
      “Does the kart resist?” (2 editions) 

Q0-“Design a bike part using one of three given materials” 

The different Q0i’s allow covering all curricular 
topics of the course 
Each Q0i is chosen to potentially allow a multi-
approach study (analytical solution, simulations, 
observation of real machines, Internet inquiry etc).  

Project-like SRP, developing from a single Q0 
The Q0 is associated to a real object, available in the lab, 
it leads to the study of strength and stiffness of the object 
parts under different loads, through varied media. 
 

SRP substitutes lab sessions. 
The Q0 puts design in the center, and leads to make 
mechanical lab tests (Charpy, tensile tests) and FEM 
simulations  

Structure and 
timing 

SRP spans over the whole course (26 sessions)  
Block-structured SRP in 8 Q0i’s 
Two weeks per Q0i 

SRP spans over the whole course (26 sessions)  
Flexible timing for each Q-A map “branch” 

The first 9 weeks follow traditional instruction (theory and 
problems sessions) 
SRP is implemented in the last 5 weeks 

Groups Groups of 5 students 
Groups maintained through the SRP  

Flexible groups, varied number of members, changing 
every week, depending on project tasks to do 

Small groups (3-4 students) 
Each group studies a different bike part. 

Degree of 
openness 

Rather guided initial Q-A map: teacher directs the 
students to study the relevant theory, and solves 
some representative examples. 

High degree of freedom; Q-A map develops from class 
brainstorming sessions 

Medium degree of openness; teacher validates the 
rightness of investigated questions  

Output 
productions 

8 written reports structured in the form of 
Questions/Media used/Answers  

Oral presentations discussed in front of the class 4 weekly reports and a final “project” report addressed to a 
fictitious company 

Assessment Based on the “Outputs” and sessions work.  
Evaluation of SC and TC’s through rubrics. 

Based on the “Outputs” and sessions work. Assessment 
of Q-A map, presentations, teamwork, class 
participation, technical work   
Evaluation of SC and TC’s through rubrics. 

Based on the 5 reports 
Evaluation of different aspects in weekly reports (Planning, 
roles, questions posed, tasks completed,  performed 
answers) and final report, through rubrics  

Feedback Teacher delivers the corrected Output, assessment 
sheet through rubrics and gives personal feedback 
to each group after each Q0i 

Teacher and classmates feedback during oral 
presentations 

Weekly feedback through Moodle 

 


