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Global Research Community: Collaboration and Developments 

 

Changing from a traditional teacher-centred educational approach to active and student-
centred approach has proven to be an effective strategy for higher education to address 
the challenges posed by society and professional practice in our time. Students need to 
develop competencies such as lifelong learning, teamwork, communication, creativity 
and critical thinking in order to deal with challenges like technological innovation, 
sustainable development, and globalization. Problem based, project organised learning 
(PBL) is a methodology focusing on students who learn take an active role in directing 
their own learning and allows them to develop the before mentioned competencies. 

With a history of almost 50 years PBL has grown far beyond the founder universities at 
McMaster, Maastricht, Roskilde or Aalborg, and spread all over the world, involving 
different professional fields and types of education. PBL evolved beyond educational 
practice, developing a community of practice where the members share concerns, 
knowledge, experiences and partnerships.  

The International Research Symposium on PBL (IRSPBL) is one of the meeting places, 
which gathers researchers, practitioners and industrial partners from all over the world 
contributing to the PBL landscape. It has been a great pleasure to arrange the 5th 
International Research Symposium on Problem Based Learning Proceedings.  

The past editions of IRSPBL focused on different aspects of PBL landscape. The first of 
symposium at Aalborg University in June 2008 aimed to initiate a worldwide 
community of researchers on PBL. For the continuation of the symposia UCPBL 
initiated collaboration with host organizations in different countries around the world. 
In 2009, the second research symposium was hosted by Victoria University (Melbourne, 
Australia) which was going through a process of organisation change towards PBL. At 
the time Victoria University was going through a process of organisational change 
introducing PBL in their curricula. The third IRSPBL focused on collecting best 
practices across the disciplines. Coventry University was also in the middle of a change 
process towards more PBL in her curricula. The fourth IRSPBL was hosted by UTM 
(Malaysia), and focused on collecting best practices across cultures. At UTM, several 
courses apply various PBL-practices. 

In this fifth edition, IRSPBL joins forces with Active Learning in Engineering 
Education (ALE) and the International Symposium on Project Approaches in 
Engineering Education (PAEE) to organise the first International Joint Conference on 
the Learner in Engineering Education (IJCLEE 2015) hosted by Mondragon University, 
in San Sebastian, Spain. This is a quite unique event as it is three global organisations 
which all focus on student centred learning in various ways within engineering 
education. ALE focus on active learning, PAEE focus on projects, and the UNESCO 
Aalborg Centre focus on problem based and project based learning.  

As such the three organisations represent a pathway to establishing real student centred 
curricula. Active learning can be integrated into existing course structures, whereas 
problem and project based learning will require much coordination at the curriculum 
level for efficient implementation. From a process perspective the student can easily be 
identified as a learner. However from organisational change perspective, where 
institutions adopt different strategies to implement PBL, the concept of learner must be 
expanded to include aspects like academic staff, management, and the institution itself. 
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Such concepts provide a holistic view of the different actors, structures and roles in the 
process of change towards PBL or other active, student-centred learning approaches.  

Collectively, the three IJCLEE organisations collected more than 178 contributions 
coming from 37 different countries. A total of 46 contributions, from 27 different 
countries, were accepted for the proceedings of IRSPBL. The IRSPBL contributions 
cover a number of relevant PBL topics such as assessment, learning outcomes, students’ 
engagement, management of change, curriculum and course design, PBL models, PBL 
application, ICT, professional development. This book represents some of the newest 
results from research on PBL in these different areas.  

 

We hope that you will find the book useful and inspirational for your further work.   

 

 

Erik de Graaff, Aida Guerra, Anette Kolmos and Nestor A. Arexolaleiba 
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Abstract 

The engineering practice requires the application of both technical and transversal competences, which 

raises the need to create learning opportunities that allows the development of those competences. These 

learning opportunities are based on student-centred active learning models, i.e. active learning 

methodologies that engage students in activities that promote a deeper learning and in the development of 

competences (e.g. problem and project-based learning and design-based learning). These learning models 

foster the development of transversal competences required by the professional practice. Project-based 

learning (PBL) methodologies consider a central project that integrates several contents in an 

interdisciplinary learning approach, acting simultaneously as a mean of interdisciplinary application of 

knowledge of different contents, and as a mean to create deeper learning of different contents. In PBL 

approaches, one of the common issues pointed out by students and teachers is the assessment process, 

which try to assess not only technical knowledge, but also technical and transversal competences. 

Considering that assessment is one of the curriculum processes with a higher impact on student’s 
behaviour and results, there is the need to analyse and create assessment methods that improve the 

alignment between the demanded competences, the corresponding learning outcomes, and finally the 

assessment methods and criteria. This work aims to develop an innovative model of assessment of 

transversal competences for PBL, which intends to align methods of assessment with required project 

competences. Further, there will be a construction of specific methods and criteria of assessment 

interrelated with the matrix, developed for a specific PBL process that includes interactions with industrial 

companies. 

Keywords: Project-Based Learning, Assessment, Transversal Competences 

1 Introduction 

The professional practice of engineering fields requires the competence to solve complex open and ill-

defined problems, which implies articulating in an interdisciplinary way knowledge, methods and tools 

from different areas. Furthermore, it is common that the engineers have to deal with this complexity, 

integrating or leading multicultural teams in projects with multiple profiles. Thus, there is a need to 

contribute to the development of competences, both technical and transversal, which will allow engineers 

to mobilize their learning resources in the contexts of real problems. 

According to (Zabalza, 2009), within curriculum development it is needed to define the professional profile 

that is expected and articulate it with the initial training, which will be materialized in the curriculum of an 

engineering program. So the curriculum will integrate several dimensions, e.g. methodologies, content 
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selection, learning environments, and assessment, which must be aligned with the objective of 

development of competences (John Biggs, 1996; J. Biggs & Tang, 2011). One of the methodologies being 

recommended and implemented in engineering programs to integrate these dimensions is problem and 

project-based learning (UNESCO, 2010). Project-based learning (PBL) is a learning process characterized by 

the need to solve a complex ill-defined problem related with the professional practice, by a team of 

students, with the support of teachers (Graaff & Kolmos, 2003, 2007; Anette Kolmos, Graaff, & Du, 2009; A. 

Kolmos & Holgaard, 2010; Lima, Carvalho, Flores, & van Hattum-Janssen, 2007; Lima, Carvalho, et al., 2012; 

Powell & Weenk, 2003). These projects can be completely developed in the higher education institution or 

can involve some external agents like industrial companies (Aquere, Mesquita, Lima, Monteiro, & Zindel, 

2012; Lima, Dinis-Carvalho, et al., 2014; Lima, Mesquita, & Flores, 2014). 

The importance of transversal competences, as teamwork, creativity, or autonomy, is being pointed out by 

professionals (Lima, Mesquita, & Rocha, 2013; Meier, Williams, & Humphreys, 2000; Pascail, 2006; Sageev 

& Romanowski, 2001; Scott & Yates, 2002), but curriculum have been built mainly based on technical 

content. However, “non-technical skills cannot be taught isolated from the technical context in which they 

will be used. Integrated projects are a crucial tool for achieving such ends” (Martin, Maytham, Case, & 

Fraser, 2005, p. 179). The technical content is important, as the other dimensions of the curriculum, and 

although higher education institutions have been referring the importance of transversal competences, 

most of the time, they do not give them the formal institutional support. The teachers that are aware of the 

requirements to support the development of transversal competences refer the difficulties in the 

assessment of the related learning outcomes (Hattum-Janssen & Mesquita, 2011). This difficulty is linked, in 

part with the qualitative nature of the evidences but also with the selection of the right methods and 

definition of the right process. 

In this work the authors intend to present an innovative assessment methodology for PBL based on a 

reference matrix that explicitly model the relation between transversal competences with the required 

professional profile. This will be the base for the implementation of an assessment process for the selected 

transversal competences in Project-Based Learning. Further, an application of this methodology will 

explicitly show its applicability and the type of assessment model and criteria that can be used in a specific 

PBL implementation. 

2 Conceptual Background 

2.1 Competences  

The concept of competence is not new. There are historical and economical influences which support their 

description, execution and development. In this sense, contemporary authors extend the concept 

considering several of relationships and transformations at different levels and contexts (Dolz & Ollagnier, 

2004; Le Boterf, 2003; Marinho-Araújo, 2004; Marinho-Araújo et al., 2010; Wittorski, 2007, 2012; Zarifian, 

2001). 

According to Stoof, Martens, van Merriënboer, and Bastiaens (2002, p. 351), “a definition of competence 
should be adequate for the situation in which it is being used”. There are three main principles that can be 
identified in the definition of competence: temporality, validity and transferability. Developing 

competences requires space and time, in order to integrate resources and updated knowledge 

(temporality). At the same time, it implies changes of beliefs, values, concepts and contents. These are 

needed to be mobilized according to the cultural, contextual and social demands. In educational trajectory, 
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the consolidation of competences entails a historical dimension, characterized by individual development, 

experiences, relationships, and perceptions. Thus, defining developing and assessing competences in 

teaching and learning contexts implies moments of discussion, reflection, monitoring and feedback, in 

order to create meaningful changes on students’ development. The useful value of competences (relevance) 
occurs in action, and they are the result of mobilization of resources (knowledge, experiences, etc.) to solve 

a specific unknown situation or problem. Mobilizing these kinds of resources means understanding them as 

important components to put into practice in the situation or problem. Therefore, a competence must be 

developed in its diversity to make it possible to be used in similar circumstances. Thus, a fundamental 

characteristic of a competence is to be “transferable” to other contexts beyond the original context that 
provided the competence development (e.g. learning context to professional context).  

In this context, the competences development is not limited to the task which will be performed. This 

purpose implies the person and all dimensions that are related with it (emotional, ethical, cultural, social, 

political, etc.). The importance of the “context” in competences development arises in this context. Thus, 
the meaning of competence is based on the resources (previous experiences and knowledge, for instance) 

which will support in problem solving and facing uncertain and challenging situations that demands a 

choice (Le Boterf, 2003; Wittorski, 2007, 2012; Zarifian, 2001). Be competent implies an intention in the 

mobilization of the resources in order to solve the problem within a specific context and this mobilization 

process involves the person as a whole and for that reason the competence meaning must be include the 

dimension of the human development.  

Competences can be categorized in different ways, considering the authors perspectives. (Le Boterf, 2003; 

Wittorski, 2007) suggest individual and collective competences or technical and transversal from its use and 

the context in which they are required. 

The transversal competences, also known as “generic”, “core”, “transferable”, implies the mobilization of 
resources within contexts and situations which are similar in different areas (Cabral-Cardoso, Estêvão, & 

Silva, 2006). These competences involve critical thinking, autonomy, creativity, entrepreneurship, 

teamwork, organization, responsibility, negotiation, interpersonal relationship, amongst others. 

Considering the demands of the professional practice and societies, these competences need to be 

introduced in teaching and learning situations.  

2.2 Assessment (Methods) in PBL 

The focus on a curricula based on competences, strongly encouraged by the demands Bologna Process, 

requires changes in the organization of the teaching and learning process, and consequently, on the 

assessment methods, moments and participants. This implies that Universities enhance a novel mix of 

approaches to teaching and learning in order to encourage or allow the development of valuable qualities 

such as capacity for analysis and synthesis, independence of judgment, curiosity, teamwork, and ability to 

communicate. In student centred learning environments, such as project approaches (Powell & Weenk, 

2003) or other cooperative learning environments, students are encouraged to develop these transversal 

competences while applying and reinforcing technical competences. Therefore, assessment methods and 

criteria for evaluating performance should consider not only knowledge and contents but also transversal 

competences, such as teamwork for example (Powell, 2004). This entails a shift from the traditional testing 

culture to an assessment culture which favours the integration of assessment, teaching and learning, 

through active student involvement and authentic assessment tasks which are based on a range of abilities 

and outcomes (Black & Wiliam, 1998; Sambell, McDowell, & Brown, 1997). 
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Today, one of the main challenges for assessment processes is to consider the importance of the 

development of competences, amongst other issues which are part of the assessment process. Assessment 

methods and tools need to reflect this understanding and therefore it is not possible to develop evaluation 

methods only from an individual perspective, but it must consider, above all, the collective dimension, 

relational and context of the educational action. It is necessary to investigate various aspects of teaching 

procedures; the organization of time, space and methods; the negotiation and sharing of responsibilities, in 

order to improve the educational process (Marinho-Araújo et al., 2010). 

The use of a matrix as a guiding methodological tool to support the identification, development and 

assessment of competences can be sustained by literature review in this field (Deluiz, 2001; Depresbiteris, 

2001). According to Deluiz (2001), the different epistemological models that supported, historically, the 

conceptual background of competences is anchored on the development of matrixes for the analysis and 

research on this approach. The author explains that the role of the matrices for professional competences 

development was linked to the theoretical and conceptual prevailing movements in certain historical 

moments, giving origin to several concepts: behaviourist; functionalist; constructivist and critical-

emancipatory. This critical-emancipatory matrix has received great attention by authors in the field. 

Supported by the theoretical background of the critical-dialectical thoughts, this matrix conceives the 

notion of competence as multidimensional, involving aspects that range from the individual to socio-

cultural, situational (context-organizational) and procedural issues. A matrix based assessment model will 

be developed and presented in this work, linking functions of professional practice with project 

competences, making the matrix operational construction and application more clear in the following 

sections. 

3 Methodology 

This study is an exploratory study which aims to develop an innovative model for the assessment of 

transversal competences in Project-Based Learning, based on the alignment between assessment methods 

and required project competences. The model will be based on a matrix, considering previous work with 

competence matrixes used in large-scale assessment methods, which relates required competences for a 

degree with the functions of professional practice (Barnett, 1994). In this work, these matrices concepts will 

be enlarged to establish a relation between the functions of professional practice with the transversal 

competences that students are expected to develop within the project. For a better comprehension of its 

application, the model will be used to describe the assessment of transversal competences in a specific 

case of PBL, at the School of Engineering, University of Minho, Portugal. 

3.1 Context of the Study 

The Integrated Master of Industrial Engineering and Management (IM-IEM) of the School of Engineering of 

the University of Minho, Portugal, has been implementing Project-Based Learning since 2005. This work 

focuses on the implementation of PBL in the context of the fourth year of the course. In this PBL case, 

teams of 7-9 students have to interact with industrial companies during a semester. The goal of the project 

is to analyse a part or the whole production system of the company and identify existing problems. After 

this diagnosis, and once the problem is defined, students must select some alternatives of improvement 

and design them with proper rigorous engineering support. This support will be made with the application 

of concepts, theories, methods and tools of the supporting courses’ knowledge areas: Organization of 

Production Systems; Production Planning and Control Processes and Systems; Ergonomic Studies of Work 
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Stations; Simulation. It should be noted that the 5 supporting courses have the same number of 5 European 

Credits in the Transfer System (ECTS_EC, 2009) as the project course: Integrated Project of Industrial 

Engineering and Management II (IPIEM2). In this integrated project the students should tackle a real 

industrial problem, simultaneously applying the courses contents and developing deeper competences in 

those fields. 

The development of transversal competences such as communication, teamwork, project management, or 

autonomy, strongly encouraged by the interaction with companies, have always been an important 

concern of the PBL model Student assessment in PBL includes some specific elements which aim to assess 

transversal competences that are integrated in the whole process. During the semester, supervisors from 

the different areas have weekly meetings with the 5 to 6 teams and give continuous formative feedback. 

The summative feedback is implemented in the 4-5 milestones of the project. In these milestones, students 

deliver written reports (in form of conference articles), make presentations and develop prototypes, in the 

form of simulation systems, business model processes, Excel-VBA solutions for specific problems, and/or 

information structures. Furthermore, each team identifies some criteria for Peer assessment with the main 

objective of assessing teamwork. This peer assessment component is used to transform the project group 

grade to an individual grade. 

3.2 Data Collection and Analysis 

In order to develop an innovative model for the assessment of transversal competences in Project-Based 

Learning, data collection was based on document analysis with the objective of identifying the indicators 

related with transversal competences and assessment methods regarding to those competences. The Table 

1 summarizes the sources that were consulted as well as the information used to create the model 

described in this paper. The documents were organized in two dimensions. First, the criteria and standards 

defined by accreditation boards for engineering programs in USA and in Europe. Second, the documents 

from IPIEM 2 that refers to the context of this study.     

Table 1: Documents used to develop the assessment model 

 Sources Information 

Accreditation 
Boards 

ABET - Accreditation Board for Engineering and 
Technology 

Criteria – engineering programs 

ENAEE - European Network for Accreditation of 
Engineering Education 

EUR-ACE® Framework Standards  

IPIEM2 

Project Guide Learning Outcomes 
Competences  

Rubric Criteria defined for: Presentations, Reports and 
Peer Assessment  

 

The analysis of the information provides from the triangulation of data collected which seeks to address 

information derived from different sources and also from the triangulation of experts in order to reduce 

the influence and subjectivity of the researcher (Denzin & Lincoln, 1994). The output of this process is the 

assessment model that will be described in the following section. 

4 Assessment Model for Transversal Competences 

The assessment model of the transversal competences proposed in this work is based on the link between 

the professional profile and the corresponding required competences. This link is explicitly established 

using and assessment matrix. The links identified in the matrix will be part of the assessment process. 
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4.1 Assessment Matrix  

The proposed assessment matrix must be based on the expected professional profile, and for this purpose, 

previous work will be used and referred below. A profile can be drawn from the literature on the subject 

area of research or from analysis, studies and categorizations with origin in documents, projects, and 

legislation. Interviews, observations and other methods can also support the development of the profile. 

Taking in account a profile definition, it is possible to identify the resources to be managed for the 

development of the expected competencies. One of the fundamental aspects of a profile definition is 

associated with the functions of professional practice, this is, what is expected from a professional in this 

field to be able to perform the expected functions, combining all its resources in multidimensional 

processes, which in this context are defined by the characteristics of the professional practice. These 

characteristics are not enough to define a complete profile but reflect a comprehensive picture of what is 

expected from a professional. 

In the case of a PBL process, these profile characteristics can be defined by a combination of perspectives, 

simultaneously based on the general characteristics of the field and the educational program, and the 

specific characteristics for which the process intends to contribute to. 

In this work context, the IPIEM2 process, we can consider the project planning documents, "Project Guide - 

IPIEM2", and additionally for the educational program, information from formal information, such as those 

that can be found at http://miegi.dps.uminho.pt. For the field as a whole the professional associations 

(ABET, 2013; APICS, 2009; EUR-ACE, 2008; IIE, 2012) and research projects (IIE-Ireland, 2012; Lima, 

Mesquita, Amorim, Jonker, & Flores, 2012; Lima et al., 2013; Mesquita, Lima, Flores, Marinho-Araújo, & 

Rabelo, 2015) can be used as a theoretical framework. Thus, in the specific case of IPIEM2, considering the 

information sources referred above and the specific objectives of the project related with the production 

system of the companies that collaborate with the project, the following profile characteristics (CH#) are 

suggested: 

CH1. Analyse, describe and diagnose the Production system and the Production Planning and Control system, 
articulating concepts and methods in an interdisciplinary way. 

CH2. Perform effectively in teamwork contexts, both as member or as a leader, to tackle open problems with 
incomplete information, characterized by technical complexity and uncertain contexts. 

CH3. Characterize the physical environment of the work stations from the ergonomically point of view. 

CH4. Develop creative and innovative solutions for Industrial Engineering problems. 

CH5. Design changes for Layout and/or material flow of the company’s Production System, considering productivity, 
ergonomically and management issues and concepts. 

CH6. Specify information structures and processes for parts of a company’s Production Planning and Control System. 
CH7. Communicate in an effective and creative way with both interlocutors from the academy and professionals, 

respecting the ethical principles. 

CH8. Manage time, both in project activities planning, execution and delivery, and in communication time 
management. 

 
In order for an engineer to perform effectively in different contexts and scenarios of the professional 

practice, he or she needs to develop and apply the required competences. These competences involve both 

technical and transversal competences. For the purpose of this work only the transversal competences will 

be considered. Based on the IPIEM2 documents and observation the following set of transversal 

competences (TRC#) were considered in this study: 

TRC1. Teamwork 
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TRC2. Communication 

TRC3. Time Management 

TRC4. Creativity and Innovation 

TRC5. Scientific Rigor 

TRC6. Interpersonal Relationship 

TRC7. Making decisions with incomplete information. 

 

These components will support the reference matrix from a multi-dimensional conception; its design 

resembles a table with vertical columns and horizontal lines that cross in cells. In the first column, the 

characteristics are distributed leading to the expected profile; the first line, provides up the various 

resources to be evaluated that mobilized in educational processes and training, make up the competences: 

knowledge, ethical and aesthetic choices, abilities, attitudes etc. Such resources can be categorized into 

large blocks, which may signal aspects of the context, of the relationships, of the institutional goals, guided 

by the profile characteristics to be formed. The interconnection of cells synthesize the evaluation objects or 

activities performed, allowing the crossing of each profile characteristic with the various resources to be 

mobilized (Marinho-Araujo & Rabelo, 2012; Rabelo, 2013). In the context of this study, the matrix for the 

assessment of transversal competences will be composed of the lists indicated above and shown in Figure 1. 

 
  Transversal Competences 

 
 

Teamwork Communication 
Time 

Management 
Creativity and 

Innovation 
Scientific 

Rigor 
Interpersonal 
Relationship 

Decision making 

C
h

ar
ac

te
ri

st
ic

s 

CH1 
       

CH2 X 
 

   
X X 

CH3 
       

CH4 
   

X 
   

CH5 
       

CH6 
       

CH7 
 

X 
 

X X X 
 

CH8 
  

X 
    

Figure 1: Reference Matrix for IPIEM2 project transversal competences 
 

In the evaluation process, the matrix can be the basis for the construction of different types of instruments 

that should be applied in accordance with the planning and objectives of the project so as to contribute to 

the desired training. These tools may be qualitative or quantitative, such as questionnaires, surveys, tests, 

exams, checklists, workshops, reports, portfolios, and presentations. It should be noted that the 

instruments will investigate, at the same time, multiple features and profile characteristics, contributing to 

the assessment of several competences (Marinho-Araujo & Rabelo, 2012; Rabelo, 2013). 

From the comprehension of competences presented in this article, authors highlight the multidimensional 

methodology of the reference matrix to, from the expected profile, identify the resources that make up the 

competences, involving aspects ranging from the individual to socio-cultural, situational (contextual, 

organizational) and procedural. The competence assessment based on the matrix can become an 

investigative tool that articulates educational, professional and socio-political dimensions. 

4.2 Assessment Process  

In order to clarify the application of the matrix for the assessment of transversal skills, some examples 

based on the IPIEM2 will be showed. One of the characteristics of the professional profile of graduates in 

When? 

How? 
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this field is to be able to "perform effectively in teamwork contexts, both as member or as a leader, to 

tackle open problems with incomplete information, characterized by technical complexity and uncertain 

contexts" (CH2). This characteristic is linked with the expected learning outcomes of the IPIEM2, which is 

based on a PBL approach, strongly encouraging the development of transversal competences throughout 

its process. In this case, the transversal competence related to CH2 is Teamwork. In this way, it is important 

to develop assessment methods and tools which also assess the transversal competences because, by 

doing so, they are preparing graduates to meet the required characteristics demanded by professional 

bodies and organisations in their field.  

In IPIEM2, the assessment of transversal competences can be described in Table 2. This table describes 

assessment moments, methods and participants used to assess transversal competences and at the same 

time establish a relationship with the characteristics of the profile, showing how they are highly linked.  

Table 2: Process Elements of the Assessment of Transversal Competences in IPIEM2 

What is assessed? 
Transv.  Competences 

When is it assessed? 
Moments 

How is it assessed? 
Methods 

Who assess? 
Participants 

Why assess? 
Characteristics 

Teamwork Execution and End Peer Assessment Students CH2 

Communication 

Start, Execution and End Presentations Academics CH7 

End Reports Academics CH8 

Time Management Execution and End 
Peer Assessment 
Deliverables 

Students 
Academics 

CH8 

Creativity and 
Innovation 

Start, Execution and End Presentation Academics CH7 

End Prototype Academics CH4 

Scientific Rigor 

End Reports Academics CH1 

End Journal Paper Academics CH1 

Interpersonal 
Relationship 

Execution and End Peer Assessment Students CH2 

Decision Making Execution and End Peer Assessment Students CH2 

 

To show an example, student's communication competences are assessed in several moments during the 

project such as at its start, throughout the project's execution and at its end (when?). These competences 

can be assessed through oral presentations and project reports (how?). The participants involved in the 

assessment process usually include lecturers and tutors (who?), usually in the final stage of the project. It 

should be noted that professionals give feedback but do not attribute grades. To support the assessment 

methods used, rubrics with assessment criteria were created to allow a common assessment framework, 

when assessing oral presentations and written reports. In these rubrics, criteria in regard to communication 

competences are specified and indicators of performance are presented to facilitate the assessment task.  

5 Final Remarks 

The challenges facing engineering teaching are complex and demands alternative ways to organize the 

learning process, namely by selecting the content of the course, planning the methods and strategies to 

students accomplish the learning outcomes, defining the assessment process, amongst other issues. The 

learning situations prepared by the teacher should include opportunities for students develop a 

combination of technical and transversal competences associated to their professional practice. The PBL 
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approach make it possible by creating collaborative environments where students can link theory with 

practice, in order to solve engineering problems. The assessment is one of the main challenges for teachers. 

In this paper was described a model for assessment of transversal competences. This model, represented 

by a matrix, includes the characteristics of the professional profile, the transversal competences that are 

expected that students develop within PBL context and the assessment dimensions (moments and 

methods). The link with professional profile highlight why these competences need to be considered in the 

curriculum development, allowing to analyse the teaching and learning practices. For example, from the 

observation of the matrix could be possible to identify a lack of assessment methods for required 

transversal competences.  

The findings of this study point out issues that can be developed further, exploring the flexibility of the 

matrix, such as expanding it to technical competences; using other curriculum contexts, based on 

traditional teaching approaches, and compare with PBL contexts; defining and using alternative methods of 

assessment (e.g. scenarios that simulate real situations). 
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Deliverable (4) is graded by TIEM and AP lecturers. The Team Grade is calculated given the relative weights 
for each one of these deliverables, which is also represented on the same figure.  

 
Figure 1: Assessment model for the PBL IME teams. 

Previous editions of the PBL IME considered the following mechanisms to grade individual members on 
each team: (1) peer assessment; and (2) individual written exam on the project. Given prior and consistent 
criticism to mechanism (2), along a number of PBL IME editions, a new mechanism was designed and 
implemented on the 12th edition (2014/2015 academic year). Mechanism (1) remained unchanged on 
assessing individual performance. This rests on three distinct assessments along the semester, whose 
average results in the FCI1 (individual correction factor 1) parameter. The new mechanism (2) is explained 
on the following section. 

3.1 Design of the new mechanism to assess individual performance 

The new mechanism (2) fully replaces the individual written exam. The team of lecturers is responsible for 
granting the FCI2 (individual correction factor 2) parameter, as illustrated in Figure 2, which is determined 
in a single meeting after all deliverables were fully handed over. The overall FCI (individual correction factor) 
is a simple average of FCI1 and FCI2.  

 
Figure 2: Assessment model for the PBL IME teams. 

The procedure of the mechanism (2), whose output is a quantitative value (percentage) of FCI2 for each 
student, will now be described in detail. 

The full team of PSCs lecturers meet and analyse each one of the student teams. For each team a 4 step 
procedure is conducted: 

Step 1: Positioning 
Step 2: Adjustment 
Outcome: Initial proposal for FCI2 
Step 3: Tutor (agreement /discrepancy) 
Step 4: Setting 
Outcome: Final proposal for FCI2 
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This includes the input from each team tutor, which, at step 3, intervenes, in order to corroborate, or 
otherwise disprove or give new insights into the initial setting, i.e. the initial proposal for FCI2 (just after 
step 1 plus step 2). Figure 3 illustrates the mechanics of the procedure. 

 
Figure 3: Mechanics of the procedure. 

The input from the tutor helps the team of lecturers to understand in a deeper manner, eventual team 
dynamics, which somehow were not recognised by all lecturers, potentially giving new insights into the 
positioning and adjustment for each (or some) student within the team. This allows for a new setting and 
for fine tuning the FCI2, on step 4. Given that the qualitative assessment of each student has to be 
translated into a quantitative parameter, and that the average of the parameters inside a team has to be 
equal to 1.0 (in a similar fashion to that of FCI1), step 4 also requires a considerable work on adjusting the 
parameters to satisfy such requirements. A representation of the 4-step procedure is shown in Figure 4. 

 
Figure 4: Illustration of the steps required, as defined in the procedure. 

3.2 Implementation of the new mechanism to assess individual performance 

Step 1 was executed using small photos of each team member. Here an initial positioning was done in a 
straight line, and photos were moved up and down, by the team of lecturers, meaning a positive or 
negative, or eventually neutral, contribution to the project by each individual. Perceptions of individual 
lecturer on each individual contribution were constructed, giving the prior interaction with the team and 
the individual (e.g. presence on meetings and quality of interaction), performance on the project 
presentations, demos of work-in-process tasks and prototypes, among others. Step 1 was rather interactive 
among lecturers (strong communication), as they gave input on individuals that justify their positioning 
opinion. After Step 1, fine review of the positioning was done, in order to further identify differences 
among students that were initially positioned on the same level. When the lecturers were comfortable with 
this positioning, the tutor was called-up to give his opinion on the outcome of the two first steps. This 
resulted on the maintenance of the initial positioning/adjustment in some cases, and discussion on others, 
in order to produce a revised version of it. 

A number of unplanned situations occurred during the implementation stage worth mentioning. Two 
lecturers and one tutor were not available to join the meeting. Additionally, the absent tutor was unable to 
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give useful feedback on the contribution of the respective team members on the project. The absent 
lecturers were subject to consultation, via email, after the meeting, in order to provide the required 
feedback on the team members for each one of the teams. The consultation was feasibly executed, 
although it took much longer and required a number of new interactions among the PBL IME coordination 
team, so that a final quantitative and consensual grading system could be obtained. In consequence, the 
procedure had to be adjusted to the above circumstances, which required not a linear set of sequential 
steps, but a number of iterations, not only on each step, but also among different steps. 

3.3 Results achieved with the application of FCI2 Model 

An example of the results of FCI2 for one team is shown on Table 2. The last column (FCI) is the average of 
FCI1 and FCI2. FCI is the team grade multiplying factor for each individual member. 

Table 2: Results of peer assessment (FCI1) and of the new mechanism (FCI2). 

Team A Peer1 Peer2 Peer3 FCI1 FCI2 FCI 
Student 1 98.20 100.10 102.70 100.33 97.50 0.989 
Student 2 103.60 106.20 110.80 106.87 102.50 1.047 
Student 3 94.50 86.90 87.80 89.73 94.17 0.920 
Student 4 101.70 95.50 98.80 98.67 94.17 0.964 
Student 5 109.70 113.90 112.70 112.10 110.00 1.111 
Student 6 99.90 100.60 97.90 99.47 102.50 1.010 
Student 7 99.00 101.30 99.30 99.87 102.50 1.012 
Student 8 89.40 83.30 79.60 84.10 94.17 0.891 
Student 9 104.00 112.20 110.40 108.87 102.50 1.057 

 
As can be observed, FCI2 holds some similarities to that of FCI1 for some students, e.g. student 5 (the 
student that outperformed all the others), but rather distinctive results for others, e.g. students 1, 6, and 7. 

4 Methodology 

This study aims to give answer to the following research questions: 
1. What are students, lecturers and tutors perceptions about the FCI2 Model? 
2. What are the main problems or constraints of the implementation of FCI2 Model? 
3. How can the FCI2 Model be improved in further PBL experiences? 

In regard to the research design, the study followed a mixed model approach, using mainly qualitative data, 
although complemented with quantitative results achieved from a questionnaire used every year to collect 
feedback from students in regard to the PBL experience (Alves, Mesquita, Moreira & Fernandes, 2012).  A 
survey was developed to collect feedback from lecturers and tutors, including open-ended questions based 
on four main themes: positive/negative features of the model FCI2; reliability/effectiveness of the model 
and its results; main difficulties and ways to overcome them; overall satisfaction and suggestions for 
improvement. In total, 9 teachers participated in this survey, 5 of them were course lecturers and 4 
performed the role of tutors. Besides this, data from students was also provided by information from a 
questionnaire, applied at the end of each PBL edition. In total, 20 students (out of 51) participated in this 
questionnaire. The items from the questionnaire which focused on the new FCI2 Model were analysed and 
results will be presented to show students rating [likert scale from 1 to 5 - totally disagree / completely 
agree] in regard to their satisfaction with the new FCI2 model. Qualitative data was also collected from 
students through an open discussion held at a workshop aimed to evaluate the PBL semester, after its end. 
Several suggestions were pointed out by students to improve the method. 
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