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John Robinson, The University of Nottingham, UK
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Solutions to global challenges need a range of engineers with diverse skills and attributes, and it is
the responsibility of engineering educators to shape the engineering education landscape, using their
problem-solving expertise to educate future engineers for modern technological advances. Project-based
learning (PjBL) is an educational approach that can integrate such needed skills and attributes into the
curriculum. However, delivering a truly effective PjBL approach can be quite difficult without considering
a holistic approach encompassing three key pillars: PjBL curriculum and assessment, PjBL culture, and
physical and online PjBL spaces. This chapter presents a comprehensive overview of how PjBL has been
successfully deployed across the Chemical Engineering curriculum at the University of Nottingham, UK,
through the lenses of those pillars, and in the form of design projects, with a progressive integration and
development of diverse skills and competencies throughout the years.

Chapter 2

A Soft Skills Experiment in an Industrial Engineering and Management Academic Course: A

Demonstration of How to Develop Soft SKillS .......ccoeiiiiiiiiiiiiiiieeeeeee ettt 20
Klaas Stek, University of Twente, The Netherlands & Graz University of Technology, Austria

Industrial firms increasingly concentrate on their core competences and outsource non-core activities,
affecting the personal (soft) skills requirements of purchasing and supply chain management (PSM)
personnel in their boundary-spanning roles. In parallel, machines take over processes but cannot replicate
humans’ soft skills such as creativity and strategic thinking. The literature shows that learning objectives
in PSM courses in higher education are evaluated for not covering soft skills. Moreover, there is evidence
that soft skills development is challenging. It is questionable which soft skills can be developed and which
didactics are applicable. This study presents an educational soft skills experiment with IEM graduates,
and it provides evidence that soft skills learning can effectively be introduced in existing courses. The
graduates self-rated their competence levels of 36 soft skills before and after the course that provided
soft skills workshops and a case study. In the first survey, “strategic thinking” ranked low and could be
improved the most in the second survey.
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Chapter 3

Mechanical Engineering Students Project-Based Learning in OUAS: Learning by Doing ................. 50
Mira Kekkonen, Oulu University of Applied Sciences, Finland
Ville Isoherranen, Oulu University of Applied Sciences, Finland

This chapter introduces project-based learning approach which is used in the Oulu University of Applied
Sciences (OUAS), School of Engineering and Natural Resources, Mechanical Engineering Department
to get local companies to offer project works to mechanical engineering students. The concept is based
on organizing a local event or online event for the companies to come to OUAS campus to present
their challenges needing engineering students to solve. The companies are then competing, selling,
or pitching their problem for engineering students as the engineering students will then individually
select the most interesting cases to be solved, and which has linkage to potential summer job and thesis
work opportunities if projects are successful. The concept has proven to be successful, and it has been
established as traditional event with many companies returning to the pitching event annually to get their
industry problems solved by group of motivated engineering students.

Chapter 4

Influence of Game-Based Methods in Developing Engineering Competences..........cccceeveeeveerveeneennen. 69
Helder Gomes Costa, Universidade Federal Fluminense, Brazil
Frederico Henrichs Sheremetieff, Universidade Federal Fluminense, Brazil
Elaine Aparecida Araiijo, Universidade Federal Fluminense, Brazil

This research aims to understand the influence of game-based learning methods on engeineer competences.
Competencies expected from an engineer, which competencies are commonly explored by game-based
learning methods, and perceptions from a sample composed of 92 respondents about the question that
drives the research are explored. All competencies analyzed had more positive influence responses than
negative ones, or non-impact responses. The competence analyzed most positively is “problem solving”;
the one with the most negative impact responses is “second language learning,” and the one with the
most non-impact responses is “continuous search for career improvement.” This study fills the following
gaps: compiles and analyzes articles on game-based learning methods and carries out unprecedented
research regarding the influence of game-based learning methods on the professional competences of
graduates of engineering courses.

Chapter 5

A Scrum-Based Classroom Model for Learning Project Management ...........coccoeeeeerveneneenieneneenenn 89
Erik Teixeira Lopes, University of Brasilia, Brazil
André Luiz Aquere, University of Brasilia, Brazil

Brazilian higher education uses traditional learning methods centered on the professor and lectures.
However, active learning methodologies have recently been gaining ground, especially in courses in the
health area, due to legal guidelines for their implementation in Brazil. At the same time, the use of active
methodologies in engineering education to optimize learning results is already widespread in several
countries. In this sense, this chapter aims to propose a structure that addresses the interface between the
agile Scrum framework applied to education, known as EduScrum, and the active learning methodologies
to develop a more applied and results-focused approach. Thus, the scope of this work includes a review
of the literature and the structuring, application, and evaluation of a hybrid method adequate for training
engineering students for modern technological advancements. Finally, the results obtained, as well as a
roadmap, are presented to guide the application of the model in other learning contexts.
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Chapter 6
Contribution of Project-Based Learning on Social Skills Development: An Industrial Engineer
PEISPECTIVE ...ttt sttt et be e bbbt be e bt e bt et e 119
Ariana Araujo, ALGORITMI Center,University of Minho, Portugal
Heidi Manninen, University of Minho, Portugal

The scope of this chapter is to describe and share experiences of two industrial engineers that had practiced
project-based learning (PBL) during their engineering degree. Currently, authors look backward with
a different perspective related to PBL as they are working as industrial engineers in different areas for
10 years in a multinational environment. Such experiences provide to the students the opportunity of
developing soft skills that would be difficult to obtain following a traditional expositive lecture, more
focused on individual work. Several challenges and advantages of learning by doing with PBL prepare
students and contribute for their professional life because this kind of learning is closer to the professional
daily life. In this chapter, four main experiences faced by the authors as engineering students are reported.
Furthermore, the importance of experience like that and its contribution for the professional life is
explained from the authors’ point of view.

Chapter 7
Project-Based Learning Application in Higher Education: Student Experiences and Perspectives... 146
Jodo Eduardo Teixeira Marinho, Universidade do Minho, Portugal
Inés Rafaela Martins Freitas, Universidade do Minho, Portugal
Isabelle Batista dos Santos Ledo, Universidade do Minho, Portugal
Leonor Oliveira Carvalho Sousa Pacheco, Universidade do Minho, Portugal
Margarida Pires Gongalves, Universidade do Minho, Portugal
Maria Jodao Carvalho Castro, Universidade do Minho, Portugal
Pedro Duarte Marinho Silva, Universidade do Minho, Portugal
Rafael José Sousa Moreira, Universidade do Minho, Portugal

Learning methodologies that are active and centred on the student are concepts that accentuate the learning
process instead of the teaching process. In this way, the following chapter aims to present the application
of project-based learning in higher education and the different impact it might have on the students, as
well as the experience and perspective from the students’ point of view on this kind of teaching approach.
To be able to collect data, the authors used initially a qualitative approach to comprehend and understand
the research subjects’ perspectives and points of view, followed by the focus group method as a method
for collecting qualitative data. Throughout the students’ experience, the development of transversal
competences is mentioned several times as a great aspect related to this kind of methodology. However,
the need for effective management of conflicts between members and the mandatory integration of some
subjects’ contents are also mentioned as some less-positive aspects.

Chapter 8

Training Graduated Students in an Industrial Context of a Retail Company............cccccevceerierieneenne. 165
Rui Mota, Sonae SGPS, Portugal
Carolina Mesquita, Sonae SGPS, Portugal

Graduate students are a source of knowledge to companies. Their youth, readiness to show recently
acquired abilities, and high levels of motivation to “change the world” are appreciated by human resources
hiring teams to complete their purpose: to identify talent that can enhance business areas accomplishing
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relevant goals. However, “competences” do not always come along with the “full package” of a recent
graduate. This chapter describes how a Portuguese retail company developed and implemented a Lean
School to (1) upskill internal knowledge, skills, and behaviors about Lean in the existing work force and
to (2) prepare the newcomers to use Lean in such a good way as if they had been part of the company
for years. The authors will also describe some of the active learning methods used in the Lean School
programs and report the evolution on some performance indicators like number of students in attendance
and satisfaction levels.

Chapter 9

Teaching Circular Economy and Lean Management in a Learning Factory ..........cccccceeevvevveenveennee. 183
Angel M. Gento, Universidad de Valladolid, Spain
Carina Pimentel, Universidade de Aveiro, Portugal
Jose A. Pascual, Universidad de Valladolid, Spain

Traditionally, industries followed a linear process of resources consumption: taking raw materials from
nature, transforming them into products, and selling them to consumers (who discarded them when they
were no longer useful). Nowadays, due to the sustainable development concerns, there is an increasing
awareness on the society for reuse, repair, recycling, and remanufacturing to avoid resource depletion
and achieve waste reduction. Following this idea, with the aim to train students and practitioners in lean
manufacturing and circular economy concepts and tools, a learning process organized in three sequential
phases was developed, starting with the manufacture of a toy car (25 kg and over 100 pieces) using a
traditional push system, then reengineering the process to implement pull system and lean manufacturing
concepts, and finally, considering a circular economy pull system through the reuse and recycling of
parts and components. In this way, the importance of reducing waste in manufacturing and the reduction
in the use of raw materials by considering the 3Rs is highlighted.

Chapter 10

Graduate Lean Leadership Education: A Case Study of a Program........cc.ccceeeeevvieevieecieenieesieeene 202
Shannon Flumerfelt, Oakland University, USA
Calandra Green, Oakland University, USA

A midwestern university in the USA implemented a Lean Leadership Graduate Certification Program
in the 2018-2019 academic year for current and emerging leaders seeking to extend, enrich, or establish
leadership knowledge, skills, abilities in the workplace. The purpose of this chapter is to share the results
of an evaluation on the effectiveness of this Lean Leadership Graduate Certificate Program. The results
from this case study on the Lean Leadership Graduate Certification Program indicated a need to market to
a larger group of emerging leaders. Leadership development findings suggest the need to further advance
knowledge development in Lean students and consideration for program goals that include strategies
having a significant impact on Lean student’s emotional well-being in meeting leadership challenges. A
continuous need to reinforce Lean Leadership competencies as a core dimension of the program resulted
in the largest impact of the program with the Lean Leadership students.

Chapter 11
The Challenges of Industrial Engineer Management Skills in Industry 4.0......c...coccoocininncnicnnenne 225
Carina M. O. Pimentel, University of Aveiro, Portugal
Anabela C. Alves, University of Minho, Portugal
Jodo C. O. Matias, University of Aveiro, Portugal
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Industrial engineering and management (IEM) is considered a softer type of engineering. IEM professionals
have been slow in implementing many changes that have occurred in production, ranging from mass
production to mass customization paradigms embedded in Industry 4.0. This chapter introduces and
discusses the role of IEM professionals in dealing with all the changes required for the implementation
of these paradigms. This chapter discusses the training of these professionals that demands more applied
research, and, at the same time, it seeks to instigate their curiosity and creativity to generate new solutions
based on fundamental research. A semi-systematic literature review was used. The results indicate that
an IEM professional needs a strong leadership style and ethical sense to lead multidisciplinary teams
and should also be a systems, lean, and sustainability thinker, who has the technological, digital, and
transversal skills to face the current and future challenges of the successive industrial revolutions.

Chapter 12
Team Teaching in PBL: A Literature Review in Engineering Education.............ccceecvevcvveecveenvennnee. 250
Natascha van Hattum-Janssen, Saxion University of Applied Sciences, The Netherlands
Anabela C. Alves, Department of Production and Systems, School of Engineering, University
of Minho, Portugal
Sandra R. G. Fernandes, Department of Psychology and Education, Portucalense University,
Portugal

Project-based learning (PBL) is a challenging learning methodology, also for teachers, questioning
common assumptions of teachers, like control over the classroom and reliance on expert knowledge.
Most challenging is teamwork. Team teaching has been explored in many disciplinary areas, both in
traditional as well as in PBL curricula. Teachers may feel uncomfortable with sharing knowledge and
being assessed by students and peers. This chapter explores characteristics of team teaching in a PBL.
context through two consecutive literature reviews. The first seeks to characterise team teaching and its
meaning to teachers, zooming in from team teaching in general to team teaching in a PBL context in
engineering education. The second connects this characterization to the experiences of a specific PBL
teaching team in an engineering context, resulting in insights in experiences at practitioners’ level. The
authors argue that successful team teaching is crucial for the success of PBL in engineering education
and is important as an example for students to engage in collaboration.

Chapter 13
iI9MASKS Project: A Learning-by-Doing Summer Experience With Engineering Students ............ 271
Violeta Meneses Carvalho, University of Minho, Portugal
Cristina Rodrigues, University of Minho, Portugal
Rui A. Lima, University of Minho, Portugal
Graca Minas, University of Minho, Portugal
Senhorinha F. C. F. Teixeira, University of Minho, Portugal

Engineering education is a challenging topic that has been deeply explored in order to provide better
educational experiences to engineering students, and the learning by doing approach has been appraised.
Amidst a global pandemic, an engineering summer program denominated i9Masks emerged and aimed
to create transparent facial masks for preventing the virus spreading. This project had the participation
of 21 students from different engineering areas, as well as professors and monitors whose guidance
and commitment were of great importance for its success. Aiming to understand the importance of this
engineering hands-on project for students’ training, two inquiries were applied, being one for students
and the other for professors and monitors/researchers. Students described this initiative as an amazing and
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innovative experience that they would like to repeat and considered useful for their careers. Regarding the
impact perceived by the teaching staff, the results proved that they enjoyed participating in the iI9MASKS
project and sharing knowledge with students in a practical way.

Chapter 14
COVID-19 Pandemic Effects on Brazilian Postgraduate Research: An Exploratory Study at Two
Federal InStitute PrOZIAINIMES ......c.ceeviieeiieeitieeiieesiieesie et e steesiee et e et eessteeenbeesnseeensaesnsaeesnseenssesnnses 290
Andre Fernando Uébe-Mansur, Federal Fluminense Institute, Brazil
Giselle Rocas, Federal Institute of Rio de Janeiro, Brazil
Eduardo dos Santos de Oliveira Braga, Federal Institute of Rio de Janeiro, Brazil
Neila Ferreira da Silva Jesus, Federal Fluminense Institute, Brazil
Lohaine Miguez Martins, Federal Fluminense Institute, Brazil

The education area is being deeply affected by COVID-19, and Brazilian students are trying to adapt.
This chapter aims to research how postgraduate students are dealing with the challenges of the pandemic.
From the following research question, “How did COVID-19 impact different dimensions of students " lives
enrolled at master and doctorate programmes?” the chapter describes the challenges that students from
Master and Doctorate programmes of two federal institutes are dealing with and the future perspectives in
the context of the pandemic. The research methodology is based on an exploratory approach, grounded on
a survey for data regarding the impacts of COVID-19 in three dimensions: private life, professional life,
and academic life, aiming to understand if and how their research and educational products development
were affected. The results show that, despite stress and efforts, the students could adapt their research
for the pandemic situation.

Chapter 15

Digital Competencies and Transformation in Higher Education: Upskilling With Extension

YN 1 10 1 SRR URR 313
Cristine Martins Gomes de Gusmdo, Federal University of Pernambuco, Brazil

Extension action promotes inclusive, equitable, and quality education, a goal of sustainable development
that guides educational actions around the world. The development of digital skills is a differential,
together with the encouragement of open educational practices. This chapter provides reflections, as well
as lessons learned, through experience in a biomedical engineering course. Encouragement, through
the development of actions that correlate important skills and abilities, is essential for professional
development. The carrying out of teaching, research, and extension activities and actions contributed
to promote the interdisciplinarity of the various fields of study, necessary for professional development
in the digital age. Thus, the actions developed stimulated the investigation, improvement, and study of
topics of interest related to education and health and technology areas related to the role of the biomedical
engineer, the main protagonist of this project.
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Chapter 16
Information and Communication Technologies in the Educational Process: Mapping the Critical
SUCCESS FACTOTS ...ttt e e e et e e e e et e e e e e e eeetaaeaeeeeeeseasaseeeeeeenestsseeeeeenasnnes 329
Michelle Merlino Lins Campos Ramos, Universidade Federal Fluminense, Brazil
Helder Gomes Costa, Universidade Federal Fluminense, Brazil
Glaucia da Costa Azevedo, Universidade Federal Fluminense, Brazil

The study aimed to map the critical success factors for the adoption of information and communication
technologies (ICTs) in the educational process of educational institutions. Problems related to the
adoption of ICT in the educational system stem from the need to adapt to the use of new technologies
in the internal processes of institutions and in teaching and learning processes, common to different
profiles of educational institutions including of engineering courses with them specificities. To meet
the objective, a review of the existing bibliography in the Scopus database was carried out to highlight
articles relevant to the topic. Based on the review, 31 articles identified the main factors and effects that
influence and impact the process of implementation and continued use of ICTs. The survey generated a
broader view of the challenges faced in different dimensions, from SWOT framework, involving different
stakeholders. It is suggested in future studies to engineering analyze deeper the complex scenario that
involves the theme.

Chapter 17

Influence of E-Learning and Project-Based Learning on Engineering Education ........c..cc.cceeenen.e. 364
Nandhini Vineeth, B.M.S. College of Engineering, India
H. S. Guruprasad, B.M.S. College of Engineering, India
Sheetal V. A., B.M.S. College of Engineering, India

Imparting quality technical education and training can be expected to be the vision of most engineering
institutions globally to build a healthy society. The major stakeholders who contribute to this are
students, teachers, industrialists, researchers, and institutes. The current scenario of rapid technological
advancements demands engineering students to be dynamic and novel. Considering the heterogeneous
intellectual ability of students, institutions frame time-restricted curriculums. Students who want to
outperform have a challenge that they cannot be completely dependent on their academic curriculum.
The objective of this chapter is to motivate and bring awareness among engineering students to adapt
self-learning to excel in their professions. E-learning and project-based learning are identified as the
two significant tools that could help students to self-learn. The influence of these tools on engineering
students has been proved in this chapter with a case study, surveys, and feedback from students.
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Preface

Engineers are indispensable in solving the world’s challenges, especially the challenges related to sustain-
able development goals and unexpected events, as related to pandemic situations and/or climate changes
among other potential catastrophes. Engineering education continues to be the crucial preparation for
the next generation of engineers, while engineering practices rapidly evolve pressured by technological
advancements. Engineering schools are integrated into large and rigid Higher Education Institutions
(HEI) that are not known for their agility. Nevertheless, engineering teachers must have the agility to go
beyond HEI structures and boundaries and close the gap between the needs of the professional practice
and engineering education. Many engineering teachers are highly motivated to prepare engineering
students for the quick change needed and technological, social, and environmental evolution.

In2010, UNESCO published the first report on engineering called Engineering, Issues, Challenges and
Opportunities for Development (UNESCO, 2010). The last chapter is dedicated to engineering education
and the transformation needed in engineering education to provide answers to the challenges the world
is facing to be solved by engineers. The authors identify challenges like outdating knowledge, innova-
tion being based on collaborative knowledge, more complex construction of collaborative knowledge,
and sustainability and social responsibility. They acknowledge the need for new skills for engineers,
going beyond technical knowledge. In the 2010 report the word pandemic was only mentioned in a refer-
ence and online or hybrid engineering education was not addressed. Ten years later, UNESCO (2021)
published a new report on engineering, building on the previous one and highlighting the urge to work
on the Sustainable Development Goals, or as the report says, “It is therefore important for engineering
education to find ways to educate engineers who can incorporate sustainable values into the develop-
ment of technology” (UNESCO, 2021). Hadgraft and Kolmos (2020) distinguish three major challenges
for the future of engineering education. First sustainability and the UN Sustainable Development goals
that engineers play a large role in. Second the fourth industrial revolution that includes a strong integra-
tion of technologies such as Internet of Things, Artificial Intelligence, advanced materials, robotics and
augmented realities. The third major challenge consists of employability and innovation competences
that engineers need to be prepared for their professional life. Being ready for work is not automatically
part of each and every engineering degree program. Engineers need to be trained to respond to prob-
lems of a high degree of complexity. This requires student driven learning environments with active
learning methods (Freeman et al., 2014) like problem and project-based learning (PBL), for which the
philosophical and pedagogical underpinnings are clearly explained by Christie and De Graaff (2017).
Learning processes in which students are faced with complex challenges and work in teams on problems
and solution are a characteristic of a curriculum that prepares future engineers for the challenges that
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society is facing. Engineering degree programs at many institutions are shifting from traditional to more
problem and project-oriented approaches to learning (Bauters et al., 2020).

Mann et al. (2020) explore practice-based education (PBE), that is even more focused on complex-
ity of engineering challenges. PBE is characterized by three elements: (1) the context of an authentic
engineering practice, (2) supporting learners’ agency in the process of becoming professionals, and (3)
opportunities to work and learn simultaneously (Mann et al., 2020). It has a strong component of profes-
sional socialisation through the work context and as such prepares future engineers for their professional
roles (Weidman et al., 2001). PBE is seen as an extension of PBL, but the preparation for the profes-
sional practice is more obvious in PBE as it takes place in the professional practice. Many institutions
of higher education offering engineering degree programs are, in the light of the global challenges and
the future role of their engineering graduates in these challenges, shifting from traditional approaches
to learning and teaching to approaches that prepare students better for these challenges. They change
from teacher-centered to student-centered learning and implement forms of active learning. Arrudo
and Silva (2021) have identified key success factors of active approaches to learning and developed a
maturity model containing 14 key success factors, divided into five dimensions: 1) Quality of content
(Artifacts, Student assessment and Learning facilitation), 2) Organizational environment (Culture, Policy,
Student feedback and Instructional design), 3) Organizational structure (Classrooms and Technology), 4)
Professor/instructor (Knowledge, Skills and Attitude), and 5) Interactions (Between students and With
instructors). The framework helps to outline the different maturity levels of active learning approaches
and creates awareness of how student-centeredness can be enhanced. When considering the enhancement
or implementation of active learning, a number of questions become apparent for institutions, course
directors and especially for engineering teachers. In the first place the possible ways of implementing
active learning in a degree program or in a single course. Although teaching staff, course directors and
institutional leaders may be convinced of the necessity to change the teaching and learning, there are
many possibilities to change to more active approaches to teaching and learning, with different degrees
of impact on the students’ preparedness for their future, but also with different degrees of impact on the
organization and teaching staff. Changing implies making choices and deciding on what is needed for
the future of engineering education, but also balancing with what is feasible within the organization. The
readiness for change at institutional level does not necessarily coincide with the readiness for change of
the teaching staff. This can influence the choices made for the new approaches and the scope within the
organization, as described by Helle et al. (2003) with regard to different approaches to PBL. Insight in
different approaches is an important first step in the change process. Experiences of colleagues at other
institutions, including the path that led to the implementation of active learning approaches, are valuable
for both individual teachers, teaching teams as well as institutions. Both the insights in possible active
learning methods as well as the experiences of engineering teachers with these methods, including the
hurdles they had to overcome, are important inputs for those who consider the implementation of active
learning or who want to improve their current practice in active learning.

Another question is on the perception of students of these changes. Shifting from traditional engineer-
ing education that largely consists of lecture-based education to active learning approaches that increase
the involvement and responsibility of the student implies a change in the involvement and behavior of
students. The perception of students based on the experiences they go through is relevant in the decision
making on a shift to active learning approaches.

Active approaches to learning that require more involvement of the professional practice ask for
insight in the role and perception of the professional practice. Active approaches to learning can imply
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that students work for or in a company. Industry provides real assignments for students and includes
individual student or student teams in their practice for a longer of shorter period of time. The experi-
ences gained by companies and the perceptions of active learning are relevant in the search for ways of
effective collaboration.

A major question is on the preparation of teachers. The role of teachers in active learning changes
significantly, from a traditional lecturer who prepares lessons and works, in many institutions, rather
individual and autonomous, to a coaching and facilitating role in a team of teachers that is often multi-
disciplinary and works together for a joint goal. Many engineering teachers do not have a pedagogical
background and are especially trained for teaching their own disciplinary area. They face many challenges
when their role is changing, not only with regard to the students they teach, but also with regard to the
interaction with their colleagues and the way their teaching is embedded in their institution.

Finally, a rather recent question is on how to implement active approaches to learning into online and
hybrid education. The COVID-19 pandemic changed the way higher education is organized and helped
engineering teachers to rethink their teaching and learning approach. Active approaches to learning also
became online or hybrid. In the past two years, teachers have gained experience in how to deal with
online PBL and other active approaches to learning.

This book looks at the role of engineering teachers in preparing the next generation of engineers. It
presents perspectives on and active learning methods for engineering education for a future generation
of engineers. It provides engineering educators with examples of engineering education practices that
could be followed, including the educational underpinnings. It contains practices focused on learning
how to learn that enable students to be life-long learners. As such, it contributes to bypass the com-
partmentalized way of course organization so typical in many HEI and prepares students for more lean
and agile engineering education. The book looks at the role of the teacher, especially the engineering
teacher who does not necessarily have an educational background or is a researcher in the field of active
learning, with best practices in engineering education. It aims to contribute with exploratory research,
case studies, action-research projects, reviews, empirical cases that present and discuss active learning
methodologies, hands-on activities, serious games, learning factories, and pedagogical labs among
other approaches. Those are considered suitable approaches to train engineering students in onsite or
online environments, in academia, or in an industrial environment. Such approaches are fundamental to
train the students for modern technological advancement because they promote an environment where
students can “learn by doing”.

The book is organized in 17 chapters, following the questions as outlines above. Chapter 1 till 5 focus
on experiences of engineering teachers in different contexts. Experiences from different countries are
discussed, either on a general level or zooming in on specific degree programs. Chapter 1 starts with
on overview of the implementation of PBL in a Chemical Engineering curriculum at a UK university,
showing what is necessary from to make the implementation successful: curriculum and assessment,
culture, and physical and online space. The chapter provides clear case studies from a chemical engineer-
ing context. Chapter 2 describes how soft skills are developed by students in an Industrial Engineering
and Management degree program in a student-centered learning approach. The soft skills as identified
in this study, play in important role in the preparation of future graduates for engineering challenges,
although many engineering teachers feel a certain discomfort in the inclusion of these skills in the cur-
riculum. This chapter presents an effective way to do so. The third chapter comes from a Mechanical
Engineering context and explores the collaboration with external partners. It illustrates the role of local
companies in the connection between higher education and the professional practice. In Chapter 4, a
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specific case of active learning, namely game-based learning, is explored. In a survey varied out in 19
countries, perceptions of learners involved in game-based learning methods were analyzed. The results
show that a higher reported problem-solving ability and better reported second language learning. The
authors explain how game-based learning can help to develop engineering competences. Chapter 5 pro-
poses a framework that connects the agile Scrum framework to education, better known as EduScrum.
The framework was applied to a Civil Engineering degree program and evaluated. The authors used
EduScrum to bring the learning process closer to the professional practice.

The next chapter is one of the two chapters that are written from a student perspective. In Chapter 6,
former students, currently working as engineers, look back on the experiences they had with PBL and
the impact of these experience on their professional lives. They highlight the contribution of PBL to the
developmentof transversal competences. In Chapter 7, a group of Industrial Engineering and Management
students also emphasizes the transversal competences developed through PBL and furthermore acknowl-
edges the resemblance of PBL with the professional practice, making them better prepared engineers.

Chapters 8 till 11 look at the role of industry in active learning methods. Firstly, the perspective of the
industry itself is discussed. In Chapter 8, the translation of the advantages of PBL as an active learning
approach is made to the professional practice. A Lean School was set up, based on the PBL principles
of a university’s experiences in PBL. Chapter 9 describes the close collaboration between a university
and a car manufacturer in the region. A learning factory was created to simulate an authentic factory
environment and to learn lean manufacturing. The second part of the industry perspective is on the
competences defined by the industry that, in their view, students need to develop to be better prepared
for future challenges. Chapter 10 is focus on Lean Leadership education and, through the analysis of two
Lean Leadership programs, the author makes a case for the systematic inclusion of lean competences in
the engineering curriculum as a way to make engineering students better prepared for their professional
future. In the next chapter, written from an Industrial Engineering and Management perspective as well,
the skills needed for Industry 4.0 and the challenges for industrial engineers are identified through a
literature review. Different types of competences are identified and the implications for curricula in
Industrial Engineering and Management degree programs are outlined.

Chapter 12 is also a literature review and has a focus on the meaning of active learning for the teaching
staff. When student learning changes from an individual process to teamwork, the role of teachers and
the way they work together also changes significantly. The chapter identifies the hurdles and challenges
that teachers face, when doing team teaching in PBL.

The last set of chapters is dedicated to recent developments due to the COVID-19 pandemic. Start-
ing in the spring of 2020, institutions of higher education were confronted with measures that inhibited
students and teachers from meeting in classroom or other presential settings on-campus. New ways
of teaching and learning had to be developed, almost overnight. Keeping the advantages of active ap-
proaches to learning while not being able to interact in the usual way, placed a number of challenges
to teaching staff, institutions of higher education and of course to the students themselves. In a number
of different contexts, the transition from presential active learning to online and hybrid forms of active
learning is outlined. Chapter 13 describes the i9MASKS project, carried out as a summer program,
where 21 students from different engineering degree programmes worked together in a project to create
transparent facial masks for the prevention of virus spreading. The project showed that to the close link
with an urgent societal problem, the engagement of students was high. In Chapter 14, the authors explore
the impact of the COVID-19 pandemic on two degree programs at two different institutions and they
conclude that new ways for teaching and learning and establishing relationships are developing. Students
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find new realities and the pandemic is of less influence in their academic life than in their personal and
professional life. Chapter 15 zooms in on activities organized to work on digital skills for biomedical
engineers and the tension between teachers’ knowledge on the one hand and digital and other profes-
sional competences on the other hand that students need to develop for their participation in a digital
and dynamic labor market. In Chapter 16, a literature study on the use of ICT in education is carried out
in order to identify factors that influence the use of ICT in the educational process. A SWOT analysis
gives insights in the implementation of ICT in education, which became, as the authors highlight, more
relevant in the light of the COVID-19 pandemic and the shift to online education. The last chapter is on
an experience that combines e-learning and project-based learning due to the pandemic and identifies
the perceptions of students.

This book aims to support teaching staff, course directors, institutions of higher education but also
students and the professional field that want contribute to engineering education that prepares students
better for future challenges.

Anabela Carvalho Alves
University of Minho, Portugal

Natascha van Hattum-Janssen
Saxion University of Applied Sciences, The Netherlands
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Project—-Based Learning in

Chemical Engineering:
Curriculum and Assessment,
Culture and Learning Spaces

John Robinson
The University of Nottingham, UK

Daniel Beneroso
The University of Nottingham, UK

ABSTRACT

Solutions to global challenges need a range of engineers with diverse skills and attributes, and it is
the responsibility of engineering educators to shape the engineering education landscape, using their
problem-solving expertise to educate future engineers for modern technological advances. Project-
based learning (PjBL) is an educational approach that can integrate such needed skills and attributes
into the curriculum. However, delivering a truly effective PjBL approach can be quite difficult without
considering a holistic approach encompassing three key pillars: PjBL curriculum and assessment, PjBL
culture, and physical and online PjBL spaces. This chapter presents a comprehensive overview of how
PjBL has been successfully deployed across the Chemical Engineering curriculum at the University of
Nottingham, UK, through the lenses of those pillars, and in the form of design projects, with a progres-
sive integration and development of diverse skills and competencies throughout the years.

INTRODUCTION

There is no secret anymore as to why engineering schools and departments need to teach differently.
Students, industries, and institutions have been demanding different learning experiences over the last
decade to produce graduates with diverse skills and attributes. Whilst student demands become more
focused on novel teaching methods to help them design creative solutions to global challenges and be-
come more employable, industries demand the development of competencies that can help graduates to
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work across a multiplicity of boundaries and with people whose specialisation and cultural frameworks
differ from their own (Mellors-Bourne, May, Haynes, & Talbot, 2017). On the other hand, higher educa-
tion providers are demanding programmes to be designed around dynamic institutional strategies that
represent the essence of their mission and values.

The most natural place in the engineering curriculum where these demands can be met and ad-
dressed is in engineering design, which is typically implemented as a standalone, capstone module
or - more effectively - as the heart of the overall programme through all the course stages. In the realm
of engineering, design can be defined as a “systematic, intelligent process in which designers gener-
ate, evaluate, and specify concepts for devices, systems, or processes whose form and function achieve
clients’ objectives or users’ needs while satisfying a specified set of constraints” (Dym, Agogino, Eris,
Frey, & Leifer, 2005). This process requires design teachers to look into the identification of compe-
tencies that promote expert-thinking and performance attitudes in design, and into the evaluation of
how effective design courses are at developing such attributes. Adams and Atman greatly distilled the
essence of design teaching as an iterative process of interpretation, selection, and planning (Adams &
Atman, 1999), whereby students first access information to identify a design objective and monitor and
search strategies to identify alternative options. This is then followed by an examination of the options
and selection of a solution that best meets the design problem, followed by the implementation of the
solution to verify that it meets the original objectives. This cyclic, non-linear iterative process reflects
a natural feature of the engineer’s competency (Bucciarelli, 1996) and leads to better quality solutions
(Gero, 1996), offering plenty of opportunities to develop graduates who are able to value the broader
socio-economic and environmental contexts, through an appreciation of sustainability, ethics, innovation
and even entrepreneurship.

This chapter draws on the experiences over the past ten years in the department of chemical and
environmental engineering at the University of Nottingham, UK, with the ultimate objective of provid-
ing a holistic view of how engineering students can be successfully trained for modern technological
advancement through such iterative design-thinking approach. Particularly, the chapter discusses how
and why diverse engineering skills and competencies are horizontally integrated through the duration
of the engineering course alongside the importance of a collaborative departmental culture and suitable
learning spaces.

BACKGROUND

Although embedding student, industry and institutional demands into a confined design module or
programme seems to be the way forward for a sustained acquisition of professional competences, its
implementation in educational practice has several challenges. Perkins developed a theory of knowledge
whereby a distinction between knowledge-as-information and knowledge-as-design is made (Perkins,
2013). He claimed that in most engineering courses, knowledge is conveyed as information, relying on
standard textbook problems and exercises that do not capture the broad pool of skills leading to expert-
thinking of the discipline. This traditional approach to knowledge-as-information leads to the view
that students cannot think or do engineering unless they know a lot of engineering, unlike the concept
of knowledge-as-design, which is active and purposive, with students being able to break away from
familiar frames of reference. Engineering design practised by professional engineers is eminently built
upon knowledge-as-design and views the pieces of acquired knowledge as the foundational structures to
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develop the art and practice of changing the physical world through engineering (Moran, 2019). The deeply
grounded view in many institutions of engineering education as knowledge-as-information represents a
big obstacle to those advocating the teaching of design through the lenses of engineering practice and
knowledge-as-design. But what do knowledge-as-design approaches look like in educational practice?
The answer is simple: through inductive teaching (Graham, 2018; Prince & Felder, 2006). This type of
teaching begins with tangible, authentic case studies, real-world problems, or real observations as the
principal motivation to generate agency within students through a need for theories, facts, methodolo-
gies and models upon which they are either introduced with the essential information or facilitated to
learn it for themselves. In this regard, project-based learning (PjBL) has been widely endorsed as the
mechanism for teaching design (Graham, 2010; Heywood, 2005; Kolmos & de Graaff, 2014). PjBL is
underpinned by a project brief from which students identify the need to generate a solution to a problem,
perform a series of tasks leading to the production of a product that can be either a design, a device, a
model, or a computer simulation. The product is normally presented as a written report summarising
the identified problem and its constraints, the possible solutions, and the criteria used to select among
them the most suitable solution. In the particular case of engineering design, PjBL usually begins with
groups of students that need to deal with a client brief including an open-ended engineering problem full
of constraints and that calls for the groups to formulate solution strategies and to iterate and re-evaluate
their approach in response to their outcomes based on, economic, sustainability, social, ethical and safety
criteria (Bissett-Johnson & Radcliffe, 2021). In reality, one could say that professional engineering de-
sign is PjBL, where professional engineers learn through acquisition of knowledge-as-design. The steps
involved in PjBL are basically the same to those necessary to accomplish a design solution through an
iterative process of interpretation, selection, and planning.

The learning and development of required engineering competences embedded within PjBL are rather
complex phenomena, with students being required to embrace a composite set of inter-related skills
such as systems thinking, critical thinking, dealing with uncertainties, making estimates and decisions
based on conflicting information, communicating their technical knowledge to professional standards,
or thinking as part of a diverse team (Chen, Kolmos, & Du, 2021). Supporting a sustained approach
to consciously address these skills poses an additional challenge to the use of design as the means for
integrating student, industry and institutional demands (Todd & Magleby, 2004). Such broad suite of
skills to be learnt make PjBL implementation more time-consuming at the pre-project stage and at the
active involvement of teaching staff and industries to ensure quality resources and strategies (Vasiliene-
Vasiliauskiene, Vasiliauskas, Meidute-Kavaliauskiene, & Sabaityte, 2020). Unsurprisingly, a single
member of staff could hardly teach and assess design to meet such demands without a strong support-
ing structure made up of more academics involved in the pedagogy of design teaching. However, the
expertise of staff across engineering departments is usually quite diverse and many academics may not
have a strong background on design teaching philosophies and tools, let alone the time to learn and use
them to support the teaching delivery (Mitchell & Rogers, 2020). In this sense, a collaborative culture
with departments becomes essential.

Whilst the educational literature has a large number of studies regarding how competencies can be
integrated within a course by means of PjBL (Li & Antiohos, 2021; Thomassen & Stentoft, 2020), little
is discussed about the importance of setting a continuous acquisition of such competencies over the
programme years (Guerra & Rodriguez-Mesa, 2021), and how this can be supported by a collaborative
departmental culture and well-designed learning spaces. This chapter covers this identified gap in the
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literature in the following three sections, each describing one of the pillars required to sustain the devel-
opment of engineering skills using PjBL through all the years of an engineering degree.

In summary, the literature points towards three core elements for successful PjBL outcomes: A
curriculum that is built around PjBL; people with sufficient skill and experience to lead and support
students in PjBL activities; and a place where PjBL activities can be carried out. In this chapter, the au-
thors present a holistic approach to engineering design teaching through project-based learning (PjBL),
underpinned by a successful deployment across the chemical and environmental engineering curricula
at the University of Nottingham, UK, over the past ten years. The chapter is structured in a background
section and the three pillars that the authors believe are critical to the success of their approach: PjBL
curriculum, collegiate department culture, and physical and online learning spaces where students can
‘learn-by-doing’. Learnt lessons, including dealing with the management and leadership for a cultural
change across the department, will be thoroughly discussed, providing rich perspectives from the student,
academic and industry communities through a series of case studies embedded within the pillars sections.

PILLAR 1: CURRICULUM AND ASSESSMENT

The professional process design engineer is able to establish a number of alternative concepts, evaluate
these relative to a given design basis or brief, make decisions about the most suitable approach, develop
and optimise the chosen approach and communicate the outcomes such that the final design can be
realised (Pahl & Beitz, 2013). The ambition of the PjBL design curriculum is to produce engineering
graduates who are able to operate to a commensurate level, however it is not possible to achieve this
outcome if design is covered in one single year of the curriculum. Take the decision-making component
for example; in order to train, support and evaluate decision-making students first need the ability to
be able to confidently and reliably obtain the information on which those decisions are based, and this
information is typically in the form of material and energy balances, sizing calculations, hazard studies
and economic analysis. To assess decision-making, it needs to be communicated in the form of draw-
ings and standard professional report and specification templates, and these skills need to be embedded
prior to the decision-making element.

The decision-making component can often be taken for granted, but there are multiple elements that
form part of the process and it takes time for students to recognise these and learn how to deal with them.
Underpinning design decisions is the evidence base, and it is here that conflicting sources of informa-
tion can often occur. Students are commonly torn between approaches based on physics, chemistry and
engineering principles, and those based on heuristics — the latter being extensively discussed by Moran
(Moran, 2019) — . Different design outcomes can arise depending on the approach taken, but the pro-
fessional design engineers use a balance of both heuristic and principle-based approaches through the
duration of a design project. The decision-pathway of a typical project is illustrated in Figure 1, and a
key component of PjBL in design is for students to recognise that their project is effectively a journey
of decisions taken from two different perspectives. The role of the educator is to support students in
recognising this journey, and to help them understand when principle-based or heuristic-based decisions
may be the most appropriate. For example, how to deal with uncertainty, or interpret sets of codes and
standards that apply to one industry but not others. This is not a trivial exercise and can only be taught
effectively once students are able to reliably assemble the key information and communicate design
outcomes to an appropriate standard. Getting students to this stage takes much more than one academic
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year, and it is important that a curriculum is established over a number of years so that students can gain
the required knowledge and skills prior to focussing on the decision-making components. Foundations
need to be laid in earlier years of the degree programme before PjBL can be used effectively, which at
the University of Nottingham comes in year 3.

Figure 1. Process design decision-making pathway
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Each year of the degree programme contains one module dedicated to design, with initial teaching
focused on the underpinning skills of obtaining the information needed for decision-making and com-
municating design outcomes. Each module complements the other by further developing earlier-learned
skills and competencies, often within a more complex and more realistic context, whilst also introducing
more advanced aspects of process engineering design. By years 3 and 4 students have the necessary
competence in many areas, at which point teaching and support is concentrated on the newly introduced
topics, with areas of competence revised and refreshed as required.

Modules are led by academic staff and supported by industrial design tutors, who guide students to
develop design documents that are in line with those that they will typically encounter within an industrial
setting. The industrial tutors reflect on Case Study 1 about their role at supporting the PjBL curriculum
at the University of Nottingham.

Case Study 1

As adjuncts to academic teaching, the Department has a team (currently three) of Industrial Tutors,
who are retired chemical engineers employed on a part time basis. Their experience covers a range of
industries from oil and gas to water and pharmaceuticals and roles from conceptual design through Front
End Engineering design and detail design to project management and commissioning. Their role is to
show students how engineering design operates in the industrial environment so that, on graduation, they
will be familiar with the tools that they will use in the workplace: Block Flow Diagram, Process Flow
Diagram, Material and Energy Balance, Piping & Instrumentation Diagram, layout drawings, schedules
and data sheets. They also teach the all-important safety aspects of HaZld (Hazards Identification) and
HazOp (Hazard and Operatibility Study). In short, their role is to show the students how to apply the
theoretical knowledge gained in their academic learning.
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The Industrial Tutors have all had careers in industry and are motivated by the desire to pass on
this experience to the next generation of chemical engineers, and seek to promote a relationship with
the students that is more “trainer/apprentice” than “teacher/pupil”. One of the most important lessons
to be learned by design students is that there is never only a single answer to a problem, and they will
frequently hear, and be involved in, the Industrial Tutors “brainstorming” design questions to find the
best solution, just as happens in the engineering workplace. The students also learn, from the Industrial
Tutors, that they will often work with insufficient information when “rules of thumb” and estimates
need to be applied. To assist with this, the Industrial Tutors generated a series of design monographs
on specific subjects such as how to prepare piping specifications, how to complete HazOp records, and
how to specify steam distribution systems. These have grown to a library of some twenty-five design
guidance notes.

Since most of the students have little or no experience of the hardware used in chemical plants, the
Industrial Tutors also endeavour to give them an idea of what such equipment looks like using photo-
graphs, videos, “fly through” models and, where practicable, actual items of equipment.

Design projects are continually evolving, and the Design Tutors have a role in ensuring that they
are based on current technology and reflect, as far as possible, current industrial practice. In addition
to their design support role, the Industrial Tutors are also available to teach their own engineering
specialism, using case studies from their own experience.

Alex Kulbicki, Richard Hill and Bruce Quare, Industrial Tutors

The overall design approach is supported then using a number of departmental design guidance docu-
ments and templates, which complement existing industry standards. Figure 2 depicts the development
of skills and competencies throughout the four-year programme.

Figure 2. Vertical integration of engineering competencies through curriculum
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Design teaching in year 1 takes place in the first term that students join the university. Prior to this the
majority will have studied pre-university courses, which are heavily teacher-led. Students learn drawing
as a means of communication, and the use of CAD. Methodologies for equipment sizing and specifi-
cation are introduced but based around simple flow and separation systems under ambient conditions
where limited prior knowledge is needed. The use of standards is also introduced alongside sizing and
specification, and HAZID is taught as a methodology for quantifying hazards and to improve process
safety awareness at the design stage. Students carry out their design in groups, with the briefs being
extensive and well-defined. Process routes and equipment are pre-selected, and extensive design-data
is provided. Year 1 design is largely based on heuristics, as students at this point have not had sufficient
time to acquire the knowledge needed for principle-based decision-making.

Design teaching in year 2 takes place in the second semester, at which point students will have covered
mass and energy balances, fluid dynamics, process chemistry, material selection, heat transfer, binary
separation processes and phase equilibria. Equipment sizing and specification skills are developed through
the use of processes with more units, non-ambient conditions, chemical reactions and multiple phases.
Heat balances and heat recovery are key elements to the year 2 project. Different costing techniques
are introduced, and students are supported to include key instrumentation and control for their process.
HAZOP is introduced to compliment the HAZID methodology learned in year 1 to include process safety
improvements within all stages of the design process. The brief is well-defined. A range of design data
is available, with selected data withheld to develop literature searching skills. The process route is pre-
determined; however students have some flexibility to choose different equipment and configurations
using both heuristic and principles-based approaches.

Design in year 3 takes the form of a year-long 40-credit project. At this stage the core competencies of
drawing, sizing and the use of standards are already in place, and students are challenged to demonstrate
these for a complex, system-level process with inherent hazards and non-ambient conditions through
PjBL. The tools and techniques learned in years 1 and 2 form the basis of decision-making in year 3. A
brief is provided that includes large uncertainties in process conditions, however there is no stipulation
as to the process route that should be adopted nor the equipment/configuration that should be used. The
brief is carefully chosen so as to provide multiple process pathways as potential solutions, and where
decision-making cannot be avoided. This presents the ideal context for PjBL. Students identify three
different process concepts, then evaluate them based on economic, safety and environmental criteria.
A single concept is taken forward to a Front-End Engineering Design (FEED) phase, which includes a
functional specification and project schedule as newly introduced elements.

Approximately 50% of students graduate with a BEng degree after year 3. Design in year 4 is included
within the year-long 60-credit project and delivered through PjBL. The design element of this project
serves to contextualise the research component by allowing students to understand the limitations of
current technologies and the rationale for subsequent technology development. A well-defined brief is
provided that typically stipulates the use of a new technology or presents a set of constraints that cannot
be met with the best current available technology. Students produce a conceptual design to meet the given
brief which will either contain significant uncertainty (new technology) or will identify the technology
limitation that prevents the brief from being met, with a corresponding recommendation for alternative
technologies that should be investigated.

The transition from year 1 through to 4 is not without significant challenges. The heuristic approach
used in year 1 is very effective in allowing students to rapidly develop a number of core competencies,
but one of the unintended consequences is that they do not develop an inherent sense of why a particular
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process or piece of equipment is used, nor what the credentials of potential alternatives might have been.
Perhaps more significant is that it tends to lead to a view amongst students that there is a ‘right answer’
to the design problem, or a ‘correct method’ needed to approach it. This is the antithesis of PjBL, but an
intended step in the journey to supply students with the skills needed to undertake PjBL in subsequent
years. Also important is that many of the core skills and competencies that underpin later PjBL are ac-
quired individually, i.e. through the use of CAD to produce engineering drawings or conducting a series of
hydraulic calculations, but important elements of PjBL are group-based. The lifecycle of a PjBL project
includes multiple components, some of which are more likely to be better carried out individually and
some that conducted as a team based on our experience with PjBL over the last ten years (see Table 1).

Table 1. PjBL components in engineering design

PjBL Project Component Primary Way of Working
Clarifying the brief/problem Group
Identifying options and constraints Group
Establishing the technical, economic, and environmental characteristics of each ..
option Individual
Evaluating the safety credentials of design options Group
Process/concept selection decisions Group
Communication of design decisions Individual

Team components are those where multiple viewpoints are beneficial, for example when under-
standing the trade-offs between economic, environmental and safety criteria, and rationalising these
against an ethical framework in order to make a decision. This is very different to simply sharing tasks
amongst individual group members, for example where each group member might produce CAD draw-
ings individually for inclusion in a group portfolio. The drawings in this case are done individually, but
the drawings are ultimately communicating design decisions that have already been made by the team.
Focussing on the underpinning skills in year 1 means a strong emphasis on project tasks that are best
carried out individually. This presents an added challenge with PjBL, because not only are new skills
and competencies being introduced but the ways of working needed to achieve them are also relatively
new to students at the PjBL stage of the programme.

It is important that the project briefs and structures are carefully chosen in Year 3 to recognise the
heuristic model that has been used before but drive the decision-making and thought processes that are
characteristic of professional design engineers. Students are not well-placed to propose projects that fit
these criteria, and for this reason the design problem/brief is set by the lead academic at the start of the
academic year. The brief is typically based around scenarios of replacing life-expired process plant for
industrial clients in the UK. Introducing inherent choice in concept selection is a key part of the PjBL
process, so the project brief must be structured in a way that it can be satisfied using multiple design
options. Students need to be supported to recognise the different options, and to work through the deci-
sion-making process in a logical manner. The assessment structure is therefore a vital part of the PjBL
process, as student activity (and to a large extent their learning) is typically driven by the assessment
criteria. Assessment criteria that focus on the perceived ‘correctness’ of design outcomes or the amount
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of work produced will not drive students to follow the required thought or decision-making processes
needed for PjBL and will not encourage them to work together effectively. It is important therefore that
the grading criteria promote the design thought processes over and above the design outcomes, and that
they promote the right balance of individual/group ways of working shown in Table 1.

Assessing the Thought Process

A single set of grading criteria that covers both the thought processes and the design outcomes is not
workable in practice, as students inevitably tend to default toward striving for the ‘right answer’. In order
to focus assessment on the thought and decision-making process in PjBL then references to the design
outcomes need to be minimised or removed altogether. This may seem counter-intuitive for a student
design project, but with a curriculum spanning over four years it affords the opportunity to separate
design outcomes and thought processes from assessment and grading criteria. By assessing learning
outcomes related to the design outcomes (e.g. P&ID drawings, HAZOP studies, hydraulic calculations)
in years 1 and 2 there is no need to duplicate such assessments in later years. Consequently, the year 3
and 4 grading criteria can focus on the alternative options and justification that underpin the decision-
making process. To achieve this, it is often necessary to deviate from the standard suite of design project
deliverables. For example, a Piping and Instrumentation Diagram is a professional-standard engineer-
ing design output but gives no indication of the alternative configurations nor why students chose the
process depicted in the drawing. For the professional engineer the thought-process is inherent, and there
is no need to document this in the design output. Students are in a different stage of their careers, and
consequently there is a need to document and assess the decision-making elements. To this end many of
the deliverables are adapted to include a narrative element, and a conceptual design phase is introduced
which drives students to use robust evaluation methods to compare different process options and docu-
ment the reasons for their final decision. As an example, below are the assessment criteria for one of
the deliverables (Optioneering Report) in the year 3 design project:

2.2 class: A safety evaluation is presented that identifies the relevant hazards that are inherent within
the different design concepts. Quantitative economic evaluation and comparison of each option based
on revenue generation, capital and operating costs for a single scenario. The environmental aspects of
each concept are identified in terms of feedstock and utilities consumption per tonne of product.

2.1 class: A safety evaluation is presented that identifies and compares the relevant hazards that are
inherent within the different design concepts. Quantitative economic evaluation and comparison of
each option based on revenue generation, capital and operating costs for a limited range of scenarios.
Qualitative evaluation of the environmental aspects of each concept, including feedstock, utilities and
discharges per tonne of product.

1" class: A comprehensive safety evaluation is presented that identifies and compares the relevant hazards
that are inherent within the different design concepts highlighting potential actions for reducing risks
for consideration in Task 2. Quantitative economic evaluation and comparison of each option based on
revenue generation, capital and operating costs for the full range of scenarios specified within the brief.
Quantitative evaluation of the environmental aspects of each concept in terms of feedstock and utilities
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consumption per tonne of product, discharges compared with the Environmental Permit for the site and
a brief explanation of how the permit values will be achieved.

Assessing Group Working

Team-based ways of working are essential elements of the decision-making process in engineering de-
sign, and are therefore fundamental components of PjBL. If the assessment and grading criteria do not
effectively promote groupworking then many students will default to more individual ways of working,
the benefits of team-based engineering design will not be realised and the overall outcomes for students
will be lower as a result. It is important that assessment criteria are geared towards team-based ways of
working, and that sufficient weighting is applied so that students understand the importance and adapt
their behaviour accordingly. The traditional structure for process engineering design projects is to include
well-defined group and individual components, however this approach tends to lead to a bias for the
individual component and does not effectively promote the right ways of working. In many cases with
this approach students do not support each other effectively; they compartmentalise their individual ele-
ment and do not engage in the iterative and collaborative processes that are key to system-level design.
Achieving the desired level of team working means moving away from the traditional split individual/
group model for design projects. PjBL projects can be 100% group, in that the project deliverables are
assessed and attributed to the group as a whole rather than to individual students as explained in the
previous subsection. Individual marks are then assigned as a percentage of the group mark by using a
metric that is related to team-based ways of working over the duration of the project, and that is con-
firmed at the end of the academic year by means of individual viva-voce examinations. This metric can
be established using a balance of teacher and peer assessment, with students evaluated according to the
following six criteria:

Contributed effectively to group meetings, sub-tasks and milestone review meetings
When leading tasks, coordinated and organised effectively, and was receptive to opinions and
ideas from the support team

e  When leading tasks, provided documents in advance of group meetings and formal hand-ins, and
communicated task outcomes and key decision-points effectively with the rest of the group

e  When supporting tasks, offered an appropriate and timely level of ideas and opinions

e  When supporting tasks, provided effective review of outcomes and deliverables prior to submission/
presentation

e  Provided effective feedback and appraisal to task leaders during group meetings.

The criteria are indicative of effective teamworking, recognising that students will lead some tasks,
support on others, need to be organised and communicate regularly and effectively. There is no reference
to the quality of design outcomes in these criteria, nor is there reference to ‘volume’ of contribution.
Without effective support and assessment frameworks students undertaking group projects tend to experi-
ence two extremes of behaviour within their groups; students that do not engage, and those that exhibit
controlling behaviours. With the set criteria the expectation for students is clear, and this effectively
manages the two behavioural extremes and results in better experience for the students. With improved
groupworking driven by the assessment structure and grading criteria it naturally results in positive ways
of working, good decision-making and better overall PjBL project performance and outcomes.
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PILLAR 2: COLLEGIATE DEPARTMENT CULTURE

Although curriculum is the cornerstone of PjBL in design delivery, a key element that is often overlooked,
yet critical to its success, is the development of a collegiate culture around design teaching. Culture in
this context can be defined as ‘shared systems of meaning and practice emerging from collective learn-
ing and taught to a group’s newcomers as the correct way to think and behave’ (Baba & Pawlowski,
2001). In this regard, a single member of staff could hardly teach design in a sustainable manner given
the wide breadth of multidisciplinary competencies that students need to learn and master throughout.
Taking such a flawed approach would lead to a lack of opportunities to daily engage with a professional
dialogue between engineering practitioners and academics, so necessary for the constructive evolution
of educational practice in design teaching. Rather, department and faculty leaders should prioritise the
development of a shared meaning around what design teaching should be by listening to industry, students,
and institutional demands, and how it should look like in practice, embracing the diverse backgrounds
and competencies of their staff.

The former department head at the University of Nottingham reflects in case study 2 on the cultural
changes that were needed to sustain a transition towards a model that can now be considered as exemplary
within the UK, with a strong vertical integration of key engineering competencies through years 1 to 4.
The case exemplifies the major role of department leaders at recognising and prioritising enhanced PjBL
design pedagogy in order to ensure that all graduate students develop a unique set of skills to professional
standards highly valued by employers.

Case Study 2

At the heart of a collegiate department is a common purpose grounded in pride in the quality of our
graduate product. In saying this, it is important that the department is not just viewed as the staff, but
also by association students, alumni and employers. If all of them recognise and support the common
purpose and feel a tangible sense of pride, in what they are, what they produce or what they employ,
then collegiality is coupled to a sustainable reputation.

Our department in 2011 was barely collegiate, if at all. Graduates were good, but undifferentiated
from the crowd. Staff, most of whom were not from engineering backgrounds, survived on the academic
freedom to deliver their own material within their allocated modules in their own way. A ground change
was required. A change that would start with the quality of our graduate product. The obvious way of
doing that was to improve the quality of design teaching, an employer’s measure of an excellent engineer
that was frequently bemoaned in industrial fora. Our aim was to ensure that all students would leave
Nottingham with a set of skills that, irrespective of their final degree classification, would make them
highly employable. We devised a strategy underpinned by a series of key elements:

e Re-design the curriculum on the principle that design, delivered to industrial standards, was the
backbone of the degree programme, where no module is greater than the programme it serves. In
other words, staff would be instructed as to what content had to be in their modules and how that
fitted into the programme structure.

o All staff must be involved in delivery and assessment of Chemical Engineering design teaching
irrespective of their academic background; the reality being that everyone needed to be able to
understand and read a P&ID. We were all in this together.
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o Employ staff from industry. Academics are professional academics yet what we wanted to produce
were professional engineers. So, to guarantee confidence in our graduate quality, raise the stan-
dard of design teaching and support the staff and students, non-academic, professional engineers
on staff were essential. Typically, these were engineers towards the end of long careers who were
keen to give something back.

o Degrees with a year in industry. This would also raise the standard via peer learning. It would
also give students pride in what they had learned and prove to staff, all of whom were expected
to visit students on placement, that the curriculum was delivering a quality product. It would also
give us feedback as to where further improvements could be made.

e Appoint new academic staff that understood what would be expected and would enhance the
evolving collegiate culture.

e Celebrate and promote success, biannual staff meals, and an annual networking dinner for stu-
dents, staff, alumni and industry.

o Give oversight of the strategy to the right people.

To make this work everyone needed to understand what was happening and why. To reap the benefit,
it had to be done quickly generating anticipated dissatisfaction. Students on the old curriculum realised
they had missed out; staff were annoyed at being forced outside their disciplines or not being able to
teach their own subjects or run their own research projects. But within 3 years the tables had turned,
reputation was building, graduate employability and student satisfaction were high, undergraduate
recruitment was growing and a collegiate department was forming.

Professor David Large, Former Head of Department

One of the key elements to support this collegial and collaborative department culture around design
teaching is the embodiment of curriculum skills and competencies through a single project brief. In
other words, not letting students choose the project topic. A single brief keeps the overall physics of the
process unaltered but is chosen by teachers to give enough breadth for groups of students to produce
multiple solutions, with hundreds of different permutations in the process routes and configurations.
The pre-PjBL design teaching components lead to a student tendency to default to a process route that
they find in the literature, but without considering the client’s needs and constraints or alternative ap-
proaches. The freedom of choice in this instance inevitably leads to significant bias on the part of the
students, devising projects that they believe are interesting or easy. At this stage in their careers, students
lack the holistic understanding to be able to select a project that builds on previous heuristic approaches
but introduces elements of decision-making in process selection. With a common brief it is possible
to involve more department staff, as non-engineers can be trained by senior colleagues, and it leads to
much more consistency in how projects are assessed between different groups. ‘Choice’ and ‘quality’ in
this instance are mutually exclusive — short-term dissatisfaction from students in the project allocation
is significantly outweighed by the overall project experience and outcomes.

A single brief also provides a unique level of support focused on developing a system-level think-
ing approach in students, which would not be practical had groups selected different topics (or briefs)
for their design projects involving completely different physics and process chemistry. A single project
brief serves as a buffer element for the academic staff, providing a highly consistent student experience
regardless of the process routes and configurations that groups decide to select. Based on the authors’
experience over the years, a single brief tremendously helps in providing timely, reliable, and actionable
feedback over the course of the project and during formal group design review meetings.
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A single brief also provides a framework for consistency in assessment of both individual and col-
lective team development of expert-thinking abilities. Given the large number of deliverables typically
involved in a design project (e.g., basis of design, PFDs, P&IDs, material and energy balances, equipment
specifications, functional design specifications, HAZID/HAZOP safety reports, economic analysis, envi-
ronmental impact and sustainability assessment, plot plan layout and elevation drawings, EPC schedules
or design proposals), ateam of academics is usually needed to undertake the assessment. These academics
usually have different level of expertise and therefore it is important that they are properly briefed and
supported by the design leads through the entirety of the project. Splitting the deliverables — rather than
overall group submissions — and ensuring that each deliverable is assessed by the same academic inher-
ently produces a consistent assessment throughout the whole cohort of students. This framework based
on a single client brief also facilitates the typical individual viva-voce examinations happening after
the project deliverables are submitted, creating a consistent model to assess whether individuals have a
thorough understanding of the entire process and alternative options, and whether they have understood
the key decisions made during each design phase, relating design decisions to the project brief and to
safety, economic and environmental criteria.

As one would expect, the composition of the student groups can really influence the quality of their
outputs. In this regard, discarding self-sorting approaches for group formation becomes essential. De-
sign leads have to carefully think about students’ allocations into groups well in advance, ensuring that
each group consists of students with stronger and weaker competencies — based on their previous course
performance —, and mixed nationalities, genders and perhaps course strands. This make-up ensures that
all the groups are diverse and skills-balanced and have the same opportunities to produce a high-quality
design. It also stretches students to work on a wider range of abilities than their technical knowledge
and helps them to become confident communicators and team-workers readily available to be deployed
across different parts of a business and to fit into diverse teams. Whilst teachers can select based on
available student characteristics and data there is still a very large variable that is not (and likely can-
not) be controlled when establishing groups — the way students will tend to behave once the group is
formed. The pre-PjBL curriculum is generally focussed on the individual student, with individual ways
of working being prevalent in the early stages of their university career and long before that in their
secondary/tertiary education settings. Many students transition with relative ease to the team ways of
working needed in PjBL design projects, but inevitably there are those who take longer to recognise
the challenges and adapt to the team environment. Typically, there are two behavioural extremes that
teachers frequently observe in group-based projects; (1) Those students that do not engage sufficiently
with the team, (2) Those students that exhibit controlling behaviours. There are a multitude of factors
that underpin these behaviours, for example a lack of understanding of the importance of team ways
of working, a previously-successful approach of them working as individuals, their reticence to engage
in social situations generally or issues with their mental health. In both cases the behaviour can have
a significant negative effect on the team dynamic and the overall team/individual outcomes. Students
that do not engage sufficiently result in unequitable division of tasks by the group, a weaker evidence
base and more restricted opinions for the decision-making process. Students that exhibit controlling
behaviours tend to want to lead, but they do not recognise the inherent skill sets available within the
team, they struggle to establish trust and can often set unrealistic expectations of other team members.

The behavioural extremes cannot always be predicted in advance of forming the teams, so a mecha-
nism is needed to identify and modulate these behaviours during the PjBL project itself. This takes the
form of academic staff mentors - staff who are not allocated any design delivery or assessment duties
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— or even those without a strong chemical engineering background (e.g. chemists or geologists) — act-
ing as group mentors. These staff do not provide any technical support, but they carry out observations
on group meetings and have access to group shared spaces, identifying the behavioural extremes and
working with both individuals and teams to recognise these traits and establish more positive team ways
of working. This new supporting element became a reality, once again, owing to the collegiate culture
developed over the years in the department. Dr lan Lowndes, current Director of Education & Student
Experience at the department, shares his reflections on the role of academics as mentors in case study 3.

Case Study 3

To replicate the mentoring that a graduate engineer would normally receive, the department has intro-
duced the Design Project mentors to help support the development of the vital group dynamic students
require to deliver a successful group student design project. The department carefully manages the al-
location of students to each project team, to deliver groups that have a similar mix of academic abilities,
cultural & educational diversity & gender.

To prepare students for this major group project exercise the students undertake an introductory group
skills workshop where they are introduced to the different character types and skills competencies that
contribute to the successful delivery of group projects. The student groups are introduced to the prin-
ciples of Honesty, Trust & Respect that underpin the establishment of effective and successful working
relationships. Students are also introduced to the Belbin Team Roles and are encouraged to share their
personal Belbin assessment profiles, generated from an online survey, with their group members. The
nine Belbin team roles are: Resource Investigator, Teamworker and Co-ordinator (the Social roles);
Plant, Monitor Evaluator and Specialist (the Thinking roles), and Shaper, Implementer and Completer
Finisher (the Action or Task roles) (Belbin, 2012). Belbin reported that the most successful teams were
made up of a diverse mix of behaviours, and that teams need to be able to access to each of the nine
Belbin Team Role behaviours to become a high-performing team. The first role assigned to the mentor
is therefore to discuss the survey results with the group, assist them to identify the strengths and gaps in
the Belbin Team roles present, and introduce the concept of partnership to either compensate any deficit
roles or design competencies to deliver assessed project outcomes.

The role of a mentor is to foster the courage and confidence of the student within a group, to enable
them to trust and respect each other, to admit and confide their design skills strengths and weaknesses,
to recognise and accept the adoption of shared ownership of tasks in the delivery of the project. The lat-
ter skills recognition is perhaps the most challenging for the mentor to develop within any team. This is
not surprising given that all of our students are the products of our public educational systems that has
been regularly and rigorously testing them as an individual since they entered primary education. Our
students enter University benchmarking themselves against others on the individual public examination
results they have achieved. The involvement in shared group activity is viewed by many as an anathema
and an unnecessary dilution of their personal academic achievements. The most satisfying experience
comes for a mentor when you suddenly realise on attending a group progress meetings that the reporting
language has changed from I to we, we have planned/executed/supported each other... the language of
a successful team built upon Honesty, Trust, Respect & Partnership.

An under-estimated and under used mentor tactic that can be effectively used to develop and reward
good group dynamic — Use of PRAISE!!! Verbally and by written reports to the group recognise, praise
and celebrate any instances of collegiate actions, deeds, comments demonstrated by students by both
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praising the individuals and group during group meetings. Identify the good practice with the group to
encourage more participation and engagement.
Dr lan Lowndes, Director of Education and Student Experience

PILLAR 3: LEARNING SPACES

As discussed in Pillar 1 (Curriculum) a PjBL project requires both individual and team-based ways of
working at different stages. To facilitate the appropriate way of working it is important that students
have access to suitable spaces, both physical and virtual. Where collaborative elements are needed then
there is a corresponding need for spaces where information can be shared, ideas discussed, and decisions
made. Drawings, calculation sheets, process models and a multitude of other project milestones need
to be shared in an environment where the whole group can observe them, and this can take the form of
physical paper-based drawings or information that can be displayed on a screen. The same environment
for information sharing needs to be conducive to group discussion, where ideas can be exchanged, an-
notations can be made on physical paperwork and on screen, and where subsequent decisions can be
documented. Group interactions of this nature occur once or twice weekly and are typically up to two
hours in duration. The traditional academic lecture theatre falls a long way short of the requirement for a
group PjBL design space, both in terms of its configuration for group activities but also its availability to
be used by multiple groups for the required duration. Other disciplines recognise the need for collabora-
tive spaces, particularly architecture and product design, where studio-style layouts are an integral part
of both education and professional practice. The same model works equally effectively for PjBL. when
applied to process engineering design projects (see Figure 3).

Figure 3. Group of students working in the design studio
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‘Design studios’ are provided for students in all year groups of the degree programme. The studio
consists of clusters of tables and chairs, with an integrated large screen at each station. Groups of up to 7
students can occupy a single cluster, and the studio spaces can typically accommodate 25 groups at any
one time. Access is regulated through the student timetable, with unfettered access permitted outside of
the formally timetabled periods. The studios are not used for formal teaching purposes, but the spaces
are ideal for teaching staff to support student groups. With a clearly defined space it is possible for staff
to observe and interact with all groups over the course of a two-hour period. With no studio space groups
would typically meet in various locations around the university, and in that case, it becomes more dif-
ficult to provide adequate levels of support.

Groupworking spaces need not be exclusively physical spaces. With COVID-19 there was a need to
move PjBL design projects to a 100% online model, and this meant creating an online space to support
team-based ways of working in the same way a design studio does. MS Teams was used as a platform,
with group channels created for each team so they could store and share files, and work on them collab-
oratively. The meeting functionality meant they could meet to coordinate group activity, share drawings
on screens and mark them up in real time. Academic staff and mentors could also join MS Teams meet-
ings as required in order to observe, support and assess. Aside from tactile interactions with physical
paper drawings, the online MS Teams platform was a very effective substitute for the design studio as a
space for team-based ways of working. What the online space lacks in face-to-face interaction it makes
up in that fact that it is not constrained by university timetables and fosters higher levels of team inter-
action than is the case with the physical space alone. For this reason, the online groupworking space
will become a regular feature of future PjBL activities, but one that will complement the design studio
rather than replace it.

The physical studio space is very popular with students and well-used. As well as the support for
teamworking it provides engineering students with a space that they feel belongs to them, something that
is often lost where universities take a corporate or centralised approach to space allocations and time-
tabling. The popularity of the spaces amongst students leads to a number of unintended consequences,
one of which is that the space can often be used as the ‘default’ for all PjBL. Soon after the studio spaces
were established teams of students could be seen in groups around a workstation trying to draw a Piping
& Instrumentation Diagram, and other groups were observed attempting to develop a spreadsheet to
perform material & energy balance calculations. P&ID drawings are a means of communicating design
decisions. The decisions are undertaken collaboratively, but the drawing itself is an individual activity.
Material balance calculations quantify the functionality of a particular concept, and underpin subsequent
safety, economic and environmental/sustainability metrics. Team collaboration is essential to review the
calculation outcomes and decide on subsequent design iterations but is not appropriate for establishing
the evidence on which the review and decisions are based. The studio space was driving students to
inappropriate ways of working, working collaboratively on tasks that should be carried out individually.
In vastly improving the environment for teamworking, the space had inadvertently weakened the PjBL
components where individual ways of working were necessary. The solution was to signpost the ways
of working approaches more effectively to students, to undertake regular observations of teamwork to
ensure that groups are focussing on the right activities and to ensure adequate learning spaces exist for
more individual ways of working.

Individuals within teams will typically lead specific tasks or project deliverables, will be tasked with
obtaining key pieces of information, perform calculations and establish metrics for candidate design con-
cepts and communicate findings for review by the rest of the group or for final assessment by academic
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staff. Many of the skills students need to do this are already embedded from taught design components
from earlier years of the programme, but students will typically need support from teachers to demon-
strate these skills within the PjBL framework. The design studio spaces provide one route to this level
of support, where staff can be available in the space at defined periods for formal or ad-hoc meetings
with individual students. An open-door policy amongst teaching staff also facilitates this type of sup-
port, but in PjBL projects with a single brief it is often the case that many individuals will ask broadly
the same questions of staff. This is inefficient, but also very frustrating when supporting large student
cohorts. The COVID-19 pandemic meant that individual face-to-face support could no longer be offered,
and it is here that the online platform really showed its effectiveness. Students were signposted to ‘open
tutorials’, which were timetabled meetings on MS Teams with up to 150 participants. Staff have camera
and microphones enabled, and students are instructed to keep their microphones on mute. Students ask
questions using the ‘chat’ function, which are then answered by teaching staff verbally, through the chat
or by screen-sharing other content. The benefit of this approach is that students experience improved
levels of peer learning, by observing the questions that others are asking and the corresponding answers
that are given. Sessions are recorded and made available for students to watch later. The open tutorial
approach not only improves the efficiency of student support, but the peer learning aspect significantly
improves the rate at which students understand the different aspects of the project and its constraints. A
further benefit of the online open tutorial is that multiple staff can engage effectively with the student
cohort. Staff-staff discussions can be used to kick-start the tutorial process with pre-empted questions
or themes, and student questions can be responded to by multiple staff in cases where multiple opinions
are relevant. This dovetails very well with the objectives of PjBL in process engineering design but is
a feature that is very difficult to incorporate in face-to-face student support. As well as open tutorials a
web forum is also used to respond to student queries. Instead of the timetabled tutorial using MS Teams
the questions can be posted at any time, and staff will typically respond to the post within 1 working day.
This approach allows questions to be grouped into themes, stops duplication of questions and responses,
allows students to solicit help outside of the timetabled tutorial periods and allows teaching staff to see
how their colleagues are responding to queries. The latter is important as it allows a consistency of
response in cases where this is important (e.g., deliverable/assessment queries) and also allow multiple
teacher opinions to be posted where appropriate. Both the open tutorial and online forum spaces are
invaluable for training junior teaching staff who may be supporting design projects for the first time,
offering them the opportunity to learn effectively from senior colleagues.

Not all students are comfortable interacting in open online forums, in much the same way that many
students choose not to speak up in a crowded lecture room. The open tutorial platform and to some extent
the design studio provides spaces for these students to observe, but for their own queries it is important
that suitable opportunities and spaces for 1-1 meetings are maintained. This can be as simple as ensuring
availability of staff for surgery sessions, a system for booking specific slots or ad-hoc meetings, and in
all cases, they can be online or in physical office spaces or meeting rooms.

CONCLUSION

Project-based learning in engineering design has proved to efficiently develop the required skills and
attributes of the 21* century engineering graduates through consistent vertical and horizontal integration
into the engineering curriculum. However, the authors of this chapter claim that this outcome would
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not have been possible to achieve if design had been covered in a single year of the curriculum as a
compartmentalised module. To develop engineering expert-thinking —i.e., graduates being able to make
and communicate engineering decisions underpinned by a robust body of evidence — students first need
to be able to obtain the information upon which decision-making is based, and this requires a continu-
ous training and support on a variety of engineering tools through the course stages. To achieve this, a
holistic approach supporting the logistics and infrastructure of PjBL must be adopted. Educators should
think about how they will be explicitly assessing the development of expert-thinking abilities and group
working beyond the conventional individual assessment on the use of different engineering tools. Yet,
this is not enough to ensure successful learning through PjBL. Department culture becomes an essential
pillar; ensuring the buy-in from all staff to support the delivery, assessment and/or mentoring of groups
can be really challenging and educational leaders within schools and departments should prioritise and
allocate appropriate resources to sustain high-quality PjBL if engineering expert-thinking is the ultimate
quality they wish their graduate product to be known for. Finally, learning spaces are also critical to the
success of PjBL in engineering design. Providing equipped physical and online spaces for group work-
ing are ideal for teaching staff to support student groups. With a clearly defined space it is possible for
staff to observe and interact with all groups with different degrees of constraints (e.g., online spaces are
not constrained by university timetables like physical spaces are, and they tend to foster higher levels
of team interaction than is the case with the physical space alone). However, support is usually required
to help students understand how to use both spaces in an efficient way, as they tend to naturally default
the use of these spaces to be working on every single individual task that does not require group inputs
(see Table 1). The presented three-pillar framework has supported and sustained a 21 century model
for PjBL that can be considered as exemplary within the UK and has produced more than 1000 highly
employable chemical engineering graduates over the last ten years.
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ABSTRACT

Industrial firms increasingly concentrate on their core competences and outsource non-core activities,
affecting the personal (soft) skills requirements of purchasing and supply chain management (PSM) per-
sonnel in their boundary-spanning roles. In parallel, machines take over processes but cannot replicate
humans’ soft skills such as creativity and strategic thinking. The literature shows that learning objectives
in PSM courses in higher education are evaluated for not covering soft skills. Moreover, there is evidence
that soft skills development is challenging. It is questionable which soft skills can be developed and which
didactics are applicable. This study presents an educational soft skills experiment with IEM graduates,
and it provides evidence that soft skills learning can effectively be introduced in existing courses. The
graduates self-rated their competence levels of 36 soft skills before and after the course that provided
soft skills workshops and a case study. In the first survey, “strategic thinking” ranked low and could be
improved the most in the second survey.

INTRODUCTION
Preface

In this chapter, the role of higher education lecturers in preparing the next generation of industrial engi-
neering managers is addressed by presenting an active learning method for the training of (1) knowledge
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and theory, (2) professional and interpersonal skills, and (3) intrapersonal traits. It presents the results of
an educational experiment in an academic master’s course with students of Industrial Engineering and
Management (IEM) and Business Administration (BA), more precisely, in the field of purchasing and
supply chain management (PSM) which belongs to the domain of Operations Management.

The challenges of further digitalisation and the circular economy need to be addressed with techno-
logical advancement, which is the focus of this book. Technological advancement is a human effort and
requires competent humans to combine hard skills ([technological] knowledge, theory and professional
skills) and soft skills (interpersonal skills and intrapersonal traits or attitudes), as shown in this study.

The recommendation is to distinguish between (1) knowledge and theory, (2) professional and in-
terpersonal skills, and (3) intrapersonal traits and to design for each of these three (I) intended learning
outcomes, (II) didactical approaches and (III) assessment methods. This study distinguishes between
hard and soft skills and found evidence in the literature that soft skills learning objectives are absent in
academic (PSM) curricula. Therefore the following recommendation is to formalise soft skills learning
objectives. Educators need to understand that soft skills cannot be assessed the same way as knowledge.
For instance, to test the progress in soft skills, the students were evaluated with two surveys before and
after a cognitive and soft skills training course in which they worked on a real-life case study in an
experimental educational design.

The Lack of Soft Skills in Higher Education

The experiment in this chapter is performed in a PSM course. The importance of the PSM function in
organisations increased in the past decades. Although make-or-buy decision-making leading to out-
sourcing has a long tradition in organisations and academic writings (Ammer, 1983; Gross, 1966; Jauch
& Wilson, 1979), from the 1990s, organisations increasingly started outsourcing non-core activities,
meaning that those were not produced within the organisation but purchased from suppliers (Cousins,
Lamming, Lawson, & Squire, 2008; Luzzini & Ronchi, 2016).

The significant increase of outsourcing by organisations is affected by political-economic, techno-
logical and demographic developments. From the 1980s, the political-economic systems have been af-
fected by the trade tariffs elimination efforts of the GATT and WTO (Narlikar, 2003), which stimulated
globalisation and led to increased global sourcing activities accelerated by the Chinese economic reform
from the late 1970s (Logan, 2011). Organisations increasingly concentrated on their core competences,
as underlined by Prahalad and Hamel (1990), and outsourced non-core activities. The outsourcing of
non-core activities led to increased supplier management, supply chain management and strategic PSM
decision-making, and the scope of PSM objectives (Luzzini & Ronchi, 2016; Schoenherr, 2010).

As a result, PSM has shifted from an operational, transactional, and highly strategic function (e.g.
Bals, Schulze, Kelly, & Stek, 2019; Tassabehji & Moorhouse, 2008). Bals et al. (2019) confirm the PSM
function’s strategic focus and point at the effects of the Internet-of-Things or the 4th Industrial Revolution
and “moving towards a circular economy and circular supply chains” (Bals et al., 2019, p. 10). In the 4th
Industrial Revolution affects PSM, or “Procurement 4.0,” machine-to-machine communication will take
over operational tasks (Bals et al., 2019) and is “influencing the digitisation of procurement and supply
chains” (Bienhaus & Haddud, 2018, p. 965). Moreover, it has led to another palette of required compe-
tences. i.e. a balanced mix of hard and soft skills, especially intrapersonal traits, like ‘strategic thinking’
(e.g. Bals et al., 2019) and ‘creativity’ (e.g. Kiratli, Rozemeijer, Hilken, de Ruyter, & de Jong, 2016).
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There is evidence that formal learning objectives regarding soft skills, i.e. interpersonal human-to-
human skills and intrapersonal character traits, are primarily absent in academic PSM courses and tracks
(Birou, Lutz, & Zsidisin, 2016; Stinenbosch, 2017; Wong, Grant, Allan, & Jasiuvian, 2014). Bals et al.
(2019) argue that PSM lecturers in higher education should introduce learning objectives that cover the
context of future requirements caused by the challenges of sustainability and the Internet of Things.
Nonetheless, Fawcett and Rutner (2014) have found that PSM higher education is “not evolving at the
pace and in the way expected by professionals” (Fawcett & Rutner, 2014, p. 181).

The literature on organisational knowledge and skills provides different taxonomies. A body of lit-
erature distinguishes between hard skills and soft skills (e.g. Andrews & Higson, 2008; Bailly & Léné,
2013; Heckman & Kautz, 2012; Laker & Powell, 2011). Heckman and Kautz (2012, p. 451) define
soft skills as: “personality traits, goals, motivations, and preferences”. Laker and Powell (2011, p. 113)
distinguishes “hard-skills or technical training (working with equipment and software) and soft-skills
training (interpersonal or intrapersonal focus)”.

Thus, in higher education courses, a significant role is given to the transfers of knowledge and
theory, and in parallel, academic courses are not equipped to apply those hard skills in practice, i.e.
via the development of soft skills in the curricula. Ahmed, Fernando Capretz, Bouktif, and Campbell
(2012) provided evidence that soft skills (i.e. interpersonal skills and intrapersonal traits) are as crucial
as knowledge factors and professional skills (or hard skills) for professionals. Moreover, the lack of soft
skills is more likely to be the reason for ending a labour relationship than a lack of knowledge (Ahmed
et al., 2012). Employers highly value soft skills necessary to carry out professional tasks or hard skills
(Ahmed et al., 2012).

Stek and Schiele (2021) provided quantitative evidence that soft skills are necessary but not suffi-
cient conditions to carry out hard skills. The literature differentiates between “sufficient” or “necessary”
conditions. Sufficient conditions lead to outcomes, whereas a necessary condition will prevent an effect
from taking place (Van der Valk, Sumo, Dul, & Schroeder, 2016). Therefore, Stek and Schiele’s (2021)
finding that soft skills are necessary conditions for hard skills execution means that the absence of soft
skills predicts the absence of effectiveness in carrying out hard skills.

The increasing importance of intrapersonal character traits such as ‘strategic thinking’ and ‘cre-
ativity’ as proposed by Bals et al. (2019) and Kiratli et al. (2016) is in line with the findings Von der
Gracht, Giunipero, and Schueller (2016). They researched future PSM skills of purchasers and foresaw
existential threats in organisations. When in a “talent war”, competitors recruit the most “creative and
innovative minds” (Von der Gracht et al., 2016, p. 30). This finding is confirmed by Von der Gracht
et al. (2018, p. 9), who found that machine-to-machine communication personnel must be “creative,
productive and innovative” in the future era of machine-to-machine communication personnel. Hence,
the right brainpower will be decisive in the age of the Internet-of-Things and artificial intelligence (Al):
“To the extent that digital transformation is also transforming our society into a knowledge society, our
economy could likewise change into a knowledge economy, or even into a ‘human economy’, where
not only intellect but especially creativity, passion, character and team spirit will make the difference”
(Von der Gracht et al., 2016, p. 10).

The conclusion is that humans are distinct from machines since humans possess creative, inventive
skills that machines lack. The issue of whether machines or Al can be ‘creative’ is countered by Du
Sautoy (2019) in ‘The Creativity Code: Art and Innovation in the Age of AI’ with the understanding
that instead of a replacement of human creativity by machines, Al will support and accelerate human
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creativity (Du Sautoy, 2019). Hence, the creativity and inventiveness of the human workforce will stay
an essential factor.

Balsetal. (2019) underlined the importance of fully integrating all competences needed for developing
PSM function into higher and professional education and industrial training programmes: knowledge,
professional and interpersonal skills, and a substantial set of intrapersonal traits. Moreover, Bals et al.
(2019) highlighted that student-centred teaching methods should replace traditional, frontal teacher-
centred methods “as current training and teaching methods are not necessarily suitable for developing all
types of competencies, and the pedagogy needs to be adapted to reflect these requirements” and suggest:
“in-class training formats such as role-plays and the potential for online courses and more interactive
formats, e.g. blended learning or flipped classroom approaches” (Bals et al., 2019, p. 11).

In general, the question is how PSM research could address the complexity of the 21st century,
especially those that concern students’ education and training practitioners. Can lecturers in academia
influence students to develop these soft skills actively, or are these interpersonal skills and intrapersonal
traits innate character features? If soft skills and, specifically, intrapersonal traits can be actively influ-
enced, the question raises how these could be developed in higher education, i.e. with which didactics.
Therefore, it leads to the following research question: (RQ) which interpersonal skills and intrapersonal
traits can be actively developed in PSM in higher education with which didactics?

Since the PSM competences, literature mainly focuses on listing competences and has neglected to
research the testing, experimenting and describing how future PSM education should be organised. This
research fills this gap by presenting an educational experiment. The student-centred, learning-by-doing
approach of Scholten and Dubois (2017) is adopted as part of this experiment and will be elaborated
on in the theory section. In this research, the evidence is given that in a time frame of 8 weeks, with a
study load of 140 hours, interpersonal skills and intrapersonal traits can be developed within the context
of a real-life case.

BACKGROUND
Theory on Soft Skills Development and Student-Centred Learning

A keyword search in Google Scholar and Scopus was performed to conduct a systematic literature review,
following Durach, Kembro, and Wieland (2017). The keyword search generated an initial set of 1,007
articles; a list of PSM job requirements was gradually extracted (displayed in Table 1). Articles regarding
organisational (i.e., non-individual) competences or capabilities in the described fields and articles that
focused on consumer skills of family household purchasing budget use were discarded, likewise minor
citations. In the end, from 33 studies published between 1987 and 2020, skills requirements could be
extracted (see: Appendix 1).

Table 1 shows the PSM skills’ occurrences stated at least once per article and showed little unanimity.
Interestingly, a more significant proportion of the studies agreed upon the need for ‘PSM knowledge’
(82 per cent), as well as ‘business knowledge’ (76 per cent) and ‘negotiation skills’ (73 per cent), about
one-third of the studies present items that the other studies did not propose, such as industry knowledge’
(33 per cent), ‘creativity’ (33 per cent), ‘or ‘legal knowledge’ (30 per cent).
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Table 1. PSM requirements mentioned in the scientific PSM job requirements literature (1987-2020)

PSM knowledge 80% Curiosity / the will to learn 37% Entrepreneurial attitude 10%
Business knowledge 73% Industry knowledge 33% Result-driven 10%
Negotiation skills 73% Creativity 37% Consultancy Advisory skills 10%
Leadership skills 70% Legal knowledge 30% Power handling 10%
Relationship management 63% Quality management 30% Discipline 10%
Analytical thinking 63% Process management 30% Conscientiousness 10%
Holistic thinking 63% Blueprint reading 33% Will to compromise 7%
Computer literacy 63% Logistic knowledge 27% Self-confidence 7%
Team ability 63% Project management 33% Perseverance 7%
Communication skills 57% Written proficiency 27% CAD 3%
Problem solving skills 57% Tactfulness 27% Own initiative 3%
Strategic thinking 50% Motivate skills 27% Empathy 3%
Decisiveness / decision making 50% Time management 23% Entreprise Resource Planning 3%
Organisational skills 43% Information management 20% Patience 3%
Risk management 40% Presentation skills 20% Common sense 3%
Persuasive skills 43% Assertiveness 20% Conference skills 3%
Conflict resolution 43% Flexibility 20% Loyalty 3%
Customer orientation 37% Mathematics/numeral skills 13% Pro-activity 3%

Note: PSM requirements that are mentioned at least once per article in the scientific PSM job requirements literature (1987 — 2020) (see:
Appendix 1)

The data were exposed to further analyses. Since Fawcett and Rutner (2014, p. 180) acknowledged that
PSM practices in firms have “evolved dramatically over the past generation”, the scientific sample was
divided into ‘20th century’ (1987-2001; n = 16) and ‘21st century’ (2003-2020; n = 17) sub-samples.
Interestingly, no significant differences among the specific requirements were found with a t-test, indi-
cating certain academic development stagnation. The advent of the Fourth Industrial Revolution might
change the picture, however.

Table 1 displays PSM job requirements and the percentage of times they occurred for requirements
mentioned at least once in a single scientific PSM article in the entire set of articles. The top rankings
indicate a profile of a PSM professional who possesses accumulated knowledge (i.e., knowledge and
experience) in PSM and business; who can negotiate, network and communicate; who can be both a team
leader and member; who can think both analytically and holistically; and who can work with computer
systems.

The EU Directives on Higher Education’s Role in Soft Skills Development

According to the European ministers of education, institutions for higher education have to anticipate
future competences since fostering innovation and creativity in society is a task for these institutions
(Leuven/Louvain-la-Neuve Communiqué, 2009). Moreover, institutions in higher education endorsed the
shift towards student-centred methods via the European Association of Institutions in Higher Education
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(EURASHE) and the European University Association (EUA). They co-developed with the European
ministers of education the standards and guidelines for quality assurance in the European higher educa-
tion area (ESG Report, 2015).

The ESG Report state that: “Institutions should ensure that the programmes are delivered in a way
that encourages students to take an active role in creating the learning process and that the assessment
of students reflects this approach (...) Student-centred learning and teaching plays an important role in
stimulating students’ motivation, self-reflection and engagement in the learning process” ESG Report
(2015, p. 12).

Hence, student-centred approaches are preferred, especially for the training of soft skills, attitudes
or traits (e.g. Bals et al., 2019). Nevertheless, teacher-centred, frontal, and classical lectures can be con-
sidered the dominant higher education design for ‘transferring’ knowledge and theory (Hoidn, 2017).
Multiple barriers cause the reason why universities are dominantly teacher-centred. Firstly, since dozens
or hundreds of students can attend the same lecture, frontal teacher-centred methods are highly efficient,
though not as effective as student-centred methods (Hannafin & Land, 2000). However, it is doubtful
whether a professional activity, such as education, can be efficient when effectiveness levels are low.
According to Drucker (1977), a state of efficiency can be reached before effectiveness is established:
“Effectiveness is the foundation of success — efficiency is a minimum condition for survival after suc-
cess has been achieved. Efficiency is concerned with doing things right. Effectiveness is doing the right
things” (Drucker, 1977, p. 33).

The learning effectiveness is hidden in learning, consisting of reconstructing bits of knowledge by
students themselves. The learning processis nota ‘transfer’ of information from a lecturer directed towards
the student; it is a genuine, personal process in the individual student’s mind (Land & Hannafin, 2000).

The shift from frontal, classical teaching towards student-centred didactics profoundly changes the
working modus (Anthony & Kadir, 2012). Traditional lecturers who change their didactics to student-
centred approaches report “feelings of guilt” because the student-centred method seems to be initially
“just guiding and supporting the students in the learning processes” and knowledge is no longer “trans-
ferred” in a classical, frontal mode (Anthony & Kadir, 2012, p. 57). The guilt-feeling is caused by the
wrongly expected loss of the lecturers’ authority in the classroom when the lecture leaves behind the
frontal, classical method (Anthony & Kadir, 2012).

Moreover, despite their importance, the learning and teaching of soft skills are more complicated.
Laker and Powell (2011, p. 113) distinguish “hard-skills or technical training (working with equipment
and software) and soft-skills training (interpersonal or intrapersonal focus)” and found evidence that the
soft skills learning process is associated with higher levels of resistance from both, the students/trainees
and the management. Thus, soft skills training has not as direct applicability to the job as hard skills
training. Therefore, soft skill learning results in a lower degree of achieved proficiency and self-efficacy.
Moreover, the preciseness of identifying soft skills training objectives is lower (Laker & Powell, 2011).
This lower level of preciseness might also be the case for the identification of training methods.

Moreover, the PSM competence literature has presented important competences (e.g. Bals et al.,
2019; Giunipero & Pearcy, 2000; Knight, Tu, & Preston, 2014; Tassabehji & Moorhouse, 2008), but
has failed to present best practices on how these competences could be best taught. Whereas Feisel,
Hartmann, and Giunipero (2011) found that these intrapersonal traits of experienced professionals and
their strategic behaviour are difficult to influence, the research of Scholten and Dubois (2017) showed,
though, the positive outcomes of an educational experiment in cohorts of students in a PSM course as
is shown after the next section.
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The PSM competence literature hardly provides outcomes of didactical experiments on applying the
necessary soft skills, especially intrapersonal character traits in PSM courses in higher education. The
question arises whether the prevailing conceptualisation of PSM is capable of comprising the 21st cen-
tury’s complexity since the research community seems not to address the suitable didactical instruments
for soft skills development to cope with the contemporary and future challenges in the field (e.g. C. R.
Carter, Rogers, & Choi, 2015; Darby, Fugate, & Murray, 2019; Knight, Meehan, Tapinos, Menzies, &
Pteiffer, 2020).

The literature might fail to address soft skills development in PSM courses in higher education
because formalised soft skills intended learning outcomes are almost absent at European, US and UK
universities. These are predominantly focused on just the transfer of knowledge and theory (Birou et al.,
2016; Hoidn, 2017; Stinenbosch, 2017; Wong et al., 2014).

Interestingly, employers explicitly demand from institutions for higher education to formalise soft
skills learning objectives (Mursion, 2021). Soft skills have an essential role in applying knowledge
and cognitive skills in daily practice. Soft skills are crucial or even more important than cognitive and
professional skills or ‘hard skills’ for a professional (Ahmed et al., 2012). That is because soft skills are
necessary conditions to carry out hard skills, as explained in the introduction (Stek & Schiele, 2021).

The presence of soft skills is an excellent forecaster to success in life, and an absence appears to be
causing the ending of a labour relationship rather than a lack of cognitive skills (Ahmed et al., 2012;
Heckman & Kautz, 2012; Zunk & Sadei, 2015). In line with that, Forrest and Swanton (2021, p. 1) have
found evidence in a longitudinal study of secondary school pupils that “Self-reported problem solving,
creativity, teamwork, and verbal communication were alternately associated with later high school per-
formance, hourly wage, and employment status”. Tuononen, Parpala, and Lindblom-Yldnne (2019, p.
581) found that “having diverse competences and an ability to recognise them at the time of graduation
is important for later career success and may also be related to what kind of challenges graduates face
in working life”.

Didactical Approaches in Higher Education

Due to changing labour market demands, higher education must anticipate adjusting the learning ob-
jectives early (Hoidn, 2017). Expectations are that in 2025 about 45 per cent of the European jobs will
require high-level qualifications, and another 45 per cent will need medium-level capabilities. After
graduation, students need the “ability to apply knowledge and skills flexibly in different contexts”, and
academia has to prepare “students with the subject-based know-how as well as with high-level transver-
sal competences and skills such as joint problem solving, critical thinking, and self-regulated learning”
(Hoidn, 2017, p. 2).

As abovementioned, formalised soft skills learning objectives are absent in higher PSM education.
Several explanations are given in the literature. The training method or didactics of soft skills training
differs from hard skills didactics. Soft skills development can be influenced by external stimuli but is
nevertheless a personal effort, and it requires a student-centred approach. However, the dominant design
at universities is teacher-centred, frontal, and classical lecturing for hard skills (Hoidn, 2017). Teacher-
centred techniques are more cost-efficient but less effective than student-centred methods (Hannafin &
Land, 2000). A shift from teacher-centred to student-centred didactics is a profound change of working
modus that causes guilt when losing authority when not following frontal, classical didactics (Anthony
& Kadir, 2012).
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The development of soft skills is more complicated than that of hard skills. It is associated with higher
resistance levels from the learners because it does not have direct applicability as hard skills development
(Laker & Powell, 2011). Moreover, soft skill development leads to a lower degree of achieved proficiency
and self-efficacy than hard skills development. Another issue is that the preciseness of distinguishing
soft skills training objectives and methods is lower (Laker & Powell, 2011).

Formalising soft skills learning objectives is further obstructed by the negative association lecturers
in academia have. Chamorro-Premuzic, Arteche, Bremner, Greven, and Furnham (2010, p. 238) found
that “IQ was negatively associated with soft skills ratings, such that individuals with higher cognitive
ability were less likely to believe that soft skills were important for outstanding academic achievement
or desirable job after graduating”. Lecturers in academia believe that “lower ability students may use
soft skills to compensate for their poorer analytic/reasoning skills, just as conscientious students are
more likely to use soft skills to improve their academic performance”.

Traditionally, lecturers at (European) universities use classical, frontal lecturing for ‘transferring’
knowledge and theory (Hoidn, 2017). The design of frontal teaching sets students in a passive listening
role, which has the lowest effect on retaining knowledge (Masters, 2013), for which Poh, Swenson, and
Picard (2010) even has provided empirical evidence.

Poh et al. (2010) measured a student’s neurological activity over seven days with a device, a ‘wear-
able sensor for unobtrusive, long-term assessment of electrodermal activity.” Poh et al. (2010) show that
most neurological activity is found with the student during self-study, doing homework, doing laboratory
work, exams, and sleeping (dreaming). Lesser brain activity is seen during watching television, relaxing
and remarkably when following lectures in the classroom. Hence, for the student, having a classical,
frontal lecture in most cases has the same neurological impact as watching television or remaining in a
relaxing state of mind.

Poh et al. (2010) illustrate that learning consists of reconstructing knowledge by students themselves;
the learning process is not a ‘transfer’ of information from a lecturer directed towards the student (Land
& Hannafin, 2000). De Houwer, Barnes-Holmes, and Moors (2013, p. 633) define learning as ‘ontoge-
netic adaption’, i.e. “as changes in the behavior of an organism that are the result of regularities in the
environment of that organism”.

Nevertheless, Hannafin and Land (2000) found that many lecturers in higher education are convinced
that they could transmit the knowledge they possess to the individual students. Yet, there is broad agree-
ment that the students have to reconstruct knowledge individually (Hannafin & Land, 2000). In line
with that, the European Commission in 2008 already noted that “traditional teaching approaches based
on direct instruction or lecturing are no longer adequate” and that they have to be “replaced by more
learner-focused models that are based on the learner’s active involvement in the process of reflection
and interpretation” (Hoidn, 2017, p. 5). Active involvement in experiments is a way to activate students
in their learning process to reach a comprehensive learning effect. Active involvement has better learn-
ing results than students who passively watch the same similar experiment demonstrated by a lecturer
(Bonwell & Eison, 1991).

Towards a Student-Centred Approach
Student-centred learning environments are a better alternative to the dominant design of classical, frontal

instruction. The introduction refers to the ESG-standards from the year 2005 (ESG Report, 2015). The
conclusion is that European higher education’s educational methods still do not align with the ESG-
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standards (Hoidn, 2017; Stinenbosch & Stek, 2017), although academia and higher education institutions
were involved via the EURASHE and the EUA.

As mentioned, in PSM, not many experiments with knowledge transfer, interpersonal skills and in-
trapersonal traits development are described in the academic literature. A rare example is Scholten and
Dubois’ (2017) attempt to train students’ competences. In subsequent cohorts at a Swedish and a Dutch
university, case study projects have been performed in which supply chain management master students
were assigned to project groups on writing a joint e-book on PSM.

Scholten and Dubois’ (2017) describe the courses aimed to comprehend the state of the art PSM
theoretically and practically. “The courses lie within the domain of project-based learning, one approach
within the constructivist theory, where students are given an assignment to carry out one or more tasks
that lead to the production of a final product” (Scholten & Dubois, 2017, p. 1687).

The main conclusion is that “the teaching context influenced the learning process and the learning
outcomes. Active involvement, self-directed learning, collaborative learning and learning from practice
enabled by the set-up of the course are identified as key mechanisms for the learning outcomes in rela-
tion to skills and content” (Scholten & Dubois, 2017, p. 1683).

Scholten and Dubois’ (2017) approach develops students’ and lecturers’ cognitive, interpersonal and
intrapersonal skills. Scholten and Dubois (2017, p. 1696) conclude that for a student-centred approach,
educators need other lecturing skills: “due to students’ active involvement in decisions regarding content
and process, a lot of flexibility and creativity is required from individual lecturers,” and they add: “Our
results show that students who are actively involved in the learning process by taking responsibility,
engaging in collaborative learning and by taking the chance to learn from practice are able to develop
higher-order learning in relation to content as well as skills that are needed in today’s job environment”
(Scholten & Dubois, 2017, p. 1696).

Compared to the traditional, classical way of lecturing methods, the method, as explained by Scholten
and Dubois (2017), appears to be more in line with the Dublin descriptors (Dublin Descriptors, 2004).
These descriptors are part of the Bologna Process and should be endorsed by all European higher education
institutions. The Dublin descriptors state that learning objectives in general consist of both hard and soft
skills: “(i) knowledge and understanding, (ii) applying knowledge and understanding, (iii) making judge-
ments, (iv) communication skills and (v) learning skills” (Dublin Descriptors, 2004; Leoni, 2014, p. 4).

In higher education, classical, frontal teacher-centred lecturing is the dominant design, and the teach-
ing is mainly focused on transferring knowledge and hard skills (Masters, 2013). However, the literature
underlines the importance of soft skills development at universities and institutions for higher educa-
tion. Therefore, based upon Scholten and Dubois (2017) and Laker and Powell (2011), the following is
hypothesised:

Hypothesis: soft skills (interpersonal skills and intrapersonal traits) can be developed in PSM courses
in higher education with learning-by-doing practices.

METHODOLOGY
A Quasi-Experiment with Intrapersonal Skills in a PSM Course

In this study, an experimental approach is pursued. It is following the call of Pettigrew (2001) for a form
of ‘management research after modernism’ to “be prepared for a period of experimentation and learning”
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(Pettigrew, 2001, p. 69). Darby et al. (2019, p. 1) calls for an “expanding the methodological toolbox”
of PSM and alert not to use just a sheer observative, sociological positivist approach. This plea of Darby
et al. (2019) can be associated with Hacking (1984, p. 154), who stated that: “no field in the philosophy
of science is more systematically neglected than experiment.”

The design of measurement in education is normally a pre-experimental design that is “the exposure
of a group to an experimental variable or event, the effects of which are to be measured,” (X) followed by
“some process of observation or measurement” (O) (Campbell & Stanley, 1966, p. 6). Hence, the standard
set-up in education is X-O, primarily a series of lectures followed by a test referred to by Campbell and
Stanley (1966, p. 6) as “the one-shot case study”.

For this research, an O -X-O, design has been set up, or “the one-group pre-test — post-test design”,
which is preferred over an X-O design and “to be worth doing where nothing better can be done”
(Campbell & Stanley, 1966, p. 6), which is the case, although a design with a control group would have
been a better alternative. In that case, the focal group would perform the surveys and follow the lectures
(0,-X-0,), and the control group would only perform the surveys (O,-O,). Since there was no access to
a control group, “pre-test — post-test control group design” could not be completed (Campbell & Stan-
ley, 1966, p. 6). The O,-X-O, design in this study consisted of two identical surveys O, and O,, and the
experiment X: a 5 ECTS course with (online) lectures, workshops, case study, academic writing and
self-study in between both surveys.

The used method to assess the difference between O, and O, is the Paired-Samples or Dependent
t-test, for which the Confidence Interval Percentage is set at 95 per cent. The missing values are set to
be “excluded by analysis”. The students filled out the first survey before the end of the first week of
the ten-week course. The same students filled out the second survey before the end of the last week of
the course. The ‘mean’ results are derived from subtracting the different items’ outcomes in the second
survey from the first survey. Both surveys were measured on a 5-point-Likert scale from “fully disagree”
(1) to “fully agree” (5). Moreover, Cohen’s d effect sizes are calculated. The effect size are considered
to be ‘small’ (.2<d<.5); ‘medium’ (.5<d<.8); or ‘large’ (.8<d<1.2) by Cohen (1988, pp. 25-26).

Campbell and Stanley (1966) note that an O -X-O, design comes with internal validity problems.
Primarily, ‘history’ forms a threat to validity. “Between O, and O,, many other change-producing events
may have occurred in addition to the experimenter’s X (Campbell & Stanley, 1966, p. 6). In this study,
a one-group pre-test — post-test design experiment is performed in a cohort of students in an elective,
introductory PSM course for the master curriculum Industrial Engineering Management and master
students in the Business Administration track are enrolled. Parallel to the course, the participating stu-
dents followed in the same period, on average, two other courses that might have affected the second
survey outcomes (O,).

Consequently, the quasi-experiment was not performed with a parallel group of students in another
traditional course that has not incorporated interpersonal skills and intrapersonal traits development in
the learning objectives. Nevertheless, the results show an increase in some interpersonal and intraper-
sonal skills. It is uncertain whether this increase was gained due to its specific learning objectives and
training methods. Further, the increase between survey O, and O, could be due to other parallel courses
in the curriculum or other private life circumstances.

Finally, some students stated that becoming conscious of the competence level caused differences
between the two surveys, known as the Dunning-Kruger effect (Kruger & Dunning, 1999), i.e. unskilled
persons tend “to hold overly favourable views of their abilities in many social and intellectual domains”
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(Kruger & Dunning, 1999, p. 1121). However, skilled persons have the tendency “to underestimate their
performance relative to their peers” (Kruger & Dunning, 1999, p. 1126).

There is a possibility that this effect occurred that student overestimated their perceived competence
levels in the first survey and understated those in the second. The study is an experiment that measured
in a timeframe of eight weeks twice the perceived competence levels. Between both surveys, the student
got trained and skilled and might have developed from unaware to aware of their incompetence. There
is a risk that the students filled out the first survey overstating competence levels and understating those
in the second.

Course Design in Three Lines: Knowledge, Skills and Attitudes/Traits

The course attracted 95 students (30 females and 65 males; 82 Dutch students, seven citizens from other
EU-countries and four from non-EU countries) in three subsequent cohorts in 2018-2019 (30 students: 8
females and 22 males; 24 IEM and 6 BA students; average age 23.7, 6=1.75); in 2019-2020 (26 students:
12 females and 14 males; 19 IEM and 7 BA students; average age 23.0, 5=1.06); and in 2020-2021 (39
students: 10 females and 29 males; 28 IEM and 11 BA students; average age 24.3, 6=2.52). About 75
per cent of the students were enrolled at the master track IEM and 25 per cent at BA studies. Students
from both tracks were randomly assigned to working groups. The course consisted of about 16 lectures
and workshops of 90 minutes and was divided into a knowledge line, a skills line, and an attitude or in-
trapersonal traits line, which formed the whole construct of the experimental approach of the course (X).

The researched sample consists of IEM and BA master students of an elective, introductory course,
Purchasing Management, at a Dutch polytechnical university. The master course has been designed in
such a way that it offered education in (1) knowledge and theory, (2) professional and interpersonal skills,
and (3) intrapersonal traits. The didactical construct provided a mix of frontal, classical instructions, a
Massive Open Online Course (MOOC), practical workshops, storytelling and learning-by-doing in two
larger projects with tutoring meetings. The course philosophy is that competence consists of knowledge
and theory, professional and personal skills and intrapersonal traits or attitudes (e.g. Campion et al., 2011;
Delamare-Le Deist & Winterton, 2005). The knowledge and soft skills training served the case-solving
(professional and personal skills) part, and the case gave meaning to the course’s content.

The course syllabus stated: “Aims - To acquire ‘success skills’ from practice [knowledge (hard skills)
as well as interpersonal as intrapersonal skills] to analyse the performance of the purchasing function
in an organisation and make well-founded, inventive decisions on complex strategic purchasing issues”
(...). “The didactic of this course is (...) entirely student-centred: PSM professionals are invited to per-
form active workshops on the content and the personal development, and the further lectures are built
upon student participation. Each student group works out one of a dozen subjects and are subsequently
digesting the textbook, journal articles and reports into a working paper and presentation. The students
are encouraged to work in teams, communicate in a cross-cultural setting, consider calculated risk, think
out-of-the-box, and find creative and inventive solutions to complex solutions problems to access the
PSM content and theories. The aim is to (further) develop individual traits that are indispensable for a
future career as a professional”.

De Houwer et al. (2013, p. 633) defined learning as “ontogenetic adaption”, i.e. “‘as changes in the
behavior of an organism that are the result of regularities in the environment of that organism”. Hence,
effective learning leads to a sustained, long-term impact on the learner. Therefore, in the course, ‘Con-
structive alignment’ is applied, an educational approach introduced by Biggs (1996, p. 347) that com-
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bines two ways of thinking: “the first derives from constructivist learning theory and the second from
the instructional design literature”. Central in constructivism is creating the meaning of the learner’s
activities, impacting the teaching and assessment methods. The “Instruction design” underlines the
alignment between a course’s learning objectives and the student’s performance assessment methods.

Biggs (1996, p. 347) combines both ways to “Constructive alignment”. Constructivism is applied
as the instructional design framework to create curriculum objectives “in terms of performances that
represent a suitably high cognitive level, in deciding teaching/learning activities judged to elicit those
performances and to assess and summatively report student performance” (Biggs, 1996, p. 347).
Whereas the definition of competence by Campion et al. (2011) or Delamare-Le Deist and Winterton
(2005) reveals a triangle of (1) knowledge and theory, (2) professional and interpersonal skills, and (3)
intrapersonal traits, Biggs’ (1996) Constructive alignment alerts educators to align (I) intended learning
outcomes, (II) didactical approaches and (III) assessment methods. Therefore, for each of the three lines
in the course, Constructive alignment is applied. The learning of knowledge and theory, professional
and interpersonal skills, and intrapersonal traits differ in intended learning outcomes and hence also in
didactics and assessments methods, as is shown below.

The knowledge line’s practical substance consisted of an assignment to the students to co-author a
book entitled ‘State of the Art of Purchasing and Supply Management’, inspired by Scholten and Du-
bois (2017). Teams were formed of about three students and were assigned to write a scientific paper,
i.e. book chapter on a PSM topic. At Dutch universities, lecturers usually leave the initiative with the
students to team up in groups. In most cases, this appears to lead to mono-cultural, uni-gender teams of
acquainted students, which would not necessarily represent the daily practice in these graduates’ future
professional lives; usually, professionals cannot pick their fellow team members.

For each book chapter assignment, a topic and some guidance were given, such as two or three crucial
articles and how to start academic writing. The book chapter project urged them to use the most recent
literature and cite a minimum of 15 peer-reviewed articles. The use of the annotation program EndNote
was set obligatory. Each student group was invited at least twice to meet the lecturer for 30 minutes to
structure and improve the paper writing process. After the deadline and the lecturer’s final editing, the
book with ten chapters was made available in pdf format via intranet and was handed out in hard copy
during the open-book exam. The student groups presented their chapter in a 15-minutes PowerPoint
presentation during the final lectures.

However, the lecturer again teamed up the students for the skills line in other groups than for the book
chapter writing assignment. The reason for that is twofold. Firstly, it is unlikely that professionals can
form their teams or be consigned to two identical groups in professional life. Secondly, teaming up in
different teams avoided exchanging tasks between students, leading to freeriding in one of the projects.

Real-life case studies were co-developed with the purchasing department of the university. The
cases regarded the public tender procedures of tenders that would be carried out a few months later by
the purchasing department. In the different lectures in the subsequent academic years, workshops were
organised with guest speakers, such as chief purchasing officers (CPO) and purchasing experts.

In the case of kick-offs, the university purchasers, contract-owners and contract managers had a role.
The case studies have been designed to be easily explained: e.g. ‘the university needs new faculty housing’
or ‘the contract of the hot beverages vending machine is ending’ and ‘a tender procedure is upcoming’.
Nevertheless, these ‘simple’ problems were hard to solve due to all the facets, like stakeholders’ interest,
sustainability issues, et cetera.
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The case studies were subtitled ‘talking with real people’. Therefore the written info in the case
study assignments was limited. Instead, the students were invited to raise oral questions to obtain more
information from the purchasers, contract-owners and contract managers, who are the real people who
will work on the same case in real life in the following months. These practitioners, who work for the
university, cooperate for different reasons. One reason is the willingness to contribute to the university’s
educational process and stay connected to the employers’ core business. Another critical reason is ex-
changing ideas with the students, the guest speakers and the lecturers to get insights from a new angle
and obtain a synergy advantage in the upcoming tender procedures.

For both the knowledge and the case line, in 2018 and 2019, classical and in 2020, due to the Covid-
lockdown, online, frontal instruction lectures were provided on topics like public procurement procedures
and the selection and awarding; purchasing management; supplier selection; and innovation sourcing.
In addition, in the attitudes or intrapersonal traits line, several workshops were provided, such as a
CPO’s workshop on ethical behaviour and sound leadership, an interim management and consultancy
agency workshop on consultancy skills, a creativity activation workshop and other necessary skills in a
purchasing consultancy job; a negotiation lecture and workshop. Hence, the students are engaged with
stories, experiences and workshops of several practitioners in the attitudes/traits line that served their
performance in the case study. The cognitive lectures and paper writing in the knowledge line also partly
served the solving of the case studies.

The third line in the course regarded the development of attitudes or intrapersonal traits. For this
line, the one-group pre-test — post-test design experiment is performed in an O -X-O, design, whereas
O, (observation 1) represents the first survey that was held in the first week of the course; X (exposure)
represents the exposure to soft skills training; and O, (observation 2) represents the second survey that
is identical to the first and was held in the last week of the course.

The survey consisted of 36 interpersonal skills and intrapersonal traits with a five-point Likert scale
(“fully disagree” [1] to “fully agree” [5]). The 36 interpersonal and intrapersonal skills (see: Appendix
2) were derived from Stek and Schiele (2021), who performed an extensive PSM competence survey for
the Erasmus+ PSM education project PERFECT, for which they selected 88 hard and soft skills items.
Stek and Schiele (2021) derived these items from PSM competence literature (e.g. Giunipero & Pearcy,
2000; Tassabehji & Moorhouse, 2008) and depended for most of the soft skills items on KODE®X,
which is a tool for the exploration of strategic corporate competency requirement profiles of requirement-
or task-specific skills-set profiles and skills of potential employees and managers used. KODE®X was
developed for an assignment to change the professional roles of 140 engineers and architects towards a
job as project manager (Erpenbeck & Scharnhorst, 2005; Heyse, Erpenbeck, & Max, 2004).

The first survey in the experiment in the three cohorts was taken before the second lecture, and the
second survey was taken after the final lesson. Thus, the first survey’s results were kept unrevealed for
the individual students until after filling out the second survey. Therefore, when filling out the second
survey, the individual students were unaware of their initial scores in the first survey about eight to ten
weeks earlier. After the course, students compared their scores and handed in a reflection on the course,
including a personal development plan. For the analysis, Paired Samples or Dependent t-tests were
performed. The four main assumptions of Paired Samples t-test have been met. The dependent variable
is continuous, are normally distributed and does not contain any outliers. Moreover, the observations
were independent of one another (Field, 2009). For the surveys, ethical approval was received from the
university’s Ethics Committee, and all students approved the use of anonymised data for scientific use.
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RESULTS
An Increase of Levels of Interpersonal Skills and Intrapersonal Traits

The results of both surveys or observations O, and O, as per Campbell and Stanley (1966) were subject
to Dependent r-tests. In total, 26 items showed a significant difference, and ten did not, as shown in
Table 2. Herewith an answer is given to the research question on which soft skills can be developed.
Moreover, there is enough evidence not to reject the hypothesis; indeed, the evidence is found for a
substantial number of soft skills that these can be developed in a relatively short time frame of a ten-
week course of 5 ECTS with the described didactics: a mix of frontal, classical instructions, a MOOC,
practical workshops, storytelling and learning-by-doing in two larger projects with tutoring meetings.

The course was successful inincreasing ‘strategic thinking’, ‘negotiation skills” and ‘salesperson skills’
with significant p-values (p < 0.01) and ‘medium’ Cohen’s d effect sizes (.5<d<.8) (Cohen, 1988, pp.
25-26; Sawilowsky, 2009). ‘Strategic thinking’ has the strongest effect size, meaning that the progress
that the student sample made for this survey item is significant (p < .000) and with a ‘medium’ effect size
(Cohen, 1988, pp. 25-26; Sawilowsky, 2009). ‘Strategic thinking’ was part of the case study’s learning
objectives; a lecture and workshop in strategic management were part of the case. The first assignment
in the case consisted of forming a vision on higher education development in the following decades to
define the building’s purpose on the university campus.

‘Negotiation skills’ improved significantly, and the effect size is ‘medium’ (p=.000; d=.636) (Cohen,
1988, pp. 25-26; Sawilowsky, 2009). ‘Negotiation skills’ are explicitly practised during the negotiation
workshop. ‘Salesperson Skills’ has a significant outcome with a medium effect size (p=.000; d=.538).

Furthermore, the course improved networking, teamwork, leadership, problem-solving, cross-functional
management, communication skills, and empathic capacity to alower extent, showing lower significances
(.01<p<.05) and smaller effect sizes. Cohen’s d effect sizes in these cases are ‘small’ (.2<d<.5) (Cohen,
1988; Sawilowsky, 2009). In the one-group pre-test — post-test, the students filled out identical surveys
before and after the course and self-reported their skills levels in 36 skills as displayed in Table 1.

The course caused a significant difference in ‘strategic thinking,” a relatively lower-ranked item in
the students’ sample means. On a 5-point Likert scale, the students” mean in O, was 2.70, and in O, it
increased to 3.21. The impact of the course is considerable but should not be exaggerated. The course
has played a role in developing students’ cohorts from a lower level towards a more average strategic
thinking level and is undoubtedly not excellent. For example, the listing of 36 competence items ‘strategic
thinking” was ranked 29 in O, and O,. It increased to rank 15 (see: Appendix 2). ‘Salesperson skills’ and
‘negotiation’ remained at respectively rank 35 and 36.

Therefore, the initially lower-ranked competences are more likely to be subject to improvement. It
is not surprising that the survey items with a higher self-rated competence level cannot be improved as
those with lower self-ratings since the first set of items are developed, and the latter are underdeveloped.
In other words, the proverbial low-hanging fruit is found in lower self-rated competences. Figure 1 the
two rankings of the 36 competence items displayed in a scatter plot: the ranking in t-values from low
to high and the perceived competence level from low to high on the 5-point Likert scale. The trendline
reveals a negative relationship between both. Hence, the lower the initially perceived competence level,
the higher the chance of a significant improvement. Table 3 shows evidence that the slope of the regres-
sion is significant (p=.000). The R? is .402.
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Table 2. Effect sizes of significant differences O, and O, interpersonal and intrapersonal skills levels in
a paired-samples or dependent t-test

Survey scores Paired Differences Sig. (p-value )
t-value . Cohen’s d
Survey I | Survey 2 Mean SD I-tailed)
1 Strategic Thinking 2,70 321 518 713 5.433 .000 726
2 Negotiation skills 2,21 2,71 500 786 4.759 .000 636
3 Salesperson skills 2,36 2,80 446 .829 4.028 .000 538
4 Networking / Building Relations 2,49 2,86 351 72 4.409 .000 455
5 Communication skills 3,06 3,34 362 914 3.837 .000 .396
6 Decision-making 2,83 3,16 309 804 3.722 .000 384
7 Cross-functional management 2,86 3,23 391 .828 3.772 .000 472
8 Ability to Solve Problems 3,13 3,38 277 768 3.493 .000 .360
9 Comprehension of Complexity 2,95 3,19 245 683 3.474 .000 358
10 Capacity to be empathetic 3,34 3,66 339 721 3.524 .000 470
11 Leadership/c ity 2,51 2,89 359 824 3.491 .000 436
12 Flexibility and agility 2,79 3,07 277 835 3.212 .001 331
13 Creativity 2,60 2,83 213 670 3.079 .001 318
14 Inventiveness 2,58 2,86 277 873 3.073 .001 318
15 Persistence 2,70 3,04 339 837 3.033 .002 405
16 Proactivity 2,87 3,10 213 731 2.821 .003 279
17 Teamwork 3,17 3,47 313 889 2.813 .003 351
18 Cross-cultural awareness 2,86 3,06 245 876 2.708 .004 279
19 Willingness to take risks 2,83 3,14 191 766 2.424 .009 250
20 Customer-oriented 3,14 3,27 191 .846 2.195 .015 226
21 Stress management 2,98 3,16 297 1.122 2.116 .019 265
22 Willingness to Learn 2,87 3,02 .160 780 1.983 .025 204
23 Capacity to Advice 2,87 3,03 181 904 1.941 .028 200
24 Holistic Thinking 3,11 3,28 149 747 1.933 .028 199
25 Poise 2,66 2,80 149 147 1.933 .028 199
26 Task management 3,38 3,47 219 917 1.909 .030 239
27 Power of Persuasion 2,95 3,12 143 .699 1.530 .066 204
28 Result-orientated action-taking 2,94 3,05 128 .688 1.422 .079 147
29 Self-assurance 2,73 2,94 .106 809 1.274 .103 131
30 Inter-generation skills 2,96 3,09 156 996 1.256 107 156
31 Honesty 3,67 3,74 .096 804 1.154 126 119
32 Conscientiousness 3,47 3.50 125 .833 1.124 133 150
33 Social Manners 332 332 .096 881 1.054 147 .108
34 Ability to Resolve Conflicts 3,21 3,27 .096 928 1.000 160 .103
35 Critical thinking 3,15 3,25 107 867 0.925 180 124
36 Loyalty 3,69 3,77 .053 884 0.583 281 .060

See Appendix 2 for the item’s definitions. The sample consists of Business Administration and Industrial Engineering and Management
Master students (n=94) in the cohorts 2018-2019 (n=30), 2019-2020 (n=26), and 2020-2021 (n=38; one student resigned during the
course) of the introductory course Purchasing Management at the University of Twente. Used method: Paired t-test; Confidence Interval
Percentage: 95 per cent; Missing Values: Exclude cases analysis by analysis (Cohen, 1988, pp. 25-26; Sawilowsky, 2009).
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Figure 1. Graph displaying the relationship between perceived competence levels in O, and the signifi-

cance of the progress of the personal skills in the course (t-values)

Note: This figure displays the relationship between the perceived competence levels in survey 1 (0,) and the significance of the
progress in perceived competence levels from survey 1 (0,) to survey 2 (0,) (t-values) (R’ Linear = .402). In other words, skills
items with lower scores in the first survey are more likely to improve during the course than skills items with higher scores.
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Unstan(.ia.r dised Standardised Coefficients
Coefficients ¢ Si
g.
B Std. Error Beta
(Constant) 9.265 1.410 6.573 .000
Perceived competence level (survey 1) -2.276 476 -.634 -4.781 .000
a. Dependent Variable: Significance of progress (t-values)
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SOLUTIONS AND RECOMMENDATIONS
Contextual Fundament for Attitudes / Intrapersonal Traits Development

The research question is: which interpersonal skills and intrapersonal traits can be actively developed in
PSM in higher education with which didactics? The skills items are displayed in Table 1; however, the
second part is not answered explicitly. The didactical approaches of the experiment are multiple. The
knowledge and theory line was dominated by (1) frontal, classical instruction, (2) the use of a MOOC,
(3) the literature review writing assignment. This assignment led to the writing of chapters of a joint book
used for the exam. The lecturer facilitated the writing of literature reviews with at least two 30-minutes
tutoring meetings with the groups on the form and content of the chapter. The exam and the literature
review were graded. For the literature review, a scoring rubric is developed.

The professional and interpersonal skills lines didactics were focused on learning-by-doing in practical
workshops given by experts on negotiation and advisory or consultancy skills. Moreover, the students
were assigned randomly to groups and could not form their team. It led to diverse, non-mono-cultural
groups that would not usually appear in master courses, i.e. teams consisting of members with the same
nationality and mother tongue and teams formed by students from the same gender. Moreover, the stu-
dents had to present the results of the case study and literature review for their cohorts. The case study
reports and presentations were graded following a rubric.

The intrapersonal traits or attitudes didactics were offered via storytelling and learning-by-doing.
A CPO shared experiences in cross-cultural settings, with ethical issues and personal leadership. In a
creativity lecture and workshop, the students were instructed how creative team processes occur and
were encouraged to practice this in the case study groups. The assessment of this line was handing in a
personal reflection and development plan based upon the differences in both surveys. The plans formed
a necessary condition to receive the final grade and were not graded; handing in a “serious” plan was
enough, and all students in all cohorts handed in “serious” reflections.

Hence, as shown in Table 2 and Figure 1, the students could acquire lesser developed soft skills.
The three lines in the experiment formed an intertwined construct of learning knowledge and theory,
professional and interpersonal skills, and intrapersonal traits or attitudes with multiple didactics and
assessment methods.

Remarkably, two forms of thinking, ‘critical thinking’ and ‘strategic thinking’, represent the second
lowest and the highest significance and effect size. Moreover, ‘critical thinking’ is perceived as a Top-
10 ranked competence with the surveyed students, whereas ‘strategic thinking’ is ranked amongst the
lowest ten. The students stated that they developed critical thinking in the four to five years of academic
training (and over ten years of elementary and secondary school education). Strategic thinking, however,
appeared to be underdeveloped.

Therefore, students could be more familiar with the term ‘critical thinking’ since they might have
been primed with the notion that ‘critical thinking’ is a desirable objective for a student in general. In
literature, there is a discourse on ‘thinking’-learning objectives, like ‘critical thinking’, ‘academic think-
ing’, et cetera. The discourse is led by Willingham (2008), who questions whether critical or other kinds
of specific thinking are skills on its own: “If you remind a student to ‘look at an issue from multiple
perspectives’ often enough, he will learn that he ought to do so, but if he doesn’t know much about an
issue, he can’t think about it from multiple perspectives” (Willingham, 2008, p. 21). Willingham (2008)
pleas for critical or other specific thinking in a given context, which is in line with Delamare-Le Deist
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and Winterton’s (2005) definition of competency as a construct of three elements, knowledge, skills,
abilities and other characteristics.

‘Strategic thinking’ is a skill that employers appreciate (Bals et al., 2019). The literature shows that
attitudes and intrapersonal traits as ‘strategic thinking’ are hardly taught in academia (Birou et al., 2016;
Wong et al., 2014). Thus, the course was directed on the strategic purchasing management theory and
urged the students to think about strategic PSM-related problems. The case study provided a context to
the thinking process.

Competence items that were part of the survey but were not formalised in the learning objectives
for the introduction course to Purchasing Management, such as ‘salesperson skills’ and the ‘willing-
ness to take risks’, showed a remarkable improvement. However, the modern purchaser needs these
entrepreneurial skills, which already was confirmed by Giunipero and Pearcy (2000). Other significant
unintended improvements are ‘persistence’, ‘proactivity’, ‘teamwork’ and ‘cross-cultural awareness’.
The evidence is provided with the sample consisting of business master students who are used to work
in student groups, ‘teamwork’ skills can be improved significantly when these students are assigned to
groups instead of form groups, i.e. to continue in old structures.

As stated in the introduction, the transfer of knowledge and theory has a significant role in higher
education. Indeed, the importance of knowledge and theory is undeniable. However, soft skills (i.e. in-
terpersonal skills and intrapersonal traits) are necessary to carry out professional tasks (Stek & Schiele,
2021). Moreover, employers highly value soft skills, and the lack of soft skills is more likely to be the
reason for ending a labour relationship than a lack of knowledge (Ahmed et al., 2012).

For the operationalisation of strategic management knowledge and theory, strategic thinking or
strategic handling is needed. In strategic management courses, students are taught strategic manage-
ment knowledge and theory (which was also done in the course). However, in most of these courses, the
students are not taken to the next level of carrying out strategic management and lack competences in
strategic thinking. Delamare-Le Deist and Winterton (2005) showed evidence that knowledge, skills, and
attitudes form a construct and Willingham (2008) expresses that attitudes and traits should be developed
within a context (of knowledge and theory).

Giunipero (2000) distinguishes between hard skills (PSM knowledge and skills) and soft skills (intra-
personal traits and intrapersonal traits in PSM). A “world-class purchaser” is “continuously improving
his/her skills; (...) is focused on professional development and education; (...) is willing to change and
adapt; is a problem solver seeking the best solution; is flexible; (...) is ethical; (...)”” and “adapts well to
change” (Giunipero, 2000, p. 8), within the PSM context, as suggested by Willingham (2008).

RQ1 is focused on which soft skills ‘could’ be developed. Like is hypothesised, the evidence is shown
that soft skills can be trained, which is confirmed by Laker and Powell (2011), although they mention
that soft skills training comes with higher levels of resistance from participants and their managers.
Students characterised the course as “different” from other courses and confirmed in their reflections
that they could improve their soft skills in the course.

A male IEM-student in the cohort 2020-2021 noted: “The case we got to work on was very interesting
and had a lot of room for creativity. Because it was a group assignment, you could also learn a lot from
the creativity of your project members. This has had a positive effect on my own creativity skill. The
assignment that came with the case had almost no guidelines. This also meant that you had to estimate
for yourself what was asked”. A female BA-student in the 2020-2021 cohort: “I thought the creativity
lecture and workshop were interesting! It showed and taught me more ways of how to think of creative
ideas and concepts. I think these might be very interesting for my future work-life”.
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A female I[EM-student in the 2020-2021 cohort elaborate on what is referred to above as the Dunning-
Kruger effect: “For the skill creativity, i.e. being creative in professional life / having creative ideas,
the difference was -1 (i.e. the score of survey O, minus that of O,). The reason behind this is that after
attending the lecturer’s creativity lecture, I had a different view on creativity. During the lecture, the
lecturer mentioned that “creativity leads to innovativeness when it is novel and useful”. During my work-
ing experience, | had many business ideas that were not that useful. (...) I had a very poor view of what
this skill actually meant, but after the course, I could reflect on my working experience and noticed that
I actually do manage this skill very well”.

CONCLUSION

Hence, the question of whether soft skills ‘could’ be taught is answered, i.e. that the self-perceived
competence levels of most soft skills have improved significantly. Nevertheless, Laker and Powell’s
(2011) findings trigger whether, in academia, soft skills should be taught. As shown by Ahmed et al.
(2012) and many scholars in the PSM competence field, employers would agree (e.g. Bals et al., 2019;
Feisel et al., 2011; Giunipero & Pearcy, 2000). The European ministers of Education also would agree,
according to the statement that: “Higher education should be based at all levels on the state of the art
research and development thus fostering innovation and creativity in society” (Leuven/Louvain-la-Neuve
Communiqué, 2009, p. 4).

Interestingly, many parties would agree that soft skills, more precisely intrapersonal traits learning
objectives, should be applied in academic courses, most notably by employers, politicians, and PSM
scholars. Nevertheless, academia failed to offer a balanced volume of knowledge and theory, professional
and interpersonal skills and intrapersonal traits. Hence, soft skills ‘could’ and ‘should’ be taught in higher
education, but they are absent in intended learning outcomes. It raises the question of whether soft skills
‘would’ be taught in academia. Moreover, soft skills education is less attractive for all stakeholders.
Students, trainees, and management prefer hard skills over soft skills education (Laker & Powell, 2011),
and lecturers feel guilty when shifting to student-centred methods (Anthony & Kadir, 2012).

The student evaluations made it clear that the course was mostly positively evaluated and was expe-
rienced as ‘different from other courses’. Remarkably, the students in the cohort 2020-2021 that, due
to the Covid-measurements, followed most of the lectures online, seem to have appreciated the course
better than the preceding cohorts. Probably, the reason why the students enjoyed the course in times of
Covid lockdowns and distant learning was because of the student-centred approach. The course demanded
many (online) interactions. The students worked in two separate teams on the book chapter and the case,
and per group, multiple mentor meetings were planned with the lecturer.

The students revealed that they would usually start studying the lecture notes and PowerPoint pre-
sentations a week or two before the exams. In this course, the students studied their lecture notes earlier
because the knowledge formed the case context or the book chapter. The evidence shows that the course
followed Willingham’s (2008) call for a contextual basis to develop specific thinking forms. Moreover,
with the outcomes of the research of Poh et al. (2010) in mind, regarding the intrapersonal traits, the
course content seems to have caused ‘neurological activity’ within the students’ brains.

The recommendation of this study for educators is to consider the competence construct of knowl-
edge, skills and attitude (e.g. Campion et al., 2011; Delamare-Le Deist & Winterton, 2005). Competent
persons tend to possess the three elements of this construct. The course in this study offered the learning
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knowledge, skills and traits were facilitated, whereas regular classes focus only on knowledge and theory
(Birou et al., 2016; Hoidn, 2017). This study illustrates how a construct is implemented and meant to
inspire other educators and formalise soft skills learning objectives.

FUTURE RESEARCH DIRECTIONS
Limitations and Further Research

Indeed, the course might have caused ‘neurological activity’, i.e. some form of learning. The first limita-
tion of this study is that it is questionable whether learning as ‘ontogenetic adaption’ occurred as meant
by De Houwer et al. (2013, p. 633), who defined learning “as changes in the behavior of an organism
that are the result of regularities in the environment of that organism”.

The course consisted of three cohorts of only 95 students of an elective introduction course to PSM.
Fifth, after getting information about the course’s first lecture, a dozen students usually sign out for
different reasons. Finally, in some cases, the required courses’ timetables interfered with this elective
course, and students expressed that they did not like the course design. Hence, only interested students
stayed in the course after the introduction, which may be seen as a respondent’s bias and probable con-
venience sampling.

The majority, 82 of the 95 students (86 per cent), has Dutch nationality, which might have caused
cultural bias. Seventh, another potential limitation could be a social-desirability bias, i.e. that (some)
students might have anticipated and replied having developed (some) skills in the course and therefore
replied differently in the second survey. However, as mentioned, the first survey’s outcomes were not
disclosed before filling out the second survey.

Further research is suggested by replicating this study to test if the same results can be reached in
other (cultural) circumstances. Moreover, it would be recommendable to distinguish in further research
the most critical interpersonal and intrapersonal skills that lead to PSM success and replicate this study
with a redesigned course and subsequent learning objectives.

The ‘methodological toolbox’ should not be restricted to a sheer observative, positivist research
(Chicksand, Watson, Walker, Radnor, & Johnston, 2012; Darby et al., 2019; Pettigrew, 2001); PSM and
PSM educational research would benefit from active scholarly involvement in the complex challenges
the field is facing regarding digitalisation and circularity.
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KEY TERMS AND DEFINITIONS

Globalisation: The process of purchasing on the worldwide market that has been promoted by the
United Nations World Trade Organisation (WTO) and its predecessor, the General Agreement on Tariffs
and Trades (GATT).

Hard Skills: Knowledge and skills applicable for a specific job.

Internet of Things: Or machine-to-machine communication or the 4th Industrial Revolution is the
process of autonomic production systems.

Procurement 4.0: The term for the implications of Industry 4.0 on the procurement function.

Quasi-Experiment: An experiment with a single group with observations before and after without
a control group.

Soft Skills: Interpersonal or human-to-human skills and intrapersonal character traits.

Student-Centred Approach: The student acquires knowledge, skills, and attitudes through active,
productive and effective learning.

Teacher-Centred Approach: The teacher instructs students in a straight classical frontal fashion
setting students in a passive, consuming role.
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Giunipero, Handfield, and Eltantawy (2006)
Kern, Moser, Sundaresan, and Hartmann (2011)
Keough (1993)
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Zawawi et al. (2014)

Conceptual paper

Qualitative, interview-based (n=46)

Qualitative, interview-based (n=46)

PSM textbook

Quantitative, survey-based (n=85)

Quantitative, survey-based (n=302)

Qualitative, interview-based (n=50)

Mixed, interview-based (n=23) and survey-based (n=310)
Practitioners article

Quantitative, survey-based

Quantitative, survey-based (n=152)

Quantitative, survey-based (n=183)

Quantitative, survey-based (n=243)

Mixed, interview-based (n=23) and survey-based (n=310)
Mixed, interview-based (n=41) and survey-based (n=73)
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Qualitative, focus group meeting (n=53)
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Conceptual paper
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Quantitative, survey-based (n=261)

Quantitative, survey-based (n=2,416)

Practitioners article

Qualitative, interview-based (n=14)

Qualitative, interview-based (n=46)

Quantitative, survey-based (n=216)

Qualitative, interview-based (n=18)

Quantitative, survey-based (n=216)

Quantitative, survey-based (n=43)
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APPENDIX 2

Table 5. Rankings of the items in the two student surveys

Mean 5 Mean 5
o, o,

1 Loyalty - Being loyal in professional life 3.69 813 3.74 829
2 Honesty - Being trustworthy in professional life 3.67 706 3.77 739
3 Conscientiousness - Conscientiousness implies a desire to do a task well and to take obligations to others seriously 3.38 776 3.50 874
4 Result-orientated action-taking - Aiming on effectiveness 3.34 738 3.47 813
5 Capacity to be empathetic - Capacity to listen and understand 332 741 3.66 769
6 Social Manners - Being tactful, diplomatic and having organisational sensitivity 3.21 .849 3.32 .806
7 Ability to Resolve Conflicts - Being able to avoid and resolve conflicts 3.17 .808 327 .894
8 Teamwork - Being able to work in a group of persons, acting together as a team 3.15 755 3.47 755
9 Critical thinking - Having the skills and knowledge of how to assess problems or issues in a critical manner 3.14 819 3.25 .837
10 | Willingness to Learn - Being professionally curious, motivation to learn continuously 3.13 175 3.27 7164
11 | Ability to Solve Problems - Being able to solve problems in a systematic way 3.11 722 3.38 705
12 | Task (priority ) - Being able to make a prioritisation in business-related tasks 3.06 .882 3.28 745
13 | Communication skills - Having the skills and knowledge of how to communicate 2.98 825 3.34 .849
14 | Capacity to Advice - Having consultancy skills 2.96 .886 3.16 766
15 | Inter-generation ability - Being aware of and able to work with people from different generations 2.95 909 3.09 988
16 | Comprehension of Complexity - Being able to understand and solve complex problems 295 674 3.19 692
17 | Self-assurance - Being assertive and having self esteem 2.94 783 3.05 872
13 S:i(l)usi;zultural awareness - The ability to become aware of cultural values, beliefs and perceptions of yourself and other 288 955 312 914
19 gg::lstic Thinking - Holistic thinking involves understanding a system by sensing its large-scale patterns and reacting to 287 640 302 47
20 | Poise - Being (self) confident 2.87 .802 3.03 822
21 Proactivity - Being anticipatory, change-oriented and self-initiated behaviour in situations 2.87 789 3.10 .804
22 Customer-oriented - being oriented on the end user 2.86 766 3.06 814
23 | Cross-functional management - Being able to work with people from other professions and functions 2.86 704 3.23 707
24 | Decision Making - Being able to make decisions 2.83 767 3.16 807
25 Stress management - Know how to manage stress at home and work using a variety of techniques 2.83 977 3.14 833
26 | Flexibility and agility - Being able to adjust one’s behaviour to new information or changing circumstances 2.79 742 3.07 137
27 | Willingness to take risks - Taking well-considered risks 2.73 805 2.94 773
28 | Persistence - Continuing in an opinion or course of action despite difficulty or opposition 2.70 829 3.04 738
29 ?:::r:e%:r: ;lelli:lnsl;ill:,gs- aSnl;azlglieislhinking is a process that defines how people think about, assess, view, and create the 270 829 301 780
30 | Power of Persuasion - Having influential skills 2.66 721 2.80 699
31 Creativity - Being creative in professional life / having creative ideas 2.60 880 2.83 71
32 | Inventiveness - Being able to convert creative ideas in practice 2.58 152 2.86 756
33 | Leadership/ ity - Being able to manage employees in teams 2.51 812 2.89 819
34 | Networking / Building Relations - Networking and relations management 2.49 836 2.86 .863
35 | Salesperson skills - Having acquisition strength and having canvassing ability 2.36 883 2.80 942
36 SN;;g;;i;:t)ig]n ;:)i]lz ; }l?;li:iragl:;;z;:fotiate the specific commercial and legal terms in a contract needed to be settled in a 221 85 271 780

Notes: O, is the first survey held in the first week of the course; O, is the second survey taken after the course; the items were measured
on a 5-point Likert scale - fully disagree (1) to fully agree (5). The items are derived from Stek and Schiele (2021).
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ABSTRACT

This chapter introduces project-based learning approach which is used in the Oulu University of Applied
Sciences (OUAS), School of Engineering and Natural Resources, Mechanical Engineering Department
to get local companies to offer project works to mechanical engineering students. The concept is based
on organizing a local event or online event for the companies to come to OUAS campus to present their
challenges needing engineering students to solve. The companies are then competing, selling, or pitching
their problem for engineering students as the engineering students will then individually select the most
interesting cases to be solved, and which has linkage to potential summer job and thesis work oppor-
tunities if projects are successful. The concept has proven to be successful, and it has been established
as traditional event with many companies returning to the pitching event annually to get their industry
problems solved by group of motivated engineering students.

INTRODUCTION

Learning-based projects provides mechanical engineering students with the skills and experience to
prepare them for the demands of working life. Project-based work is currently one of the most impor-
tant and desired engineering skills in business life. Similar to learning to ride a bike, making mistakes
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is an integral part of the process of gaining new experience as a professional in the field of mechanical
engineering. It is thus important to create an environment where it is safe to students act and where an
experienced mentor can support professional growth of students to help students dare to make mistakes
and learn from them. Universities are able to provide students with an education on the theoretical foun-
dations of engineering through classroom instruction, but as this education progresses to more specific
vocational instruction, classroom instruction and lab exercises are no longer sufficient to satisfy students’
thirst for knowledge.

Universities must offer students the opportunity to learn through experience as a part of their cur-
ricula. This is especially true for mechanical engineering students, who are typically interested in very
practical work. This pragmatic perspective thus also influences student’s intrinsic motivation to study in
general. Therefore, it is imperative that universities also have well-equipped, modern laboratory facili-
ties to support students in their learning and, specifically, include project-related work for mechanical
engineering students. This practical work improves both students’ theoretical knowledge and their pro-
fessional career’ after graduation. These abilities ultimately also impact the problem-solving abilities of
students, and problem-solving is a fundamental part of the working life of an engineer.

Students aim to acquire skills in class that promote their employment after graduation. The compe-
tence that is valued in the “the real world” of post-graduate work/careers is created through experience.
In the current world of work, it is not always sufficient to possess higher education in a particular field.
From the employer’s point of view, in addition to education, a student must have experience in the field
to make them an ideal employee choice. The jobseeker who has completed university training and has
also relevant practical experience is able to better demonstrate their motivation in a given profession and
reduces the perceived risk in their hiring as an employee. If the candidate already has experience, this
provides the foundation for immediate productivity and suggests developed problem-solving skills, which
in general is the goal of education. The main task of engineers in working life is to solve problems with
a team. A proficient engineer should first know the basics of design and then learn to fix problems that
result from deviations from these basics. In addition to this, engineers need to identify the root-causes of
problems that arise from processes of the companies. Often, if only the visible problem is solved, it may
repeat itself or move the problem to another process phase, in which case the root cause has not been
solved correctly. Engineers need to learn systematic thinking—that is, the overall impact of systems on
each other. Knowledge in this domain is gathered through education and experience. However, a single
engineer is not able to fully perceive or understand complex systems; therefore, a good engineer has good
human skills in addition to problem-solving skills. Thus, overall, the ability to work on a team and identify
and solve problems together are the key skills for a professional engineer in the engineering industry.

The goal of the project-based learning course case presented in this paper is to facilitate the employ-
ment of the students to the work that corresponding to their education after graduation, which is the goal
of all vocational students. Graduation itself is not a sufficiently valuable reason for students for pursuing
a profession; obtaining employment makes education valuable to the individual.

This chapter addresses how the Department of Mechanical Engineering of the School of Engineering
and Natural Resources of the Oulu University of Applied Sciences (OUAS) has approached educating
engineers to better serve and encourage closer cooperation with local companies while helping new
engineering professionals obtain their first engineering job. This innovative solution is the annual Me-
chanical Engineering Pitching Event (MEPE).
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Research Process and Method

In this chapter, the research method used is the case study (Eisenhard, 2007; Yin, 2009). The background
and literature review are then introduced to build the background for the research in relation to previous
research. Then, the overall project-based learning concept at OUAS, the MEPE, and its related process is
explained, providing a framework for the cases. Specifically, this chapter includes three cases of student
projects that were executed in the past years and details how these projects motivated the professional
growth of young engineers. From the cases, the results and the feasibility of the concept are evaluated,
and future research directions are presented. The main research question (RQ) can be formulated as
the following: Is the MEPE a feasible concept for providing project-based learning opportunities for
engineering students?

BACKGROUND

In Finland, the Universities of Applied Sciences (UAS) offer a Bachelor in Engineering education degree,
the curriculum of which is designed to serve the needs of private and public companies, organizations,
and society. In particular, the engineering degree is designed from the perspective of the realities of
working life that companies require to ensure that new engineers have the optimal skillsets to address the
existing needs of companies. In the Department of Mechanical Engineering at Oulu University of Ap-
plied Sciences (OUAS), special focus is placed on networking and communication skills, as these skills
are essential in current, global working life. The work of engineers is project-based in many cases, and
these projects are often multidisciplinary. The Mechanical Engineering degree program aims to bridge the
transition from academia to industry to facilitate an easy and fast transition from school to working life.

Learning does not happen, and projects are not completed without realistic target-setting. Some
students are sufficiently motivated to complete study tasks at hand, but, for many, an essential factor in
their motivation is the acquisition of skills that are directly linked to employment after the completion
of their education (Kekkonen & Juntunen, 2019). This means that the Universities of Applied Sciences
(OUAS) play a specifically important role in ensuring the fit of the engineering education curriculum
to the needs of business life. Additionally, engineering education faces many demands, as working life
is also changing rapidly (Kropsu-Vehkaperi et al., 2013). Notably, project-based learning offers flex-
ibility in curriculum design.

The UAS and the related industry have many collaboration programs. For example, the research,
development, and innovation (RDI) projects funded by the European Union (EU) offer an effective plat-
form for impactful development projects. These programs allow the UAS to develop their activities and
laboratories and support the deployment of new technologies to companies. Additionally, the UAS can
then offer new engineers who possess the relevant skills necessary for new technology to the industry.
All members of the Finnish UAS group cooperate with local companies, and each university has its own
process for executing projects in collaboration with these companies. Specifically, the publishing arm
of Laurea University of Applied Sciences has produced an edited book that details how the members of
the Finnish UAS have provided education in cooperation with local companies (Helariutta et al., 2021).
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Literature Review

Work in practice is the core of the engineering profession, which requires certain skills, such as making
judgements under conditions of uncertainty and learning from experience. This requires that profes-
sional engineering education prepare students to face real-life conditions and challenge them in regard to
the integration of knowledge, practical skills, and ethical judgement in a setting often outside of actual
practice. Engineering education must also support students’ creativity and curiosity while simultaneously
developing their problem-solving skills. It has also been studied that graduates nowadays not only need
specific knowledge in different fields but also must be able to share this knowledge to solve complex
problems in their working lives. Sheppard et al. (2006) state that engineering is centered around resolv-
ing undesirable conditions through technological applications and that engineering problem-solving will
affect change and continuously create improvements in the world. For this reason, teaching methods
have been developed that promote students’ ability to solve problems and prepare them for their current
and future working lives the needs of current and future working life.

Bédard et al. (2012) state that, in project-based learning, the learners control the learning process
while the teachers advise from a distance. They also have noted that, during the curriculum, students
alternating between studying at the university and working in the industry should not be considered
project-based learning, as it takes place outside the curriculum and representatives from the university
do not supervise it; this is considered problem-based learning (Bédard et al., 2012). Project-based learn-
ing practice procedures are recognized as consisting of eight phases: (1) identifying the creative final
project; (2) clarifying the target audience; (3) exploring the connotation of the project; (4) designing
the project; (5) making a schedule for the project; (6) beginning work on the project; (7) solving any
problems and disputes; and (8) completing the project (Hong, 2007).

Project-based learning is widely used in different schools and undergraduate programs, combin-
ing two broad pedagogical principles—Ilearning-by-doing and student-centered teaching—which help
students implement their knowledge in a real-life context (Kokotsaki et al., 2016). The importance of
the teacher’s role in selecting driving questions for projects; offering support via complex instruction
during project-based learning has been noted; and their role as a mentor has been found significant in
expanding students’ understanding (Krajcik & Blumenfeld, 2006). In project-based learning, concrete
contributions are end products representing students’ new understanding and attitudes that have grown
during the project, with primary focus on the process of learning. Project-based learning is an active
student-centered form of instruction that is characterized by students’ autonomy, constructive investi-
gation, goal-setting, and collaboration. It provides, through authentic questions and problems within
real practices, opportunities for such, communication, and reflection, leading to meaningful learning
experiences aiming to help students on the path to employment. It has been studied that project-based
learning has a very positive impact on learners through, for example, helping students become better
problem-solvers. Specifically, five essential characteristics of effective projects have been identified—(1)
centrality, (2) a driving question, (3) constructive investigation, (4) autonomy, and (5) realism—with
the importance of student collaboration, reflection, redrafting, and presentations also emphasized in
many publications (Kokotsaki et al., 2016). In the end, even though many studies have noted the posi-
tive impacts of project-based learning in helping to develop students’ skills toward becoming productive
members of a global society, these developed skills are not measurable through standardized tests (Bell,
2010). This is challenging the teacher’s evaluation process of students’ project-based learning results
to become more holistic.
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Many schools and universities have implemented project-based learning in their education and
sometimes also in cooperation with companies. One successful example presented by Lima et al. is from
Portugal with industrial engineering students. In the Portugal example, local companies look forward
to receiving fresh opinions from students as well as in the Oulu region (Lima et al., 2018). Experiences
of success with every participant in the MEPE projects will specifically increase students’ self-esteem,
starts for them a cycle of success (Bell, 2010).

For several decades, the technology industry has emphasized engineers and other workers’ learning
skills and problem-solving abilities and attitudes by implementing well-proven Lean thinking, which
is closely related to project-based learning. Learning has been at the center of Lean from its concep-
tion. Learning to recognize problems and their root causes and then solving them supports the major
Lean idea of continuous improvement. One of the primary goals of Lean thinking at the companies is
to create a learning organization and culture. Previous study said that adopting Lean requires change
a way of thinking to succeed. In project-based learning as well, the goal is to teach individuals to rec-
ognize and solve real-life problems. In the literature it’s well-known that the key to creating a truly
Lean learning culture within companies is Lean management (Ballé et al., 2015). The main similarity
between project-based learning and Lean is that both are mostly based on working in teams, with one
experienced member (e.g., a teacher, sensei, or coach) working as a mentor who guides the team to work
more efficiently and effectively. These mentors’ values are related to team learning, creating a culture
of problem-solving, and continuous improvement (Ballé et al., 2019; van Dun & Wilderom 2015). Also
similar to project-based learning, teams are at the center of the Lean leadership model, which is based
on self-development and a culture of improvement (Bhasin, 2013; Dombrowski & Mielke, 2015). The
main traits of successful Lean plants also have many similarities with project-based learning, including
high humane orientation, the use of small-group problem solving, and employee training to perform
multiple tasks (Bortolotti et al., 2015).

Alves et al. (2012) found, in a literature review of industrial cases, that companies’ workers are the
source of capital for Lean and learning organizations. In studies, has noticed that, in organizations, the
maturity of the lean concept can be likened to that of organizational learning (Hines et al., 2004). Bha-
sin and Found (2019) conducted an expansive literature review on sustaining the Lean ideology, with
building a learning organization found to be a center principle of Lean. Moreover, the most asset for the
companies is having a motivated, learning-minded, and solution-oriented staff, which is why universities
need to train new professionals to meet these needs.

Overall, in reference to the above such successful experiences can be found from MEPE projects for
both students and participating companies.

The OUAS RDI Program Initiated Systematic Project-Based
Collaboration with Small and Medium Sized Companies (SMEs)

The mechanical engineering program within the OUAS, The European Regional Development Funded
(ERDF) project called TEHOJA, which was executed together with companies from 2017-2020, is one
example of a successful EU-funded program. The program began in 2017 with the aim of helping lo-
cal, Oulu area, companies operationalize new automation technologies that could be expected to bring
about competitive advantages in terms of costs, delivery schedules, and product quality. The program
focused on finding suitable application environments for collaborative robots (called “cobots”) for local
small- and medium-sized (SME) companies. These cobot applications were piloted during the program
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at existing companies. The main goal of the program was to expand the knowledge of local SMEs in
regard to collaborative robotics and its application in enhancing production as well as to train the per-
sonnel within these companies to apply these new collaborative robotics-related technologies in their
everyday work (Brostrom et al., 2019).

Prior to the implementation of this program, the collaboration between local SMEs and the mechani-
cal engineering education program of OUAS was not systematic, with one of the issues needing to be
addressed being the initiation of the engagement of local SMEs in collaboration OUAS. The Mechanical
Engineering Pitching Event (MEPE) was established to resolve this need for systematic and extensive
collaboration. This event annually brings local SMEs and third-year mechanical engineering students
together, where the local SMEs then pitch their current challenges to the students. Companies compete
to obtain the best students to work on their challenges, “selling” their challenges to the students via a
pitching event, which is a well-known mechanism used by start-up companies to sell their business
ideas to investors. Students then select their project work topic for the spring semester based on the
presentations delivered by the SMEs. This also provides participating companies with the opportunity to
obtain summer trainees for the following summer (or “thesis workers”, as the project-related work team
members are known within the companies). The teams of students will also learn about the companies’
processes, products, and development opportunities, thus making it easier for a company to employ the
students for value-adding work within the company.

MECHANICAL ENGINEERING STUDIES AND THE PITCHING EVENT (MEPE)

From the very beginning of the program, the School of Engineering aims to teach students how to mas-
ter product design and project management activities. First-year students gain knowledge through basic
courses on mathematics and physics, but, additionally, they enroll in a course called Innovative Product
Development in their first semester. In this course, students learn about the product development pro-
cess phases; they then design and build their own products. At the end of the course, there are product
exhibitions. Some new products developed through this course have been patented and licensed based
on their novelty and innovativeness.

During their second year of study, the mechanical engineering students deepen their knowledge of
theory as well as their professional understanding of mechanical engineering. Finally, students’ studies
are completed in their third year. Additionally, students gain practical experience from summer jobs
undertaken between their semesters of study. They then possess the necessary basic understanding to
undertake more demanding assignments within the industry (Kekkonen & Juntunen, 2018).

Preparing for the MEPE

The MEPE is organized annually at the beginning of the autumn semester. Preparatory work begins in
the spring semester to ensure the participation of companies in the MEPE. In many instances, the final
meeting of projects from the previous event offers the best occasion to recruit companies to continue to
work with OUAS via the MEPE. Once companies have experienced the value of the MEPE, it is easier
to convince them to continue with it the following year. New companies, especially micro companies
or SME:s are also welcomed to the MEPE and are specifically actively recruited to increase the number
of MEPE participants.
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At first, companies might experience difficulties in defining their project topics, since development
resources are especially scarce at small companies (Isoherranen & Ratnayake, 2018). The education staff
from the School of Engineering and Natural Resources visits companies on-site to better understand their
operations and business concept. This enables them to support companies in defining their development
project topics, which the companies then present at the MEPE. The MEPE can be a virtual or locally
held event on the OUAS campus. After the pitching portion, the following day, students can select the
project topics they find most interesting. Their selection is then approved by the education staff via a
specific interview process to ensure study progress as well as the fit and skills of the students for the
project. It is essential that the students’ previous studies are completed before their entering the project-
based learning phase partners to ensure they have the necessary background knowledge to enable their
successful project completion.

Executing Projects from the MEPE

Once the projects have been selected, the students start planning with their teacher’s guidance and then
proceed to a kick-off meeting with their respective companies. After the kick-off meeting, the project
plan is developed, with all parties needing to approve the project plan before the start of the project. The
project-related work then starts at the company at the beginning of the January.

Depending on the needs of the project, the project group will work on the company’s work premises
or at laboratories within the OUAS, utilizing its available equipment and design software. For example,
to execute management-related Lean philosophy projects, such as the implementation of 5S, it may be
crucial that project work occurs in the “Gemba”, the actual environment or place where the value is cre-
ated (Kekkonen et al., 2021). Otherwise, product design projects can be executed in laboratories (if all the
necessary working equipment and materials are available) until the product testing phase. Nevertheless,
the working premises of the companies are required to provide support and resources when needed for
the student groups during the project. Every project group also has a supervising teacher who works as
a mentor and helps complete the project.

During the spring semester, the execution of the project is followed by teachers rigorously to ensure
its successful development for the company as well as an excellent learning experience for the students.
Two intermediate seminars are held during the project execution. At these seminars, the project groups
present their projects, their current progress, and their subsequent plans to the rest of the class and all
supervising teachers. Students will then receive comments, recommendations, and advice from a very
experienced teachers in audience. The supervising teachers also follow up on the projects by visiting
the participating companies to obtain insight into the project and the company’s needs; during this, they
may also discover new development project options for following years. The project is finalized by the
end of May, meaning that the project group completes their final reports and deliver a final presentation
on their conclusions to the company representatives and their supervising teachers.

Process Map of the MEPE

Step 1: The supply of information (via email, websites, and other project and thesis meetings) to local
companies about participating in the MEPE.

Step 2: Connection with companies between May to August. The OUAS staff contacts companies and
discusses students’ project options and the needs of the companies.
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Step 3: The Mechanical Engineering Pitching Event (held in September). Companies deliver 15-minute
pitches on their companies, offer specific projects, and try to impress the engineering students. The
companies can participate in a local event or via a virtual portal. The entire event is streamed on
YouTube, where students and teachers can follow the presentations if they are unable to participate
in the local event.

Step 4: Selection. After the event, all project options will be listed on a virtual platform called Moodle.
The mechanical engineering students then choose projects and create their own project teams based
on their interests.

Step S: Verification. Before the projects begin, the teachers interview the student groups and check the
students’ current study progress before giving their permission to start the project to ensure they
possess the necessary background knowledge to enable successful project completion. Verification
also serves the purpose of motivating students to complete courses in the years prior to their third-
year project work, and this ensures the graduating numbers during the fourth and final study year.

Step 6: Kick-off meeting. The student team, supervising teacher, and client (the company representative)
participate in an initial meeting, during which the project is launched. The supervising teacher sets
a kick-off meeting with the company and the students to facilitate a coterminous project start. After
this meeting, the students are responsible for setting up future project meetings with the company
representative and other project members.

Step 7: Execution of the project. The project teams start their work in January either at the company
premises or at OUAS laboratories. Regardless of the premises where the project is carried out,
the company provides guidance, resources, and support to the student team throughout the entire
project to ensure the project is executed successfully.

Step 8: Monitoring of the project. During the project, students participate in two intermediate seminars,
during which they present their project progress to other students and their teachers.

Step 9: Follow up. The supervising teachers visit the companies to obtain insight into the projects and
provide guidance to the students on practical issues that arise during the projects.

Step 10: End of the project. After an entire semester of work, the projects are completed. The students
complete a final report and presentation about the project for the company representatives as well
as the supervising teachers.

Step 11: After the project. The companies typically have the opportunity to observe successfully executed
projects. Students may be able to continue their project work within their thesis or as a summer job.

EXAMPLES OF STUDENT PROJECTS

The professional interests of the students have an impact on the project topics, which the students se-
lect and carry out during the project course in their third year. Mechanical engineering students at the
School of Engineering and Natural Resources at OUAS choose their study options during their first
year of study. The options within the study program are Automotive Engineering, Machine Automation
Engineering, and Production Engineering. In their third study year, Machine Automation engineering
students complete their project studies with the course called Product Development Project (20 European
Credit Transfer and Accumulation System [ECTS] credits), and Automotive and Production Engineering
students complete the course, Practical Project Training (30 ECTS credits).
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The Automotive Engineering students specifically concentrate on the automotive aftermarket, auto-
motive electronics, the principles of combustion engines, and the basic structures of hybrid powertrain
systems and modern automotive control systems in their studies. The project subjects for the automotive
engineering students are usually related to different kinds of vehicles (e.g., the development of automotive
service plans, the building of various prototypes, the planning of projects that are related to these vehicles,
the planning of the layout of automotive workshops, or the planning of automotive testing equipment).

The Machine Automation students specialize in the planning of devices, machines, and control systems.
When studying product development, they utilize modern software, such as SolidWorks. These students
are interested in carrying out machine design projects that require the brainstorming and planning of the
control system of a given device. Projects that offer the opportunity to verify the function of the device
with the aid of a proof-of-concept prototype are specifically desired. Additionally, devices that are built
for the connection of collaborative robot cells have been very successful projects in prior years.

The Production Engineering students study optimal methods to produce different devices and prod-
ucts more efficiently and economically. They also thoroughly study industrial maintenance, quality for
safety management, and environmental management. Furthermore, they study Lean philosophy and
management. Examples of excellent project focuses for production engineering students include factory
layout planning, the development of production work adhering to the Lean philosophy and the commis-
sioning of Lean tools (e.g., 5S), the determination of production turnaround times, the development of
the initial designs/processes of robots, and the development of the operations, production control, and
HSEQ systems of warehouses.

Generally, the authors have noticed that the most motivating and interesting projects for Mechanical
Engineering students are pragmatic and include planning and implementation elements. The students
feeling that the companies that participate in the MEPE appreciate their work contribution is also consid-
ered important. Furthermore, the reward of a summer job, which is often offered for successful project
work that has been carried out well, is also motivating. The course also expands their job references on
their curriculum vitae, which helps them in later finding jobs after graduation.

The following project examples will present three different engineering student projects carried out
during the 2019-2020 school year. The first case study was implemented at a local small enterprise. This
successful product development project with a proof-of-concept aspect was carried out by a group of
Machine Automation engineering students. The second case study is a project that was conducted at a
metal workshop that operates in Oulu. A Production Engineering student group carried out this produc-
tion development project. This project was implemented using the principles of Lean philosophy and
management, and it also included a staff training aspect. Third project is implemented by Production
Engineering student during the exchange studies.

Case 1: Plastic Bottle Clamp

Head Recycle Systems (HRS) develops innovative plastic recycling equipment in the Oulu area. In 2019,
this company participated in the MEPE for the second time, encouraged by their positive experience the
previous year. They came to the event seeking enthusiastic mechanical engineers for a product develop-
ment project. The project topic focused on the development of a new type of mechanical plastic recycling
equipment for crushing plastic bottles. The goal was that the machine would be able to handle the storage
and recycling of plastic materials as well as independently handle fault situations when machine jams
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occurred. This project was taken on by four mechanical engineering students with focuses on machine
automation engineering and machine building.

The project team was largely given free rein to innovate and develop. In addition to this primary
machine design process, the project group also designed several other sub-devices, including those that,
for example, delimited the trajectories of moving parts, guided the goods to be pressed, and secured
the motor. The team of students was given certain boundaries within which they could work, but there
was also plenty of room for creativity and “outside-the-box” thinking. This freedom enabled the inven-
tion and development of a new method of constructing the device, which will be utilized in the future
development of machinery and equipment for clients of HRS.

The result of the project was a fully functional device that met the client’s requirements (see Figures
1 and 2) (i.e., the goals of the project were satisfactorily and completely achieved). The project team
systematically worked as a team and gained significant new knowledge in several sub-areas of product
design. Moreover, the project team revealed that the best moment of the project was the completion of
the prototype as well as its initial tests. This culmination of the project was the moment when everyone
could see the impact of their own contributions as well as the realization of common visions shared
among each other (Heinonen et al., 2020).

Figure 1. 3D-printed proof of concept

Source: Heinonen et al., 2020

The result of this project was a successfully constructed machine using new innovative concepts.
The entire team of engineering students continued to work with this company as thesis workers after the
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project completion. One of the students also secured his first engineering job with HRS after graduation.
The project provided significant opportunities for the students to test their engineering skills in a real
environment. Also, this project helped them obtain valuable feedback on the content of their mechanical
engineering courses and their relevance to the real demands of working life within companies.

Figure 2. Photo of the working prototype of the product

Source: Heinonen et al., 2020

As a result of the project, the HRS company obtained an innovative prototype that was flexibly
produced at a reasonable cost by the team of engineering students. The company was satisfied with the
competence, innovation, and cooperation skills of the project team.

Case 2: 5S Implementation in a Metal Workshop

This case project was presented at the MEPE in 2019. In 2019, JMC Engine Oy underwent a 5S pilot
project for one machine cell. The pilot 5S project earned positive feedback from the operators and resulted
in improved worksite tidiness (see Figure 3). As a result, the company decided to expand this project
to cover the entire production site and expand personnel understanding related to the 5S method via
practical training. This project was carried out by a group of mechanical engineering students enrolled
in the Production Engineering option.
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The goal of this project was to expand the 5S methodology to the rest of the factory site, promote a
Lean culture, and build a quality and measurement control tool to sustain the changes made within 58S.
At this company the project also aimed to improve job satisfaction, safety, and the work environment as
well as to eliminate waste from production.

Figure 3. Photo of the MCM 510 workstation before and after the implementation of organization based

on5S
Source: Tuomivaara & Laakko, 2020

At the end of the project, a 5S training package for company personnel was implemented in col-
laboration with the staff of the project called POTKUA project, funded by the European Social Fund.
The POTKUA project has been in existence from 2018 to 2021, and it has aimed to train and expand
managements awareness of the Lean philosophy in SMEs and develop companies’ competitiveness in
commercial markets. Lean is a well-known method of managing production in factories and thus in-
crease competitiveness; large companies have successfully implemented this approach in their activities.
Meanwhile, micro-, small-, and medium-sized companies have not widely implemented Lean because of
a lack of resources, a lack of support from management, and a lack of worker knowledge. The POTKUA
project is another excellent example of how these kinds of EU-funded (European Regional Development
Fund, ERDF) projects within the Department of Mechanical Engineering are able to educate both engi-
neering students and SME companies and bring relevant participants together (Kekkonen et al., 2021).

The aim of the training was to teach employees through 5S theory and practice. At first, a formal
teaching session was held to introduce the theory, where the employees were educated on the meaning of
5S and its benefits. The second part of their education was a workshop in which the employees organized
their own workstations following the 5S approach learned from the theoretical section.

The student project group considered the training of the employees to be the most important milestone
of this project. The project members also believed that training the employees was a significant step
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toward promoting a Lean culture and increasing a “working discipline” at the company. When everyone
is trained in the principles of 5S, everyone understands the rules and what 5S stands for. The project
members agreed that this would be key to maintaining the changes made at the worksite (Tuomivaara
& Laakko, 2020).

Case 3: International Project Training

Mechanical engineering students at the OUAS also have the opportunity to complete their project studies
via an exchange program in Germany at Ulm University of Applied Sciences or in the Netherlands at
Hanze University in Groningen. This exchange program also entitles students to an international double
degree in mechanical engineering. The program lasts an entire academic year and consists of an autumn
semester of study at a university and a spring semester spent at an international project internship at
a local company. When a student who has completed the exchange program graduates, he or she will
receive diplomas from both the Finnish and exchange universities.

A successful project internship is also taken into account at international companies, and the student
can continue working at the company that they worked with during their study abroad during their thesis.
Production engineering student Petteri Tyni is one example of a student who was able to successfully
complete an international project internship as part of the exchange program. This student first completed
an exchange program at Ulm University of Applied Sciences and then completed a project internship
in Switzerland for a company called Bystronic Laser AG. He also completed his thesis based on his
work for the company. He found working on his thesis very instructive, because it was not written in his
mother tongue, and it included two projects that were executed abroad. These projects were well-suited
to the topic of his thesis and provided several professional challenges. Moreover, this student indicated
that he had learned a significant amount about project management, language skills, problem solving,
and working in an international work environment through his thesis work (Tyni, 2021).

The international aspect of mechanical engineering is an integral part of the industry, as the size of the
market often requires that companies function as international partners or subcontractors. It is therefore
important to prepare at school for international collaboration, which may be part of the working life
of an engineer. To engineers, communication with international companies from different cultures is
crucial for successful projects and companies. The double degree provides students with a competitive
advantage that has a positive impact on their employment and also indirectly affects SMEs in the Oulu
region, which like to employ engineers with a double degree. These engineers provide a competitive
advantage to local companies, which may not already have significant international expertise.

LEGACY OF THE TEHOJA PROJECT

During the TEHOJA project, cooperation was established with 18 different companies in Northern Finland.
As a result of the project, an innovative platform for collaborative robotics was built for OUAS, which
enabled the construction of products and applications for needs of companies. A total of 42 products
were developed and implemented as part of the TEHOJA project. The original goal of the project was
to implement only 10 developed products. Perhaps the most successful robotic project was carried out
for the world’s northernmost ceramics factory, Pentik, in Posio, Finland. The factory wanted to partici-
pate in the project to improve the ergonomics, resilience, and well-being of its employees during work.
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As a result of the TEHOJA project, several projects have been implemented in the Department of
Mechanical Engineering at OUAS: Potkua, Roboreel, Roboboost, Roboedu, and Kotu. The TEHOJA
project has also contributed to the employment of more than 10 students in local companies, such as
JMC Engine Oy, Sdhko-Rantek Oy, and Pentik Oy.

Another result of TEHOIJA is that the MEPE has become an integral part of mechanical engineering
curriculum, which has made it possible to teachers work closely and network with local companies year
after year— even after the TEHOJA project, which led to the creation of the MEPE. Through the event,
OUAS has been able to improve the visibility of its training and RDI activities, and, over time, the MEPE
has clarified a unified operating model that has created credibility for the operations of the department.
Raising awareness among management of companies and through word-of-mouth thus contributes to
the development of the credible image of OUAS in mechanical engineering education, which, in turn,
further enhances student employment and also develops the reputation of OUAS as a meaningful and
innovative workplace that actively develops the economy of the Oulu region.

During the first year of the MEPE (2016-2017), the event only involved the TEHOJA project. From
2018 onward, more local SMEs and other projects within the Department of Mechanical Engineering at
OUAS also started to participate (see Table 1). Like the TEHOJA project, new projects have been intro-
duced in cooperation with the business community in the area. Most of these new projects will further
enhance the competitiveness of companies by designing new products and increasing the efficiency of
their production, mainly via the Lean philosophy and the introduction of the capabilities of interoper-
able robots as in the TEHOJA project. In conclusion, the MEPE has widely increased the awareness of
SME:s and their interest in cooperating with the Department of Mechanical Engineering at OUAS in
Northern Finland (Autio, 2020).

In 2021, it has been observed that (in addition to the SME companies) large companies have expressed
interest in the MEPE. These include SSAB, Nokia, and iLOQ, which have recently invested in and ex-
tended their operations into Oulu. As a result, the need for engineers has increased. However, the focus
of the program is—and will continue to be in the future—supporting SME companies via the MEPE,
because these companies provide the basis for the area’s economy and thus make the comprehensive
development of Oulu possible. Nevertheless, large companies employ numerous engineers, and they
are also valuable for the Oulu area.

Even though the MEPE event has become a fixed part of the education program in the mechanical
engineering department and of the operationalization of cooperation with local companies, its devel-
opment work has not ended. The school is constantly contacting new SME companies and other new
local companies that have not yet discovered the program that may be interested in offering students
development project opportunities and cooperating with the school each year; this ensures that future
engineers and employers will continue to meet and develop the local economy. This requires contacting
local companies, demonstrating the activities and operations of the school, and marketing to companies
that are not yet aware of the program. Over the years, individuals previously employed at companies
that had participated in the program have occasionally changed employers and initiated new cooperation
opportunities for the program because of their prior favorable experiences.

We have also improved the accessibility of the event. Up until 2019, the event was organized as a local
event in which the representatives of companies met, networked with, and listened to presentations from
other companies in a large concert hall. In 2020, as a result of COVID-19, the event had to be organized
as a virtual event for students, and only business representatives were invited to the local event, which
was streamed to students on YouTube. In the past years, all participants in the event were physically
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present on site. The hybrid event was found to be a well-functioning solution, saving entrepreneurs
time and lowering the attendance threshold for the event. In the past, participating in the event required
as much as half a working day and traveling to the site, since some of the participating companies are
located quite far from Oulu, Linnanmaa.

Table 1. Number of companies participating in the MEPE and project cases between 2016—2020

Year Number of Companies Number of Project Cases
2016 10 10
2017 12 17
2018 22 50
2019 20 53
2020 17 34

The MEPE Concept Provides Inspiration

The implementation of business experiments and the teaching of collaborative robotics, as well as ex-
perimentation involving companies in the local area, have been integrated into the basic engineering of
education due to the MEPE. Its operations will continue among local companies if there is sufficient
demand and need for expertise and cooperation are considered useful.

The impact of the MEPE has also been identified in other OUAS collaborations with educational
vocational institutions (called 6Aika) as the best practice to follow. These institutions have been told the
purpose of the project and the operating principle of the business experiments, but the same operating
principles are not possible at all educational institutions, as they are vocational training institutions and
do not have the same capabilities as polytechnic institutions (Autio, 2020).

On the other hand, this kind of cooperation with companies also requires a special relationship of
trust between all participants. Universities and other schools have to trust in their own work as educating
bodies that the students they educate are able to execute project work independently for the participating
companies and also trust that they are able to find necessary information on their own and ask for help
when needed. Additionally, companies must trust that the engineering students are willing to do their
best work for the projects they have selected. They must also trust that the university has sufficiently
educated these near-graduation engineers. Moreover, the students have to trust that their teachers can
guide and support them during their project work. They must also believe that the companies will provide
all the necessary support for their work and that the representatives of companies appreciate their work
for the company, which is unpaid.

This collaboration with companies and the integration of their needs into the training of mechani-
cal engineers underscores the fact that the UAS responds to the needs of working life and the industry.
Since the UAS supports the growth of the professional identity of its engineering students by training
them in cooperation with companies regarding the realities of working life and utilizing the expertise
of experienced lecturers, the UAS significantly contributes to the success of companies in the region
by providing experts who meet the needs of the labor market. Students’ employment immediately fol-
lowing graduation from OUAS can be seen from Figure 4, which shows a high level of employment in
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engineering jobs. This indicates the successful implementation of project-based learning for building
industry-relevant engineering skills via the MEPE concept and process.

Figure 4. Employment, after graduation, %. school of engineering average between 9/2017—-12/2019

CIUAS Engineenng Students Emplayiment 2017
015 Average % Trom graduated Engenegrs to
Frineenng loos

& L 0 -

FUTURE RESEARCH DIRECTIONS

In the future, we will continue to systematically develop the MEPE and further clarify its concept.
Specifically, the MEPE should target other study options for mechanical engineering students to better
serve the OUAS students. In previous years, the project topics included in the MEPE have not equally
represented all mechanical engineering study options. After targeting companies that were previously
invited to the MEPE, the special interests of individual mechanical engineering fields were previously
identified to provide equal opportunities for all students. The future direction of the program will include
comprehensive service for the entire mechanical engineering program and will continue to emphasize
cooperation with local companies.

The MEPE also presents research opportunities for evaluating the impact of the program on local
businesses and post-graduate employment for students. As has been previously mentioned, student proj-
ects implemented through the MEPE have been meaningful for students and have met their ambition to
undertake relevant project work, but their effects on businesses have not been studied. It would therefore
be promising to investigate this domain, because, if the good practices of this event are extended to other
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organizations, universities, and curriculums, there should be evidence of the impact of MEPE events on
local businesses and the professional development of students.

CONCLUSION

The research question regarding the feasibility of the MEPE concept to provide project-based learning
opportunities for engineering students developed by the School of Engineering and Natural Resources
at the Oulu University of Applied Sciences, Oulu, Finland. The needs of local companies regarding the
development of their operations have been harnessed to support mechanical engineering training within
the institution. In this paper, actual project-based learning MEPE project examples have been presented
via case studies.

One of the goals of engineering education is to teach students to be self-directed and ideally, students
would look for internships at companies themselves and complete the course independently. In order,
to achieve the right learning goals, students must be guided. Therefore, the project topics being defined
in advance by the teaching staff in cooperation with the companies enables the realization of the goals
of every parties. In teaching practical skills in product development and project management, a lecture-
driven, independent approach to studying may not produce results when the goal is to train engineers
who possess practical skills. Thus, it is necessary to learn through motivation on an encouraging topic
and in an environment that corresponds to real work assignments in the companies of a graduate me-
chanical engineer.

The aim of higher education institutions is to train engineers and develop the professional identity
of graduates of the engineering profession through theorical classroom education and real-world devel-
opment projects to applicate their theories. Therefore, as an educator, the School of Engineering and
Natural Resources promotes the self-confidence and thus employment of students when the step from
student life to working life is not too wide, because students school life has included the completion of
real-world industry projects. For many engineering students, the first step in their engineering career
and experience working as an engineer may be a project internship or product development opportu-
nity through the MEPE, including typical or even business-critical challenges for real companies, that
are tailored to suit graduate engineering engineers. The job of a mechanical engineer involves dealing
with real-world problems, and this is best learned by doing, searching, or asking for advice from more
experienced professionals, and, ultimately, through firsthand personal experience. For this reason, the
work of each project and product development course is supervised by an experienced lecturer who has
worked in the industry for several years. As an experienced engineering professional, this lecturer can
guide, consider potential risks, and act as a mentor for engineering students starting their careers and
working on a project—both in terms of project management and task development work. When super-
vising students, these lecturers are also able to observe the activities of local companies and expand
their assessment of their needs and areas for development. This enables the continuous development
of educational content and the emergence of new project ideas that would better be able to serve local
companies (e.g., by providing a low-risk opportunities) to test the impact of robotics and other new
technologies on a company’s business.
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ABSTRACT

This research aims to understand the influence of game-based learning methods on engeineer competences.

Competencies expected from an engineer, which competencies are commonly explored by game-based
learning methods, and perceptions from a sample composed of 92 respondents about the question that
drives the research are explored. All competencies analyzed had more positive influence responses than
negative ones, or non-impact responses. The competence analyzed most positively is “problem solving”;

the one with the most negative impact responses is “second language learning,” and the one with the
most non-impact responses is ‘“‘continuous search for career improvement.” This study fills the following
gaps: compiles and analyzes articles on game-based learning methods and carries out unprecedented
research regarding the influence of game-based learning methods on the professional competences of
graduates of engineering courses.

INTRODUCTION

One of the main goals of undergraduate institutions is to improve the quality and efficiency of education
and to improve the professionals who will graduate. So moreover than developing just technical and
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theoretical knowledge required of graduating professionals, it is necessary the activation of cognitive and
learning competences (Liuta et al., 2019) - according to (De Jesus & Costa, 2013), it is also a need in
forming engineers. In the other hand, according to (Hamari et al., 2016), it can also be noted that student
disinterest is an international problem because, once 20-25% of them classified themselves as having
low participation and a low sense of belonging, as discovered in a research in 28 countries members of
the Organization for Economic Co-operation and Development (OECD). Taking in mind that more than
2.5 billion people in the world spent time playing video games (SuperData Research, 2019), many have
wondered why not change this problem to this solution.

So, there is an expectative about the game-based teaching and learning contribution to improve stu-
dent engagement, increase teamwork and improve student motivation in the disciplines. According to
(Liuta et al., 2019). the introduction of game-based learning methods, increases the interest and under-
standing of engineering students and even improves their capacity of self-learning. Based on all these
statements, the main objective of this paper is to answer the question: In what degree are engineers’
professional competences influenced by game-based learning methods? This core question, and its
related central objective were deployed in secondary ones. Table 1 shows the connection among them
and the research steps addressed in the research, while Figure 1 summarizes the flow of the research
steps mentioned in Table 1.

Table 1. Questions, objectives and research steps

Questions addressed

Objectives

Research steps

What are the professional competences
developed by game-based methods?

Identify the competences developed by
game-based methods within the literature.

Analysis of competences that are
developed by game-based methods in the
literature.

What are the competences expected of an
engineering professional?

Identify what competences are expected of
an engineering professional, in Brazil and
worldwide.

Analysis of the competences expected of
an engineering professional.

Based on the results of the literature, is there
an expectation of an association between

the competences worked by the game-based
learning methods with those expected from
an engineering professional?

Analyze what competences required of
engineers are being developed by game-
based methods.

Association of the results of the two
previous questions.

What is the degree of influence perceived
by users of game-based learning methods
(teachers, students, and coordinators) on the
expected competences?

Map users’” and appliers perceptions in the
degree of influence of game-based learning
methods on the competences they develop.

Analyze from the perspective of users,
both game developers and participants,
to what degree these competences were
developed within the scenario they
participated in.
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Figure 1. Flow of the research steps
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To clarify, the game-based methods that have been exposed here:

e  Gamification: Gamification is the adaptation of game elements to environments and contexts that
are not games.

e  Serious Games: Serious games are games that were created without the goal of entertaining, but
rather to train users (Zimmerling et al., 2016).

e  Commercial games: Commercial games are games that were created to amuse those who play
them, with no initial motivation to contribute to the training or development of any competence.

e  Competence means an ability to perform a task or function. In the area of engineering and ad-
ministration, the courses focus mainly on administrative competences, and the development of
some of these competences is attainable with knowledge-based methods. However, competences
such as analytical thinking, goal setting, teamwork, strategic thinking, analysis and problem solv-
ing, decision making, time management, communication, recognition of opportunities, creativity,
conflict management, flexibility, courage and self-esteem are difficult to approach by classical
methods (Mustata et al., 2017).

To facilitate the understanding of the topic addressed, it will be defined here which terms are related
to which stages of the research and what are the meanings:

e  Competences developed: These are the competences taken from articles in the Scopus database
that have game-based methods.
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e  Expected competences: These are the competences selected to answer which competences are
expected from an engineering professional, not only those determined by national curriculum
guidelines, but also from other sources.

e  Competences analyzed: These competences are the intersection between the competences devel-
oped and the expected competences. This junction was performed by the author’s analysis.

BACKGROUND

Mapping in the Literature the Competences Developed
by Game-Based Learning Methods

A search was carried out in the literature looking for articles that approached the influence of game-based
teaching and learning methods on the professional competences of alumni - as a matter of the facts no
restriction about the field of knowledge was introduced in this first step. So, a search was done in Scopus
data base looking for articles that “game” AND (“teaching” OR “learning”) appear their title, keywords
or even in the abstracts. As a result, 327 articles were selected to pass through a screening. according
to (Rodriguez et al., 2013) the use of a database such as Scopus or even WoS reduces the possibility of
using no blinded review articles. “

Following a filtering process based in (Moher et al., 2009), (Siqueira & Aparecida, 2020)and (Da
Silva et al., 2015), all 327 articles were screened looking for only those which listed the professional
competences developed by game-based learning methods. This screening-based filtering process has
resulted in selecting 44 articles for a deeper analysis.

Aiming to increase the confidence of the research, Table 2 reports the data related to the Scopus Cite
Score of the articles’ sources. One can note that most articles researched were published in journals
ranked in quartile Q1 of Scopus.

Aiming to reduce the amount of space used naming each citation, this item brings a numbering of
the 44 articles that are cited in this paper as it appears in Table 3.

Analysis of Articles’ Content

These articles passed by a full reading and analysis of the texts, using the approach inspired in (Méxas
et al., 2013) and (Oliveira et al., 2018). The data referring to the articles analyzed are shown in Tables
4 and 5. In these tables, the column with the title “Area” represents the classification taken from the
Scopus website (this is related to the area where the source’s highest percentile based on the cite score
metric), while the column “Method” was written by the authors of this chapter taken into account the
the analysis of the texts, and the column “Competences developed” shows the competences mentioned
by the authors of the analyzed articles. The Table refers to those developed by gamification and com-
mercial games, while Table 5 reports the ones mentioned as impacted by serious games.

72

printed on 2/14/2023 8:06 AMvia . Al use subject to https://ww.ebsco.conlterns-of-use



- printed on 2/14/2023 8:06 AMvia .

Influence of Game-Based Methods in Developing Engineering Competences

Table 2. Position of the sources in Scopus cited score ranking

*Source N. of articles Highest percentile / Area
Technology, Knowledge and Learning 3 89% Mathematics
Simulation and Gaming 3 66% Business, Management and Accounting
Information Systems Frontiers 2 91% Theoretical Computer Science
izzﬁinciecllluligdoscopy and Other Interventional 5 96% Surgery
Nurse Education Today 2 93% General Nursing
Entertainment Computing 2 58% Software
Computer Applications in Engineering Education 2 80% Education
i&;)\;isézék;;oamericana de Tecnologias Del 5 60% General Engineering
Computers and Education 1 99% Education
Computers in Human Behavior 1 99% Arts and Humanities
Cognition 1 99% Language and Linguistics
.K)Susazilagi ;he American Medical Directors 1 96% Health Policy
Virtual Reality 1 86% Computer Graphics and Computer-Aided Design
International Journal of Medical Informatics 1 82% Health Informatics
Liver Transplantation 1 92% Surgery
World Journal of Surgery 1 86% Surgery
Environmental Earth Sciences 1 74% Geology
American Journal of Surgery 1 84% Surgery
Journal of Surgical Education 1 81% Surgery
International Journal of Simulation Modelling 1 70% Modeling and Simulation
IEEE Computer Graphics and Applications 1 62% Computer Graphics and Computer-Aided Design
Clinical Simulation in Nursing 1 92% Nursing
SpringerPlus 1 82% Multidisciplinary
;112121;11;2;1(132 SLaparoendoscopic and Advanced Surgical 1 62% Surgery
Journal of Business Strategy 1 46% Strategy and Management
E;:;Ei:igonal Journal of Emerging Technologies in 1 57% General Engineering
Scientia Iranica 1 49% General Engineering
Journal of International Education in Business 1 41% General Business, Management and Accounting
The Clinical Teacher 1 16% Review and Exam Preparation
Revista Brasileira de Enfermagem 1 38% General Nursing
E:;it;z;l;; ;ournal of Research in Educational 1 329% Education
Industry and Higher Education 1 31% Business and International Management
Revista Facultad de Ingenieria 1 25% General Engineering
International Journal of Safety and Security 1 25% Safety, Risk, Reliability and Quality

source: Scopus (2020)
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Table 3. Codes assigned to the articles

Article Code Article Code
(Allal-Chérif et al., 2016) Al (Kriz & Auchter, 2016) A23
(Barr, 2017) A2 (Kumar & Raghavendran, 2015) A24
(Bellotti et al., 2014) A3 (Lagro et al., 2014) A25
(Berns et al., 2016) A4 (Lamb et al., 2017) A26
(Butt et al., 2018) A5 (Lin et al., 2015) A27
(Castro & Gongalves, 2018) A6 (Liuta et al., 2019) A28
(Cook et al., 2012) A7 (Manrique-Losada et al., 2015) A29
(Corrigan et al., 2015) A8 (Mason & Loader, 2019) A30
(Filella Guiu et al., 2016) A9 (Meletiou-Mavrotheris & Prodromou, 2016) A31
(Garcia & Cano, 2018) Al0 (Mustata et al., 2017) A32
(Graafland et al., 2015) All (Nino & Evans, 2015) A33
(Graafland et al., 2017) Al2 (Qin et al., 2010) A34
(Graafland et al., 2014) Al3 (Seager et al., 2011) A35
(Guenaga et al., 2013) Al4 (Sewilam et al., 2017) A36
(Hernandez-Linares et al., 2017) AlS (Shute et al., 2016) A37
(Hummel et al., 2017) Al6 (Smith, 2017) A38
(Johnsen et al., 2016) Al7 (Stone et al., 2009) A39
(Kaczmarczyk et al., 2016) Al8 (Suki & Suki, 2019) A40
(Kaliappen, 2019) Al9 (Verkuyl et al., 2016) A41
(Katz et al., 2017) A20 (Witte & Daly, 2014) A42
(Khanzadi et al., 2019) A21 (Zanasi et al., 2017) A43
(Kowalewski et al., 2017) A22 (Zimmerling et al., 2016) Ad4

Table 4. Methods and competences developed by gamification and commercial games

Method Competences Code Area (Scopus)
Training of computer competences in nursing A6 Nursing
Construction design management knowledge A21 BusnneS§ » Management and
accounting
Drive worker engagement and transform organizational culture A24 Busnne5§ » Management and
accounting
Effective way to encourage learning in a geographically divided surgical residency A26 Medicine
Gamlflcatlon Understanding hydraulics A28 BuSIneS§, Management and
(9 articles) accounting
Learning software quality concepts, teamwork, software process development A29 Engineering
Knowledge, competence and practical experience required to effectively integrate games into the A3l Mathematics

mathematical curriculum

Business, Management and

Student attitudes about learning and statistics A38 .
accounting
Management knowledge Ad44 Engineering
Adaptability in resourcefulness and communication competences A2 Social Sciences
Commercml games ngh-ranklng thinking and demsmn»m_akmg, persistence, socialization, leadership competences, self- A3 Engineering
(3 articles) confidence, autonomy and self-regulation
Proficiency in second language learning A40 Multidisciplinary
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Table 5. Competences developed by serious games

Competences Code Area (SCOPUS)
Socialization, “externalization” Al Mathematics
Complementing theory and practice, with basic concepts of entrepreneurship and business administration | A3 Engineering
Learning a second language A4 Multidisciplinary
Procedural competence mastering and retention A5 Nursing
Experience in life support, motivating continuous learning and engaging in the improvement of physical A7 Nursing
motor competences
Communication. Collaboration or negotiation and an overall improvement in collaborative learning A8 Engineering
Emotional competences for conflict resolution A9 Psychology
Experience and motivation in learning mathematical topics Al10 Engineering
Training surgical residents to deal with equipment problems All Medicine
Improved response to equipment problems during surgery Al2 Medicine
Ability to teach and manage biliary tract disease Al3 Medicine
Entrepreneurial competences and problem solving Al4 Engineering
Competence in time management in the context of engineering training Al5 Engineering
Ability to solve complex problems Al6 Social Sciences
gz:crie:ns:}(,iis;l;ﬁir;ai::;atirr;ieﬁsnlgarning curve in clinical reasoning and problem solving, increasing ALT Medicine
Consolidation and review, training Al8 Medicine
Strategic administration Al19 fcucs(izfl;s;lé\/[anagement and
orthtopic ver ramsplantation A2 | Medicine
Learning cognitive aspects in laparoscopic cholecystectomy A22 Medicine
Business knowledge and business planning competences A23 f;il;i:;;;\/[anagement and
Decision-making A25 Medicine
Competence in surgical decision-making A27 Medicine
Risk assessment and management competences A30 Medicine
Analytical thinking, strategic thinking, teamwork, goal setting, opportunity recognition, problem
Fecquitioq, pr'oblem solvipg,'decision makir'lg, proact.iv'e thir.lking, time man.agement, communica'tifn'l, A3 BusineS§, Management and
intuitive thinking, responsibility, argumentation, creativity, diplomacy, conflict management, flexibility, accounting
courage and self-esteem
Physical motor competences used in blood administration A34 Medicine
Project management A35 Computer Science
Dealing, having new ideas and managing floods A36 Environmental Science
Problem solving A37 Psychology
Transferring knowledge from the classroom to a real submarine environment A39 Social Sciences
Pediatric nursing competences A4l Nursing
Cultural awareness, critical thinking, leadership, teamwork ethics and interpersonal communication A42 f;iz:;sr;;\/[anagemem and
Fast and accurate analysis of information A43 Engineering
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Engineers Expected Competences

For this study, the competences researched are based in the curriculum guidelines of the (Ministério da
Edcuacao e Cutura [MEC], 2019), (European Centre for Development of Vocational Training [Cedefop],
2016), (Accreditation Board for Engineering and Technology [ABET], 2019) and in those selected by
the article (Nepomuceno & Costa, 2015) as the expected ones for engineers profiles. The Cedefop, as
the European Centre for Development of Vocational Training, states that there are five key competences
for engineering professional: “problem solving”, “job-specific competences”, “learning”, “moderate ICT
competences’” and “teamwork”. The article by (Nepomuceno & Costa, 2015) is a compilation of literature
competences and the opinion of experts about what competences an engineering course should provide
to its students, serving as a basis for what is discussed in the scientific community. The Accreditation
Board for Engineering and Technology (ABET) is a board that researches the engineering profiles need
by industry and services, and provides a recognized accreditation system of engineer’s careers,

Tables 6 shows the expected competences of engineering professionals, and it is a result from analyz-
ing the competences brought in (Nepomuceno & Costa, 2015), (ABET, 2019), (Cedefop, 2016) and in
MEC (2019). It takes into account similar meanings and intentions, beyond the use of different words
for the same meaning.

Table 6. Summary of the engineers’ expected competences

Expected competences (Nepomuzc((;lllg)& L, (MEC, 2019) (ABET, 2019) (Cedefop, 2016)
Base concepts and techniques X X X X
Ablhty. tg communicate in verbal, oral X X X X
and writing way
Problem solving X X X X
Sociability X X X X
Contlnuous search for career x X X X
1mprovement
Ab1.11ty to manage and implement X X X X
projects
Ability to manage, supervise and X X X X
control team
Information and Communication X X X
Technology (ICT) knowledge

Association of Expected Competences with the Ones
Developed by Games-Based Teaching

Applying the same reasoning that was applied in the previous topic to generate Table 6, the competences
that appears in Tables 4 and 5, were merged into dimensions as it appears in Table 7. This action made
possible to compare the engineers’ expected competences (Table 6) against those mentioned in previous
scientifical researches works that explored the effect of game-based learning over professional competences.
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By comparing the data in Table 6 against those in Table 7, it is possible to identify that closer all
the expected engineers’ competences were already mentioned in the literature as having potential o be
improved by game-based methods, the exception is “Continuous search for career improvement”.

In the other hand, one can observe that almost competences mentioned in previous articles (Table 7)
are covered by the expected engineers’ competences that appear in Table 6, the exception is the ability
to make decisions. Another point to be underlined is the competence to communicate in a second idiom.
Despite it should be covered by “Ability to communicate in verbal, oral and writing way”, it is especially
important in countries that do not speak English as their first language and it should be considered one
of the most expected competences an engineer not native to those countries should have. As a matter of
the facts, the conclusion of this comparison is that Table 6 should be updated to Table 7, by the inclusion
of two other competences: “Second language learning”.

Table 7. Comparing competences mentioned in the literature as developing by game-based learning
against those expected ones

Mentioned in the following (Nepomuceno & (MEC, (Cedefop,
LS G R articles Costa, 2015) 2019) 2016) A2
A3, A5, A7, Al0, All, Al2,
. Al3, Al7, A18, A20, A21,
Base concepts and techniques A22. A24. A26. A28, A31. X X X X
A34, A38, A39, A4l
- A3, A8, A29, A32, A33,
Sociability AdD X X X X
Ability to commun.lc.ate in AL, A2, A8, A32. A33 X X X X
verbal, oral and writing way
Problem solving competences Al4, Al6, A17, A32, A37 X X X X
Ability to manage and A4, Al15, A19, A23, A30, X X X X
implement projects A32, A33, A35, A36, A43
Ability to manage, supervise A9, A23, A29, A30, A32, X X X X
and control teams A33, A42, Ad4
Information and
Communication Technology A3, A6, A29 X X X
(ICT) knowledge
Contmuous search for career | X X X
improvement
Decision making A25, A27, A32, A33 X
Second language learning A2, A40

SURVEY

A survey regarding users of game-based learning methods was carried out looking to catch their percep-
tions about on the influence of such methods that appear in Table 5 on the competences shown in Table
7. Through a google form available in https://forms.gle/q8gpp8wB2igRff179, the sample was asked to
inform in what degree the game-based learning methods influences on the competences mentioned in
Table 7. The sample could choose to answer the questions with one of the following options: “Influences
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very negatively”, “Influences negatively”, “Do not influence”, “Influences positively”, “Influences very
positively”, “I don’t know how to answer”. The form also included two open questions:

e  “How much did your experience in the game-based learning method influence the (competence
taken from the “Competences analyzed” column in Table 6, repeating this question for all compe-
tences) of your students or yours?”

e  “In your experience, what were the barriers and advantages of applying or using these game-based
learning methods?”

RESULTS
General Analysis

The questionnaire had 92 responses that were analyzed, of which came from people from 19 different
countries, 69% from Brazil, 7% from the United States of America, 2% from each of the following coun-
tries, Germany, Spain, France, Malaysia and Mexico, and 14% joining the other 11 countries.

Respondents’ ages range from 22 to 73, with 26% between 22 and 30 years old, 22% between 31
and 40 years old, 27% between 41 and 50 years old, 16% between 51 and 60 years old and 9% between
61 and 73 years old. In the questionnaire 35% of the respondents are women, the other 65% are men.

About the highest complete level of education, 37% are doctors or post-doctors, 39% are masters, 16%
are graduates and 8% are graduated from high school. These data prove the respondents’ high level of
education, which was expected, since the research was aimed at possible applicators of learning methods.

Of those who have already participated or applied game-based learning methods, representing 57%,
20 participated as users, 8 participated as applicators of the method and 24 participated both as users
and as applicators of the method. Of that same group individually, 35 participated using gamification,
10 participated with applied commercial games, 18 participated in serious games and 5 responded with
not knowing how to answer the question, being possible to participate in more than one type of learning
methods.

Response from Game-Based Learning Applicants

Figure 2 summarizes the answers collected in the survey, which got the opinion of the applicators of
game-based learning methods. Of the 8 applicators, 6 used gamifications, 4 used serious games and 1
used commercial games. It is a need to notice that the number of respondents of this group is so low,
despite the results have survived to statistical test as mentioned forward.

Within the group of applicators, it is said that the “second language learning” competence is not
influenced. In the case of “Ability to manage and implement projects”, although the positive influence
was perceived in 3 of the answers, another 3 did not know how to evaluate, which leaves an uncertainty
in this competence for the applicators.

Regarding their perceptions about barriers asked in the form, the applicators mentioned logistical
barriers, such as obtaining computers, access to the network and support from the local site information
technology sector. There are also barriers related to how games are perceived, how students perceive new
learning methods and the time it takes to develop or find the right material for specific teaching goals.
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Figure 2. Applicant responses
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For the applicators, the advantages are the richness of the experience, the students’ engagement, and
the possibility of experiencing and practicing competences that are not normally worked on.

Users’ Responses

Figure 3 shows the responses on the development of the competences of engineers in the opinion of
users of game-based learning methods. Of the 20 users 13 used gamification, 4 used serious games, 1
used commercial games and 5 do not know the name of the one who used.

Figure 3. Users’ responses
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For users, the competences “Sociability”, “Ability to manage and implement projects” and “Ability to
manage, supervise and control teams” are not influenced by game-based methods. Highlighting “second
language learning” which is the one with the highest numbers of “Very positive” influence responses,
probably due to the popularization of language teaching applications using gamification.

Users believe that within the barriers are the misconceptions about how to improve these methods,
the lack of game creators, the non-authorization to use these methods, the lack of interaction, the pos-
sibility of learning using these methods and the inability to provide adequate incentives to encourage
participation. No advantage was pointed out by the users, even though most competences have many
answers about the “Very positive” and “Positive” influence.

Responses from Applicants who were also Users

Figure 4 describes the responses on the development of the competences of the engineers in the opinion
of the applicators who have also been users of game-based learning methods. Of the 24 users who were
also applicators, 16 used gamifications, 8 used applied commercial games and 9 used serious games.
One should take observe that in f the form, the respondent could inform that he/she could be enrolled
as both: applicant or either a user of game-based learning method.

In the answers given by the applicators who have also been users, it is noticeable that all the com-
petences analyzed are developed positively by the game-based methods. Of these responses, only two
responses were negatively influencing, but they are in a large minority in relation to the other responses.
Highlight for the competence “Assume the posture of permanent search for professional updating” which,
despite the fact that the answer most frequently was “positively”, adding the answers “Does not influ-
ence” and “Does not know if it influences”, they are in the majority.

Figure 4. Responses from applicants who were also users
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The barriers perceived by this group are the cost of the methods, the required level of English, the
time that applying the method takes from the teacher and the student, the logistical problems, how to
get computers, classrooms with specific equipment, extra materials, and the possibility of serving only
small groups of students. The willingness of students to follow these methods and the lack of teacher
training were also seen as barriers.

Applicants who have also been users see advantages such as self-knowledge created by the methods,
students and teachers being on the same level, the student’s continuous involvement in the method,
the ability to serve students with physical and mental disabilities, the ability to see and to increase the
evolution of students, the general increase in motivation and the possibility of working with something
closer to reality.

Responses of Those who have Never Participated in Any Method

As one can see in Figure 5, of the respondents: 44% never participated in a game-based learning method,
of these, 14 would like to participate as users, 8 would like to participate as applicators of the method
and 18 would like to participate as users and applicators of the method. These respondents were asked
how they believe that learning game-based methods would influence the analyzed competences It can
be observed that the competence “Assume the posture of permanent search for professional updating” is
the one with more answers than “Doesn’t influence”, tied with more answers than “I didn’t know”, and
has the least number of answers “Very positive”, however, it has the second highest number of “Positive”
responses. This makes this competence the least defined by this study, and which would need another
observation, more focused, even though it is credited as positively influenced.

The “Problem solving” competency is the one with the highest sum between “Very positive” and
“Positive” responses, that is, it is the one that is credited by the respondents as the one most likely to be
influenced by game-based learning methods.

Figure 5. Responses of those who have never participated in any method
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Validation and Data Consolidation

With the separation into groups, the need to validate the conclusions was noted, in view of the sample
size, so the U test proposed by (Mann & Whitney, 1947) was used.

This test aims to express whether two samples have an expressive differentiation between them, used
many times within medicine to check if there is a difference between a sample where a certain medica-
tion was applied and between a sample that was applied placebo. It was used in this research to verify
if the samples discussed previously can be analyzed as one.

For this research, an acceptance rate of 5% was used, which results in a normal z of 1.96, therefore,
applying the U test, all z results must be +1.96 and -1.96 to say that the samples do not have an expres-
sive differentiation. The tests were done comparing all groups of respondents with all competences,.

All numbers were between +1.96 and - 1.96, which shows that the responses have a low rate of varia-
tion between the groups analyzed. Therefore, all responses can be analyzed together, which means that
conclusions can be drawn from the total of responses.

CONCLUSIONS

Although it is not exhaustive, this study reached its core objective by contributing to discover in which
degree game-based learning methods influences engineering competence, once it compiles and analyzes
articles on game-based learning methods, and carries out unprecedented research on the influence of
game-based learning methods on the professional competences of graduates from engineering.

Answers to the Research Questions
The questions that appear in a Table were answered in this paper as it follows:

1.  What are the professional competences that are developed on by game-based methods, ac-
cording to the literature?

Base concepts and techniques, Ability to manage and implement projects, Ability to manage, super-
vise and control teams, Sociability, Ability to communicate in verbal, oral and writing way, Problem
solving, Decision making, Information and Communication Technology (ICT) knowledge, and Second
language learning

2. b) What are the competences expected of an engineering professional?

Base concepts and techniques, Ability to manage and implement projects, Ability to manage, super-
vise and control teams, Sociability, Ability to communicate in verbal, oral and writing way, Problem
solving, Decision making, Information and Communication Technology (ICT) knowledge, and Second
language learning
3. ¢) What are the results from comparing competences expected of an engineering against those

mentioned in the scientifical literature as influenced by game-based learning?
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a.  The influence of game-based learning on the expected competence “Continuous search for
career improvement”, had not been previously researched or it was had not been detected in
previous researches.

b.  Competences already detected as impacted by the adoption of game-based learning were not
mentioned as an expected competence: “Decision making’, and “Second language learning”.

c.  Analyzingand associating the lists of competences mentioned above, a new list of competences
was made, showing all the competences expected of an engineering professional.

4. d) What is the influence perceived by users of game-based learning methods (teachers, stu-
dents, and coordinators) on the expected competences?

a. Itcanbeunderstood that game-based learning methods positively influence all the competences
expected of engineering professionals. This positive influence is perceived by everyone who
has used these methods and is expected by those who have not yet used them.

b.  The “Problem solving” competency is the one with the most “Very positive” influence re-
sponses, and is tied with “Basis of concepts and techniques”, in relation to the sum of the “Very
positive” and “Positive” responses, which makes the “Problem solving” competence, credited
by the respondents, as the most positively influenced by game-based learning methods.

c.  “Continuous search for career improvement” is the one with the most answers “Doesn’t influ-
ence” and “Didn’t know”, making this competence the least influential in studies, even with
a sum of “Very positive” and “Positive” responses’ greater than the sum “Doesn’t influence”
and “Didn’t know”.

d.  “Secondlanguage learning”, “Decision making” and “Sociability” were the only competences
assessed with a “Negative” influence, and even then, there are only 2 in” Second language
learning “and 1 in the other two competences.

e. Asawhole there was an agreement among the answers provided by respondents that had not
yet be part of a game-based learning and those that already participated in a such event. The
only discordance was about “Sociability”: it was the only one competence assessed with a
“Negative” influence — even with only six negative responses, and the answers prevailing as
“Very positively” or “Positively”.

The research also elicited barriers for adopting adopt game-based learning methods: logistical barri-
ers, materials lack for building the game, costs to develop and apply the game, unclear game explanation
among others

Limitations and Future Works

The main limitation of this work is about its sample and the number of references . Despite the results
pass by the statistical validation, the sample should be bigger and better spread around the world. So, as
future works, it is suggested to the increase the sample and spread its geographical distribution, beyond
the adoptions of other methods to analyze the collected data, such as clustering techniques and even mul-
ticriteria decision modeling to prioritize actions to face the barriers discovered in the research, looking
to reduce cost and improve the results of adopting game-based learning techniques. It is interesting to
notice that the evaluation of effects of adopting game-based learning under a multicriteria perspective,
will make possible to compare the results against those reported in (Costa & Alves, 2021) that inves-
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tigated the adoption of an outranking multicriteria decision method to evaluate the effects of Problem
Based Learning (PBL) on engineering competences.
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ABSTRACT

Brazilian higher education uses traditional learning methods centered on the professor and lectures.
However, active learning methodologies have recently been gaining ground, especially in courses in the
health area, due to legal guidelines for their implementation in Brazil. At the same time, the use of active
methodologies in engineering education to optimize learning results is already widespread in several
countries. In this sense, this chapter aims to propose a structure that addresses the interface between
the agile Scrum framework applied to education, known as EduScrum, and the active learning method-
ologies to develop a more applied and results-focused approach. Thus, the scope of this work includes
a review of the literature and the structuring, application, and evaluation of a hybrid method adequate
for training engineering students for modern technological advancements. Finally, the results obtained,
as well as a roadmap, are presented to guide the application of the model in other learning contexts.

INTRODUCTION

After the publication of the book “Scrum, The Art of Doing Twice the Work in Half the Time” (Suther-
land, 2014), Scrum became known worldwide as an exponent of agile methods of project management
applied to the development of new technologies and knowledge. Initially proposed in the context of

software development, the method became widely disseminated by the possibility of its application to
other services and industries, such as education.
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At the same time, in recent years, there has been a growing demand from the market and the students
themselves for more dynamic, applied and participatory classes that would lead to the development of
skills and competencies necessary for future engineering professionals. Thus, active learning has become
the focus of discussions around the world (Aquere, 2017; Crawley et al., 2007; Filho et al., 2019; Kon,
2010; Lima et al., 2017; Prince & Felder, 2006; Vybornov et al., 2014).

Along this line, there is a synergy between the Scrum proposal applied to education, eduScrum,
and active learning methodologies involving the concepts of transparency, inspection and adaptability
and adapting its procedures and artifacts to the teaching context, thus supporting student-centered ap-
proaches and the development of cross-cutting technical skills focusing on the reality of current and
future engineering needs.

This chapter aims to structure a learning model that acts on this agile-active interface, optimizing the
strengths of both approaches in courses that develop both the technical and behavioral content of engi-
neering students and preparing them for new technological and professional demands. It will discuss and
present how to structure a course to operationalize this model and how to conduct classes and activities,
as well as identify the main difficulties in working with this proposed hybrid approach.

To this end, a course structure has been proposed, centered on eduScrum, built collaboratively and
frequently updated according to its development so that the course itself becomes an individual project
of each student. Thus, the objective was to make possible the application and learning of the competen-
cies developed in the course both in terms of evaluations and extra activities, as well as in projects that
go beyond the academic environment, applying techniques of time, knowledge and risk management.

Finally, following the agile proposal of completing cycles of a better product, the course seeks to
optimize the results obtained by reviewing theoretical models or the structuring of artifacts and tools
for the facilitation of this structure.

Therefore, the present chapter is expected to contribute to the teaching of engineering, providing a
model that will contribute to the training of students in the current context of technological advances in
different areas through learning with agile methodologies used in companies that incorporate theoretical
and behavioral dimensions.

This chapter applies the model proposed for the teaching of project management subjects.

METHODOLOGY

The methodological approach proposed for the development and implementation of this model is ac-
tion research, characterized by presenting activities in both the practice and research areas, in addition
to being innovative, participatory, interventionist, problematizing, documented and deliberate, aspects
that differentiate it from other investigative research approaches such as routine practice and scientific
research (Tripp, 2005). Given this participatory and continually evolving approach, it is understood that
action research approaches scientific research in a similar way to eduScrum, using iterative cycles in
education to obtain results. In this sense, the development of work using the Scrum framework and its
artifacts, as well as the teaching of scrum in the developed course, introduces a scientific methodological
character to students, contributing to their developing good research practices as complementary skills.

The model proposed here was applied to the Project Management and Multidisciplinary Teams
(GEPEM) course offered by the Department of Civil and Environmental Engineering of the University
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of Brasilia, with classes of up to 20 students with a tradition of using active methodologies to address
the concepts of project management.
The complete process of the pilot project development consisted of five stages:

1. Exploration of the theme of the project: Exploratory research on the theme of the project, basing
discussions and solutions on books, articles and other related works. According to a previous sur-
vey, the main topics to be addressed were eduScrum, active learning methodologies and project
management.

2. Structure of the course: It consisted of the reformulation and formalization of the course based on
the demands discussed with the teacher and the previous bibliographic review. In this respect, the
following steps were contemplated, always accompanied in parallel by discussions with the advisor
and the necessary adaptations:

a. Requirements gathering and interface structuring.
b.  Structuring of the proposed course.

c.  The use of active learning methodologies.

d.  The project of the course.

e.  Adaptations to the initial proposal.

3. Application of the proposed model consisted of the application and monitoring of the Project
Management and Multidisciplinary Teams course. Two researchers actively participate in this
stage: one as a professor and the other as a student of the course, being present in the classes and
performing the activities carried out by the other students. During the semester, notes were made
about the perceptions of the student and the professor, always aligned at the end of each sprint, to
review the main points and make the necessary adaptations. Additionally, at this stage, two ques-
tionnaires were applied, one at the beginning of the school semester and the other at the end, to
compare the results expected and obtained by the students and the proposed model.

4.  Analysis and consolidation of results: The study was carried out at the end of the school semester,
consolidating the answers obtained from the questionnaires and the notes and minutes of meetings
between the researchers, summarized in this study.

5. Diagnosis of improvements: This consisted of a second iteration of the proposed model, with an
analysis of the main difficulties, theoretical reformulations and developed artifacts and tools. The
objective was to use the knowledge acquired with the application to propose an updated version
with greater ease of operationalization and possibly better results.

BACKGROUND

The model presented here approaches the teaching/learning process as a project (Project Management
Institute [PMI], 2017). To this end, in this section, the authors present a brief review of the concepts of
project management, agile management and Scrum. The review is completed based on the concepts of
the flipped classroom and project-based learning, two active learning methodologies used in the model.

This section presents the conceptual bases that are fundamental for understanding the model. Thus,
its understanding does not depend on the technical content or theoretical scope of the course in which
it will be used.
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Project Management

Projects are temporary efforts aimed at creating a single product or service (PMI, 2017). A project may
contain repetitive activities, but its delivery necessarily needs to be unique. Projects occur at all levels
within companies and in everyday life, for example, when we face personal issues as projects to be com-
pleted. A project is temporary in nature, understood as having a well-defined beginning and end and of
being completed, for example, through the delivery of objectives, the exhaustion of resources or even
by legal or strategic issues. During its execution, it acts as an agent of change in organizations, as it lists
and organizes activities that will make a difference at some level and adds value to stakeholders because
its purpose is to satisfy interests, meet legal requirements or even create or improve some processes.

Thus, a project needs to be executed efficiently using tools and techniques that will permit organi-
zations to meet deadlines and achieve success, which is the essence of project management (Martin &
Tate, 2001). On this basis, the results of the project can be linked with the objectives of stakeholders,
compete more effectively in markets, sustain the organization, and respond in an agile way to local and
global changes to the context.

Based on this initial understanding, one can frame several daily activities as projects, such as personal
initiatives, approval in a course or the elaboration of a dissertation. Thus, project management becomes
a way to optimize people’s performance in various contexts and involving different initiatives.

Agile Management

Agile project management originated from the Agile Manifesto. The traditional management system
was used from the 1970s, during the “software crisis”, to the early 2000s, when it was found to be un-
feasible. Instead of rejecting all concepts and techniques of this approach, a change in perspective and
appreciation was suggested, such as a focus on the client, on regular deliveries and on the people who
make up the team (Duarte, 2019).

Agile management addresses the phases of a project according to two recurring patterns in adaptive
environments, both starting from activity prioritization lists, to reduce burdens by eliminating the starting
and ending activities of the iteration. The first consists of sequential iterative phases, i.e., the decomposi-
tion of the project into iterations of predictable and agreed-upon durations, which facilitates the schedule.
This model has advantages for complex projects with high risk and variability, even if constant repetitions
may incur indirect costs. The second pattern consists of continuous overlapping phases during which
it is understood that all groups of processes must be executed throughout the process because, with the
passage of time and increased maturity of the project, new ideas and better solutions will emerge (PMI,
2017). Thus, the objective is to refine and aggressively improve all points of the work plan.

Within this context, many methodologies and variations arise to manage projects in a more agile
way, some of which are already well established, such as Scrum, scaled agile framework (SAFe) and
Six Sigma. In summary, two main points distinguish classical from agile methodologies: the exchange
of the primary restriction of the scope for the time and the set of tools used. The main benefits of agile
management are greater assertiveness, flexibility, collaboration, communication, and simplicity.
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Scrum

Scrum is a flexible methodology that acts by defining an incremental process and that can be applied
to projects and activities of different sizes, overcoming barriers and ensuring constant evolution based
on adaptability (Bissi, 2007). In the book “Scrum the art of doing twice as much time” (Sutherland,
2014), Sutherland emphasizes three pillars for ensuring the success of the Scrum approach: transparency,
inspection and adaptation. Each of these concepts allows the user to deliver creative solutions within a
framework that allows the resolution of complex and adaptive problems with great value delivery. The
importance of each of these is reflected in the division of roles in the procedures and artifacts adopted,
addressed not only by Sutherland (2014) but also by Duarte (2019), Delhij et al. (2016) and Bissi (2007).
The main terms associated with Scrum are:

Roles: Product owner, developers and Scrum Master.

Events: Sprint, Sprint Planning, Daily Scrum, Sprint Review, and Sprint retrospective.

Artifacts

The Scrum process begins with the definition of the team and the roles of the team members, with the
Scrum Master being of paramount importance as being responsible for the management and transmis-
sion of project information to all team members. Next, the time boxes and artifacts used are defined. It
is important to establish a fixed schedule for meetings and constancy in deadlines to ensure the focus on
daily activities by all, in addition to the correct explanation of the steps to be completed and of the forms
of teamwork, thus increasing the success of the sprints. The cycles are then repeated according to product
development until final delivery (Bissi, 2007). A standard Scrum framework is presented in Figure 1:

Figure 1. Scrum framework
Source: Author

Sprint Retrospective

Daily scrum

Product Sprint Sprint
backlog planning backlog review

Increment Sprint

93

EBSCChost - printed on 2/14/2023 8:06 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

A Scrum-Based Classroom Model for Learning Project Management

A scrum is an iterative approach, always starting with planning and ending with a review of the re-
sults and learning. During the process, daily alignments are made to monitor product development and
identify possible problems and impediments.

EduScrum

The dynamism and adaptability of active methodologies such as project-based learning (PBL), in which
the product is developed during execution, show similarities to scrum principles. In education, eduScrum
has demonstrated improved results and motivations in case studies in higher education (Baldo et al.,
2019; Ferreira & Martins, 2016; Souza et al., 2018), in addition to effectiveness in the development of
other skills such as leadership, management, teamwork and receiving criticism (Borges et al., 2014).
In experiences related to PBL, although there are reports of difficulties with some of the practices and
artifacts, the students’ evaluations have been predominantly positive (Dinis-Carvalho et al., 2017).

According to Borges et al. (2014), the Scrum methodology applied to education involves some main
practices, such as Sprint Planning, Sprint Review, Retrospective, Daily Scrum, Preparation of the product
backlog and sprint backlog, and use of Kanban.

Adaptations of the following events and actors are necessary when using eduScrum (Delhij etal., 2016):

Professor (Product Owner): determines training needs, monitors, enhances quality and evaluates
educational outcomes.

EduScrum Development Team: forms self-organizing, multidisciplinary teams that track their own
progress.

Team Leader (eduScrum Master): one of the members of the student team who assumes the leader-
ship role and some of the responsibilities of the product owner as the project progresses.

As in Scrum, the same three concepts permeate the structure of an eduScrum process: transparency
based on a language and definition of “Completed” shared by all participants; regular inspections of
artifacts to detect undesirable deviations; and adaptation based on formal and practical events such as
those described above (Sutherland, 2014).

It is also worth mentioning that in eduScrum, the product owner is responsible for achieving con-
sensus to complete tasks and learning objectives (given by the completion of all activities of a Sprint),
in addition to ensuring a pleasant work environment as a motivating factor for students in the context of
higher education (Delhijj et al., 2016).

Flipped Classroom

The Flipped Classroom is an active learning model used at different educational levels in various envi-
ronments and models, such as the Thayer method at the West Point Military Academy, the case study
method at Harvard University, and the 1998 publication of the book Effective Grading, in which the
authors propose a model whereby the students first have contact with the subject before class to explore
the content and then receive feedback during the face-to-face stage. Several other studies and articles
also address this methodology (Bergmann and Sams, 2012; Filho et al., 2019; Valério et al., 2019).

In general, the flipped classroom is a methodology used by students to prepare theoretical content
before class and to then develop activities such as exercises in person in an inverted sequence in relation
to the traditional learning model. (Filho et al., 2019). The process can be classified into three stages:
prelesson, class, and after-class.
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In the prelesson, the teacher guides and provides materials so that students have a first contact with
the topic to be addressed, using several tools. This allows the student to deal with doubts and questions,
a process that plays an essential role in the development of their intellectual autonomy, encouraging
contact with colleagues and the teacher, in addition to the search for other sources to resolve doubts.
This helps students develop more confidence who participate less in exhibition classes, for example
(Filho et al., 2019).

During the class period, the teacher then develops activities that aim at synthesizing and clarifying
the content, such as discussions, analysis and debates, using different strategies for the optimization of
learning. The content base previously obtained by the students allows the teacher to provide a moment
of real learning in the class, in addition to the development of other students’ skills in parallel to the
technical content of the course, such as teamwork, argumentation and oratory. The evaluation process
can also occur naturally during class time or not, using varied strategies such as seminars, papers or
rapid tests (Filho et al., 2019).

Finally, the afterschool component consists of the student reviewing and extrapolating the content, for
example, through applying what they learned to day-to-day experiences and other areas of knowledge.
The teacher can guide these activities as the class moment progresses to ensure compliance with the
program content. Thus, more advanced cognitive development is favored, such as analysis, synthesis
and creation, because constructed knowledge has more meaning than knowledge passively received by
the student (Filho et al., 2019). It is noteworthy that there is an intersection between the after-class of
one theme and the prelesson of the next; at this transitional moment, the student initiates contact with
the material provided for the next theme.

Project-Based Learning

Project-based learning is an active learning methodology based on real day-to-day situations (Bell, 2010;
Pereira et al., 2017; Thomas, 2000). This methodology seeks to provide not only technical knowledge
but also skills such as problem solving, investigation and decision-making abilities based on guidance by
a teacher (Thomas, 2000). There are a wide variety of studies that address PBL, incorporating different
definitions and the lack of conceptual and practical consensus (Thomas, 2000); thus, there are several
models for the application of PBL.

PBL projects that utilize the methodology in question must follow standard criteria that should be
applied. In his bibliographic review, Thomas (2000) and Pereira et al. (2017) propose five foundations
that faithfully characterize an applicable project centered on autonomy, the orientation of the issue,
constructive investigation, and its reflection of reality:

e  PBL projects are central, not peripheral to the curriculum: they are the student’s way of learning
the concepts of the course and extrapolating their objectives, developing skills other than those
expected for them.

e  PBL projects are focused on questions that lead students to find and interact with concepts linked
to the course: they should be constructed by guiding students to the objectives of the course, so
they will absorb all the content that should be addressed.

e  PBL projects involve students through constructive research: they should make students need to
use an objective-focused investigation through design, problem framing, and resolution, among
others.
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e  PBL projects are guided by students to a significant extent: certain deliveries or steps should not
be determined by the teacher, but students should conduct the process in search of the solution and
deliveries they deem relevant.

e  PBL projects are realistic: they should involve real situations such as working with nonstudent
stakeholders and delivering a product to some customer, among others.

COURSE DEVELOPMENT AND APPLICATION

This section discusses the structuring and application of the course, starting with the gathering of stu-
dent requirements, the structuring of the interface and the curriculum, and the adaptations and learning
during the application.

Gathering of Requirements and Interface Structuring

Prior to the beginning of the enrollment period at the University of Brasilia, with the initial hypotheses
of the model to be proposed for the course of Project Management and Multidisciplinary Teams, a vir-
tual questionnaire published on social networks was used to identify the value perceived by the students
of active methodologies, the targeted project management and behavioral skills, and the themes to be
addressed in the course.

The questionnaire was structured into sections for rapid completion to obtain the greatest number of
answers. The first section characterized the sample, identifying the course, semester, gender, and age of
the research participants. Then, questions related to access inquired about the infrastructure for remote
classes and the availability of the time needed to take the course. In addition, the questions were structured
according to the students’ previous experience with the active learning and investment methodologies
they hoped to obtain when attending an optional course, in the case of extra class hours.

In total, 68 responses to the questionnaire were obtained, predominantly in the courses of civil
engineering and environmental engineering. The main answers that led the research were the time of
dedication expected by the students and the primary aspects that add value to the course, these with
their respective scores on a Likert scale from 1 to 5: multidisciplinary (4.50), addressing team manage-
ment (4.53), addressing real situations (4.79), addressing project management (4.57), and developing
complementary competencies (4.51).

In parallel to the application of the questionnaire, the researchers identified the interface between
eduScrum and active learning methodologies, mainly project-based learning and the flipped classroom,
which were selected to be applied in the first restructured version of the course. The objective was to
identify the similarities of the proposals to permit their optimization throughout the semester. Figure 2
illustrates the main considerations raised.
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Figure 2. Interface between active methodologies and eduScrum
Source: Author
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Course Structure

Initially, we chose to maintain the course load at 4 hours per week, divided into two classes during a
total of 15 weeks, a model that had already been applied in other semesters. Based on this planning, a
preliminary schedule and work plan were prepared. In addition, the class was limited to 20 students.

The classes were grouped into sprints to characterize eduScrum. All planning was carried out previ-
ously but later validated with the students in the first sprint. On this basis, we opted for a collaborative
process using the first sprint to align expectations with those of the students, with adjustments made to
the previous planning according to the students attending the course, provided that they met the minimum
requirements provided by the professor.

The course was then divided into 5 sprints of equal duration to facilitate control of a first experience
and establish a modular and replicable structure for courses of different durations. It is important that
each of these sprints contain minimal planned events (planning, task division, stand up, sprint review,
and retrospective) and a clear goal.

Sprint I (Introduction): The first cycle of the course is focused on welcoming the students and
adapting to the methodology, in addition to aligning expectations and work agreements. The idea is to
address some initial project management concepts to contextualize the students and to introduce the
Scrum approach, which will be necessary for course development. The deliveries provided are the course
plan, adjusted according to the agreement between students and the professor, and the project contract,
with the rules of coexistence, deadlines and other agreements signed by the group.

Sprints II to IV (Development): The development cycles consisting of the main technical aspect of
the curricular unit address the expected content of the course and structure learning with active meth-
odologies. The order of presentation follows the logic of a project, using the conventional flow (start,
planning, execution, monitoring, and closure), with some topics presented in advance to facilitate co-
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ordination and group work, such as communication management. The planned deliveries are related to
the content addressed in the classroom and applied to the project of the course. Thus, there is a parallel
between theory and practice, with knowledge being consolidated in smaller cycles that are closer to the
reality of the students.

SprintV (Closure): The last cycle aims at evaluating and finishing the course, in addition to addressing
some additional content such as project management references. Both its delivery and its development
are based on the closure of the project of the course and the final presentation to formalize the conclu-
sion of the “contract” established in the first sprint. It is important to emphasize that this cycle addresses
not only the professor’s evaluation of the students but also the self-assessment of each student and the
retrospective view of the entire project, in this case, of the academic semester.

Figure 3. Basic structure adopted for the course
Source: Author

Project Management and Multidisciplinary Teams
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Project Based Learning

Figure 3 summarizes the structure adopted for the course.

A detailed approach to the 3-week cycles is presented to permit understanding of the sprints in a
macro way. As already mentioned, the idea of fixed-size cycles facilitates both the organization and the
planning as well as the execution of sprints, with the adoption of a simpler structure that is repeated
throughout the semester. In total, there are 6 classes of approximately 2 hours:

Lesson 1: The first lesson of each sprint presents the objective of that cycle, proposes goals and ex-
pected results, and allows the students to plan. It also begins to address the concepts that will be developed.

98

printed on 2/14/2023 8:06 AMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

A Scrum-Based Classroom Model for Learning Project Management

Lessons 2, 3 and 4: These 3 classes cover the technical development of project management content,
aiming to bring the robustness and concepts necessary both for the development of the project and for
its application to day-to-day life.

Lesson 5: A class with two main functions in the schedule is planned: bringing an applied and
complementary approach to project management, either with the application of workshops or cases
based on real situations or using a discussion of complementary competencies for a project manager such
as oratory and organization. This allows the schedule to be interrupted such that in case of unforeseen
events or holidays, the primary content and events are not rushed, and this class may work in place of
some of the others.

Lesson 6: The sprint closing class aims to recap and reinforce the main points addressed, in addi-
tion to allowing the evaluation of the cycle, both formal (specific activities) or informal (discussion and
individual reflections of the students).

For the implementation of the model, we opted to use only the flipped classroom combined with
project-based learning. The first presents a good proposal for classes that do not have significant ex-
perience with active learning methodologies. The second is essential because students must develop
a project during the course. It is worth noting that the pre- and post-class moments were organized so
as not to make excessive demands on the students, mainly because they were not in the habit of work-
ing with active methodologies and also because this is an optional course. On this basis, as the cycles
are completed, the work required by the extra class is expected to gradually increase, with the students
gradually consuming more content and becoming more active. This is one of the advantages of working
with the Scrum methodology, i.e., a gradual increase in productivity.

Finally, lesson 5, which addresses applied issues and other complementary competencies of a project
manager, also makes it possible for the students to develop innovative methodologies for validation.
According to the project themes and interests of the students, this more informal moment permits the
professor to apply methods to situations, such as problem-based learning, in a reduced context for vali-
dation and possible implementation in other semesters.

In parallel to the development of the sprints, the methodology of project-based learning is proposed
for the execution of one or more projects by the students, divided into groups.

The project schedule is adjusted to the content addressed to apply the methods and concepts already
discussed in practice, starting at the end of the first sprint and ending in the last sprint, representing the
main part of the students’ evaluation.

The themes of the projects can be freely chosen by students, the only requirement being that they
should be real problems, should benefit society, and should not be based on financial objectives.

Adaptations to the Initial Proposal

The class plan was elaborated at the beginning of the semester, guided according to the results of the
requirements to organize the sprints and the distribution of the classes. Given the context of the CO-
VID-19 pandemic, some changes were made in relation to the initial proposal, including the use of
remote teaching platforms.

While these restrictions may have imposed some limitations, they forced both the students who took
the course and the professor to adapt to a new process that can be used to apply to the course in col-
laboration with national and international partner universities, with an even richer learning experience
for those involved.
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Application of the Proposed Model

The first sprint of the course exhibited a steady pace and fulfilled the objectives and schedule, with
active participation by the students in general. It was noticed that the duration of the classes ended up
limiting some discussions, possibly becoming a problem in the development sprints. In addition, the
lack of more tangible deliveries and evaluations was pointed out, mainly due to the lack of clarity of the
method used for evaluation.

The development sprints were able to approach the proposed themes with sufficient depth. This was
due to the engagement of the students who participated more and who performed the readings, comparing
them to the experiences they had outside of class. However, there was still a certain polarization among
the more participatory students. The lectures with external guests proved to be one of the highlights,
mainly because the themes were focused on market realities.

Another positive point was the structuring of the partial presentations of the work carried out. These
“events” became regular and increased the professor’s contact with the projects, in addition to allowing
for a clearer evaluation. In addition, for those results that were unsatisfactory in sprint 2, the professor
was able to take measures such as dividing the class for the preparation of the work and developing extra
schedules with the groups that needed additional support.

On the other hand, the schedule occasionally proved to be unfeasible because it did not predict ab-
sences or unforeseen events, resulting in cumulative delays. In this case, the alternative was to assign
the asynchronous reading of the material made available by the professor.

Another point of attention was the suitability of Scrum events. The way they were proposed, it was
not feasible to perform the procedures without adapting them to a more informal model. This was identi-
fied as the greatest challenge for model rethinking, with the need to adapt both the time and dynamics
of the events so that eduScrum would not be mischaracterized.

Since the projects became the central point of the course, the schedule was adapted so that the projects
could be developed during class hours. The students were very receptive to this alternative; however,
it is necessary to predict the time required for this synchronous development so that the schedule is not
adversely affected.

The final sprint was fully directed at the closure of the projects. Most of the classes were made avail-
able for the students’ work, and the professor was available for assistance. This was well received by
the students and provided better access to the products. At the end of the course, each group presented
its product and an account of the development process, addressing the difficulties encountered and as-
sociating the work with the concepts studied theoretically. In the end, the other groups and the professor
asked questions and clarified doubts. This moment was important both to finalize the course and for the
students to develop presentation skills. It also served as a tool for the professor to carry out evaluations.
A later date was set for submitting the finished products to be evaluated asynchronously by the professor.

ANALYSIS AND CONSOLIDATION OF THE RESULTS

This section presents the results of the application obtained from the students who participated in the
course, as well as a summary of the points for improvement identified by both the students and the
researchers.

100

printed on 2/14/2023 8:06 AMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

A Scrum-Based Classroom Model for Learning Project Management

At the end of the course, the students responded to an anonymous questionnaire for a qualitative
and quantitative evaluation of the academic semester. Regarding the general degree of satisfaction, all
students scored the course with a 4 or 5 on a scale of 1 to 5, with an overall average of 4.47.

Next, the students evaluated the importance of some aspects of the course, represented in Figure 4.
Only “Use of foreign literature” received “indifferent” grades, while the other items were classified as
“important” or “very important” by the students. The use of active learning methodologies obtained
the highest number of “very important” evaluations, showing considerable acceptance of the approach
by the students.

Figure 4. Importance of the course scored by the students
Source: Author

Importance of the course
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deliveries and other

scrum events

Course characteristics

Regarding the operational aspects of the course, the content addressed, the project focus, the evalua-
tive methods and the bibliography used received the best evaluations. The format of the classes received
some “Indifferent” grades, with the students stating that remote teaching impaired communication and
interaction. The results are shown in Figure 5.
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Figure 5. Average satisfaction reported by the students
Source: Author
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Finally, the students were asked to answer the question “On a scale of 0 to 10, what is the likelihood
of you recommending the GEPEM course to someone else? “, used to calculate the net promoter score
(NPS), as established by Frederick Reichheld (2003). On this scale, grades 0 to 6 characterize detrac-
tors, or individuals whose evaluation of the initiative are negative; neutral grades 7 and 8 characterize
individuals who do not promote or are contrary to the course; and grades 9 and 10 are those promoters
who actively recommend it. Based on these evaluations, the SPL obtained was 82, which is considered
a score in the excellence ranking.

General Analysis of the First Application

Based on the development, the interface between active learning methodologies and an agile method of
project management applied to education was satisfactory. The proposed model was applied within a
limited context due to social distancing, but it was possible to validate and critique the model to be better
understood. The rate of student satisfaction with the course was high, exceeding initial expectations. In
addition, some key concepts proposed, such as active methodologies, the presence of guest speakers and
the elaboration of real projects, were well received and approved by the students, and the main aspects
were positively evaluated.

Regarding the active methodologies, the flipped classroom was predominant, mainly owing to the
previous experience of the professor. Project-based learning proved to be the greatest engagement factor
and an excellent evaluative instrument, with clearer deliveries and allowing the direct application of the
project management concepts studied. Additionally, the unpaid character and the requirement that the
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projects contributed to the University of Brasilia were relevant factors in the students’ engagement and
dedication, yielding significant results.

However, aspects to be improved were identified during the process of application and analysis of
the results of the method. The greatest challenge was to define structures, artifacts, and tools that would
allow eduScrum events to be performed within an even shorter period of time and with a larger number
of people to avoid mischaracterizing the method. Another point of attention is the definition of a schedule
with free days so that situations that may require classes to be canceled do not affect the deadlines. In
addition, it is necessary to clearly define the methods of assessment and align them with the students to
obtain greater transparency in the process, one of the defining characteristics of Scrum. Finally, in the
case of the remote teaching scenario, it is worthwhile considering other collaborative platforms to better
integrate less participatory students and lead to greater class homogeneity.

Diagnosis of Improvements
According to the methodology used, the main difficulties and points forimprovement were identified based
on the results and analyses of the first stage of the project. The objective was to prioritize performance

with regard to the most relevant aspects and to add value to both the students and the professor. Table
1 summarizes the considerations made, synthesizing the diagnosis obtained from the first application.

Table 1. Diagnosis of application

Difficulty Description

Many events were canceled during the semester and the
procedures and time assigned were not clear. In general,
eduScrum ended up being misrepresented, reducing its utility for,
and understanding by, the students.

Small percentage of scrum events executed.

The events proved to be unfeasible because of their duration,
mainly due to the number of students. There was a lack of
standardization and prior structuring of the procedures defining
responsibilities and the model to be implemented.

Duration of Scrum events.

The course schedule had to be adjusted a few times during the

Difficulty in following the schedule.
semester.

Some students did not evaluate the activities by assigning scores
and weights in a clear manner, negatively affecting the aspect
of transparency of eduScrum and reducing the credibility of the
course.

Lack of clarity in the evaluation.

Depending on the student’s profile and dedication, there was

a discrepancy in their participation in synchronous activities,
impairing the professor’s ability to monitor the development of
individual students.

Unequal participation of students in the class.

The students began to carry out the project from the middle to
the end of the course, which caused them to lose time at the
beginning of the semester. With a steadier delivery and diluted
development during the sprints, better deliveries are expected
at the end of the semester, with a reduced load at the end of the
school period.

Slow project development.

The dynamics and participation of the students were below
Difficulty in conducting dynamics in class. expectations, mainly due to the high number of students and the

need for remote classes.

Source: (Author)
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Figure 6. Lever map
Source: Author
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Based on the analysis of Table 1, a map of levers was structured, a tool used to associate the actions
that must be taken to achieve a result. In this case, three main levers were identified, with a total of nine
solutions for product success.

Given the number of solutions raised and the time available, a classification of the solutions was made
according to their “impact” to improve the course and the “effort” necessary to develop it to prioritize
those with the highest cost-benefit. This stage was managed jointly by the researchers to meet the interests
and perceptions of both and was later positioned in a matrix of “effort x impact”, presented in Figure 7.

Based on this prioritization, the solutions were developed and are presented and discussed in the
next chapter, with preference given to those with the greatest impact, that is, in the upper positions of
the “y” axis in the graph.

SOLUTIONS AND RECOMMENDATIONS

This section discusses the development of the solutions presented and prioritized and is divided accord-
ing to the levers presented in Figure 6. Finally, a roadmap for applying the model in other contexts of
engineering education is presented.

Lever 1: Increased Alignment with the eduScrum Framework

The first lever identified concerns the use of eduScrum in the developed teaching-learning model. Edu-
Scrum incorporates agile concepts and adapts them to the educational context, one of its main charac-
teristics being the procedures or events held. The objectives of the procedures are to allow the professor
to closely monitor the students and to develop a transparent relationship, which are essential for success
in the educational context. During implementation, the procedures were found not to be well described
or structured, without a defined procedure, with consequent inefficiencies and the need for additional
time during the course, which was already scarce. In addition, no tools were available to help the profes-
sor, a fact that required a product owner who had already acquired several functions in an eduScrum.
Thus, three improvements were addressed in this lever: a) restructuring of the theoretical format of the
predicted procedures (solution 1.1); b) reducing the duration of events and of eduScrum (solution 1.2);
and c) structuring the artifacts and tools for an assertive implementation of eduScrum (solution 1.3).
New proposals were made for each of the procedures considered, as presented below:

1. Sprint Planning: Sprint planning is an event in which three objectives need to be met: forming
the teams that will work together, defining and agreeing on the learning goals for the period and
planning and creating a division of work to achieve the goals.

a.  Proposed procedure: At the beginning of the first sprint, the professor or product owner will
divide the class into groups, which will be maintained in the other sprints. He will then pres-
ent the course schedule, emphasizing the deadlines for deliveries, holidays and important
milestones of the period. Next, the professor will present examples of deliveries that will be
made in the sprint, showing work from previous semesters or from his personal collection.
Each step is followed by clarification of doubts and collaborative validation with the students,
during which changes can be made to align expectations and to obtain a commitment to the
proposed schedule.
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b.  Expected time: 30 minutes, approximately 10 for the professor’s presentation and 20 for a
discussion of doubts, concerns, and necessary adaptations.

c.  Artifacts and tools used: Course schedule and shared folder with examples of deliveries.

Sprint Daily: The daily meeting initially lasts 5 minutes and is held at the beginning of the class

to inspect the produced material, to synchronize the activities to be performed according to the

schedule and to identify the obstacles and problems detected.

a.  Proposed procedure: At the beginning of each class, the professor will open the class manage-
ment tool, in this case, a frame model in the Trello application, and present the activities on
the board. Together, the class will update the frame by moving to “completed” and “doing”
the activities performed and planned for the day. Then, some randomly chosen students will
answer the questions provided in the eduScrum framework: “What have I done to help the
team achieve the goals of the previous Sprint?”; “What will I do in this class to help the team
achieve Sprint goals? “; and “What are the obstacles that have blocked the team from achiev-
ing its goals?”. At least one student should be selected per group to obtain alignment of the
class as a whole and each of the groups separately.

b.  Expected time: 15 minutes, 5 of them for collectively updating the table and 10 for oral updat-
ing of the students. It can be seen that the time taken for this exercise is longer than predicted
in the Scrum framework, but due to the difficulties of execution and the importance of this
procedure, it was decided to schedule more time to ensure proper execution.

c.  Artifacts and tools used: Monitoring of the course using a framework in the Trello applica-
tion. It is recommended that the groups also develop a similar framework to organize their
activities in the course project, but this should be updated individually by the groups, not as
part of the class procedure.

Sprint Review: The sprint review takes place at the end of each cycle and aims to verify and

present what was learned by the teams during the period. It is an inspection process that aims to

ensure iterative and agile learning, allowing us to identify possible failures to be worked on in the
next sprint.

a.  Proposed procedure: At the beginning of the previous sprint class, the professor will provide
an anonymous questionnaire for completion. The questionnaire poses questions about the
understanding and execution of the work both in terms of the content of the period and the
development of the course project, with objective questions of gradation. Finally, the descrip-
tive questions that will be discussed in the retrospective are presented: “What went well in
this sprint? ““; “What can or should be done better in the next sprint? ““; “What should we not
do anymore?” and “What steps can we take in the next sprint? .

b. Expected time: 15 minutes, fully available to fill out the questionnaire by students and
professors.

c.  Artifacts and tools used: Sprint review questionnaire and retrospective.

Sprint Retrospective: This was a retrospective event held after the review so that students could

perform a self-assessment, creating an improvement plan. Its main procedures are the evaluation

of the methodology and the way of working, a self-evaluation and evaluation of the team, and the
discussion of improvements. In the case of the proposed course, the retrospective is held immedi-
ately following the review as a single event.

a.  Proposed procedure: After completing the sprint review questionnaire, the professor provides
a self-assessment and peer assessment questionnaire to be completed by the students. Next,
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the learning is discussed. At this time, the professor opens the answers to the first question-
naire (which is anonymous) and presents them to the students, discussing the results obtained.
In addition, some students are asked to comment on the descriptive questions to discuss the
improvement plan. Finally, there is a time for general comments on the course, the progress
of the projects and whether expectations are met or not. All these points must be recorded by
a monitor or by the professor to be used for the planning of the next sprint. The remaining
time of the lesson can also be used to clarify doubts about the content of the course addressed
in the sprint or to aid the development of the project.

b.  Expected time: 30 minutes, approximately 10 of them for questionnaire responses and 20 for
discussion of the completed sprint.

c.  Artifacts and tools used: Self-assessment questionnaire and evaluation of the teams and min-
utes of the review/retrospective of the sprint.

Lever 2: Improvement in the Evaluation Process

During the application, it was noticed that the students did not clearly know how or when they would
be evaluated; thus, failing to prioritize some activities that would be important in the researchers’ view,
such as partial deliveries of the project. In addition, since eduScrum values transparency and inspection,
the evaluative model needs to be defined and clarified with the students.

To fill this gap, three solutions were developed in the project: a literature review of evaluative methods
in active methodologies to incorporate good practices into the interface with eduScrum; the structur-
ing of an evaluative model, incorporating learning and adapting to eduScrum events; and centralizing
and developing examples of deliveries/evaluations to clarify what is expected from the students and to
facilitate their understanding of the evaluation process.

1. Literature Review on Evaluative Models

When assessing active learning methodologies, it is important that both the professor and the students
understand that they should not be restricted to traditional evaluative models and that diversification of
the assessment instruments used is necessary (Filho et al., 2019). According to Mesquita (2015), writ-
ten tests still constitute most evaluations in engineering courses. However, Filho et al. (2019) stated that
students already recognize the importance of other forms of evaluation that promote the development
of skills for professional practice and meaningful learning.

Evaluation during active learning is continuous, flexible and of paramount importance because it
reveals the coherence between all the processes of curriculum development (Mesquita, 2015). According
to the same author, the evaluation needs to be compatible with the approach used during classes; thus,
it is not positive to use, for example, classes focused on day-to-day professional practice or evaluation
tools that only require memorization and reproduction of studied models. In this respect, the evaluation
needs to be articulated with the other curricular elements, promoting more participatory environments
and more diverse, reflective processes (Mesquita, 2015) (Hoffmann, 2014).

Filho et al. (2019), apud Moretto (2017), approach evaluation not as an “end” in itself but as a way for
the professor to collect data and direct the next steps of the course according to the feedback received.
That is, evaluation during active learning is a time not only to assign grades but also to identify difficul-
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ties and solutions and to direct students toward scientific knowledge based on reflections and challenges,
which is an essential aspect of the mediating process (Hoffmann, 2014).

In view of these understandings, it is necessary to establish a “didactic contract” with the students
for evaluation in active methodologies, demonstrating their understanding of the evaluation process
itself (Filho et al., 2019). To this end, using Perrenoud (1999), the cited authors mention some charac-
teristics of this contract, with the professor being responsible for encouraging participation, accepting
errors, valuing guesses and cooperation, directing the progress of the course and explaining the content
addressed. Students, on the other hand, are responsible for actively participating, collaborating, and in-
teracting with each other and with the professor. Thus, the evaluation process should not be standardized
but should involve students in the assessment of their own competencies, favoring mutual evaluation and
self-assessment by explaining the objectives and using debates (Perrenoud, 1999) and, thus, representing
a new learning opportunity (Masetto, 2011).

Analyzing several authors, Filho et al. concluded that evaluating acquires the meaning of “mapping”
or diagnosing the learning process to allow new interventions and help students overcome the difficulties
encountered (Filho et al., 2019). To this end, questions should be answered in the evaluation process,
such as “What are the difficulties? *“; “What are the obstacles? *“; “What are the advances? “; “What
aspects need to be improved?” (Filho et al., 2019).

Finally, emphasizing evaluation as a continuous and ongoing process [REMOVED BIBLIOGRA-
PHY FIELD]during the learning period, several authors, such as Filho et al. (2019), Perrenoud (1999),
Mesquita (2015), Masetto (2011) and Hoffmann (2014) discuss the importance of feedback for the
process, providing security and collaboration between professors and students. To this end, in general,
the principles of Hoffmann’s mediating evaluation (2014) summarize the characteristics of an evaluative
model: to provide students with many opportunities to express their ideas; to give students opportunities
for discussion based on problem situations; to pay close attention to tasks, questions and comments; to
offer students several opportunities to discover better solutions; and to complement the evaluation process.

2. Structuring the Evaluation Model

Based on the review performed, we started to structure the evaluation model to be adopted. First, we
perceived synergy between the concepts presented by eduScrum and those found in the literature be-
cause both understand evaluation as a longitudinal and constant process that directs decision-making by
identifying advances and difficulties, adding transparency to the teams. Table 2 explicitly demonstrates
this interface, comparing the questions of the evaluation process of Filho et al. (2019) to those proposed
by the eduScrum Guide (Delhij et al., 2016).

Table 2. Comparison of the evaluation in active methodologies and in eduScrum

Filho et al. (2019) eduScrum guide (2016)

What progress? e What did I do to help the team achieve previous Sprint goals?

e What went well?

e o
What are the difficulties? e What can or should be done better?

e What are the obstacles that blocked the team from achieving the

What are the obstacles?
goals?

e What can or should be done better?

i ?
What aspects need to be improved? « What should we not do anymore?

Source: (Author)
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Thus, it can be seen that the questions and concepts of eduScrum events meet the requirements iden-
tified for evaluation in active learning methodologies and are, therefore, adaptable to teaching in this
context. To this end, evaluation methods already used in active learning methodologies were identified
and used as a starting point for the proposed model. Five were selected among the options studied: last-
minute report, self-assessment, formative evaluation, peer evaluation, and physical or digital portfolio.
The book “A new classroom is possible” (Filho et al., 2019) was used for the initial understanding of
these aspects.

Each of the selected methods was classified as a “Content” or “Behavioral” evaluation to balance
both the aspects of programmatic content and the other skills and competencies expected of a student.
This classification was performed by the researchers, and although partially subjective, it provided a way
to balance the evaluation to cover both approaches. Next, a relationship was established between these
and scrum events to synchronize their use and periodicity. Finally, the model to be used was detailed,
and a brief description of the understanding of how to conduct evaluations in the context of the course
was elaborated. The suggestion was that these models be used in the evaluation of students, as agreed
upon between the professor and the students in sprint planning.

3.  Providing Project Delivery Models

The last solution related to the course evaluation lever was the centralization and consolidation of
examples and models of project and course deliveries. The main purpose of this solution is to provide a
shared folder with students so that they have references about deliveries, which were sometimes abstract
in the first application. It is expected that, with this, they will be able to predict the effort required in
each sprint, improving their organization, planning and distribution of tasks.

Figure 8. Shared folder architecture
Source: Author

Folder to centralize the artifacts used for the management of the

00. GEPEM discipline, being made available so that students can follow the progress
Artifacts and have transparency of the next steps and access to Trello, schedule

andthe discipline's menu.

Folder that centralizes the questionnaires and tools for Scrum events,
01. Scrum Events allowing students to analyzethem and, ifinterested, better understand
the method and process of preparing the discipline.

Project ‘ . .
M t and Folder that centralizes the examples of deliveries from previous
EIEFEIENE ET 02. Examples of semesters or from the professor's collection. It must be subdivided by
Multidisciplinary deliverables sprintand cover the entire scope of deliverables foreseen for each sprint.

Teams

03. Group Organization folder of each group, where the project and subject
deliveries deliveries must be centralized for access by the professor and colleagues.

Collaborativefolder for articles, books, and general content that might be
04. References of interest to the class. Powered by the students themselves and the
teacher.
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The shared folder can still be used to provide articles, references and the partial deliveries of the
groups themselves, centralizing management of the knowledge of the class in a single environment,
which can increase collaboration between groups. Figure 8 shows the architecture adopted in the folder
organization, with a brief explanation of the contents of each subdivision.

The step of structuring the shared folder also serves as a conference if the documentation required
for the course is ready. In this case, when structuring folder “02. Examples of Deliveries”, for example,
the researchers noted the need to define what would be minimally needed for the deliveries of the en-
tire course to provide them with examples for the students. Thus, Figure 9 elaborates on the deliveries
expected for the course.

Figure 9. Deliveries planned for the course
Source: Author

« PM Canvas

Sprint 1 - Project Schedule

« Theme presentation seminar

Sprint 2 = Seminar-related guestions

02. Examples of

Project Analytical Structure

Sprint 3 Project Risk Matrix

deliverables

Course Theme Summary
Artifacts Seminar
Artifact development

Sprint 4

Course Project final Seminar

Sprint 5 Final Product of the Project

This stage represents good practice for the professor when planning the course, requiring him to pre-
pare the documentation and make the necessary decisions prior to the beginning of the semester, with
better security and clarity for the students. The important point is that if in sprint planning the professor
and students agree to add or remove something from the scope, this folder should be updated with new
examples so that it always reflects the full scope of the sprint and to avoid confusion or incomplete
deliveries.
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Lever 3: Facilitate Product Owner Activities

The third and final lever was to facilitate the activities of the product owner, represented by the profes-
sor. By developing the model and integrating different solutions, the degree of complexity of the course
increased, with many artifacts, events and references that could make it very costly and render the model
unfeasible.

The aim of this lever is to simplify and organize the activities of the professor and possible monitors or
auxiliaries, permitting previous organization and monitoring of the course. The solutions proposed were
the restructuring of the course schedule in terms of the demands of the students after the first applica-
tion and the problems observed by the researchers. Artifacts and tools should be elaborated so that the
professor would not need to design documents but only use them and adapt them, when necessary, with
the unification of the management of the course in one place, avoiding different fonts and scattered files.

1.  Restructuring Course Schedule

The first solution addressed was the restructuring of the course schedule. The students had previously
reported that they would like to take more classes to elaborate the projects, a wish that was met during
the first application. In addition, the researchers noted a lack of time off in the schedule and the defini-
tion of evaluation moments. Thus, a calendar was restructured with 30 classes, 2 per week (a model
already adopted), with a preset schedule of the content addressed in each class. In addition, each class
was defined according to three objectives: “Content”, “Protected,” and “Evaluation”. “Content” refers
to synchronous moments when some content of the technical scope of the course should be developed;
“Protected” refers to the classes intended for either the development of the project or the visit of a guest
speaker; and “Evaluation” refers to the time when students will be evaluated, either by deliveries and
presentations or by performing the review and retrospective procedures of the sprint.

In the end, 16 meetings were held: 2 of the “Content” type, 7 “Protected” and 7 for “Evaluations”.
This distribution was expected to develop a schedule with flexibility for unforeseen events, in addition
to ensuring a coherent and regular evaluation process.

2. Developing Artifacts and Tools for the Product Owner
The second solution of this stage was to elaborate artifacts and tools that could be used during the
semester. Its objective was to standardize and enable the other solutions implemented to save time and

effort by the professor responsible for the course. Table 3 briefly summarizes and explains each of the
products developed.
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Table 3. Artifacts and tools developed

Name Description

Online questionnaire to be filled out and the reflection on the sprint to be completed

Sprint review/retrospective Questionnaire K .
p P Q and used for oral discussion.

Evaluation questionnaire designed to inform the students of their performance and

Self-assessment questionnaire/peer review R
d p that of their team.

Schedule of activities with groupings and scheduled free days to avoid delays in the

Course schedule .
semester or a reduction of the course scope.

Shared online folder for the centralization of all course information in an organized

Shared knowledge management folder
and transparent manner.

Online access board of the class for performing events and unifying the course

“Trello” Framework of Course Management . . .
management, redirected to the other important files.

Graph of the development of the course, proposed as an artifact by the Scrum

Burndown Chart for course methodology and adapted to the course

Centralization of delivery models used in other semesters to clarify to students what
Students’ delivery models is expected and provide greater transparency of the scope and evaluation of the
course.

Source: (Author)

Figure 10. Trello planning section
Source: Author
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3. Unify Course Management

Finally, the last solution was related to the unification of management and monitoring of the course
in a single platform. During the research, several axes and complements were explored, making it more
complex and difficult for the professor to follow the model. Thus, it was necessary to centralize and
simplify the monitoring to ensure the execution of all the procedures, events, evaluations, and scope
provided, for which a “Trello Framework of course management” was developed. The idea was to use
the Trello platform for conducting events, directing information to the knowledge management folder,
providing links and artifacts and for managing the scope and schedule. The framework was then divided
into three major groups: planning, execution and management.

Planning: This part of the board involves the one initially predicted by the professor and is used as
a reference for what should be developed during the academic semester. Three lists make up this sec-
tion: deliverables, concerning the products that the students must develop during the semester for later
evaluation; backlog of the course, in which the entire schedule of activities is separated and detailed in
chronological order; and additional scope, which refers to the activities that the class decides to carry
out in conjunction with the professor in addition to what was previously planned.

Execution: The execution is essentially a Kanban frame of the sprint, used in sprint planning and
updated at the beginning of each lesson, consisting of the following lists: “Backlog of Sprint”, “Doing”,
“Review” and “Done”.

Figure 11. Trello execution section
Source: Author
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Management: The management part presents the “Canceled” list regarding what has been removed
from the scope, the “Useful links” list, which contains directions for all artifacts developed and used
for the course, and the “Burndown chart” covering the monitoring of the activities. Other management
tools, such as Gantt charts, can be added later to other lists in the frame.
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Figure 12. Trello management section

Source: Author
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Figure 13. Implementation roadmap
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Implementation Roadmap

Finally, based on what was developed during the chapter, a roadmap was created that summarizes the
professors’ role in using this model in other applications, as shown in Figure 13. The roadmap includes
the moments of preparation, execution and documentation of the course, defining the main activities
and objectives. Details of each item were previously presented in the body of this work.

CONCLUSION

The constant changes that occur in engineering education, motivated by the development of new tech-
nologies and tools, attest to the importance of adaptive teaching. The model presented here aims to allow
flexibility for use in other contexts and is feasible for implementation. It is understood that the research
has limitations regarding the number of participants and validation time, but points to be considered are
listed below for new applications:

e  One should plan the scope of the course and divide it into activities that can be performed in a

class so that the contents discussed start and end on the same day.

The schedule needs to provide asynchronous and nonmandatory activities for use as a slack.

The initial and final sprints feature more eduScrum events and features, reducing the technical
load. Thus, it is important that the scope of the course is concentrated on the programmatic con-
tent of the intermediate sprints.

e It is important to provide a monitor or assistant for the professor, who can assist students in un-
derstanding the roles and organizing the project teams, working similar to a Scrum Master in the
first sprint.

e Itis essential to try to reduce the time of events so that the focus of the course is not to learn how
to use the Scrum methodology. The explanations should be succinct and directed at the applica-
tion so that they can be used as tools for the development of the course. The use of inexperienced
teams and professors represents a high risk for a successful implementation.

e  Even though the assessment is cross-cutting, students may feel insecure if it is not explicit. It is
important to have transparency about which instruments will be used and their evaluation weights
and to always use the sprint retrospective to validate the mood of the classroom.

In view of these developments, it is concluded that the pilot program proved to be a promising alter-
native for increasing student engagement and using active methodologies, in contrast to the expositional
curriculum that predominates in current engineering education; it may also be applicable to other courses
administered both face-to-face and remotely. The improvements proposed in the second stage, as well as
the artifacts and tools developed, are expected to overcome some of the difficulties already identified.
It is also expected that, following the iterative proposal of the agile methodology, other difficulties will
be identified through new applications, permitting new improvements and the maturation of the model.
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ABSTRACT

The scope of this chapter is to describe and share experiences of two industrial engineers that had prac-
ticed project-based learning (PBL) during their engineering degree. Currently, authors look backward
with a different perspective related to PBL as they are working as industrial engineers in different areas
for 10 years in a multinational environment. Such experiences provide to the students the opportunity
of developing soft skills that would be difficult to obtain following a traditional expositive lecture, more
Jocused on individual work. Several challenges and advantages of learning by doing with PBL prepare
students and contribute for their professional life because this kind of learning is closer to the profes-
sional daily life. In this chapter, four main experiences faced by the authors as engineering students are
reported. Furthermore, the importance of experience like that and its contribution for the professional
life is explained from the authors’ point of view.

INTRODUCTION

Bologna Process led some changes in the European University learning methodologies and it also
brought transparency and standards creation to ensure mobility and comparability between European
countries. The process implied changes such as curricula, structures, education paradigm and also the
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teaching culture, adopting different learning approaches student-centered (Alves et al., 2016; Reinalda
& Kulesza, 2006). The university to which the authors belong also drove this transformational process,
including PBL approaches in some courses. Authors experienced PBL in the first editions (2006-2007
academic year) in an Integrated Master degree in Industrial Engineering and Management (IEM) of the
approach pioneer in the engineering degree (Limaet al., 2007). At that time, Project-Led Education (PLE)
presented by Powell & Weenk (2003) was one of the approaches in engineering courses that promoted
active learning by doing a opened project, presenting a team solution for it, being able to discuss the
topic, fulfilling deadlines and reporting outcomes.

PBL is an active learning methodology that aims to develop technical and transversal skills in student-
centered environment involving stakeholders cooperation and collaboration (Alves et al., 2018; Knoll M.,
1997). That approach provides to the students useful tools and methods to deal with onsite challenges
and situations, developing argumentation and social interaction skills in a professional environment, be-
ing prepared for conflicts management and also having a proactive approach (Alves et al., 2018; Frank
et al., 2003; Guerra et al., 2017). Some authors (Dewey, 1996; Kilpatrick, 1918, 1921) also referred
the contribution of PBL on the autonomous, independent, and responsible individuals’ development
as students are creating their own knowledge combining practice and theory in a project environment.

The main contribution of this chapter is to describe and present an overview of the PBL experiences of
two Industrial Engineers and provide their perspective about this learning approach. Authors participated
in four main PBL experiences for five years: in both semesters of the first year and in both semesters
of the fourth year. Authors have faced some challenges during the implementation of this approach in
their university once they were enrolled in the first Bologna curricula. The approach development led
some experiences and adjustments from teachers and organizational committee during several years
(Lima et al., 2017). Therefore, authors experienced two PBL projects in the first-degree year and the
integration of different engineering courses and architecture in the same project, a framework that was
not repeated until now. There are many studies (Alves et al., 2018; Lima et al., 2007; Mills & Treagust,
2003; Soares et al., 2013) performed by researchers and teachers regarding PBL approach and its impact
on students’ competences acquisition, however this chapter presents the personal opinion of two alumni
with ten years into their engineering careers. Each experience had different levels of importance and it
was felt in different way. These projects demanded a group of students working for the same project,
building up ideas, discussing problems and managing conflicts between them. Additionally, skills such
as communication, teamwork, time management and many others had to be developed. The ability of
doing public presentations and defend an idea was a big advantage in this kind of learning that was not
demanded before. Furthermore, teachers’ role was not the same as authors were used to see. Its role was
more focused on guiding students to find their own answers. Teachers were not anymore at the center
of teaching process and this is also part of the teaching paradigm change in a PBL approach (Alves et
al., 2016; Angelva et al., 2017; Powell & Weenk, 2003).

According to the Council of the European Union (2018) there are three elements that define compe-
tences in a learning process such as knowledge, skills, and attitudes. Knowledge is the combination of
different existent concepts that allows to understand a given subject. Skills are the ability and capacity
of achieving results applying acquired knowledge. Attitude is related to the mindset to deal with people,
ideas, and situations. Key competences are determinant for a personal, professional, and social develop-
ment, and they might be acquired throughout life. Critical spirit, teamwork, initiative, communication,
intercultural relationship, creativity, analytics skills, problem solving, and negotiation are example of key
competences that might be acquired in an education, training and learning process. That kind of compe-
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tences are demanded and highlighted in current labor market that faces a technological transformation,
so critical thinking and innovative spirit are more and more appreciated (Henshaw, 1991; Lang et al.,
1999; Trevelyan, 2019). Inductive learning methods based on project approach, collaborative learning,
traineeships in companies, laboratories, practical experiences among others are beneficial and contribute
for competences development. Furthermore, this learning approach can increase motivation and engage-
ment of the involved ones (Council of the European Union, 2018; World Economic Forum, 2015).

The importance of experience in the learning process is also in line with model of organizational
knowledge creation presented by Nonaka & Takeuchi (1995) that referred the importance of Tacit
knowledge in the knowledge creation. Sharing experience, practical exercise, physical proximity and
also learning-by-doing are methods that contribute for Tacit knowledge (Nonaka & Takeuchi, 1995).
These methods and development of competences mentioned above are clearly visible and presented in
this chapter on the PBL framework. Using this approach, the authors intend to answer to the questions
from their perspective: is it possible to combine technical and social also called soft skills in the same
learning process? Can PBL work as soft skills promoter in an education process?

In this sense, from the methodological point of view, this chapter follows part of a narrative approach
once that authors are going to structure and explain their experiences (Moen, 2006). Although other
types of narratives exist (Williams & Carvalho, 2020), the authors choose this approach as it is intended
to present this like a story. “A narrative is a story that tells a sequence of events that is significant for
the narrator or her or his audience” (Moen, 2006). That story should be part of the individual® social,
cultural and institutional context. From the social constructivism point of view, social activities contribute
for the individuals learning and development (Moen, 2006; Wertsch, 1991). Authors structured their
work describing their PBL experiences during the engineering degree. Then, authors explain from their
point of view the main positive aspects they have faced in such experiences and main challenges they
have overcome concerning organizational topics and transversal competences development answering
the research questions previously mentioned. Additionally, authors describe their professional careers
and contribution of PBL in different contexts of their engineer workplaces. Although it seems a simple
storytelling about the experiences and perceptions, according to Moen et al. (2003) and Gudmundsdot-
tir (2001) this is a natural method to structure ideas and recount experiences that might be valuable
contribution.

This chapter is organized in six sections. The current one introduces the topic and the main objective
of this chapter. The second one presents a brief literature about PBL approach and its perspective imple-
mentation in the university that authors belong. The third section describes the main PBL experiences
lived by authors. The fourth one reports the positive aspects and main challenges of PBL from authors
point of view. The contribution of this kind of experiences for the professional career is discussed in the
fifth section. The last section presents the final remarks of this chapter, including the work limitations
and also some proposals for future work.

PBL OVERVIEW AND UNIVERSITY PERSPECTIVE

PBL is an active learning methodology that has its roots in the original work of Dewey (1996) and
Kilpatrick (1918, 1921). The active learning contrasts with traditional methods where students usually
have a passive role in the learning process. So, active learning methodologies requires a strong student
commitment and engagement throughout learning activities, doing by themselves, which it does not
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mean that traditional activities could not be included in the process (Freeman et al., 2014; Prince, 2004).
Students must be capable to analyze, evaluate and criticize activities they are doing to understand the
content purpose and meaning (Bonwell & Eison, 1991; Prince, 2004). According to Bonwell & Eison
(1991) there some characteristics that define an active learning method in the classroom such as: students
are more involved than listening, teaching process is focus on students skills development, students are
requested to think about topics, they are engaged in the activities and their own actitudes and values
are also considered. Literature reports different definitions for active learning depending of authors
interpretation however methods such collaborative learning, cooperative learning and problem-based
learning have common goals where students are learning process centered (Prince, 2004). Collaborative
learning is focus on the student interactions instead of solitary activity. Cooperative learning includes the
following assumptions according to Johnson et al. (1998a, 1998b): “individual accountability, mutual
interdependence, face-to-face promotive interaction, appropriate practice of interpersonal skills, and
regular self-assessment of team functioning”. Problem-based learning is always active, includes the
development of a relevant problem mainly self-directed learning by the students where collaborative
and cooperative approach are usually used (Prince, 2004).

This approach has been implemented in several education institutions around the world, starting from
pre-school till university level. PBL has been used in professional training in medicine and health related
professions since 19607s. PBL has been suggested as a solution to engineering education issues and
therefore it has been deployed, since many years, in engineering schools, in a globally increasing trend .

In the context of engineering education, Powell & Weenk (2003) designated PBL as Project-Led En-
gineering Education and defined it as “Project-led engineering education focuses on team-based student
activity relating to learning and to solving large-scale open-ended projects. Each project is usually sup-
ported by several theory-based lecture courses linked by a theme that labels the curriculum unit. A team
of students tackles the projects, provides a solution, and delivers by and agreed delivery time (deadline)
a “team product”, such as a prototype and a team report. Students show what they have learned by
discussing with staff the “team product” and reflecting on how they achieved it”. This definition shares
key features with different PBL models that are described in literature, mainly learning by doing, real
world problems, role of the tutor, interdisciplinary, collaboration and group work and a product.

The development of these projects allows students to develop technical and transversal competences,
as students build their own knowledge by combining theory with practice. The social skills are related
with the ability to engage with others, allowing the knowledge sharing and growth. Therefore, the social
skills are of utmost importance to establish the network of people and deal with the complex multidisci-
plinary systems created by the Fourth Industrial Revolution (Alves et al., 2018). The National Academy
of Science and Engineering (Kagermann et al., 2013) report addressed the need to train future workforce
to be able to manage complexity, abstraction and problem-solving. It is expected that the engineers can
have autonomy to organize their work and great communication skills (Alves et al., 2018).

The implementation of PBL approach is a challenging task, as it involves the changes in curricula,
students grading and assessment, school architecture and the need to educate the teachers in this method.
The new role of teacher in this approach is one of the major differences when comparing with the tradi-
tional learning methodologies, where teachers are in the center of the process. As the role of the teacher
in project-led education changes to interaction oriented, the students become more responsible for their
own learning process (Alves et al., 2016, 2018; Angelva et al., 2017; Frank et al., 2003; Guerra et al.,
2017; Powell & Weenk, 2003).
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The implementation of PBL in engineering programs has been reported by literature. Considering the
current challenges in industry and the skills demanded for future engineers, these demands will not be
satisfied by more traditional engineering curriculum and learning methodologies. A mixed-mode model
has been adopted by several institutions, with some traditionally taught courses, mixed with project-based
education. This model has been quite successful in addressing the needs of industry, without sacrificing
knowledge of engineering fundamentals (Mills & Treagust, 2003; Trevelyan, 2019).

The university to which the authors belong has promoted PBL education initiatives since academic
year 2004/2005 and the research has highlighted the success of this approach in engineering education
in this institution. Several reasons have motivated the implementation of this approach in this institu-
tion, mainly the Bologna process, the institutional support from Rectory team, as they have challenged
the teachers to introduce new learning methodologies, due to the demotivation from some students and
also teachers with the traditional approaches. After running a training session with the professor Peter
Powell, a group of teachers from this institution decided to implement PBL approach. The opportunity
to learn the principles of Project-led Engineering Education with Professor Peter Powell represented a
huge importance for IEM, as this contact provided the necessary elements to support previous ideas and
experiences with project approaches in the context of engineering education. The first PBL experience
was implemented, with the support from Rectory of the University, in 2005, involving several teachers
from different departments. This first experience and the further experiences thought the following years
were supported by educational researchers (Lima et al., 2017).

The interdisciplinary PBL approach has been implemented during several academic years of IEM
(Industrial Engineering and Management) program, in different semesters and in different academic
phases. Since the first edition, teachers have been working in order to plan, prepare, execute and monitor
PBL, in a cycle of action-research of a continuous improvement effort. The general approach has been
quite similar in all the PBL editions, but due to the difficulties and challenges faced in every edition,
new solutions have been developed through the years, by the teachers and the educational researchers.
Most of the changes implemented along the years have been introduced after the assessment of students
and all stakeholders feedback, collected during and at the end of each project edition. This feedback has
represented an opportunity to adjust the teaching strategy to better adapt to students needs and project
requirements (Fernandes et al., 2020). One of the major changes suggested by the students was the
creation of a course called project to be integrated in the program and this change was introduced in the
academic year of 2012/13.

The PBL approach in this institution in general has consisted in splitting the class in several teams
and challenge them to develop a project during one semester, by applying different disciplinary fields,
to propose a solution for one open-ended problem. So, students should present solutions to open-ended
problems from real world, by developing technical and transversal competences. The class is divided
in teams with several students, not only to increase the social interaction between them, but also due to
human and physical resource limitation, related with scarcity of project rooms and material for proto-
type development, as well limited number of tutors to follow-up and support the teams. Every year, the
institution has tried to carefully choose the project theme. The teachers aim is to choose an innovative
topic to increase the motivation and bring awareness and engage the students in current real problems
of society. Therefore, most of the projects developed have involved environmental and sustainability is-
sues (Alves et al., 2016). In some of the PBL editions, the project has also integrated external partners,
mostly industrial companies.
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PBL requires huge interaction between the team members during the semester, but also closer and
very frequent contact with lecturers and tutors. As students must perform several presentations about
project status during semester, it represents a great opportunity to develop presentation skills to big audi-
ence. In some of the PBL editions, presentations involved also external companies. University has also
provided to the teams coaching in the process of peer assessment, teamwork and conducting presenta-
tions. The project assessment methodology consists in the evaluation of multiple items, each of them
having different weights and graded by several lecturers. The monitoring of project progress consists in
several milestones and most of them are associated with deliverables, usually in form of presentations,
reports, or prototypes.

Several studies done on PBL approach in IEM have shown that this methodology has ensured the
development of technical and transversal competence. Students themselves realize that they developed
communication and teamwork skills, besides conflict management competence. These findings also
report an increase in enthusiasm, cooperation, and competition between the students (Alves et al., 2018;
Fernandes et al., 2014). The university which authors attended has conducted several studies (Alves etal.,
2016, 2018; Fernandes et al., 2020; Lima et al., 2007, 2017; Soares et al., 2013) to understand student’s
perception about this methodology. Students have identified several outcomes, as engagement in teamwork
and collaboration with the colleagues. Conflict management has also been pointed as one of the most
significant learning outcomes of the process. Another relevant outcome that has been highlighted is the
ability to communicate knowledge in writing and oral presentations. The motivation and the set-up of
own learning goals has been also addressed as one of the most positive results. Students also refer as a
key feature the increasing relevance of course content, as they could articulate the theory and practice.
PBL has also ensured a clearer and more realistic vision of professional world.

As the biggest challenges in the PBL approach, students highlighted the time and tasks management,
once that leadership and responsibility management represented a problem in most of the teams. Other
major challenges identified have been the assessment methodology and the balance between the demands
of the project and subject’s individual evaluation. Despite all the challenges, the general opinion from
students has been very positive. The PBL has been described as a good way to prepare students for
professional life, even by the less engaged students (Fernandes, 2014; Lima et al., 2007).

Teachers involved in the implementation of PBL approach have noticed that IEM students have in-
creased their motivation and engagement in the courses, as the students have more possibility to actively
participate in the learning process. This approach has also ensured a closer teacher-student relationship
and higher collaborative work between teachers from different departments and schools (Alves et al.,
2016; Fernandes et al., 2014).

According to Lima et al. (2017), the experience of PBL approach in IEM has shown evidence of
the advantages of this methodology at different levels and highlights that there is still further room for
improvement and development of the concept: there should be opportunity to more projects, more inter-
action with companies and society, more projects with interaction with other cultures and students from
other programs, further increase the interaction with other departments, engineering education research
recognized by peers and more opportunities for staff development (Lima et al., 2017).
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DESCRIPTION OF PBL EXPERIENCES

In this section, it is presented the main PBL experiences that authors have been challenged during its
engineering degree. Four experiences are reported that occurred in different phases of the degree: two
in the first year and more two in the fourth year. So, from the student point of view, these experiences
reported different student maturity stages once in the first year was the beginning of a long journey,
but in the fourth year, students already had enough maturity to understand main PBL purpose and the
main outcomes of having such learning method. Therefore, this chapter mentions different perspectives
depending on the phase it occurred. Figure 1 represents some examples of work developed by authors.
In Table 1, it is identified and characterized the four experiences. For each experience is described the
project theme, the period it occurred, number of members of the team, course subjects included on the
project and if project involved a real industrial environment (a company). Additionally, it is presented
the assessment included in each experience as an input for the course final grade.

Figure 1. Examples of project results a) Product developed; b) Production system developed; c) Failure
tree analysis of a company machine
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Table 1. Summary of project-based learning experiences (#)

. . f . Real
# Project Theme Period WIITLESE @ Course Subject € ?ase (@n Assessment
members site)
e Peer Evaluation;
o Calculus: . Prehml.nar}{ reports and
e Computer Programming P resentatlons,
Fuel Cells First I ’rsgc‘f‘lltﬁi‘?“ and
1 | Production year - first 6-7 o Introduction to No presents ’
X . . o Individual assessment on
System Semester Industrial Engineering and subiect:
Management; ) L. .
. e Project individual written
o General Chemistry.
test;
o LEGO Prototype.
o Peer Evaluation;
e Linear Algebra and :ZZZE:::;‘:Z reports and
. Differential Calculus; P . >
First year-  Computer Prosrammin o Final Report and
2 | Space tourism second 6-8 II: P & € | No presentation;
semester ) . o Individual assessment on
e Cost Analysis I; .
e Physics subject;
. o Project individual written
test.
e Peer Evaluation;
o Production Information . N Prehmlp ary reports and
No — National presentations;
Fourth Systems; .. X
Gas outdoor ) . . Competition o Final Report and
3 Year - first 10 e Simulation; . .
heater . Hotspot presentation;
Semester e Production Integrated . ..
Design o Individual assessment on
Management. .
subject;
e Poster.
o Workstations Ergonomic o Final Report and
Evaluation of a Study; Yes presentation;
workstation o Reliability and o Individual assessment on
Fourth Year Maintenance; subject;
4 - second 7 o Computer-Aided o Final Report and
Technology and Semester Manufacturing (CAM); ep
. . . presentation;
Corresponding e Computer-Aided Design | No ..
K o Individual assessment on
Systems (CAD)/ Computer-aided .
. subject.
Process Planning.

Experience 1 — First Year, First Semester

The university which the authors belong introduced PBL concept in an Industrial Engineering and Man-
agement degree in the academic year 2004/2005 and has run several editions, with overall very positive
feedback from students and teachers (Fernandes et al., 2007; Lima et al., 2017).

The academic year 2006/2007 was the third edition that PBL was introduced in an Industrial Engi-
neering and Management of the university which the authors belong. In this particular year, it involved
six groups of six to seven students from the first year. The students had the responsibility to create the
groups by themselves but had to follow two criteria: each group need to have at least 50% of students of
each gender and, at least, two students with knowledge in Chemistry.

The project theme was Fuel Cells Production System and the coordination team defined it before the
semester started. Every year the project theme for PBL changes, but teachers always choose an appealing
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and challenging subject related with sustainability topics, in order to motivate the students and increase
awareness for environment and social problems (Alves et al., 2019; Moreira et al., 2011).

Each group had a tutor to guide the teamwork and the project management. Tutor role was particu-
larly important; since for majority of the students involved, this was their first academic experience and
many of them lack the maturity to cope with project and time management, as well as the capacity to
handle interpersonal conflict during the teamwork. Therefore, tutors had an important role in promot-
ing the teamwork and conflict resolution(Alves et al., 2007; Alves et al., 2017; van Hattum-Janssen &
Vasconcelos, 2008). In addition to the tutors and teachers, the experience also involved the participation
of educational specialists and a recently graduated assistant developing research in project management
(Fernandes et al., 2007).

This project had several deliverables along semester (Table 1), including reports, public presentations
and a production system prototype in LEGO Mindstorms (Sousa et al., 2013). The milestones were of
extreme importance in order to teachers monitor the status of the project, support and guide the students
in solving blocking points and problems in the development of the project, including adjustments in case
needed. These milestones were usually done as public presentation and represented a great opportunity
to students develop public presentation skills and creativity.

Every deliverable previously mentioned were considered on the students’ evaluation. The individual
assessment was performed by peer assessment. Peer assessment of teamwork consisted in the evaluation
of performance of the other team members, according criteria previously defined and negotiated with
students. These criteria included topics as presence in team meetings, level of effort in work, original
contributions, interpersonal relationship, and deadline fulfilment. In the end of semester, there was an
individual written test to check the knowledge from the students in the project and work developed dur-
ing semester.

The technical competences developed in this project were related with the four courses from 1% year
first semester, described above in the Table 1.

In this case, the students had to design a production system to produce fuel cells, as well as simulate
a behavior of this production system in a prototype in LEGO Mindstorms. Students developed also
computer program in Basic programming language. As the topic of fuel cells is related with chemistry,
it was also easy and interesting to integrate General Chemistry in the project. So, PBL offered the pos-
sibility to learn with practical and concrete examples, providing the chance to apply the technical skills
learned in the courses in the real world. This process also made the students to study continuously along
the semester and not only before the individual exams. However, in the case of Calculus, it was not so
easy to implement this particular subject into the PBL process, due to the nature of the topics involved
in this course.

This project was technically quite challenging for students, since fuel cells was a new technology and
there were not many companies producing this technology in Portugal. There was very little technical
information available about production systems related with fuel cells. However, students managed to
find a small company that offered them not only the possibility to a visit a real production system of fuel
cells, but also provided them some technological information about fuel cell production system. After this
blocking point was solved, it was easier to students start developing the design of the production system.

This PBL edition was very intensive and remarkable experience to students, as the workload was
very high, due to several deliverables and milestones. This experience demanded a big effort not only
from students, but also from teachers. Besides the PBL, students had to study to several individual exams
along semester so, sometimes it was challenging to conciliate both approaches. Also, the evaluation of
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PBL project had a high influence in the final grades and, sometimes, PBL contributed to decrease the
grades obtained in the individual assessment of courses. Therefore, in some situations this contributed
to decrease the motivation from the students. The teamwork was in general rewarding and motivating,
as usually the team spirit in the teams was good, despite some interpersonal conflicts that arise during
the project development, especially because the students did not have the same level of commitment to
teamwork. During the semester, there were some situation of lack of engagement of some of less moti-
vated students — this situation created some interpersonal conflicts in some of the teams.

Apart from the huge workload and preparation needed from teachers and students, the other chal-
lenge involved in PBL are the resources needed, as students needed a room to meet each other and work
together. The department building was at that time quite new and offered great conditions to students
develop their work, with large and new and well-decorated rooms. Besides the dedicated rooms, also
laptops were offered to students (one per group) as well as LEGO Mindstorms equipment to develop
the prototype.

Experience 2 — First Year, Second Semester

In the academic year of 2006/2007, PBL was carried out, for the first time, in two consecutive semesters.
It involved again six groups of six to eight students from the 1* year of Industrial Engineering and Man-
agement. Most of the groups remained the same as the ones created in the first semester (Experience 1).

The project theme was also quite innovative, but this time it was not related with sustainability, as
usual, it was about Space Tourism.

The project ran in quite similar way as in the first semester, but in this edition, there was no prototype
in LEGO Mindstorms involved.

Also, a major difference was the fact that the students could create, in the first week of the project,
their planning of the project management for their group and present it to teachers. This was a big step
to student’s autonomy and gave them more confidence to develop the teamwork during semester.

The technical competences developed in this project were related with the four courses from first
year second semester described above in the Table 1.

In this case, the students had to design an agency to explore Space Tourism. Similar to previous
semester, students developed also a computer program in Basic programming language, but this time
also a prototype of a website in HyperText Markup Language (HTML). The topics learned in Physics
and Linear Algebra and Differential Calculus could also very easily be integrated in the PBL. Students
performed the economic evaluation of the project with the skills learned in Cost Analysis I course.

In general, the second experience of PBL ran in a quite similar way as in the first semester, although
this time students had more maturity and confidence in project management and interpersonal conflict
resolution. Therefore, the skills acquired in the first semester were without any doubt unquestionable.

Experience 3 — Fourth Year, First Semester

In the fourth year first semester, Industrial Engineering and Management students had the chance to
choose between two different approaches to develop PBL project: participation in a project with the
colleagues from Industrial Engineering and Management or participate in a voluntary multidisciplinary
project called Innovation and Entrepreneurship Integrated Project (IEIP). The students could participate
in the IEIP in a voluntary basis and they had to apply in advance already in third year.
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IEIP is a concept of PBL involving students from different engineering integrated master courses from
the same university, that work together in a project during one semester. This concept was introduced
for the first time in the academic year 2007/2008 and ran during several years. In each edition of IEIP,
there were groups of six to ten students, competing with each other, to develop a new product, improve
an existing one or proposing changes to production systems or products from real companies.

In the edition of academic year 2009/2010, IEIP was in its third edition and it involved four groups
of ten students from Mechanical Engineering (ME), Industrial Electronics and Computer Engineering
(IECE), Polymer Engineering (PE), Industrial Engineering and Management (IEM) and a special partici-
pation from students from Architecture (AR) as shown in the Figure 2. In the academic year 2009/2010,
the project consisted in participating in a national contest from the Portuguese company GalpEnergia,
to develop a Hotspot (gas outdoor heater). Therefore, as design was a very important topic in this proj-
ect, Architecture was involved for the first time. Each group consisted from two students from the five
integrated master courses.

Figure 2. Courses involved in IEIP

ME

IECE

IEIP

IEM PE

Each group had a tutor to guide and support during the project. Students also received training from
TecMinho, an interface institution that is part of the university in the area of Entrepreneurship and In-
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dustrial property. This was particularly important, as students had to analyze several patents to research
the products already existing in the market of gas outdoor heater.

The project had several milestones and deliverables in order to control the progress of the work. In-
dustrial Engineering and Management department also had available a dedicated room to students meet
and work with each other during the semester. During the project, besides the regular public presenta-
tions to present the status of the project, several meetings with all the teachers involved in the project
were organized. These meetings were important to guide the students and provide an overall feedback
from the teachers involved.

The IEIP evaluation considered several components: reports assessment, preliminary report and final
report, public presentations, and the prototype evaluation. The students that were selected by GalpEnergia
to the second phase of the contest got 5% extra bonus in the evaluation. The individual assessment was
performed by peer assessment.

In case of Industrial Engineering and Management, the technical competences developed in this
project were related with the three courses from fourth year first semester involved in IEIP, as described
in the Table 1.

In this case, IEM students had to design the production system to produce gas outdoor heaters, re-
lating organizational functions and methods of manufacturing, production management and planning
and production control, as well as simulating a behavior of the production system in software ARENA.
In the academic year of 2009/2010, the project was quite challenging for Industrial Engineering and
Management students, since no real production system was involved, as in the usual IEIP editions. In
the previous editions of IEIP, the project consisted in improving a real production system in a company.
Therefore, in this particular edition, the development of technical skills was compromised because stu-
dents did not have the chance to see a real production system. Due to this limitation, the work developed
by Industrial Engineering and Management students ended up to be very theoretical. Nevertheless, on
the other side, this was a unique possibility to the students to participate in the development of a product
with a multidisciplinary team involving students from other engineering degrees and architecture. So,
regarding the soft skills development, the academic year 2009/2010 IEIP was a unique opportunity.

IEIP provided also a great possibility to develop project management skills. The project timeline was
very challenging, with several deliverables, not only to teachers, but also to GalpEnergia contest. The
complexity of the project management was significantly increased when compared with the previous
PBL experiences from previous years, as it was necessary to conciliate very different time schedules,
since the students involved in five different degrees had different and very often conflicting schedules.
On the other side, the students from other engineering degrees had very little experience in project
management when compared with Industrial Engineering and Management students. Other interesting
experience was the fact that the approach and work methodologies from Architecture students were
very different from engineering students. Therefore, it was a good opportunity to see how other courses
outside engineering areas worked.

IEIP was a chance to interact with students and teachers from other courses. The network created with
some of the students remained long after the project ended and was a chance to keep a good network
with people working in very different engineering fields, even after graduation from university (Soares
et al., 2013).

At the end of the project, students could compare the experience of having such project with different
courses involved and the common project, only with IEM students. These experiences were described
in an article presented in an international symposium (Aradjo et al., 2010). Additionally, the participa-
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tion in an international symposium in a different country was also an important experience promoted
by teachers that encouraged students to share their experience and get the opportunity of knowing col-
leagues from different universities.

Experience 4 — Fourth Year, Second Semester

In the second semester of fourth year, PBL was developed in groups of six to seven students, but this
time the PBL ran in two separate projects, each of them involving two different courses. The students
were allowed to create the groups in a voluntary basis and this time there were no restrictions imposed.

The four courses involved in the two separate projects were the ones as described in the Table 1.

One of the projects consisted in a practical work developed in a manufacturing company, in order to
perform an ergonomic study of areal workstation and analyze the reliability and maintenance of equipment.

Students had the opportunity to visit the company several times during the semester and to apply the
concepts learned in courses of Workstations Ergonomic Study and Reliability and Maintenance in real
world. This PBL experience represented the chance to some of the students (the ones that participated
in IEIP edition) to visit a real production system and work in suggestions for improvements for the first
time during their academic experience. In this project, the cooperation with the company stakeholders
was crucial to ensure the success of the project.

The second project involved the application of the concepts learned in the courses of Computer-aided
design (CAD)/ Computer-aided Process Planning and Computer-Aided Manufacturing (CAM). Students
had to project the creation of a company based in the concepts learned in the courses.

Similar to the PBL editions from previous years and first semester of fourth year, students had deliv-
erables and milestones during the project, and they had a dedicated room to work together.

Inthis PBL experience, students had already developed project management skills, during the previous
PBL editions and also had acquired more maturity to deal with the demands and challenges involved in
the teamwork. It is also important to mention that students could choose their work group without any
restrictions and in general they ended up by creating teams with colleagues with whom they have already
worked for several years, either in previous PBL editions, or in academic teamwork done in the previous
three and half academic years. So, the project management and interpersonal relationship management
in general ran quite smoothly, when compared with previous experiences. However, as this time all the
students had to develop a project with a real manufacturing company, it was also necessary to cope with
other new challenges, in this case, communication in context of a real work and corporate environment.
Students had to perform a presentation to company stakeholders and also create a written report. Further-
more, students wrote an article and presented the work developed in a conference (Aragjo et al., 2011).

POSITIVE ASPECTS AND CHALLENGES OF PBL

Engineers need to design, operate and manage systems, by applying mathematic and scientific concepts,
in order to solve real life problems in the society. Besides the technical skills, engineers need to have
a strong sense of human interaction, not only when they design the solution, but also when planning,
executing and managing the deployment of these solutions. Therefore, PBL offers to student’s new ways
of tackling problems, promoting the creativity, critical thinking and collaboration. PBL promotes soft
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skills development when compared with more traditional learning methodologies, as these are focused
in technical knowledge and academic skills.

PBL represents a big endeavor to students but also to teachers. The work involved in the preparation,
monitoring and follow-up the PBL for teachers is much higher when compared with traditional learning
methodologies. Therefore, the teachers that promote these initiatives need to be highly motivated. One of
the big advantages of this approach is the connection created between the students and teachers involved.
This connection reveals as very important not only during the academic experience, but even after in
the work life, when some of the students need to work in projects involving cooperation with university.
Also, a challenge is to choose topics that are in the forefront of innovation and technology and that al-
low to students to explore innovating and creative topics during their academic experience. In addition,
PBL demands good working conditions, by giving to students dedicated rooms and laptops and, also,
e-learning-based portals, where students can submit their works digitally. All these mentioned topics
involved a tremendous amount of human effort and, also, physical and material resources, and represent
an extra challenge to universities when implementing PBL. The traditional learning methodologies are
much less demanding and easier to implement from authors point of view.

Looking back after ten years of working experience in industrial engineering and management in
a multinational manufacturing company, authors realize the clear advantages and the contributions of
PBL in the university education and the preparation to face the real-world problems and complexity.

Each of the four editions of PBL offered unique experiences, that contributed in different ways to
develop and prepare the students to face the real working environment.

Experience 1 — Managing the First Academic Impact

The first edition was the most difficult to manage regarding interpersonal interaction with other students.
In general, for most of the students involved, this was the first academic experience involving PBL. It
was sometimes very difficult to manage and deal with less motivated students that were not very much
engaged in the teamwork. However, some of the students, despite young age and first academic experi-
ence, revealed great leadership skills and developed very quickly maturity and capacity to manage the
challenges of the project and the teamwork. Nevertheless, both authors highlight as one of the biggest
challenges of PBL the difficulty to get all the students to work and commit to teamwork in the same level.
PBL is not very efficient in less motivated students as they tend to be left behind during the teamwork
and end up by contributing very poorly in the activities. Therefore, these students do not develop them-
selves and do not take advantage of all the benefits from PBL. The PBL evaluation had a big impact in
the final grades and contributed to lower the grades obtained in individual assessment. During the PBL,
this felt as unfair and was sometimes very demotivating to some of the students.

Since the concept was introduced immediately in the start of the first semester of the first year, the
students ended up working in separate groups, with the groups being split in separated rooms. Therefore,
the interpersonal relationship and team spirit and connection in the class as a whole team was poor — and
this situation did not improve significantly in the next academic years. It was interesting to note that
some of the groups created in the first year, first semester last until the end of the all five years of the
integrated master degree. So, part of the students ended up in working with the same teammates during
all their academic experience, with advantages but also some disadvantages. However, some groups got
the chance to share the same room with teams from other course years, so they had the possibility to
know and share experience with them.
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Other of the big challenges was the workload, as students had to study in parallel to several individual
exams and tasks. Nevertheless, it was also very positive as it demanded that students had to develop time
management skills and study continuously and not only before the final exams, as in more traditional
learning methodologies. The summary of all positive aspects and challenges from authors point of view
are described in the Figure 3.

Figure 3- Positive aspects of PBL and challenges of experience 1
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Experience 2 — Consolidation of Project Management Skills

The second experience ran more smoothly, as the students already had developed much more maturity and
were familiar with the learning methodology and project management. As a challenge, authors highlight
the fact that students felt overwhelmed and tired from the previous semester experience. The project topic
choose was very futuristic therefore it was sometimes challenging to integrate the subjects learned in
the courses. The most important advantages and challenges of this experience are presented in Figure 4.

Figure 4 - Positive aspects of PBL and challenges of experience 2
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Experience 3 — Challenged by the Multidisciplinary Voluntary Project

Figure 5. Positive aspects of PBL and challenges of experience 3
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The IEIP was a great experience to the authors. The teamwork with other students was really a great
chance to know students from other engineering degrees and understand the particularities and the
methodologies applied in the learning process of other degrees, especially architecture. Despite the other
students did not have much experience in project management, the project ran quite smoothly and there
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were no significant interpersonal conflicts in the teams. The workload did not seem as intense as in the
first PBL experiences, as all the students that participated in the project were in general highly motivated
and contributed significantly to project development. The deadlines were fulfilled in time without any
major issues, despite the difficulties in conciliating conflicting time schedules between ten students from
five different degrees. The network created in this project was also an opportunity to understand better
the mindset from the students from other engineering degrees and architecture, as it was very differ-
ent from the industrial engineering and management students. In overall, this type of multidisciplinary
projects represents a huge advantage, despite the workload involved to students and teachers, as they
contribute significantly to transversal skills development. This experience was close to the real world-
working environment, as in their professional life, engineers work with many people from very different
academic backgrounds. Summary of main positive topics and challenges are presented in the Figure 5.

Experience 4 — Dealing with Two Projects

Figure 6. Positive aspects of PBL and challenges of experience 4
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The last experience of PBL was in the fourth year second semester. In this experience, the project was
developed with the team of students that could choose by themselves. Therefore, the project management
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was very easy this time, as the team worked very well together, and all students were equally committed
and motivated to achieve good results. So, it was quite different from the two first PBL experiences.
However, this edition of PBL brought other new opportunities for technical and personal development
(presented in Figure 6), as it was done, for the first time to some of the students, in a context of a real
manufacturing environment. Therefore, it was very interesting to visit a company, provide improvement
suggestions and apply the concepts learned in courses in the real world. This PBL experience provided
also an opportunity to develop even further presentation and communication skills, as students had to
meet and present result to the senior management level during the visits to the company and also had
the opportunity to present the work in an international conference (Aradgjo et al., 2011).

CONTRIBUTION OF PBL FOR THE PROFESSIONAL LIFE

In this chapter is described the contribution of PBL experiences in the authors’ professional life and
hopefully answer to the question put in the introduction: “Is it possible to combine technical and social
also called soft skills in the same learning process? Can PBL work as soft skills promoter in an educa-
tion process?” Authors are both Industrial Engineers however they have different professional career
and experiences. Next section describes the professional career of each author and the following one
describes the main contribution of PBL from Authors ‘point of view.

Description of Professional Career — A.Araujo

A.Araujo started its professional career in a multinational company in August 2010 for one-year intern-
ship. During this period, author developed its master thesis related to Lean Production and Pull systems
in an industrial environment with a real problem (Aradjo & Alves, 2012).

This internship occurred in the Continuous Improvement department that included ten members.
Although it was not the first industrial contact, it was the first time that author was by its own, without
colleagues from projects and responsible by developing its work. Integration was relatively fast because
department elements welcomed very well, they used to have internships before, and their mentoring
was crucial to easily understand company behavior. During that internship, author also had opportunity
to participate in many activities that provide her get to know the entire value stream chain, continuous
improvement practices and also contact with several departments and understand their interaction.

After internship, author change role and department as there was no chance to keep in the same one
due to resources restrictions. Then, author changed to Production area as production team leader in the
night shift. The internship was crucial to start that function once author has already known the production
area and people involved, so far, she was integrated in the company. Team leader is responsible to man-
age and coordinate production lines including human resources and machines, quality issues, machine
breakdowns and assure production planning and its performance to fulfil the target Key Performance
Indicators (KPI). During that time, author was responsible for two production lines and two cells that
involved roughly twenty-five operators. It is a very demanding and stressful role in terms of personal
relationship because sometimes was not easy the direct contact with operators, manage conflicts and
different motivations.

Eventually, author had the opportunity of changing for Industrial Engineering section. Her main re-
sponsibilities were time data management, workstation definition according ergonomic guidelines and
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target cycle time, line capacity calculation, operators standardized work, calculation of manufacturing
cost, participation in process and product development phase, participation in new products quotation
phase, collaboration with process engineers for line and station improvement and also participation in
some multicultural projects in Malaysia and Hungary. This function allowed to have a closed contact
with production, different areas included in industrialization process such project management, product
and process development concerning new products, customer audits, controlling related product cost
and yearly business plan that represent a very stressful phase. In this function, author also participated
in an innovation project with university, a great opportunity to contact and work again with teachers.
That function represents the main author background once it represents roughly five years of her profes-
sional carrier.

Currently, author has a different role in a different area: Continuous Improvement section. So far,
author had the opportunity to come back to the internship section. Author is responsible for promoting
simultaneous engineering activities during the industrialization phase with different teams inside and
outside company such as development, engineering, manufacturing, logistics, purchasing, sales, among
others. For that, author is responsible to organize and moderate workshops like Design for manufacturing
and assembly (DFMA), Value Stream Mapping (VSM), Line Design, Material Flow Design and oth-
ers. Additionally, training and coaching concerning Lean Production tools are also part of her function.
Author also participates in several continuous improvement activities in the company. To perform such
activities, author had to be certificated by central department in Germany that lead several international
activities with different colleagues. This function demands several interactions and communication
channels between different teams. The communication and management skills are crucial to get teams
committed and find solutions for many situations. Presentation skills are very important to present
workshop and project results to the managers. Furthermore, that skills also are important on training
and coaching conditions.

The relation between author and university is still very close as author is getting her PhD about Lean
Production and Pull systems (Aratjo et al., 2021). Furthermore, author had a small experience as Invited
Assistant in the same department and university where she took her degree.

Description of Professional Career — H.Manninen

H.Manninen finished the graduation as Master in Industrial Engineering and Management in November
2011 and has worked since then in multinational company. Author started in this company in March 2011
as a trainee in the Logistic department responsible for logistic projects, costs and process management.
The internship was a chance to develop the master thesis, under theme End of life planning process
review, and to have a good integration in the company logistic process. The colleagues responsible for
mentoring the project during internship were senior engineers and project managers with huge experi-
ence in logistics and supply chain process management. They ensured a great background to start and
develop a career in logistic and supply chain, giving to author the big picture of logistic and supply chain
in the company. The knowledge and the mindset acquired during the internship were crucial to the author
future career development. After the internship, author started the professional activity as a procurement
planner in the logistic department. The tasks and working environment were very different from the one
experienced during the internship, since it was more close to the daily business operations. This task
was very demanding regarding stress and time management and also interpersonal relationship, since it
involved working with many people from different areas and backgrounds, not only logistics, but from
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other departments, like manufacturing, engineering and also external suppliers and service providers.
During the four years in this position, author was also the SAP (main integrated software for business
management used in the company) key-user in the area and this task represented a great opportunity to
learn more deeply about material planning process in SAP, as well as to participate in small projects
related with SAP. After four years in this position, author started a new job in the company, as inbound
process engineer. By this time author had the chance to return back to the department where she did her
internship, working again with senior logistic process and project managers, in more strategic topics. In
this new position, author developed several projects related with supplier development, mainly Electronic
Data Interchange (EDI), Vendor Managed Inventory (VMI) and consignment program development
and implementation with several international automotive suppliers. This task demanded, besides the
technical knowledge in logistic process, good project management skills, but above all, great communi-
cation and negotiation skills, since author had to interact with several stakeholders from the suppliers,
from technical EDI experts to senior key account managers, lawyers, daily business planners, among
others. During these years author was involved in other topics, as for example, leading a joint project
between the company and the university where she took her degree, under innovation at procurement.
Back in 2018, author changed to a new position inside the logistic department, joining to the logistic
crisis management department. The position consisted in the implementation of logistic key account
concept in the divisional logistic department. This task was extremely demanding as it involved several
interaction and communication with high management level, not only inside the company but also with
external suppliers. The communication skills were crucial to ensure a fast and smooth resolution of criti-
cal situations in the supply chain, during times of uncertain and unpredictable situations. During crisis
management, author had the chance to work four months in Germany and one month in Japan and had
to deal in a daily basis with multicultural teams, involving colleagues and contact people from suppliers
from all around the world.

After nine and half years working in logistics, author decided that it was time to start a new position in
the company, moving into a different department inside the organization. Author is working currently as
an overhead cost controller and controlling business partner in the Controlling department. The work is
very different from logistic and represents an opportunity to develop new technical skills and knowledge
in cost controlling, as well as to interact with several departments inside the company.

The author feels that the skills acquired in the PBL have been crucial to perform the tasks so far and
is looking forward to new opportunities to perform other positions in the company in the future, in a
world that is changing so fast and needs a constant adaptation and flexibility. This is the greatest advan-
tage and the reason why author decided to study Industrial Engineering and Management: it provided
the needed skills and competences, both technical and transversal, to adapt to several different tasks in
multicultural and demanding industrial environments.

Importance of PBL in the Professional Life and Development of Social Skills

Since the beginning of professional life as internship that soft skills revealed a huge importance for both
authors. In an industrial daily business, mainly in a multicultural environment, people work with many
different ones with diverse characteristics. Engineers are always in contact with different departments
and external partners, discussing several topics, interacting with managers, present and defend ideas.
Engineering practice demands working in multicultural environments and a global context (Williams
etal., 2018)
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Among many technical tasks to be performed in a daily work, expectations, and conflicts have to
be managed. For instance, in a project team, work packages have to be completed by different people
according precedence and work packages, which only are finalized when everyone perform their work.
This is very similar to the PBL experiences already mentioned in the previous sections. Additionally, in
an industrial environment, no one works individually. Every day, engineers need to contact with someone
in many situations such as requiring support, working in project team, existence of precedence tasks,
due to a supplier process, bureaucracy, a small call or an email, in a training session or even in home
office approach, mainly during the actual COVID pandemic. PBL provides tools and experience to get
more prepared for this kind of cooperation. In fact, in a traditional learning approach, students work
individually to achieve a grade and he/ she does not depend of a group work. PBL shows real situations
to the students that will also happen in the professional life.

Furthermore, the close relation created with teachers in a PBL approach was maintained even after
degree finalized. That kind of networking allowed to have a cooperation in different situations such as
conferences and seminars, experience exchanging with students. Additionally, there are a strong coop-
eration in projects and other activities with university and company that authors are working currently.
That kind of interaction is very important in order to feedback market requirements and needs, discuss
potential competences, receive new internships and cooperate with students and teachers. Authors believe
that the relation between students and teacher become more closer and promote this kind of networking
that would be difficult in a traditional learning where there is a barrier between students and teachers.
In fact, contribution of PBL has already been mentioned in the whole chapter.

Figure 7 summarizes the most important contribution of having PBL approach as learning methodol-
ogy point out by authors.

Figure 7. Summary of main soft skills acquired by authors in PBL
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CONCLUSION

In this chapter, four PBL experiences were described by two Industrial Engineers that lived such expe-
riences during their IEM degree. Each experience was carefully described focusing on organizational
topics and team operation once that main contribution of this chapter is the influence of PBL on authors
‘social skills development.

This chapter addresses important questions such as: “Is it possible to combine technical and social also
called soft skills in the same learning process?” “Can PBL work as soft skills promoter in an education
process?” In fact, many studies mentioned during the chapter proved that PBL has been demonstrated
strength learning and educational competences to develop more prepared engineers for the industrial
environment. Authors perceptions about the PBL approach are very consistent with the findings related
in the extensive research done thought the years by the teachers and educational researchers from the
University where they studied. Students develop active participation competences that would be useful
in a professional life. Additionally, teacher’s role might also change, they encourage students to learn
by themselves and to be creative, guide them to achieve targets and apply technical concepts in project
environment. That conditions are challenging for both: students and teachers, however this kind of learn-
ing approach demonstrates being closer to the business conditions, means an advantage for the future.

Both authors faced similar PBL experiences as students, their professional career are related different
areas however authors have the same opinion about PBL contribution. From authors’ point of view, PBL
provides methods and tools to develop important soft skills demanded in industrial daily basis environ-
ment. Authors are also convinced that with traditional education approach, they would not have a chance
to develop transversal competences that revealed being an important part of the engineer’s professional
skills. The key success of many projects is the great combination of technical and transversal compe-
tences of team members mentioned also by Trevelyan (2019), and PBL might work as booster of these
competences in higher education. According to authors’ perspective, students can be better prepared for
real business environment, acquiring pro-active and agile behaviors suitable for market requirements.

As a suggestion for future improvement of PBL concept, authors highlight that it would have been
interesting to have a chance to experience more multicultural and international experiences in context of
PBL, besides the participation in the international conference. Maybe the integration of Erasmus students
from other universities in the PBL approach projects or the creation of international projects or more
frequent international conferences between IEM students in order to share their experiences would be a
suggestion to challenge and improve even further the education of future engineers.

The limitations of this work are related to the sampling. The perspectives described in this chapter
are based only on authors’ experiences, that cannot be representative. In this way, as a future work, au-
thors propose a deep and detailed research regarding the impact and relation between engineering career
practices and PBL experiences during engineering degree.

Furthermore, it might be also interesting to understand the market perspective. Is it a value contribu-
tion for the market point of view hiring engineers with this kind of skills? It would also be interesting to
understand the market performance impact of transition from traditional to non-traditional engineering
education. Maybe, with the recent pandemic situation due to COVID 19 where students and teachers
have been adapted to new technologies and different learning models represents another challenge for
active learning approaches. This proposal represents a very challenging research due to the several fac-
tors involved and also the long period that such research might request. The work presented might be
the research starting point and a valuable contribution to empirical knowledge of engineering practice.
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ABSTRACT

Learning methodologies that are active and centred on the student are concepts that accentuate the
learning process instead of the teaching process. In this way, the following chapter aims to present
the application of project-based learning in higher education and the different impact it might have
on the students, as well as the experience and perspective from the students’ point of view on this kind
of teaching approach. To be able to collect data, the authors used initially a qualitative approach to
comprehend and understand the research subjects’ perspectives and points of view, followed by the
focus group method as a method for collecting qualitative data. Throughout the students’ experience,
the development of transversal competences is mentioned several times as a great aspect related to this
kind of methodology. However, the need for effective management of conflicts between members and
the mandatory integration of some subjects’ contents are also mentioned as some less-positive aspects.
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INTRODUCTION

The constant changes in technology and the globalization of markets requires skills, attitudes, and dif-
ferent learning behaviours from all the students in higher education. To prepare the students for the
challenges that lie ahead of them in today’s world, universities confront them with real-life problems
and assessments during their studies. When the students are confronted with real-life problems, they
can seek help from their teachers to develop their knowledge or skills, but mostly, students only need to
believe that they can solve the proposed assessments, even the most complicated ones.

Furthermore, with this approach to better prepare the students, they can also learn how to split their
time between the task that they are supposed to perform and their personal life. However, it should be
noted that this kind of task should be aligned with the knowledge and ability of the workgroup as a very
difficult task could be impossible to solve due to the lack of specific knowledge, even when the will and
effort, from the workgroup, to solve the problem is remarkable.

In this way, this chapter reports the experience of a group of fourth-year students of the Industrial
Engineering and Management Master’s Degree, who experienced the application of Project-Based Learn-
ing (PBL) methodology in the execution of projects throughout their learning process.

The chapter is structured in five main sections. After a brief introduction, it is presented the active
methodology PBL through a literature review. Then, it is explained the Focus Group methodology used
for collecting the data. Finally, the students’ point of view related to the PBL experiences, including the
difficulties, feelings experienced, and skills learned. In the discussion section, it is discussed how these
aspects influenced personal development and will impact their professional role as future engineers.
Finally, the conclusion section presents some final concluding remarks.

LITERATURE REVIEW

Learning methodologies that are active and centered on the student are concepts that accentuate the
learning process instead of the teaching process. Active learning is defined by Bonwell & Eison (1991)
as “instructional activities involving students in doing things and thinking about what they are doing”.
These types of activities create excitement in the classroom to make learning something natural for the
students (Alves et al., 2018). Several authors, in particular Vygotsky (1986), defend the theory of social
constructivism, where the ground idea is that concepts and the construction of meaning are learned by
students interacting together. On the other hand, Kolmos (1996) also argues that learning is an active
process of investigation, and is an outcome of the interest, curiosity, and experience of the learner (Alves
etal.,2019).

PBL is an example of this kind of methodology. PBL is a methodology that has been used for years. It
has its roots in learning-by-doing ideas that were developed in the first half of the 20th century, initially
by Kilpatrick in 1918 and Dewey in 1996 (Lima et al., 2012). According to Dewey, learn from experience
means “to make backward and forward connections between what we do to things and what we enjoy or
suffer from things in consequence. Under such conditions, doing becomes trying; and experiment with
the world to find out what it is like; the undergoing becomes instruction-discovery of the connection of
things” (Dewey, 1916).

Another definition for PBL was given by Adderley in (1975). According to them, PBL has five
different phases/aspects: (i) resolution of a problem that can be proposed by the students themselves,
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though it is not required to be; (ii) initiative to solve the problem comes from the students and requires
integration of a range of educational activities; (iii) delivery of a final product, coherent with the initial
problem; (iv) the solution for the problem will usually be handled as a project and, most of the time, it
is time-consuming; (v) changing the role of the instructor from an authoritarian position to a consultant
position (Pereira et al., 2017).

More recently, Thomas (2000) described what was essential for a project to be considered an example
of PBL and gave five different criteria that must be respected (i) centralization — fundamental strategy to
the development of activities; (ii) existence of a “driving” question; (iii) the necessity of a constructive
investigation — by the students; (iv) incentive to autonomy; (v) realism — focusing on problems related
to students’ reality (Pereira et al., 2017).

This type of educational project was first applied in an educational context in the sixteenth century
as reported by Knoll (1997). However, it was first in the 20™ century that this methodology established
its roots in the educational community, especially in higher education, in particular in universities in
Denmark. Specifically, in engineering courses, PBL projects normally include Science, Technology,
Engineering and Mathematics (STEM) courses. When students solve a problem in a PBL context, they
become more aware of how the real world connects with the STEM thematic, through learning how to
solve problems with the STEM knowledge. Approaching the problem with this strategy, the students
can apply theories, formulas and principles, and therefore understand the contexts in which they can be
applied (Alves et al., 2019).

PBL is a student-centred active methodology that allows the development of aptitudes, skills and
mindsets. For the teachers, this methodology represents leaving behind their specific knowledge in their
disciplines as well as traditional teaching methods, in favour of an open mind and promotion of team-
work. This skill is essential, for both teachers and students, since collaborative work is a competence
that potentially allows easier insertion into the labour market (Cargnin-Stieler et al., 2019).

PBL aims to engage students in acquiring knowledge and skills through real-world experiences and
well-planned activities. Usually, students are distributed, forming teams of about ten elements, and
work together to solve case studies or even concrete problems. The main purpose is to apply theoretical
concepts to practice, placing the student as the main actor of the teaching-learning process.

A PBL project is built to be an integrated project and, to be well-accomplished, students must use
and relate the content learned throughout the course and the various subjects. Besides the importance of
integrating different expertise, like any other project, the organization is the key to success. The students
need to delegate tasks for each group member, define deadlines and assign responsibilities so that in the
end, it is possible to integrate the different parts into the final project (Pereira et al., 2017).

Nowadays, knowledge and skills are being replaced by the concept of competencies. This concept
is much more than pure knowledge and skills as it also includes attitudes (Rychen & Salganik, 2000).
In this concept, knowledge is described as facts, concepts, ideas, and theories previously recognized,
reinforced and comprehended by a certain area or subject. As for the skills, they are described as the
ability and competence to carry out procedures and use the prevailing knowledge to accomplish the
desired results. Lastly, the attitudes characterize the disposition and mindsets to act or react to ideas,
individuals, or circumstances. In the 21* century, the most desired competencies are critical thinking/
problem solving, creativity, communication and collaboration (World Economic Forum, 2015). On this
note, to develop this kind of competency, it is suggested to use learning methodologies such as Project-
Based Learning (Alves et al., 2020).
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According to Dewey (1996) and Kilpatrick (1918), the PBL methodology is a suitable method that
prepares independent, autonomous and trustworthy citizens for their future social behaviour. For these
authors, the morals are learned through the students’ self-made path to their knowledge, through a com-
bination of theoretical learning and its application leading to a meaningful education (Alves et al., 2018).

Through PBL, students acquire skills of various types, such as problem-solving ability, oral com-
munication, written communication, teamwork, self-directed learning skills and critical thinking. While
developing their projects, students are also exposed to many aspects that don’t happen in theoretical
classes or appear in books, which brings them closer to real-life expectations. It is also important to
enhance that this type of learning environment allows students to improve their knowledge at their own
pace (Duch et al., 2001; Frank et al., 2003; Prince & Felder, 2006).

For some authors such as Costa (2007) and Mills & Treagust (2003), the labour market is becom-
ing increasingly competitive and demanding extraordinary professional skills, so knowledge alone is
not enough and differentiating. Thus, teaching through PBL provides many benefits for students and
improves their academic development. These authors emphasize the following benefits for students:
“they do not only gain knowledge, but they learn to do a project; they practice their skills and acquire
others; they know how to behave in a group; they gain as practical activity, as it approaches those of
their profession”. In addition, the authors propose that “projects, whenever possible, should involve the
university and the communities in surroundings; should evaluate students based on the reality that they
will find in the labour market, and should increase communication and unity within the classrooms”
(Pereira et al., 2017).

Although there are many advantages of using PBL, when this type of teaching is compared to tradi-
tional teaching exclusively based on lectures, there are some disadvantages pointed out by students, as
reported by Alves et al. (2020). These disadvantages are associated with the intricacy of the assessment
and how it is understood by the students. The workload is also pointed out as a problem, especially how
unbalanced it becomes to the members of the team, as well as the knowledge acquired between all the
members. Finally, the students also mention how difficult it is to integrate all the different contents of
the different subjects to develop the proposed project (Alves et al., 2020).

MATERIALS AND METHODS

This chapter aims to collect and analyze students’ experiences with PBL. methodology. Thus, it was
decided to resort to qualitative research for data collection. The qualitative approach allows the inter-
pretation and comprehension of reality as it is since it essentially privileges the understanding of a given
subject from the research subjects’ perspective and points of view (Ribeiro, 2008).

It was then decided to resort to the Focus Group method, which is an investigative method for quali-
tatively collecting data and interpret the nature of the speech. This method can be applied at any stage
of the investigation and can even be combined with other techniques.

Focus Group consists of a group discussion, concerning the theme covered by the research, to obtain
information that could scarcely be obtained through interviews with only one subject (S4 et al., 2021).

Due to its group nature, Focus Group may create both complimentary and contradictory ideas among
the various subjects, resulting in a collective opinion or divergent opinions. It stands out from the inter-
view survey due to the interaction between different participants.
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This method was chosen as the basis for this study due to its qualitative nature and, in addition,
because it helps to attain results that go beyond words, that can be translated into ideas, developed
around the topics addressed. However, considering the present type of study and the results that were
intended to obtain, it was decided to hold a single session, between thirty minutes and one hour, rather
than multiple longer sessions.

Like other data collection techniques, Focus Group is also governed by a sequential set of steps,
that include planning, preparation, moderation, data analysis and presentation of results, which will be
described briefly in the following subsections (S4 et al., 2021).

1. Planning

In this phase, crucial aspects leading up to the preparation and moderation of the session were defined.
Here the goals of the study were defined, the main one being to analyze and discuss the experiences of
students in PBL and how it affects learning in higher education.

Moreover, in this phase, the script to be used in the moderation phase was prepared, whose issues
narrowed through the progression of the moderation, gradually deepening the theme. The questions
were drafted in such a way as to allow the collection of the desired data, considering that the following
research questions were intended to be answered:

a.  What are students’ perceptions of the advantages of implementing PBL?
How do students see PBL as a teaching methodology, and what s its contribution to student learning?
c.  What are students’ perceptions on the challenges of implementing PBL for higher education, and
how could it be improved in the future?

It should be noted that the topics covered in the script intended to collect students’ opinions about
their collective and individual experience with PBL methodology, hence not following a specific theo-
retical framework.

In addition, at this stage was also defined the number of participants in the session, which would be
eight. To create a group with a certain degree of homogeneity and in congruence with the goals of the
Focus Group, it was defined that the participants should be current students of the Industrial Engineer-
ing and Management Master’s Degree at the university where the study for this chapter was conducted
and that they had to have experienced at least two projects in PBL context, between September 2016
and June 2021. It should be noted that, when choosing the eight students, it was considered the fact that
they all belonged to the same workgroup in at least one of the projects, having therefore lived the same
experiences. In this way, the Focus Group session would become more casual and pleasant, with posi-
tive interactions between members. Furthermore, the classifications in the developed projects were also
considered in the students’ selection.

2. Preparation
In the preparation phase, the eight participants were selected. These met the criteria established in the
planning phase. In addition, the location and date of the session were defined.

Moreover, the objectives, specificities and rules of the session were communicated and explained to
the participants by the moderator.
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Since it was an informal session, the moderator chosen to conduct it was another student of the same
master’s degree and was not one of the participants selected.

3. Moderation

The moderation phase is where the meeting between the moderator and the participants takes place to
streamline the session. A particularity of the Focus Group is the presence of a moderator and an observer.
However, considering the informal nature of the meeting, there was no need for an observer. Though,
audio recordings and a collection of notes by the moderator were used to proceed with the collection
and conservation of the meeting.

Thus, the moderator was responsible for conducting the conversation according to the previously
prepared script to avoid possible deviations from the central topic of the conversation. His role was
to promote and facilitate dialogue and interaction between participants, to collect data for the study,
through questioning the students. It should be noted that the moderator was prepared with relevant tips,
particularly regarding impartiality, which was followed throughout the session.

This phase was essentially crucial to gather opinions from the group members regarding their expe-
rience with PBL methodology, through a healthy and uninhibited interaction between them. However,
and as mentioned above, Focus Group can be combined with other methods, for which an interview
survey was also used. This method aimed to collect individual testimonies from students anonymously
and without interference from the opinions of the other colleagues. It should be noted that the individual
interview moments were brief, as the goal was to obtain a summary of what the experience with PBL
was and not go into details, as this was achieved with Focus Group.

4. Data analysis

The next phase was data analysis. At this stage, a transcription of the recording was prepared, from which
all relevant information for the study was extracted. The information collected originated an aggregate
of the aspects raised by the students when in groups. Also, individual testimonies were obtained from
the interviews.

It was concluded that the opinions of the elements resulted in a collective opinion, as they compli-
mented each other, presenting limited divergence. This may have been due to the positive dynamics of
the group, since all elements knew each other and all assumed an equally active role, with no dominant
or insecure members.

5. Presentation of results

The presentation of results was the last phase of the implementation of the Focus Group method. At
this stage, the results of the moderation were transmitted to the participants, through an informal report.
It should be noted that, with the results provided by the application of this method, it was intended
to get to know the profile of the students who experienced PBL, their views and experiences about this
type of learning, as well as their difficulties and perspectives of future developments in this context.
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PBL EXPERIENCES

The following section reports the experience of the group of eight students that participated in the Focus
Group mentioned in the previous section. Therefore, it is important to note that all the conclusions that
follow were drawn from the application of the Focus Group.

The confrontation with PBL. methodology occurred in three different moments of the academic path
of these students: in the first semester of the first year and, consecutively, in two semesters of a more
advanced phase of the programme. Although the method used in the three projects developed was the
same, all of them required and provided very different soft skills and feelings. Considering the duration
of the work done, these quickly became the moments of greatest tension in the students’ lives, mixed
with the companionship, dynamics, and fun that all the meetings provided. Although the tension was
constant throughout the months of the development of the projects, in the end, the pleasure of deliver-
ing an intense, laborious, tiring and extremely demanding project, both intellectually and emotionally,
overcame any negative moments along the way.

Analysing the three moments mentioned above, it is clear how one is influenced by different experi-
ences and how the management of the various aspects and stages evolves from project to project.

1. First year, first semester project — first impact with PBL methodology (2017)

The first project was developed in the context of Project Integrated of Industrial Engineering and Man-
agement course of the first year, first semester and tested, above all, the creative and organisational
capacity of the whole group, while at the same time demanding the integration of the theory learned
in all the subjects of this particular year: Linear Algebra, Algorithms and Programming, Mathematical
Calculation, Industrial Engineering and Management Introduction and General Chemistry.

On a sentimental level, it is impossible not to mention that it was the most turbulent. The lack of
experience, the fear of failure and rejection, or the fear of not meeting expectations lived side by side
with the enthusiasm of the first contact with the world of engineering and the first simulation of the
profession to exercise.

Additionally, the initial lack of knowledge of the working group and of each members’ way of work-
ing contributed to the slow progress that needed to be adapted according to the perception of each one’s
potentialities. In this project, the theme was “Valorisation of Forest Biomass”. The goal was to use this
energy/renewable resource and transform it into a useful product, designing the production system to
produce the product. In this way, the aim was to make new aspiring engineers aware of the need to look
into the future of the career, taking into account the current environmental panorama, while at the same
time building a business from the start.

Since it required the creation of a fictitious company and product, from the choice of the name to the
sale of the final product, it forced the students to reconcile all their imaginative capacity with the speed
of execution, allowing them to adapt to the frenetic pace at which the technological and industrial world
currently lives. On the other hand, the lack of technical and specific knowledge in important areas took
some of the rigour out of the final result, constituting, however, in an enormous gain of experience for
the projects that followed.

Although the technical skills suffered a huge buff during this path, the student’s best enhancement
occurred at the level of interpersonal relationships. Examples are the management of conflict situations,
caused, for example, by the divergence of opinions and ideas, confrontation of postures and attitudes,
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divergence of individual goals, or lack of communication within the team. This was also the first impact
with peer assessment, which promoted the evaluation within the members of the team.

The following images portrait one of the most important deliverables of this first project — the layout
of the fictitious factory. The first image (see Figure 1) refers to the idealized layout and the second one

(see Figure 2) refers to its prototype representation.

Figure 1. Idealized layout of the fictitious factory

| Erlry Doch E Erntry Dock I
i i e
L w 'I
il Entry of the Raw Exit of the Final Firal Warehuse
poeall o b Apgin Mlaterialy Prod i
i reparation
- s Preparation
v B
R |
Mixing Warehouse
f— — Pachagan
re— | —
Bouldding -
e —
-
Polishing Painting and Locker
Drying foams and Louinge
WC
=3 —
]
i Canteen
; Cifices
1 Parung
L R R R R P R R R N R T TN EEEF TR PR R RN EREEFET TR
153

EBSCChost -

printed on 2/14/2023 8:06 AMvia .

Al'l use subject to https://ww. ebsco.conitermns-of-use



EBSCChost -

Project-Based Learning Application in Higher Education

Figure 2. Prototype representation of the layout

Legend:

1- Mixing

2- Shaping
3- Polishing
4- Painting
53- Drying

6- Inspecting
7- Packing
8- Storing

2. Fourth year, first semester project — first contact with a real company (2020)

The second moment of the PBL method emerged at an advanced stage of the programme, also in the
context of Project Integrated of Industrial Engineering and Management, specifically in the first semester
of the fourth year and proved to be totally different from the first project. It involved the subjects of Ergo-
nomic Study of Workstations, Integrated Production Management, Simulation, Information Systems for
Production and Organization of Production Systems II. Instead of creating a fictitious company and all
the stages of creating a product, the group of students was integrated into already established and well-
solidified company, that was also a market leader and a reference at both national and international level.

Given the need to show concrete and reliable results, the organisation of the whole project was very
meticulous and required maximum commitment from all members of the group. For the students this
was, perhaps, the greatest difficulty of the project. The ability to keep all elements of the team focused
for a long time on a common goal and synchronized in the execution of tasks and data collection, was
something that the technical knowledge that education provides does not promote.

Thus, some of the subjects learned throughout the year, although valuable in solving the problems
encountered, were not so useful in interpersonal relationships. Still, many of them did not prove to be
adequate to the problem encountered, even if their integration in the project was mandatory. Besides
this personal resources’ management, which proved to be difficult, the approaches and contacts with
company collaborators of the most various hierarchies proved to be another complicated aspect, given
the group’s lack of experience in the labour market. Thus, this was a project that demanded a lot of
technical knowledge, but where the decisive and most enhanced factors along the way were the soft
skills such as discipline, self-management, leadership, and creativity. Despite this, the fact that it was
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carried out on the Gemba overrides any negative issues that may have occurred, as it allowed contact
with the evolutions that modern engineering has undergone in recent times and confrontation with the
later challenges that the profession of Engineer will require.

This project culminated in the realization of an article published and presented at the IFIP International
Conference on Advances in Production Management Systems (Freitas I. ef al., 2021). In this paper, the
company’s difficulties are mentioned, and solutions to possibly overcome them are proposed. One of
these suggestions is a milk-run where different boxes are left at each workstation with the components
that will be applied there (see Figure 3).

Figure 3. Prototype of the proposed milk-run
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3. Fourth year, second semester project — advanced concepts (2021)

Finally, the third and last project executed was quite different from the previous ones, as it was divided
and approached by the students in two distinct subprojects, which were performed simultaneously.
Instead of one project that included all courses of the particular year, in this case two subprojects were
developed involving two courses in each (Graphic 1).
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Figure 4. Courses involved in each subproject
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Regarding the first subproject, the concept and the organisation were similar to the previous projects.
The goal was to create an electric vehicle from scratch, with high quality, reliability, and easy maintenance
(see Figure 4). As in the previous projects, sometimes some of the theory learned in the different subjects
during the semester, despite being of mandatory integration, was not the most appropriate to certain
problems encountered. This resulted in a certain difficulty in the realisation and perception of some of
the tasks. This part of the project required some prior knowledge of the product design. As students, the
team did not have this type of knowledge, which resulted in an increased difficulty.

In contrast to the first, the second subproject had a completely different dynamic. In this subproject,
the students took on different roles, either customers or suppliers, in the latter case, both individual and
collective. In Figure 5 is possible to see the representation of the 9 customers with the letter C, the 9
companies/collective suppliers with the letter E, and the 91 individual suppliers with the denomination
of FIS, as well as the number of interactions between them. An interaction represents the provision of
a service to a customer by a supplier, either individual or collective.

The differentiating factor about this project was the demonstration of market competitiveness in the
success of a company. Although it required, similarly to the two previously mentioned, technical knowl-
edge in very specific areas, the goal was autonomous learning. Thus, the expectation was that each of
the students would acquire knowledge and search for information in various areas of engineering and,
later, sell their knowledge in the form of a product to a client that would request a particular service.

Although it had a slow start, given the confrontation with a teaching methodology with which the
students were not familiar, it quickly gained a dynamic that came very close to the movement of the
services market. This subproject contributed in a very positive way to personal growth, as it required
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students to negotiate the value of their knowledge. This situation required self-awareness of the students
that were part of the project, in terms of their learning process and degree of knowledge required for
the requested services. In other words, it confronted the students with the famous question “What is my
monetary value?” which is one of the great paradigms of a new graduate entering the labour market.

Figure 5. Prototype of the electric vehicle designed by the team for the first subproject
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The fast dynamic and the pace at which services were requested led to the tiredness of the students,
who needed to organise their discipline and self-management to achieve the intended goals. The big
difference to the other projects was that the work was carried out mostly individually and not in groups,
which, although demanded more from each student, took away the interaction and the socialisation
aspects which were a constant in the other projects.

An important point to mention is the fact that these two subprojects were being executed at the same
time. Therefore, it was at times difficult to organise the team and all its elements, in terms of tasks’ alloca-
tion for each student, and consequently, to keep everyone focused and aligned towards a common goal.
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Figure 6. Representation of the crowdsourcing context of the second subproject
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The evaluation of each one of the three projects was carried out both by teachers and students, who
used the peer assessment method. While the teachers’ evaluation was done traditionally, i.e., evaluation
of all the reports made and the respective presentations, the peer evaluation consisted of a ready to fill
form. This form should be filled by each student, who evaluated the commitment, dynamics, original-
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ity, autonomy, or even the punctuality of the other members of the team, assigning values from 0 to 1.
However, in the second subproject of the third project (fourth year, second semester project), a traditional
evaluation was adopted by the teachers, thus evaluating both the tasks developed by each group that
represented a company and by each supplier, as well as a presentation made by each client.

The importance of the introduction of the peer evaluation was not the differentiation of the students,
but the self-awareness of each of the members. Since the peer was completed more than once, it allowed
everyone to correct their behaviour after being confronted with their peers’ evaluations. This is one of
the most important elements of human development that is accomplished through this type of project.
Usually entering the academic and university world translates into an enormous inner growth, but mo-
ments like this allow the students to smooth any edges that may prove to be more persistent and stubborn.

RESULTS

For a better understanding of the impact of this methodology, eight testimonies of the students who
participated in the Focus Group and experienced PBL methodology, are presented below. The aim is
to describe the experience from the students’ point of view, explaining the difficulties, the feelings ex-
perienced, the skills learned, and how these aspects influenced personal development and will impact
the professional role of the students as future engineers. In other words, it will be discussed the need
for the implementation of methodologies such as PBL. and how this will bring competitive advantages
in the labour market to the students when adopted by educational establishments. The testimonies are:

e Testimony 1: “For me, the highlight of my academic student journey coincided with the devel-
opment of the projects where the PBL. methodology was implemented. The elaboration of each of the
projects allowed an enormous growth, both professionally and socially, enhancing my strengths, such
as conflict management and responsibility, and developing new characteristics, such as autonomy and
search for solutions, which were being demanded as the projects went on.”

e Testimony 2: “Unlike all the other members of the group, my experience in carrying out this type of
project was almost null since I had done my first year at a different university and, therefore, the project
carried out by me had nothing to do with the rest of my colleagues. However, although there were some
doubts and difficulties at the beginning of each project, they allowed me to grow as an engineer both
technically and socially, as it allowed me to understand the daily life in the real world of a company and,
at the same time, to work in a team in which the supervisor was included.”

e Testimony 3: “PBL was a very valuable experience because it allowed me to apply theoretical
concepts to a real context, which will certainly be very useful for my professional future. This type of
learning environment helped me to develop soft skills and brought me closer to real-life expectations. I
think that despite being a challenging project, this type of methodology brings truly rewarding results.”

o Testimony 4: “The PBL methodology, present in three different moments of my academic career,
was of great importance since it allowed me to acquire transversal skills, such as critical thinking and
group work, that I believe will be an asset in my professional future. Although these were moments of
great demand, where challenges and tension were constantly present, the final results were undoubtedly
rewarding, not only in terms of deliverables related to the project but also in what concerns the gained
skills and friends that will unquestionably continue to accompany me.”

o Testimony 5: “As a student who experienced three different applications of the PBL methodology,
I can say that it helped me develop a wide variety of skills, such as critical thinking and communication.
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Regarding more technical aspects, I can say that the application of this methodology motivated me to
learn the contents taught in the different curricular units since I knew that they would later be applied in
the project, and it also helped me consolidating those same contents. Thus, I consider this methodology
to be very advantageous not only for academic formation but also for future similar experiences at work.”

o Testimony 6: “For me, PBL was the most immersive experience of this course and takes learning to
a higher level. Learning the contents and applying them in parallel, in a practical context, is the greatest
asset of this learning methodology. Also, through teamwork, high-value transversal skills are obtained
from each member of the team and each of them can offer a different set of skills to the work being done.”

e Testimony 7: “As a fourth-year student and future Industrial and Management Engineer, I consider
that the PBL played an essential role, not only about the learning and consolidation of the content taught
in the different curricular units but also at a personal level, namely in the promotion of teamwork, in the
ability to resolve conflicts and face unexpected situations. In this sense, I believe that this methodology
is fundamental to prepare and train better professionals, able to integrate the demanding markets today.”

e Testimony 8: “For me, as a student, I experienced the active learning methodology PBL in three
different times of my academic course. All experiences culminated in the acquisition of transversal skills,
such critical thinking, group work and complex information processing, amongst others. Through this
methodology I had the opportunity to apply more theoretically aspects into a real industrial problem in
a company, making me realize how useful the theory will be in my future professional life. Even though
the three different projects had a different impact in me as person given the different years of the course
that they were developed, I can firmly say that they have helped me to develop my professional and
personal side.”

It is important to mention how the human side of each student changes. The students have already
discussed the soft qualities and technical skills and how important these aspects will be in their future,
but there is no greater appreciation than that which occurs in the emotional aspect of the student. The
projects described above accounted for 18 months of work with people whose ages are between 18 and
22. The development of these projects involved many hours of work, socialisation with hundreds of
people and many off-topic conversations throughout this time frame. The impact of all these factors on
the socialisation process is enormous for teachers and students. Everyone becomes a better version of
themselves, with even more enhanced awareness and the ability to realise that the profession, solutions,
and Engineering cannot be performed without people.

After presenting the different gathered opinions, it is time to discuss and answer to the questions
raised in the materials and methods section. The following sections present such discussion.

e  What are students’ perceptions of the advantages of implementing PBL?

The great advantage of having projects following the PBL methodology lies in two fundamental
aspects. The first is related to the fact that it brings a broad perspective, since the students encounter
the most varied areas, acquiring technical knowledge that will influence the professionals that they will
become. In addition to this specific and technical component, the development of soft skills for the
industrial world, personal growth, or the capacity to integrate into multidisciplinary teams are highly
potentiated. The second aspect is how different it is from the traditional teaching methodology, based
on memorization, which in no way resembles, for example, noble engineering.

Looking specifically at the professional world of Engineering, companies and organizations nowa-
days are increasingly aware of the need to form multidisciplinary teams in internal projects to solve
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problems. That is achieved by integrating elements from the most varied areas to obtain consistent and
solid solutions that take into account all the aspects inherent to the problem, from the most obvious to
the most hidden. Additionally, and even though the wheel has already been invented, even if the problem
has clear similarities with other problems that have already occurred internally or externally, the context
of the problem’s occurrence demands that the team outs their creativity to use and build an appropriate
solution to the context, considering all the conditioning factors of the situation. These characteristics of
the current Engineering panorama are related to what PBL tries to develop: enhancement of transversal
qualities and a marked development of critical thinking, and the search for innovative solutions.

In addition to the aforementioned, it is essential to note that Engineering has always been seen as a
synonym for development and it is one of the most sought-after careers by students who are starting their
academic life. As such, it is necessary to look critically at the way of teaching and training Engineers,
because while it is true that students are required to be increasingly innovative, creative, and alert to the
threats of the current world, it is also necessary that teaching practices are directed at promoting these
qualities. Moreover, as in any profession, the study phase is everlasting, as in all areas closely related
to technology. Furthermore, it is important to ingrain in students from an early age the ability to search
relentlessly in all possible information sources, without any room for sluggishness and procrastination.

e  How do students see PBL as a teaching methodology and what is its contribution to student
learning?

As can be seen from the different testimonies, the opinion is unanimous regarding the impact of this
methodology: there is a direct relationship between PBL, the enhancement of various transversal skills
and the technical knowledge required to solve problems. Although access to the internet is currently an
enormous competitive advantage compared to the previous years’ education, critical thinking, creativity,
and thinking outside the box have stagnated. The PBL methodology is the key that will allow aligning
the high accessibility currently available with the constant promotion of student creativity. This fact
is achieved through the presentation of current problems, aimed at the issues that are of most concern
nowadays and that are expected to be of most concern in the future, such as the environmental aspect.

Thus, by requiring autonomous learning and a relentless search for what they want, it makes students
focus on perception rather than memorization, allowing them to think outside the box and be able to
better solve unexpected problems.

In other words, PBL methodology grants very tenuous guidelines. However, there is a “controlled
freedom” since it requires that the search for solutions is done autonomously, in a team and in a self-
taught manner, but also takes into account the technical knowledge learned. These two antitheses perfectly
represent the amplitude that a methodology of this nature has in the promotion of varied skills that will
play a significant role in the success of the student, engineer, company, and future world.

e  What are students’ perceptions on the challenges of implementing PBL for higher educa-
tion, and how could it be improved in the future?

To guarantee the success of this methodology and, consequently, the student’s learning, it is also im-
portant to mention the importance of similar experiences and models being implemented in preuniversity
study cycles. That exercise would prepare and empower students to integrate more complex academic
projects and experiences, and to face the adversities and obstacles of the labour market.
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Furthermore, for the adequate functioning of the project, it is fundamental that the institutions can
provide working spaces and materials to the project groups. Those spaces are crucial so that the groups
can organize themselves, discuss ideas and work.

Finally, it is also of utmost importance that, in the case of projects developed in companies, that these
are aligned with the project’s goals. This way students can do a good job that benefits them as well as
the institutions involved.

CONCLUSION

Given the feedback gathered from the students, reflected in the testimonies presented above, it can be
stated that all the students that participated in the mentioned projects felt that the course of these projects
brought several advantages. On the one hand, it enabled the development of transversal competencies,
which otherwise would not have been stimulated. An example of this is the increased ability to work
in a team, by accepting and valuing the opinions of all members of the group. Another competence
acquired was the achievement of correct time management, both due to the great overload of tasks to
be carried out for the different subjects and to the need for coordinating the personal schedules of each
of the members of the group.

Furthermore, due to the existence of students with distinct personalities and ways of working, it was
fundamental to have an effective management of the conflicts that arose, in order to maintain a healthy
working environment, appropriate to the achievement of the outlined goals. Finally, the last two years
proved to be challenging for the students who took part in these projects, as they found themselves hin-
dered or limited in the implementation of the projects. For example, not being able to meet face-to-face
or having their visits to organizations restricted as they used to, meaning that everyone had to adapt to
a new context, emphasizing the more persevering side of each one.

On the other hand, the implementation of these projects allowed a better consolidation of the contents
taught in the different subjects since they had to be integrated throughout the development of these works.
Moreover, the fact that one of the projects was developed in an organization allowed the students to
get closer to a real context, having a better perception of the future that awaits them as future Industrial
Management Engineers.

However, as highlighted above, the application of this methodology still has some disadvantages as-
sociated. The mandatory integration of some subjects’ contents was sometimes a little demotivating for
the students because they were not the most suitable for that specific context. Additionally, concerning
the project carried out in a company, the commitment and availability of the company and its managers in
providing the necessary support to the work team was fundamental. This support included, for example,
the clarification of doubts, the provision of data or the clarification of how the processes worked. If this
did not happen, the team would feel great difficulties in the development of the project, and its success
would be compromised.

However, the overall assessment of the application of the PBL. methodology in the development of the
projects is positive. Therefore, its continuity in the training of future engineers is considered extremely
important, as it prepares them for the adversities that may arise, not only throughout their professional
future but also in their personal life.
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ABSTRACT

Graduate students are a source of knowledge to companies. Their youth, readiness to show recently ac-
quired abilities, and high levels of motivation to “change the world” are appreciated by human resources
hiring teams to complete their purpose: to identify talent that can enhance business areas accomplish-
ing relevant goals. However, “competences” do not always come along with the “full package” of a
recent graduate. This chapter describes how a Portuguese retail company developed and implemented
a Lean School to (1) upskill internal knowledge, skills, and behaviors about Lean in the existing work
force and to (2) prepare the newcomers to use Lean in such a good way as if they had been part of the
company for years. The authors will also describe some of the active learning methods used in the Lean
School programs and report the evolution on some performance indicators like number of students in
attendance and satisfaction levels.

INTRODUCTION

One of the most perishable assets for a company is knowledge. Continuous innovation pushes the state-
of-the-art knowledge boundary in all fields of work. Innovation will never cease; therefore, companies
need to constantly groom new knowledge in people; in other words, companies need to continuously
develop competences in the collaborators.

Graduate students are a source of knowledge to companies. Their youth, readiness to show recently
acquired abilities, and high levels of motivation to “‘change the world” are appreciated by human resources
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hiring teams to complete their purpose: to identify talent that can enhance business areas accomplish-
ing relevant goals. However, “competences” not always come along with the “full package” of a recent
graduate. In a recent paper of Alves AC et al. (2021), the integration of interdisciplinary content in an
engineering course raised the students competences. This key milestone demonstrated the benefit of an
active learning approach, rather than of a traditional siloed one. Indeed, active learning methods can
generate more prepared professionals, as concluded in the article of Fernandes (2014). In this study,
students and professors both recognized that a PBL-Project Based Learning approach generated more
content retention by connecting theoretical knowledge with practical application and strengthened
teamwork and problem-solving skills also perceived as very useful for ease the access to professional
life. Since the active learning approach is not yet standardized in Universities, companies need to fill
this gap as discussed by several authors (Alves et al., 2012; Alves et al., 2017; Flumerfelt et al. 2016).

The Lean word was used for the first time in an article written by John F. Krafcik “Triumph Of The
Lean Production System”, Krafcik (1988), to translate to the Occident the spirit of Toyota’s way of work,
or the TPS — Toyota Production System. Later, in the book “The Machine That Changed the world”,
Womack et al. (1990), James Womack compared automotive industry’s performance and the term Lean
became part of the occidental management jargon. Furthermore, in a subsequent book, “Lean Thinking:
Banish Waste and Create Wealth in Your Corporation”, Womack & Jones (1996), the authors define the
five principles of the Lean philosophy: (i) Define Value: what a customer is willing to pay for a certain
product or service. On the contrary, the non-value activities are called waste, and must be eliminated;
(i1) Value Stream: is the set of processes in place to deliver the value customers want to receive. Making
the Value Stream visual is key to understand possible break points and constraints that affect value de-
livery to customers; (iii) Flow: means that all activities must be delivered with no interruptions. Events
cutting the flow are considered waste and, therefore, must be eliminated; (iv) Pull-Production: activate
the production when required by the customer, avoiding inventory with all costs related and (v) Pursuit
of Perfection: means that the company is always looking for improving performance upon deviations or
improvement opportunities: Continuous Improvement.

Lean Production, started to be applied to production areas, but rapidly jumped the shop floor bound-
aries to all kind of areas within a company and to all type of businesses and not for profit organizations.
Whenever there are people and processes, there is room for improvement or, room for Lean, whatever the
type: Lean Office, Lean Services, Lean Startup, Lean Six Sigma, Lean Education and so on, as explained
in the book “Lean Education: An Overview of Current Issues”, Alves et al. (2017).

In the searching activity to find training programs to comply to a legally imposed minimum of train-
ing hours, a Portuguese retail company stepped in a Lean consultancy firm that challenged not only to
deliver the necessary number of training hours, but also to use them as a way to increase productivity
and global performance level. This chapter describes how the Portuguese retail company developed and
implemented a Lean School to (i) upskill internal knowledge, skills and behaviors about Lean in the
existing work force and to (ii) prepare the newcomers to use Lean in such a good way as if they had been
part of the company for years. The authors will also describe some of the active learning methods used
in the Lean School programs and report the evolution on some performance indicators like the number
of student’s attendance and satisfaction levels.
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THE NEED FOR A LEAN SCHOOL

At the end of 2000, a governmental rule obliged all the companies to give at least 35 training hours to
all employees. As a result, the retail company under study started the implementation of a Lean/Kaizen
program in the stores on its food retail business unit. During the first 3 years, with external support,
more than 25.000 employees have received the required number of training hours. Therefore, all internal
training needs were successfully suppressed, solving the compliance issue. The process to deliver such a
training effort contained a bundle of different technics in a very structured standard process called Teams
Development Program (TDP). This consisted of a Train-the-Trainer’s approach where team leaders were
encouraged to train their own team members. TDP emphasized the use of simulations, gamification and
real case practice around Lean Tools, although it also included basic theoretical concepts. The company
started to have a first glimpse of what a future Lean School would look like...

Due to this training effort, a Lean Culture started to flourish across the business areas like logistics,
finance, stores, and to become part of the culture of the company. A new challenge was then ahead of
all top managers: how to preserve and reinforce this Lean Culture in a long-term perspective and how
to embed it into the newcomers? One of the things that soon became clear was the need to have internal
Lean Expert to support Lean implementation, training and other supporting activities. To increase the
number of Lean Experts, the company started to hire graduates from Engineering courses, specially
from Industrial Engineering and Management courses. But, despite the profiles matched with what the
company thought it needed, managers soon realized that full matching was only achieved after internal
practical training programs, like the TDP has previously deployed to all internal employees. In other
words, full competence was only achieved after the pragmatic “how to use” a certain tool complemented
the academic theoretical background, with practice and experience. This need was the driver for the
creation of the Lean School: a “learning by doing” school where students learn the concepts and practice
the tools, to deliver faster and better results.

THE SCHOOL: CONTEXT, SCOPE, ORGANIZATION AND RESULTS
The Context: The Lean System

The retail company is one of the largest businesses conglomerate in Portugal, being the food and non-food
retail the most relevant business units it owns. The company turnover for 2020 was above 6 billion euros
and it has a workforce of more than 50.000 employees. Besides the retail business units, there are also
finance, telco, tourism, industry, energy, services, and other businesses included in the conglomerate.

Lean was already somehow embedded in the way the company thinks and works, for decades. It fits
with the values of the company and it highlights the best the company has, its own people with their own
ideas and a powerful motivation to change for the better. However, at that time, there was no structured
process to make Lean durable and sustainable. Therefore, in 2012, the President of the company launched
a program to create the Company’s Lean System.

The Lean System is composed by (i) a Model, the guideline for good practices and (ii) a Governance
Model, the way the Lean System is managed and developed.

1. The Model:
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The Model, presented in Figure 1, represents the set of working good practices that can be seen in
use by world class companies. It is divided into 4 main blocks, containing Methods and Tools for the
purpose of each block.

Figure 1. The lean model framework

A
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Outstanding Results
- N/ )
A -
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F— H<0
Strategy Operations
& Deployment Excellence
& Follow-Up
VAN =
Daily Sustain
Management & Share

a.  Strategy, Deployment & Follow-Up: Ensures company alignment throughout all team levels, from
Top Management to the lowest team level. It contains methodologies and good practice to support
the (i) business strategy design, (ii) strategy deployment: the cascade of key initiatives and key
objectives to all teams to full alignment and (iii) a systematic follow up standard to track and react
to deviations.

b.  Operations Excellence: Creates or streamlines Excellency Processes in any area of Business (for
example: Offices, Services, Industry, Operations, Sales & Commercial). It contains methods and
good practices to support project management and problem-solving initiatives, organized by type
of problem and by area of business.
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c.  Daily Management: Is the way each team measures, improves its performance every day and de-
livers results aligned with its mission and business strategy. It contains methodologies and good
practices to improve team’s performance and sustains continuous improvement mindset.

d.  Sustain & Share: Ensures Lean culture maturity and its sustainability as part of the Company’s
culture. Sharing learnings from improvement initiatives accelerates the knowledge exchange among
teams. It also measures team’s Lean maturity levels according to the Model and provides guidance
for evolution. It contains methodologies and good practices to benchmark, to share and recognize
teams’ achievements, reinforcing culture.

e.  Outstanding Results: are the goal all 4 blocks want to contribute to. There are five types of results:
financial, quality, operational efficiency, service levels (flow) and people.

2. The Governance Model:

To implement the guidelines and scope each business unit decides to use from the Model, it is nec-
essary to have a strategy with clear goals, resources and a management cycle to keep the pace and act
upon deviations.

The retail company created a multi-business team composed by different business units’ top execu-
tives, that decides the best Lean Model and Lean System to have, as well as the resources to be allocated.
This team is also composed by the Lean Managers, the ones responsible for the implementation of the
Lean Strategy decided by each executive business team.

Each year, this team evaluates businesses’ maturity levels and learnings from each business unit ex-
perience and decides proper actions. The pace and scope for Lean adoption is decided by each executive
team taking in consideration the main challenges from individual business strategies.

The Lean School is one of the resources created by the multi-business team to foster the Lean cul-
ture implementation across all businesses, delivering training contents organized (i) by formats: from
on-line, blended to fully presential sessions; (ii) by levels of responsibility: from natural teams to Top
Management; (iii) by needs: from standard contents on basic concepts, also called “Lean foundations”
to training-on-demand (ToD) for specific or experts content. ToD courses are developed by request,
according to specific needs and purposes to be achieved.

The Lean School Manager is also a multi-business team member.

The Scope
The Lean School main purpose is to develop people’s skills to a point where everyone can be autono-
mous by recognizing improvement opportunities in their work area and being able to implement action
to improve them, delivering high performance results.
1.  The content:

The training portfolio, in the current year of 2021, is composed by 33 courses that cover the full range

of knowledge required by the company’s Lean Model. Not being exhaustive, here are some contents that
can be found in the training catalogue:
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a. Daily Management: Lean principles, definitions and concepts like: Visual Management, Daily
Meetings Dynamics, Waste, Gemba, 5S, Standardization, A3 Problem Solving, Process Mapping,
Process Confirmation.

b.  Strategy & Deployment & Follow-Up: Policy Deployment, Portfolio Management, KPI — Key
Performance Indicator Tree, VSA — Visual Stream Analysis, SIPOC — Supplier Input Process
Output Customer.

c.  Operational Excellence: Project Management, Structured Problem Solving, SMED - Sigle Minute
Exchange of Die, VSM — Visual Stream Mapping, SIPOC, Kaizen Event, as examples. (Lean tools
like VSA, SIPOC, SMED presented above are part of the Lean Toolkit that can be found in “Lean
Manufacturing - Tools, Techniques, and How to Use Them”, Feld W.M. (2000) and in “Lean Six
Sigma Pocket”, George M. L. et al (2005)).

d.  Sustain & Share: Lean Maturity Level Assessment tool.

Since the beginning it was clear for the Lean School team that contents must address all types of
teams and levels of responsibility needs. For this reason, we can see in Figure 2 a variety of training
programs organized by levels of responsibility, where “Top” means Top Management teams, who are
responsible for the definition, the communication and the follow-up of the execution of the company’s
strategy. “Middle” stands for Middle Management teams, or the teams responsible for the coordination
and execution of the strategy, using projects or coordinating Base teams. “Base” are the operating teams,
usually the lowest hierarchical level of the organization.

Figure 2. The lean school training catalogue
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In the Operations Excellence pillar, the training programs are subdivided into macro-processes or Value
Streams, once different problems require differentiated approaches. There is a common block of methods
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and tools, equally applied to all areas, regarding project management skills. Then, the organization by
Value Streams allows specialized training programs according to spe