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Abstract. Education in STEM is usually focused on vast theoretical background and the development of strong mathematical skills, however with the deep progress in data availability and the digital revolution, also the education field should adapt to meet new challenges and goals. Some of the desired outcomes of a modern engineering education system is the preparation of the students to a dynamic workplace, in which they will face unknown and uncertain challenges, and to achieve such preparation it is essential to learn how to approach a problem related to innovation, how to identify the key issues of the argument and how to organize and present insights on the topic. This paper proposes an analysis of a teaching methodology tested between 2019 and 2021, in which the students of the Automotive Engineering course developed group projects on innovation-related topics of the sector. The structure of the course and projects is presented as well as the main results achieved during the period. 
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Introduction

The automotive sector, as well as many others in the industry, is passing through deep changes and the research/work fields constantly require new skills and attitudes from the engineers, technicians, and other STEM new laureates. The STEM courses, and even more deeply the engineering ones, should be fast in the adoption of new teaching and didactic techniques to keep up with this evolution and continue to supply well prepared professionals and scientists. However, it is not evident that the universities have adapted quickly to the modern world.
Few examples of modern concepts such as gamification [1] and active learning [2] can be found in literature as well as interesting strategies put in place in extra-curricular activities [3, 4] and student competitions [5,6,7,8,9], nevertheless this trend rarely transfers to official courses [10], [11]. New concepts, essential to the automotive sector, such as Electrification [12], Autonomous Driving [13, 14], Lightweight Design [15, 16], Active Control [17, 18, 19, 20, 21, 22], cannot be taught as it was done centuries ago.
This paper proposes the analysis of a task-based activity during the Automotive Engineering Master of Science, in which the students are challenged to develop and present a teamwork research project, dealing with innovative topics on the sector.
The projects are intended to teach research skills, communication [23], and teamwork abilities, not so much exercised during their academic paths.
The course structure
The program under analysis is the Chassis Design course, offered to the students of the second year of the Master of Science on Automotive Engineering of Politecnico di Torino, in Italy. More specifically, the Chassis Design course is part of the mandatory program for those students that choose the “Vehicle Development” path at the last year of their Master. Typically, the class had around 40 students. The course is divided in two parts, A and B, each one with a different professor, with a total 10 ECTS.

The course objective is providing the basic knowledge for the dynamic modelling and design of the vehicle chassis and its main parts highlighting the following issues: design methodology of chassis subsystems, illustration of the architecture and of the main functional features, subsystem dynamic model and integration in the vehicle model. The main syllabus for the parts is:
Part A: Chassis and its subsystems; tires on the vehicle dynamics steady state and dynamic behaviour; suspensions: the functionality of the different parts and the design methodology; steering mechanisms; lateral dynamics; impact of the chassis subsystems on the vehicle dynamics; Vehicle directional behaviour, stability, and comfort; Longitudinal dynamics and driveline vibrational behaviour
Part B: Linear models for driver-vehicle interaction; Electronic Brake-force Distribution EBD and Anti-lock Braking System ABS; Active traction control; Traction Control System; Anti Spin Regulator ASR; Electronic Stability Control ESC; Active Roll Control ARC; Emergency braking: BAS, EBA; Active comfort control: passive and active suspensions; Steering control: Active Front Steering AFS and All Wheel Steering AWS; Transmission systems for AWD; Active differentials: Torsen, clutch type and Viscodrive Haldex; Advanced Driver-Assistance Systems ADAS.
The evaluation of the course is organized in two parts, a written exam (worth 60% of the score), and an oral evaluation (for the remaining 40%). The oral exam is only performed once the student achieves a minimum passing written score of 18/30 points. Each student must complete both part A and part B independently to obtain a final score, composed of the simple average of the grades.
Before 2018, parts A and B used a classic oral evaluation, in which the professor would individually ask questions to the students to evaluate their comprehension of the course’s main concepts. The exam usually starts with a brief exposition of the student regarding a specific topic chosen by the professor, followed by increasingly more difficult questions, to assert their level of proficiency.
From 2019 the part B of the course changed its oral exam modality, introducing the projects, while the part A maintained the same classic structure (Fig. 1).
Whenever the course year is indicated, it is intended as the year in which the exam is performed (e.g.: students start class in Oct/18 and the exams are in Feb/19  2019).
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[bookmark: _Ref100328804]Fig. 1. Chassis Design exam structure before 2018 (left) and from 2019 (right)
The projects
The proposed projects during the three years of application of the new structure always regarded innovative topics of the automotive sector. The goals of the students were:
Gathering information about the selected topic, 
Finding the main issues and interesting characteristics of the technologies, 
Exploring the technical and non-technical facets through research, data analysis, modelling, and simulation (or even prototyping in some cases),
Creating and delivering a final presentation to the professors and colleagues.
The students were organized in two or three people groups, formed by themselves autonomously, to develop the project and deliver the presentation. Each person should actively present an equivalent part of the work, with a maximum of 10-minuts speech (thus 20 minutes for two-people groups and 30 for the three-people ones).
The evaluation would be partially individual and partially assigned to the group as a whole. The evaluation criteria (communicated to the students during the lessons) were:
Quality of the slides/graphic material
Relevance of the presentation and synthesis capacity
Bibliography and quality of the research
Novelty and creativity
Oral speech and delivery (individual)
Extra points were given to groups developing simulation or physical demonstrators.
To support the students on their research, a tutor was available during assigned timeslots thorough the semester, following each group in their activity. In the (optional) tutoring sessions the students would have the opportunity to work with their colleagues, see the work done by other groups and exchange ideas, and ask question/show results to the tutor to get feedback regarding the technical and presentation aspects.
The topics covered in the three years of the new structure are displayed in Table 1.
[bookmark: _Ref100568731]Table 1. Project topics between 2019 and 2021
	2019

	Advanced driver-assistance systems, or ADAS
	Brake-by-wire

	Interconnected suspensions application in road vehicle
	Four-wheel steering (AWS)

	Interconnected suspensions application race vehicle
	Steering systems (EPS, HEPS, HPS)

	ABS application in case of trailer
	Torque vectoring in EVs

	Active suspensions systems and body controls
	Torque vectoring in ICE

	Regenerative braking on electric vehicles
	

	2020

	Torque Vectoring
	ADAS - Lane Assistant

	Four Wheel Steering AWS
	ADAS - Braking Assistance

	Unconventional and Interconnected Suspension
	ADAS - Cruise Control

	Novel Vehicle Architectures
	ADAS - Automatic Parking

	Advancements in Tire Technology
	ADAS - AR and Human Vehicle Interface

	Brake-by-wire and steering-by-wire Systems
	Full AD - Trajectory Planning

	Regenerative Braking
	Full AD - Vehicle State Estimation

	Active Suspensions and Body Controls
	Full AD - V2X communication

	Active Aerodynamics
	Full AD - Regulating and testing AD vehicles

	Lap time Simulation and Virtual Driver
	

	2021

	Is it worth it? EV life cycle and Cost of Ownership
	Fuel Cell - is it the future of clean mobility?

	Electric motors - which technology will prevail?
	A hot topic: Thermal management for EVs

	Cooperative ADAS - what can we do if all vehicles act together?

	Need for Speed (of connection) - 5G and new networks and their impact on smart vehicles

	Smart vehicles, cybersecurity and data privacy on a connected world

	Are you ok? Predictive maintenance and its sensors, algorithms and protocols

	Who am I? - Vehicle modelling for Autonomous Driving

	See, process and decide - Advancements on sensors and fusion techniques

	Better than humans? Algorithms and AI on the AD development

	The vehicle decided the path, now what? Yaw control strategies

	Testing and validating Autonomous Vehicles - Is it safe?

	Everything under control - Active systems and their novelties

	Too much information! Challenges for VCUs and system communications

	Uber, electric scooters and hyperloop - the future of mobility beyond cars

	Just point A to point B? - Passion for vehicles and market trends for new consumers

	Traction control and Regenerative braking - How EV change longitudinal dynamics?

	The bottleneck - New technologies on batteries and energy management

	Who's gonna pay? Battery and EV market evolution worldwide

	E-Motorsport? - Importance to tech development and the impact of electrification



Three slightly different characteristics were experienced each year:
2019: the projects were facultative; each student was free to choose between having a project/group assigned or making the classic oral exam.
2020: the projects were mandatory to all students and the tutoring sessions were performed in presence (ending around January 2020).
2021: the projects were mandatory to all students and the tutoring sessions were performed virtually (due to COVID restrictions).
This variation in the course characteristics presents itself as a good opportunity for a “natural experiment” to compare the outcomes and evaluate the effects of the methodology. Surely, with only three years of analysis, each one with no more than 50 students, the numerical considerations are not intended as a full statistical analysis, but as a tangible outcome apart from the subjective opinion of students and professors.
Results and discussion
The first part of the analysis focuses on the evaluation of the students’ results in terms of Written Exam scores, as a proxy to their level of proficiency and understanding of the main concepts on the syllabus. Obviously, this approach has some limitations, as it regards slightly different teaching delivery, different exams, and a different pool of students with their inherent potentiality distribution. The considered years for the analysis were 2017 (as a control group) and 2019-2021representing the three years of projects.
In Table 2 the main results of the students are reported. The average and standard deviation of the exam scores is divided between ‘general’ where all results are considered, and ‘only pass’ in which the scores resulting in a failed exam are not considered. It is possible to see that the failure percentage is higher in the part A of the course, and the average scores are also lower even after excluding fails.
[bookmark: _Ref100592586]Table 2. Results of Chassis Design - aggregate 2017-2021
	
	A (general)
	A (only pass)
	B (general)
	B (only pass)
	Project

	Average
	16,4
	22,4
	20,3
	23,3
	29,9

	Std. Dev. (σ)
	8,5
	3,2
	6,5
	3,1
	2,9

	% Failure
	44%
	24%
	



To illustrate the distribution of the scores, a histogram is shown in Fig. 2.

[bookmark: _Ref100593012]Fig. 2. Distribution of scores - Chassis A and B, aggregate 2017-2021
To have a better grasp of the evolution of the results in time, to assess if the projects could influence the overall learning of the students, a breakdown of the averages and standard deviations is proposed in Table 3.
Even if small differences are present in the dataset, the effect size is significantly smaller than the overall distribution spread, so that it would be incorrect to draw statistical conclusions on from the average variation alone. It is interesting, nonetheless, to observe that the results are consistently worse in the 2021 session (for parts A and B both), as a possible consequence of the COVID and virtual lessons scheme adopted. This effect shall be monitored to avoid permanent reduction of the learning standards.
[bookmark: _Ref100593302]Table 3. Written exams evolution in time
	
	A
	B
	% Pass A
	% Pass B

	2017
	16,8 (σ = 9,5)
	21,7 (σ = 6,1)
	60%
	84%

	2019
	17,9 (σ = 6,5)
	20,9 (σ = 6,3)
	60%
	78%

	2020
	17,0 (σ = 6,8)
	20,9 (σ = 5,0)
	49%
	77%

	2021
	15,7 (σ = 9,6)
	17,3 (σ = 8,0)
	52%
	63%



Another interesting analysis regards the year of 2019: in this specific session, the students were allowed to choose if developing and presenting the projects or taking the oral exam in the classic fashion. The results between the groups are shown in Table 4.
[bookmark: _Ref100594571]Table 4. Results of 2019: comparison of students making and not making the project
	2019 Project
	A
	B
	% Pass A
	% Pass B

	Done
	18,7 (σ = 6,05)
	22,7 (σ = 4,78)
	61,7%
	89%

	Not Done
	17,2 (σ = 6,88)
	19,2 (σ = 7,12)
	59,2%
	67%

	Variation
	+9% (-12%)
	+18% (-33%)
	+4%
	+33%



There is a net difference between students taking the project, with a consistently higher score in both part A and part B, as well as a lower failure percentage. The limitation of the comparison is evident, one might say that the students willing to undertake a laborious enterprise such as the projects are also the ones more eager to study and get better marks. This is true: the correlation reported isn’t, by no means, a causal effect statistically speaking; but looking carefully at the results, it is possible to hypothesise that the results in part B significantly better than the ones in part A, for the same subset of students, which could indicate that part of the effect is, indeed, a better understanding and interest to the concepts tackled by the projects.
Apart from the interesting numerical results, it should be also considered the subjective outcomes of the projects. First and foremost, the interest of the students and their direct feedback regarding the projects is certainly positive. Comments and evaluations coming from the students show that the projects were overall appreciated as a different form of teaching, more interactive and putting the apprentices at the centre of the action.
It was rewarding to see some outstanding results, in which students went an extra mile in their investigation, working side-by-side with companies or developing complex simulations and intricate physical prototypes. In Fig. 3 two projects are illustrated.
 An important aspect was also highlighted as positive was the development of soft skills, such as communication, synthesis analysis and teamwork. The task to explore a new topic and transforming the recently acquired knowledge in a palatable presentation to peers is an experience quite underdeveloped in the academic path of Italian Universities, but key to the professional life of future young engineers.
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[bookmark: _Ref100596924]Fig. 3. Examples of projects done with company (left) and with physical prototype (right)
Finally, after the conclusion of the projects, many of the students were interested in the proposed research themes and decided to develop their Master Thesis within the research group of the professor and tutor. Some of them then become colleagues in research, as fellows or PhD students, which is an excellent result.
Conclusion
The experience with the engineering teaching through the development of practical projects is presented in the paper, showing what is considered a success case-study. The Chassis Design course hosted for three years a change in the oral examination in which students were challenged to explore and present innovative topics in the automotive sector. The overall results in terms of exam scores are not deeply affected, even if some suggest the students involved in the work could have better interest/understanding of the topics specific to the part B of the course. However, the subjective outcomes are evident: students at the centre of the work, collaborating and exercising skills always more important to their future and a clear sense of achievement and curiosity during the tutoring sessions and presentations. This model can be successfully replicated in other courses, to foment new researchers and improve the quality of technical workforce.
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