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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 5
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.



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-Araujo, 2004; Marinho-Araujo et al., 2010; Wittorski, 2007, 2012; Zarifian,
2001).

According to Stoof, Martens, van Merriénboer, 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.

n o u ” o«

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, Estévao, &
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-Araujo 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 Il (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

ABET - Accreditation Board for Engineering and Criteria — engineering programs

Accreditation [Technology
Boards ENAEE - European Network for Accreditation of  |EUR-ACE® Framework Standards

Engineering Education

Project Guide Learning Outcomes
IPIEM2 : Co.mpletenc.es :
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 (lIE-Ireland, 2012; Lima,
Mesquita, Amorim, Jonker, & Flores, 2012; Lima et al., 2013; Mesquita, Lima, Flores, Marinho-Araujo, &
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

N Time Creativity and Scientific Interpersonal - .
Teamwork | Communication . R . . Decision making
Management | Innovation Rigor Relationship
CH1
CH2 X X X

CH3 /_( Y YR\

4]

2 When?

2 CH4 C ') X

= How?

Iy CH5 k‘

©

<

] 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
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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? When is it assessed? |How is it assessed? |Who assess? Why assess?
Transv. Competences |Moments Methods Participants Characteristics
Teamwork Execution and End Peer Assessment Students CH2

Start, Execution and End |Presentations Academics CH7
Communication

End Reports Academics CH8

P A
Time Management Execution and End egr ssessment Students. CH8
Deliverables Academics
- Start, Execution and End |Presentation Academics CH7

Creativity and
Innovation

End Prototype Academics CH4

End Reports Academics CH1
Scientific Rigor

End Journal Paper Academics CH1
| |
nter|.3ersot1a Execution and End Peer Assessment Students CH2
Relationship
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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Abstract

The focus of this study is on the students’ levels of self-directed learning when using simulation in a virtual
reality environment. This work was performed in the context of examining the effectiveness of simulation
as an e-learning tool. Data were collected from three first year engineering courses in a Polytechnic in Sin-
gapore, that leverages problem-based learning (PBL). An existing validated method of measuring self-
directed learning, Stockdale and Brockett’s (2011) Personal Responsibility Orientation to Self-Direction in
Learning Scale (PRO-SDLS), was tried initially, but found to be unsuitable in this context. An adaption of
Spada and Frohlich’s (1995) Communicative Orientation of Language Teaching Observation Scheme (COLT)
was more successful for a qualitative research.

This study describes an alternative, non-intrusive tool for the measurement of self-directed learning. This
tool gains a high data resolution over time by recording and coding student-student and student-facilitator
interactions. It specifically aims to assess the dynamics of self-directed learning within individual learning
events, without using student input through surveys or self-assessment.

The findings of this study so far suggest that the use of simulation in PBL engineering education can im-
prove self-directedness of students. It also indicates instances of good facilitation, conducive to high levels
of self-directedness of the students when engaged in simulation exercises in a PBL environment.

Keywords: simulation, virtual reality, problem-based learning, self-directed learning, engineering educa-
tion

1 Introduction

The use of simulation and virtual reality for learning, specifically in a problem-based learning (PBL) context
of a Polytechnic in Singapore, has been in the focus of the authors for some time already (Schlag and Pa-
payoanou, 2014; Schlag and Tan, 2014). High student numbers require considerable investments into la-
boratory installations. Simulation can take place in such setting, adding to cost for dedicated equipment,
personnel and laboratory space. There are also PC or web-based tools, some with free access, that even
qualify for distant learning. Educators must know about the effectiveness of these tools, their right mix and
effective modes of engagement for student-centered learning.

Since self-directed learning has been declared a desired learning outcome for tertiary students by the Sin-
gapore Ministry Of Education (MOE), examining the effectiveness of simulation in a virtual reality environ-
ment as an e-learning tool eventually required a study of students’ levels of self-directedness. Literature of-
fers a variety of definitions for self-directed learning (Brockett and Hiemstra, 1991; Candy, 1991; Knowles,
1975; Leach, 2000; Teo et al., 2010; Tough, 1971). There are also several tools available, including validated
methods for the measurement of self-directedness of students. There have been limited and scant studies
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found on the assessment of self-directedness among college students when using simulation. The findings
of this study for the assessment of self-directedness through analyzing student-student and student-
facilitator interaction intend to fill this gap.

This study was guided by three research questions: (a) Does the use of simulation in a virtual reality im-
prove self-directed learning? (b) Can self-directedness be measured during simulation? (c) How does the
facilitator performance influence the students’ self-directedness when learning in a virtual environment?
Research was undertaken in regular classes and workshops of the aerospace engineering and aerospace
management courses of the School of Engineering, involving 120 students and their facilitators.

2 Literature Review and Definitions

2.1 Self-directed learning

Literature was examined for definitions of self-directed learning under due consideration for demarcation
from self-regulated learning, self-motivation and others (Saks and Leijen, 2013). Leach (2000) shares that
although a large volume of literature discusses its definition, principles and practice, there seems to be no
single, accepted definition of self-directed learning.

Self-directed learning has its origins in Western adult education (Tough, 1971), and has become one of the
key features of student-centered learning in the educational community. Self-directed learning is referred
to as “the ability to learn on one’s own” and “a process in which individuals take the initiative, with or
without the help of others” (Knowles, 1975). Self-directed learning is therefore being deemed as a solitary,
independent activity. Schmidt (2000) refers self-directed learning to “the preparedness of a student to en-
gage in learning activities defined by him- or herself, rather than by a teacher”. This definition addresses
the motivational component of having the willingness and ability to engage in learning activities. It is be-
lieved that “learning environments that foster self-directed learning will promote deep-level processing in
which learners seek meaning in the subject matter rather than surface-level processing where learners are
engaged in rehearsal and memorisation” (Candy, 1991). Brockett and Hiemstra (1991) define self-directed
learning as “a process in which the learner assumes a primary role in planning, implementing and evaluat-
ing the experience”. Candy (1991) considers self-directed learning as a goal and process, and defines four
dimensions of self-directed learning: personal autonomy, self-management in learning, the independent
pursuit of learning, and the learner control of the situation.

It was later argued by Brockett and Hiemstra (1991) that “it is a mistake to automatically associate self-
directed learning with learning in isolation or learning on an independent basis”. Self-directed learning in-
cludes learning in association with others. Therefore, they define self-directed learning as “a process in
which the learner assumes a primary role in planning, implementing and evaluating the experience”.

The authors of this study implemented a definition adapted from the literature on self-directed learning for
easy use in an engineering education process: During the process of self-directed learning the learner takes
ownership of both the learning content and the learning method.

On a larger scale, this includes the following activities: identification of learning need, goal setting and task
analysis, implementation of the plan, and measuring of learning (Teo, et al., 2010). It may exhibit the fol-
lowing traits: motivation, goal orientation, locus of control, self-efficacy, self-regulation and metacognition.
This definition omits issues concerning the purpose of learning and it assumes that self-directed learning
does not exclude teamwork and effective facilitation.
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Based on this definition, methods were studied to measure self-directedness of learning in the PBL envi-
ronment and particularly when using simulation.

2.2 Virtual Reality-Based Simulation

Educators aim for students to be able to apply knowledge and skills learnt in a classroom in relevant situa-
tions in the real world. A simulated environment allows the students to practice such transfer in a protect-
ed setting; hence the use of simulation in education has become increasingly popular. Simulation, coupled
with technology, has a rich history in aviation (Helmreich, 1997), while in recent years simulation has be-
come popular in other fields, such as health care education (Buchanan, 2001). Therefore, many studies
have been carried out to evaluate the effectiveness of the use of simulation as an educational tool
(Buchanan, 2001; Harder, 2010; Scalese, Obeso and Issenberg, 2008).

Simulation is defined as “tools that facilitate learning through practice in a repeatable, focused environ-
ment. Additionally, simulations are safe, flexible, resource efficient, globally accessible when web-based,
and effective in helping students develop visual and conceptual models” (Aldrich, 2003). The use of simula-
tions represents the natural way of “learn by doing” (Stanci¢, Seljan, Cetini¢ and Sankovi¢, 2007). Children
engage in simulation activities by role playing, while adults use computer simulations in order to under-
stand complex systems and situations or dynamic processes. Computer simulations also allow us to analyze
situations or processes that would be difficult, impossible, dangerous, too long or too expensive to be per-
formed in real life (Lunce, 2006).

For the purpose of this study, the authors adopt the following definition: Simulation is a process where real
people act in accordance with assumed roles in a virtual reality. The virtual reality is formed through a
combination of a virtual environment and one or more virtual entities to penetrate it.

2.3 Measurement of Self-directed learning

There are a number of validated instruments for measurement student’s self-directedness in use (Bartlett
and Kotrlik, 1999; Guglielmino, 1978; Oddi, 1984). In this research, an attempt was made to use the Per-
sonal Responsibility Orientation to Self-Direction in Learning Scale (PRO-SDLS), a self-declaration question-
naire containing 25 test items, each based on a five-point Likert scale. PRO-SDLS was developed by Stock-
dale and Brockett in 2010 and is the newest instrument currently in use (Stockdale and Brockett, 2011). It is
compatible with the definition of self-directed learning governing this study.

3. Methodology

3.1 Educational context

This study was conducted in a polytechnic in Singapore. Learning typically takes place using a PBL approach
where problem scenarios are presented to a class of 25 students, who work in small teams of five alongside
their assigned class facilitator, once a week over a period of 15 weeks. The same process is replicated for
other modules in the week. Each PBL day is typified by a schedule of three meetings with facilitator interac-
tion, and interspersed by two periods of self-study or teamwork (Yew and O’Grady, 2012). This format is
known as One-Day-One-Problem. For the Aerospace related courses, certain lessons are conducted in the
Airbus A320 Flight Simulator, where students are introduced to the concepts of aerodynamics and flight
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control, aircraft systems and avionics. In addition, an online wind tunnel simulator has been utilized and
problem scenarios have been played out as simulation of a call center. The School of Engineering also pos-
sesses an Aerodrome simulator, which in this study was used in a workshop setting.

3.2 Participants

The participants in this study were Year 1 students enrolled in the Aerospace Engineering and Aerospace
Management related diploma courses. Groups of students have been observed over a 15-week semester,
exclusively conducted in a One-Day-One-Problem PBL context. Student activities were observed during
their regular classes when engaging in simulation and during workshops conducted as extra-curricular activ-
ities with voluntary participation of the students. 120 students out of 450 in this cohort have been ob-
served each throughout a number of learning events.

A lecturer was assigned to each of the 15 classes for the entire semester. Lecturers possessed both working
experience in the Aerospace industry, as well as formal training and experience in facilitation of learning in
this unique PBL context. Three of them had specific experience with simulation (two as former airline pilots,
one as air traffic controller).

Ethics approval for the research was sought from, and granted by the relevant authorities at the institution.
Both, students and staff participating in the research were assured of anonymity and all individual data
were de-identified in the data sets for analysis.

3.3 Instrument A

The initial aim of this study was to identify existing validated methods, such as Stockdale and Brockett’s
PRO-SDLS, for use in a PBL environment and particularly in simulation and work with virtual reality. Conse-
quently, the PRO-SDLS questionnaire was distributed electronically to 450 students™.

3.4 Analysis A

For this study, return rates were disappointingly low (22 responses). However, this problem only added to
previously considered limitations. Thus, analysis was attempted, but after initial examination of the data
the researchers decided to discard this method due to the following reasons.

Using PRO-SDLS it was found that, as most forms of self-declaration, it carried a number of disadvantages
which made it unsuitable for the process of simulation in Engineering Education. The situation is not helped
by a general survey fatigue of students, especially in institutions with high research activity. Surveys and
self-declarations either assess a situation summarily and in retrospect or need to be used in an interrupting
way, where students’ work is disturbed by appraisal. Since self-directed learning is not a skill which can be
tested, but rather a complex ability slowly acquired by students, trends and developments need to be ob-
served over a period of time. Therefore, surveys would have to be repeated, possibly for a number of times.
With low return rates it becomes difficult to reach a sufficient number of respondents who would be willing
to follow up on the same survey again and again. Alternatively, a real-time self-assessment requires disrup-
tion of the learning process. In the case of self-directed learning such method would be most intrusive and
not conducive to the learning process. Thus, a sufficient resolution of data over time was not achieved.

' The questions were slightly modified in order to adapt them to the context of the school and the specifics of engi-
neering education.

27



Secondly, there were indications that students tended to try to make sense of the survey questions and
thus anticipate researchers’ expectations. The effect is known as social desirability bias (Fisher, 1993). Of-
ten, survey respondents sub-consciously try to meet expectations of the researchers and tend to aim for
“good answers”. Since self-directed learning is a declared learning outcome of this institution, students
were tempted to answer the questions with that goal in mind and trying to portray themselves and the
polytechnic in a more favorable light.

Thirdly, the use of a typical five-level Likert-type scale, as used in the PRO-SDLS tool, has got its own short
comings, of which the central tendency bias, as the tendency of respondents to avoid extreme positions,
shall be mentioned as most prominent (Podsakoff, MacKenzie, Lee and Podsakoff, 2003).

3.5 Instrument B

In order to find a more suitable way to assess the self-directedness of the students under observation, sim-
ulation related learning activities were video recorded, using tripod-mounted camcorders and Swivl robot
(i.e. turn table stand) mounted with tablet computers. Especially in the flight simulator, recording with the
Swivl device had been beneficial, since it allowed the researchers to see the students and the trainer from
the front, which is usually rather difficult. While there is limited space for conventional recording equip-
ment in an aircraft cockpit, the Swivl robot with the tablet computer or smart phone as recorder can be po-
sitioned on the dashboard in front of the pilots while the camera’s orientation is remotely controlled by the
researchers.

In addition, the researchers had access to the students’ daily reflection journals and, for some exercises,
asked them to complete dedicated reflections following specific questions.

3.6 Analysis B

In the quest for the development of non-intrusive tools for the measurement of self-directed learning with
a high resolution over time (i.e. better discrimination of instances of SDL within one learning event), exper-
iments were conducted with a modification of Nina Spada’s COLT — Communicative Orientation of Lan-
guage Teaching Observation Scheme (Spada and Frohlich, 1995). In this setting, video recordings of learning
activities were subjected to fine-grained descriptive, interactional, and discourse analyses (Luke, Freebody,
Shun and Gopinathan, 2005) in order to identify different patterns and relationships of communication.
While COLT was developed for use in secondary language classes, its basic concept was found useful for
engineering classes as well. Therefore, the coding framework was adapted for this study, while a discussion
of its validity is not intended here.

Similar to COLT, a coding scheme as shown in the appendix, contains four categories: participant organiza-
tion, initiation-response-feedback exchanges, facilitator verbal interaction and student verbal interaction.
Communication (both verbal and non-verbal) is classified as student-student and student-facilitator interac-
tions. Typically, such interactions would start with an Initiation (I), followed by a Response (R) and possibly
Follow-up (F) activities. Thus, exchanges are identified, classified and counted. Other than the traditional
IRF exchanges, they can extend to more than one follow up (F) response and include more than two con-
tributors (the modified tables are called Y-codes for this study).’

?In a later development, the coding tables were modified for the analysis of the work of student teams without facili-
tator (S-codes). All IRF activities now can be attributed to individual students.
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Following the identification and classification of exchanges, an analysis of the content of the communica-
tion takes place. This analysis follows different patterns for the facilitator and for the students. In the case
of the facilitator, it is distinguished whether the communication is procedural, off-task or in order to close
an information gap. In the latter case it has to be declared whether information is provided or requested by
the facilitator.

For students’ communication, the analysis starts in the same manner, distinguishing whether interaction
was off-task or a discourse initiation. If the intention of the interaction was to close an information gap, dis-
tinction is made whether information is provided or requested by the student(s). Interactions linked to the
learning process are now discriminated for either timing, method, segment, environment, occasion, or in-
tensity related content.

Both facilitator interactions, as well as student interactions are classified as minimal (i.e. brief) or sustained.

Using a Microsoft Excel sheet, the coder indicates the occurrence of the above features with check marks in
the appropriate categories. Analysis of the data is based on the relative occurrence and non-occurrence of
the categories coded. Results pertaining to each of the major categories form the basis of the discussion in
the subsequent section.

4 Results and Discussion

Analyzing the interactions allows to identify instances when students, according to the researchers’ defini-
tion, show evidence of self-directedness. Students were always working in small groups of typically five
members and therefore had rich opportunities for peer exchanges.

It shall be remarked at this point that the analysis strictly follows qualitative research principles. It specifi-
cally aims to assess and describe the dynamics of self-directed learning within a learning event. At this
stage of the research, the coding schemes do not allow a quantitative analysis for lack of validation.

The following section describes the observations made when researching coded recordings for behavioral
patterns of such exchanges.

4.1 Ownership of the learning process

During the analysis of IRF exchanges, this study looked into the atypical initiation of an interaction by stu-
dents as an indication of taking or maintaining ownership by the learners (Sunderland, 2001). Likewise, it is
suggested that sustained interactions indicate ownership of the learning process by the students. Students
reported awareness of their self-directedness in debriefings following learning events with simulation and
when rated higher, typically the analysis showed more student-initiated IRF exchanges.

It was also observed that with repetitive exposure to learning with simulation of the same kind, IRF ex-
changes where more frequent and lasted longer.

4.2 Facilitator involvement

The best indication for self-directedness, as well as effectiveness of facilitation, is a repetitive fading of facil-
itator involvement. Hennessey, Deaney and Ruthven (2005) describe “fading” as the ultimate goal of the
teacher: “Fading then involves a gradual abbreviation and withdrawal of help, and learner participation in-
creases as independent thinking and skills are developed” (p. 267).
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The researchers have observed distinct differences in the behavior of individual facilitators with changing
groups of students. It appeared that good facilitation often showed low involvement of the facilitator in IRF
interactions after the initiation stages. More so, over the course of a simulation event, a gradually reducing
involvement of the trainer in the IRF interactions was seen for good instructors®, while facilitation per-
ceived as sub-optimal showed a more sustained participation of the facilitator both in individual IRF inter-
actions, as well as for the duration of the event. Generally, less experienced facilitators seemed to reduce
IRF interactions mainly to facilitator initiation and a single student response. Student-initiated interactions
were in such circumstances rarer and also short-lived occasions.

In their reflections, facilitators pointed at learning events perceived as successful and others as not so good.
As indicator for successful learning events it has been reported that students would take clues and then
proceed on their own, while in less successful learning events students required constant guidance and di-
rections in order to perform the simulation work. An expression has been that “students needed to be
dragged along.” For the latter case, facilitator involvement seemed to be increased and continuance of in-
teractions shortened in such instances.

Noteworthy insights emerged in instances of a temporary absence of a facilitator. This did happen for the
use of the web-based wind tunnel simulator during the self-study periods, for the flight simulator when in-
structors had to leave the room temporarily and in the case of the virtual aerodrome simulator, which is
housed in two separate rooms”®, when the instructor attended to the students in the other room. The three-
dimensional simulators (i.e. flight simulator and aerodrome simulator) typically registered a surge of stu-
dent interaction. The web based simulation typically saw an initial reduction of activity, often followed by a
gradual return or increase over time.

4.3 Ownership of learning content

Ownership of content can be seen with more distinction through the analysis of students’ verbal interac-
tions, specifically through the content analysis (i.e. timing, method, segment, environment, occasion and
intensity related content). An overweight of off-task and procedural interactions suggest low levels of con-
tent ownership (Sunderland, 2001). Likewise, an agile exchange of content information between students
or between students and facilitator, particularly when inquiry is initiated by students, indicates a higher
level of content ownership.

However, coding of process related interactions appears to be the biggest challenge for the coder.

4.4 Role playing and real world artefacts

Observations have been made that simulation with intense roleplaying (i.e. taking on a position in a crew,
such as captain, copilot or air traffic controller, accepting a real world responsibility in a simulated situation,
as seen in the call center simulation), increases IRF activities and reduces the off-task interactions. At this
point an additional analysis of social media activity of the students seems to be desirable, though has not
been executed yet. It has been seen that when the facilitator also takes an active part in roleplaying, the
above tendencies are amplified.

* Students’, as well as facilitators’ reflections were used to identify “good instruction”.
* One room replicates the control tower with two working stations and another room is dedicated to vehicle control
with three working stations.
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Equally, the use of real world artifacts (such as checklists, charts, manuals etc.) increases the immersion of
the students in their task and thus the level of self-directedness. This observation may explain why the use
of the web based wind tunnel simulator heralded less indications of self-directedness than the other simu-
lations.

5 Conclusions

The study was governed by three research questions: (a) Does the use of simulation in a virtual reality im-
prove self-directed learning? (b) Can self-directedness be measured during simulation? (c) How does the
facilitator performance influence the students’ self-directedness when learning in a virtual environment?
The coding schemes were developed in order to measure self-directedness of students during learning
events using simulation.

At first glance, the above described method seems to have the capacity to deliver answers for the first and
the last research question. In the PBL process of this institution, daily reflection journals are submitted by
the students. For the groups of students observed in this study, specific questions have been asked about
the usefulness of simulation and the development of their personal learning habits. Though a full analysis
has not been accomplished at this time, first impressions indicate a possible correlation between subjec-
tively perceived usefulness of the learning with simulation and the clues derived from the coding schemes.
Therefore, both questions can be answered with the research material gained in this study, though this has
to be the content of another research study.

With reference to the second research question: Can self-directedness be measured? In a strictly qualita-
tive manner this question can be answered in the affirmative. Self-directedness, in accordance with the re-
searchers’ definition, can be detected or denied. Further research needs to aim for the validation of the da-
ta in order to assess the usefulness of the method for qualitative research.

However, it needs to be admitted that the coding process is labor intensive and time consuming. Thus, the
method does not have the potential for a real-time self-directedness indicator. It also needs to be acknow!-
edged that, while having a good resolution over time and therefore a good capacity to analyze individual
learning events, the coding schemes are less useful to indicate the global status of a learner (i.e. the learn-
er’'s competency for self-directed learning and the ability for its application). This is the domain of ques-
tionnaire or test based inquiries. Knowing this limitation is important, since self-directedness is a global
learning outcome of tertiary education and as such there is a need for assessment. Thus, both approaches
(i.e. testing or self-reporting and observation) should be taken in parallel when investigating self-directed
learning.

The described method indicates the presence of, but does not distinguish the specific cause for self-
directedness of students. It is assumed that PBL improves self-directed learning. Therefore, it can be argued
that PBL students would learn in a self-directed manner even without the use of simulation. To clearly
make that distinction, further analysis of the self-study periods (i.e. absence of a facilitator) and a compari-
son of learning with a real wind-tunnel versus learning with a simulated wind-tunnel will be performed
based on the existing material.
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Abstract

This paper reports on the experience of the implementation of a new mechanism to assess individual
student contribution within project work, where students work in teams to solve a large-scale open-ended
interdisciplinary project. The study takes place at the University of Minho, with first year engineering
students, enrolled in the Industrial Management and Engineering (Integrated Masters) degree. The aim of
this paper is to describe the main principles and procedures underlying the assessment mechanism created
and also provide some feedback from its first implementation, based on the students, lecturers and tutors
perceptions. For data collection, a survey was sent to all course lecturers and tutors involved in the
assessment process. Students also contributed with suggestions, both on a workshop held at the end of the
project and also by answering a survey on the overall satisfaction with PBL experience. Findings show a
positive level of acceptance of the new mechanism by the students and also by the lecturers and tutors.
The study identified the need to clarify the criteria used by the lecturers and the exact role of the tutor, as
well as the need for further improvement of its features and procedures. Some recommendations are also
issued regarding technical aspects related to some of the steps of the procedures, as well as the need for
greater support on the adjustment and final setting of the individual grades.

Keywords: Project-based learning, peer assessment, individual performance, engineering education.

1 Introduction

Project-based Learning (PBL), also known by Project-Led Education (PLE), is an active learning methodology,
which, when adequately applied in higher education, improves student motivation and learning (Powell &
Weenk, 2003; Graaff & Kolmos, 2007; Moreira et al., 2011; Fernandes, 2014). According to Powell & Weenk
(2003) PBL can be feasibly applied on large open-ended projects which are tackled by teams of students
with the support of academic staff, that performs both as a lecturer of the Project Supporting Courses (PSCs)
and as a tutor of a team of students.

At the University of Minho, a PBL methodology has been implemented in the first year of the Industrial
Management and Engineering (IME) degree program since the 2004/2005 academic year, and revealed
positive results in terms of improving student learning and motivation (Powell, 2004). In the IME PBL
project, students work together in teams of 8 to 9 members, to solve large scale open-ended problems,
which require the application of contents from all subject areas involved in the first semester of their study
plan. The deliverables for each team are assessed by the group of PSC lecturers who, altogether, provide a
guantitative evaluation for each team, i.e. the final grade for the team. Assessment of teamwork and of
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transversal competences, developed within this cooperative learning environment, have always been an
important concern when setting up the assessment model for each PBL edition. Teamwork in PBL is mainly
assessed by peer assessment processes. Students in a team assess each other's performance using a
predetermined list of criteria focused on teamwork competences. The quantitative result from this process
is called a “Correction Factor” (CF). At the end of the semester, the CF distinguishes each team member and
the final grade achieved in the project, i.e. the individual grade is shifted up or down accordingly. However,
the average of CF within each team must be equal to 1.0, which translates into individual grades average
equal to the group grade. Another mechanism in place, to assure no fuzzy deviations occur on individual
grades, is a written exam focused on each team’s project. However, the use of this mechanism on previous
editions was prompt to strong criticism by the students.

This paper seeks to describe and evaluate a new mechanism to assess students' individual performance in
PBL teams. The previous model led to a number of students’ complaints and also a growing awareness that
the mechanism was not fully recognizing each individual contribution. The new mechanism which we
propose here involves an open reflection made by all course lecturers in regard to each team member,
considering each student’s individual performance in the project along the semester. Teachers collectively
discuss and agree on the relative position of team members performance, e.g. below or above the group
average. This translates into a quantitative result, which is used as an individual correction factor (FC2) to
obtain the student's final grade.

In this paper, students’ and teachers’ perceptions on the adequateness and reliability of this new
mechanism are discussed and analysed, in comparison with previous findings and research carried out
within this case study. Suggestions for improvement and ways to strengthen the assessment process are
also explored.

2 Assessment of individual performance within teams

Team work is a practice that has been widely used in teaching/learning context. With students of younger
ages or with undergraduate students, learning by groups emerges as an opportunity for collaborative
learning and individual development. Despite its benefits, the difficulty arises in the moment of the
definition of the individual grade (Johnston & Miles, 2004). As Zhang & Ohland (2009) state: “the assigned
marks should accurately reflect each individual’s knowledge or skills in the assessed content domain. This,
by no means, is easy to achieve as it is hard to evaluate how much knowledge or skills one individual
student has demonstrated from doing a group project” (Zhang & Ohland, 2009, pp.291). Since much of the
team work occurs outside formal teaching sessions, the individual inputs and the output are not clear into
team assignments (Johnston & Miles, 2004). As Nepal (2012) pointed out “there is a need for a balance
between a ‘good’ and a ‘fair’ distribution of individual marks and a teamwork exercise” (Nepal, 2012, pp.
398). Lejk & Wyvill (1996) reported nine different methods of assessing groups of students:

Method 1. Multiplication of Group Mark by Individual Weighting Factor

Method 2. Distribution of a Pool of Marks

Method 3. Group Mark Plus or Minus Contribution Mark

Method 4. Separation of Process and Product

Method 5. Equally Shared Mark with Exceptional Tutor Intervention

Method 6. Splitting of Group Tasks and Individual Tasks

Method 7. Yellow and Red Cards

Method 8. Assessment of the Information Systems Group Project (ISGP)
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Method 9. Deviations from the Norm

More recently, Nepal (2012) considered the existence of three methods to allocate individual marks by
adjusting a team mark: (1) distributing the pool of marks by adding differentials; (2) adding a mark to or
subtracting a mark from the team mark, based on an individual contribution, which is determined via
process assessment; and (3) multiplying the team mark by a factor derived from an individual’s contribution.

Since 1974, at Aalborg University (AAU), Denmark, all programs are based on problem-based or project-
based learning (PBL). The objectives of PBL include technical, contextual knowledge and process skills which
are ought to be developed cooperatively. Therefore, it seemed natural that project exams were carried out
by using group-based assessment methods with individual grading (Kolmos & Holgaard, 2007; Dahl &
Kolmos, 2013). Until 2006, the formative, the summative assessment and exam of the project were peer or
group-based (Kolmos & Holgaard, 2007; Dahl & Kolmos, 2013). An overview of the process is as follows
(Kolmos & Holgaard, 2007): each group of six elements gives an oral presentation based on a written report,
followed by a discussion with the supervisor and an external examiner. There are three time breaks during
discussion, when the examiners discuss and vote the individual grades. They also discuss whether some
students should receive extra attention. In that case, those students must respond individually by request,
but always in the presence of all team mates. At the end, there is a final voting and grading. In 2006, in
Denmark, it was banned by law to assess students in a group setting, so the oral presentation and the
subsequent short discussion were included as the final part of the project, and not considered for grading.
After a break, each student was questioned alone with the supervisor and the external examiner. At the
end, each student had an individual grade (Kolmos & Holgaard, 2007). According to Dahl & Kolmos (2013),
some studies revealed that both students and supervisors preferred the group-based exams. In 2012, there
was a new change in the law, which enabled, once again, the possibility to assess students with group
exams. The new setting for those exams, defined as mandatory that they were partly based on individual
assessment. After the oral presentation and the group discussion, each student is individually asked to
answer questions about the project in the presence of the other elements of the group. The grade of each
student reflects the examiners’ assessment (the supervisor and an external examiner) on all three parts of
the exam (Dahl & Kolmos, 2013). The external examiner can be someone from outside the AAU or another
member of the academic staff, as determined in the study regulations. As publicized by the AAU, targeting
future students: “Although you will be evaluated on the basis of your individual performances, being
examined alongside your group mates can add more perspectives to discussions and you can supplement
and support each other during the examination.” (AAU, 2015). Internationally, peer assessment is a method
often used, to assess PBL, to differentiate individual contributions in group projects. However, in Denmark,
peer assessment is not legally allowed as an assessment method for grading and is only used for
motivational and learning purposes (Triantafyllou & Timcenko, 2014).

Project-based learning is an instructional approach that is gaining increasing interest within the engineering
education community. The literature advocates active team learning and supports individual assessment
models. These require the development of tools and strategies for effective assessment in PBL, which is
known to be challenging. Since the tasks involved in PBL are so diverse, there are several methods that may
be used together to assess student learning. Self-assessment, peer assessment, personal reflections or
portfolio assessment, are some of the strategies frequently used, to consider to reach a final grade. PBL
projects do involve synthesis for different artefacts and it is likely that both individual and group grading
will be found in many PBL projects. Although peer and self-assessment methods may be seen by some as
biased, they are considered relevant in the context of a PBL environment and offer useful insights, which
would be, otherwise, overlooked. Its use has become increasingly popular with the success of PBL.
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Presently there are numerous software applications available that allow the teacher to engage the students
in reviewing each other’s products and to assess the value of each other’s contributions (Fernandes, S.,
Flores, A. & Lima, R., 2007).

According to Bogaard & Saunders-Smits (2007), “peer and self-evaluations are an excellent way to monitor
and evaluate group skills in project based design work. Peer evaluations allow faculty to differentiate in
individual grading of group work and prevent free-riding.” In this paper the authors compare the system
developed at Delft University of Technology with existing systems in Eindhoven and Sidney based on their
functionality and cultural dimensions. Bronson et al. (2007) focused on the development of an assessment
template (designed to be given to each student individually and filled out anonymously) for peer
assessment, that was implemented on the first year of engineering degrees at Vitoria University,
Melbourne. Students evaluated their peers using 5 major criteria and the results were used by staff to help
in assessment of teamwork skills. Mitchell & Delaney (2004) also describe an assessment strategy which
includes self-assessment for grading individual students in a small group PBL setting in software
engineering education in National University of Ireland. In 2011, Triantafyllou & Timcenko (2011) studied
and reported the opportunities and challenges for student and educators in applying different peer
assessment strategies in a PBL engineering program, including computer assisted peer assessment.
Portfolio assessment also provides one way to summarize a longer and larger body of work. Doppelt (2005)
suggests the use of student portfolios as an assessment method, which is based on records of students’
activities. The portfolio might consist of items, such as written material, computer files, audio and video
media, sketches, drawings, models and pictures. Cockayne et al. (2003) present a tool for assessment based
on a model of taxonomic classification in the School of Engineering at Stanford University.

3 Context of Study

The first semester of the first year of the Master’s on Industrial Engineering and Management (IEM) from
University of Minho holds the curricular structure as depicted in Table 1

Table 1: Semester 1 of the first year of the Master’s on Industrial Engineering and Management (IEM).

Regime ECTS
Year 1 Curricular Unit Scientific Area Acronym 60
S1 Algorithmics and Programing CB AP 5

S1 Calculus EE CB CALC 5

S1 General Chemistry EE CB GC 5

S1 Integrated Project in Industrial Engineering Management CE IPIEM1 5

S1 Linear Algebra EE CB LA 5

S1 Topics of Industrial Engineering and Management CESP TIEM 5

All the Curricular Units from the semester are PSCs, i.e. give support to the development of the
interdisciplinary PBL IME project, conducted by six teams, with 8 to 9 student members each. The PSCs
belong to two different schools, the Sciences and Engineering schools from University of Minho. The PSCs
have the support of five distinct lecturers from four departments: mathematics, chemistry, information
systems and production systems. All five lecturers also give support to the IPIEM1.

The assessment mechanism for evaluating the teams’ projects is shown on Figure 1. As the figure shows,
each project is assessed based on four distinct deliverables: (1) preliminary report; (2) final report; (3)
presentations; (4) prototypes. All lecturers participate in grading the deliverables (1), (2) and (3).
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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.

Team Grade

| 25% | 35% | 20% | 20%

Preliminar Final .
Presentations Prototypes
Report Report
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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 12" 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.

Individual
Grade

—

Peer Assessment (FCI1) Lecturers (FCI2)

Team Grade

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.

@ | 9%
Q @ws o
00 Y%9.0°

Team of students
PSCs Lecturers

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.
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Figure 4: lllustration 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 FCI2Z Model

An example of the results of FCI2 for one team is shown on Table 2. The last column (FCl) is the average of
FCI1 and FCI2. FCl 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 Peerl Peer2 Peer3 FCI1 FCI2 FCl
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
guestionnaire. 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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5 Results & Discussion

5.1 Students' perceptions about the FCI2 Model

Based on the questionnaire used to collect students’ perceptions, item 29 (The FCI2 is a valid instrument to
assess each team member) and item 30 (My score on FCI2 reflects my overall performance within teamwork) it is
possible to outline the following results, as shown on Figure 5. The average answer to item 29 was 3.15 out
of 5, which is a moderate agreement to validity of the FCI2. The average answer to item 30 was 2.85 out of
5, which is also a moderate acknowledgement to the FCI2 grade reflecting their own performance as team
members. On item 29 the results cover the full scale, i.e. results vary from “totally disagree” to “completely
agree”.

12th ed. PBL IME results of students questionaire: FCI2 related questions

mitem 29

Oltem 30

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20

Figure 5: Results from students’ questionnaire (item 29 and 30).

A final IME PBL workshop was conducted at the end of the semester, aiming to discuss various aspects of
IME PBL project. Based on a short presentation made by a team of students that reflected on the
assessment model of the 12" edition of the PBL IME project, which included the FCI2 mechanism, and
based on the open discussion, that followed, the following major issues were identified: (1) the students
agree that the PSC lecturers should be involved on the assessment of individual members of the teams; (2)
the students argued that the criteria for FCI2 assessment process needed to be clarified; and, (3) the role of
the tutor within that process was not clear.

Although positive, the results achieved on items 29 and 30 of the questionnaire, seem to favour, but not,
unequivocally, the new mechanism. On the one side, students tend to compare the results of FCI2 with
those of FCI1 (although some students do not fully agree with the results of FCI1 as well), and on the other,
some aspects of teamwork, which are somehow clear and valued by the students, were not considered,
were undervalued or were simply invisible to the eyes of lecturers and tutors. The lack of clarification of the
criteria to be used for the FCI2 assessment process may have reinforced this aspect. These issues require
further investigation, namely a detailed comparison of FCI1 and FCI2 results.

5.2 Lecturers' and tutors' perceptions about the FCI2 Model
5.2.1 Positive/Negative features of the FCI2 Model

Based on lecturers and tutors perceptions, it is possible to stress the importance of the model to provide an
overall view of each member performance inside the team, using teachers' opinions to sustain that decision,
and also the advantages related to the visual characteristics of the model (recognizing each student by a
photo), allowing an immediate result in distinguishing students in the same team. However, teachers point
out the risks involved in using this type of mechanism, which clearly needs to be consolidated and
improved in the future. The lack of experience and of explicit criteria, for both lecturers and tutors involved,
as well as for students, were some of the less positive issues identified.
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Table 3: Semester 1 of the first year of the Master’s on Industrial Engineering and Management (IEM).

Positive Features

Less Positive Features

L1

With the model it is possible to assess students in different
moments (an exam does not allow this); It provides feedback to
students about their performance; It allows students see their
engagement in the project according to each student’s goals.

Lack of experience in the application of this model; Students do not
understand that the perception that teachers have of their
performance can be different from what they consider their own
performance.

L2

It allows an immediate perception of the overall contribution of
each team member in the project, by several inputs given from a
diverse group of lecturers and tutors; The model is very visual
and its application is very quick.

The model is not consolidated yet in terms of criteria used and the level
of differentiation of students; The overall result is too dependent on a
large team and on each of the participants’ opinion (lecturers and
tutors); The absence of a participant could compromise the validity of
the positioning of each team member and could even jeopardize the
validity of the assessment of one or more other elements of the team.

L3

The possibility to differentiate students' grades in the same
team; The different weight average given to the opinion of
different teachers involved.

The criteria used by teachers to differentiate students are not clearly
understood by students.

L4

Reflection on students' performance; Different contributions of
students in the project can be identified.

It is not easy to have a clear perception on the real contribution of each
team member; we need to identify objective elements for assessment.

L5

The possibility to exchange other teachers’ opinions with our
own; Flexibility in regard to the classification criteria.

For the case of students which we do not have a clear vision of their
performance, there is an attempt to put them in a more passive role in
the assessment process; The risk of underestimating students which
are less communicative.

T1

Overall view of the team; Opportunity to highlight some
students through using a visual tool.

It could be more advantageous to assess all teams of students
simultaneously; Students without a visual profile can be penalized.

T2

| can't see any positive aspects...

I think the tutor rarely has elements to assess the students’
performance in the team. Another negative aspect is that the tutor
should play the role of a partner in the team, not the role of an
evaluator.

T3

It avoids that the individual correction factor is not only a part of
students' responsibility; It avoids recurring problems with the
project exam in previous years.

The difficulty to eventually distinguish team members with very similar
performance in the team; The effort to assess each student individually
(especially in the lecturers case), with the risk on not being totally fair
in some cases (due to the lack of information).

T4

It allows to correct students' individual grade based on teachers
perception on their performance; It could avoid certain student
results based on criteria such as friendships.

It is based on perceptions; It has a certain risk related with making
wrong decisions.

5.2.2 Effectiveness of the model and difficulties encountered by teachers

In regard to the reliability and effectiveness of the model FCI2, findings indicate that the model allows

tutors' and lecturers' perceptions to be included in the assessment of student performance, which can

make a balance with the results of peer assessment process (FCI1). Lecturers also point out the difficulties

concerning the previous mechanism used (written exam), referring that this new model solved some of the

existing problems with the exam. When asked about the fairness of results achieved with this model, the

opinions of teachers are not equally shared. A tutor refers that the role of the tutor should be of a partner
of the team and that if the tutor needs to assess, this role is compromised. Also, some agree that it is not
possible to have a partial opinion on students’ performance.

Because it takes in account students' work throughout the semester and not only measure its expertise on a given theme. (L5)

It brings together contributions from lecturers and tutors in the same assessment tool. A written test can hardly evaluate important

elements in teamwork, such as leadership. (T1)

Despite the problems that it revealed, the model allows the possibility to include lecturers and tutors views in the process. (T3)

On the one hand, results are consistent with the opinion of a large team of teachers and the corresponding team tutor. Moreover,
unless absolutely exceptional cases, results are also in accordance with those achieved through FCI1 (peer assessment). When using
the written exam, these discrepancies were recurrent. This does not mean that there needs to be no adjustments to improve the
model, including the search for tools to validate the results of FCI2 assessment work. Possibly using other information and including

the participation of the group itself. (L2)

(Disagree with the model] Because it distorts the tutor's role should be a group of partner... (T2)

With this model, results are not very fair because the vision of teachers on the overall work of the students is partial. (D4)
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5.2.3 Overall satisfaction and suggestions for improvement

In general, teachers and tutors were satisfied with the use of the FCI2 model, despite some of the
difficulties encountered during its implementation. Both lecturers and tutors are clear in recognizing that
the model is not perfect and needs to be improved. Some suggestions were provided. The main idea was
related to the need for an agreement on assessment criteria and ways to register/collect information from
students, in a continuous way throughout the semester. These criteria and the whole assessment process
need to be clarified to students, for this was one of the main complaints presented by students in the open
discussion which took place during a workshop at the end of the PBL semester. Students were not informed
of how the FCI2 model was going to be applied to establish the differentiation of their grades inside the
team. Some of the reasons for this situation can be justified by the fact that the FCI2 model was still under
construction during the PBL semester and, therefore, it was not possible to provide a clear definition of the
model at that stage.

It is an interactive model that allows teachers to follow students' progress throughout the semester. It allows the evaluation of each
student's performance without the need of putting students in situations that may cause them great tension, such as the written exam.
It also allows the review, in a focused way, of the most relevant aspects involved in the project course in connection with the project
supporting courses. This is particularly relevant since students reported sometimes the existence of gap between what their project
was and what was requested of them in the project exam in regard to their own project.(L1)

Better clarification of the model and ways to apply it. The importance of all lecturers and tutors being present in the meeting to apply
FCI2. Defining consensual criteria and ways to collect information from students throughout the semester. Use of a support tool for
the allocation of the distance to differentiate each student within each team. Clarify to students how the FCI2 result is achieved.
Develop a document, similar to the explanation FCI1, to make available for students, explaining the assessment process. (D2)

You need to develop objective elements for evaluation. (D4)

Maybe pre-define a set of criteria (different depending on whether you are a teacher or a tutor) to provide teachers and tutors a
standard and objective basis for assessment. (T3)

One possible technical improvement, to one of the challenges identified during the implementation of the
FCI2, relating the estimation of the relative distance among individual team members, is the use of a
proved technique. The steps 2 and 4 of the FCI2 instrument can be compared with a Visual Analogue Scale
(VAS). Several authors addressed the advantages of the use of VAS, regarding the evaluation of different
phenomena, such as thermal sensation (Lee, Stone, Wakabayashi, & Tochihara, 2010), anxiety (Abend, Dan,
Maoz, Raz, & Bar-Haim, 2014), peer conflict (Campbell & Skarakis-Doyle, 2011), usability (Beauchamp, 1999)
and pain (Harland, Dawkin, & Martin, 2015). The VAS methodology relies on 100 mm in length line with
anchors at its extremes. Some authors present an extra midpoint anchor like the VAS presented in Figure 6.
The evaluation/decision should be done by bisecting the VAS with a single vertical mark.

/ Response
O D @
Definitely Maybe : Definitely
No Yes

Figure 6: Example of a VAS with three anchors, image adapted from (Campbell & Skarakis-Doyle, 2011).

Future developments of the FCI2 instrument can rely on the relative position of the team members, as used
in steps 2 and 4, as if they were responses in a vertical aligned VAS. For that matter, for each position, the
numerical value (in millimetres) could be obtained by measuring the distance from the scale’s start point to
the upper edge of the team member representation.

6 Conclusions

A new assessment model was designed and put in place on the 12" edition of the first year PBL IME project
at University of Minho. The assessment model uses peer assessment and a new instrument, supported by a
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team of lecturers, to establish the differentiation of the student grades within a work team. Details of the
new instrument were given and results of its application presented, along with the difficulties encountered
during the implementation stage. A study on the perceptions of students, lecturers and tutors, on this
mechanism was issued, encompassing three distinct elements: (1) an open questionnaire targeting
lecturers and tutors perceptions; (2) a closed questionnaire targeting the students’ perceptions; and (3) a
final PBL IME workshop, which included a focus group reflection and an open discussion on the subject.
Findings of the study show that students acknowledge the validity of application of such instrument, and
the assessment model used, but a number of aspects need to be addressed, namely the clarification of the
criteria used by the lecturers and the role of the tutor within it. Although one tutor exhibited disbelief in
the process, the team of 9 lecturers and tutors, generally recognize that it brings together multiple views of
the team's dynamics and individual performances, and enables a consistent perspective, which is a positive
achievement. In general, the lecturers and tutors also acknowledge that there is room for improvement
and for further clarification of its procedures. The application process seems robust enough, but needs to
be put in place accordingly, i.e. requires a different level of recognition of its importance by all the team
members of lecturers and tutors. Some technical aspects regarding the FCI2 mechanism also need to be
improved, namely the need for a software application, on steps 1, 2 and 4, supported by proved embedded
techniques, such as the Visual Analogue Scale, for supporting the adjustment and final setting of the
individual grades.
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Abstract

Lifelong learning is an emphasized graduate outcome for engineering professionals at the international
level by the Washington Accord and at the United States national level by ABET. When a new engineer
enters the profession, she will be expected to acquire new technical knowledge in order to solve a problem
or create a design. Unlike her experience in college, there will not be a professor to guide this learning. The
planning, execution, monitoring, and control of this learning will now fall to the new engineer. The level of
the ability to succeed in this self-directed learning modality will be a function of the extent to which the
lifelong learning outcome has been met. This paper studies the importance of this graduate outcome and
the development of self-directed learning as the way in which the outcome is achieved. Quantitative
measures are taken using the Self-Directed Learning Readiness Scale. Quantitative results show a
statistically significant difference between the developments of self-regulated abilities by students in a two-
year PBL curriculum as compared to students who did not undergo the PBL treatment.

Keywords: lifelong learning, PBL, self-directed learning, metacognition, self-regulation

1 Introduction

Engineering outcomes have been at the forefront for the past two decades. Upon graduation from
university, new engineers entering the field of practice are expected to perform well across a variety of
engineering skill domains. Some of the knowledge necessary to succeed in these domains will have been
acquired during their formal education, and the graduates will have some capacity to transfer the
knowledge to the new situations. However, much of what they need will be acquired as it is needed in their
new capacity. Further, during this informational age, new knowledge is rapidly being created and
disseminated, meaning new learning will be a continual event throughout a 30- to 40-year engineering
career. The authors of this paper are involved with a PBL engineering program. Following is a story that the
recruiter for the program often tells potential students:

“I'd like you to visualize your first day of work after graduation. Let me tell you two things that are
not going to happen on that day... two things your new boss isn’t going to say. First, she won’t say,
‘Greetings John, welcome to ABC Engineering. We are glad you are here. | would like to introduce you
to Dr. Jill. We have hired her to be your professor. When you need to learn something new, Dr. Jill will
be here to teach it to you.” The second thing she is not going to say is, ‘Here are some text books.
Each week, your job is to do the problems at the end of each chapter. If you get them correct, we will
issue you a paycheck. At the end of each month we will give you some written exams. Your
performance on the written exams will determine the amount of your bonus.””

This story resonates with the potential students. To this point in their engineering education, nearly all of
their learning has been one-directional from an instructor, and nearly all of their performance has been
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through the completion of chapter problems and written exams. They know this is what they neither
expect nor want as the duties in their profession, and they struggle with this misalignment of activities
during college with expectations after college.

Lifelong learning, self-directed learning, self-regulated learning, and being metacognitive are all terms used,
often interchangeably, to address the outcome expected of new graduates. New engineering graduates are
expected to be able to acquire new knowledge efficiently and effectively and be able to use it to solve
complex, ill-defined, problems quite different than those at the end of a chapter in a textbook.

Following are statements from a variety of organizations detailing the importance of this topic:

“The fundamental purpose of engineering education is to build a knowledge base and attributes to enable
the graduate to continue learning and to proceed to formative development that will develop the

competencies required for independent practice.” (International Engineering Alliance, 2013)

“Lifelong learning - Preparation for and depth of continuing learning: Recognize the need for, and have the
preparation and ability to engage in independent and lifelong learning in the broadest context of

technological change.” Washington Accord Graduate Outcome 12 (Washington Accord, 2015)

“A recognition of the need for, and an ability to engage in lifelong learning.” ABET Graduate Outcome L
(ABET, 2015)

This study was conducted on students in a PBL program. Following are the published performance
indicators for students in that program. 1) “In learning journal, demonstrate effective learning principles. 2)
Develop and communicate personal learning model. 3) Apply metacognition techniques to improve
individual learning.” (IRE, 2015)

This study considers the development of these outcomes in engineering graduates and measures the
development of students in a PBL engineering program.

2 Lifelong Learning, Self-Regulated Learning, Self-Directed Learning, and
Metacognition

Lifelong learning has multiple goals and fundamental principles (UNESCO Institute for Lifelong Learning,
2015) (Medel-Afionuevo et al., 2001). Among them are “leading to the systematic acquisition, renewal,
upgrading, and completion of knowledge, skills, and attitudes made necessary by the constantly changing
conditions in which people now live” and “be dependent for its successful implementation on people’s
increasing ability and motivation to engage in self-directed learning activities” (Cropley, 1979). These
descriptions, which come from the UNESCO Institute for Education, focus on the importance of lifelong
learning for engineers as they must constantly acquire, renew and upgrade their knowledge in their
technical workplaces with themselves being the drivers to initiate and carry out these processes. Candy
(1991) considers this relationship between lifelong learning and self-directed learning as being reciprocal
with “self-directed learning (being) viewed simultaneously as a means (to) and an end of lifelong education.”

In the relevant research on self-directed learning (SDL) in engineering education, Candy’s book (1991) is
often cited (eg. Stolk et al., 2010). Candy describes SDL as consisting of both process and product, each of
which, he again subdivides. “Self-direction... refers to four distinct (but related) phenomena: ‘self-direction’
as a personal attribute (personal autonomy); ‘self-direction’ as the willingness and capacity to conduct
one’s own education (self-management); ‘self-direction’ as a mode of organizing instruction in formal

49



settings (learner control); ‘self-direction’ as the individual, non-institutional pursuit of learning
opportunities in the ‘natural social setting’ (autodiaxy)” (Candy, 1991). Personal autonomy and self-
management would be the products of having attained some level of being a self-directed learner; whereas,
learner control and autodiaxy would be processes of using self-directedness in learning in both formal and
informal settings. If an outcome of engineering education is to have students ready to face the workplace
as self-directed learners, there would seem to be a desire to have them acquire the attributes of personal
autonomy and self-management, in order for them to learn autodidactically in their engineering workplace.

Pintrich is heralded as a major leader in the development of self-regulated learning (Schunk, 2005). Pintrich
defined self-regulated learning (SRL) as “an active, constructive process whereby learners set goals for their
learning and then attempt to monitor, regulate, and control their cognition, motivation, and behaviour,
guided and constrained by their goals and the contextual features in their environment”(Pintrich, 2000).
Zimmerman (2002) depicted this process as a three-phase continuous loop. The phases are forethought,
performance, and self-reflection. In the forethought phase, the learners set goals and make strategic plans.
In this phase, the learners’ self-motivational beliefs of self-efficacy, outcome expectations, and task interest
impact their actions. In the performance phase, the learners exert self-control through choice of task
strategies, focusing their attention and performing self-instruction; whereas, they practice self-observation
through self-recording and metacognitive monitoring. In the self-reflection phase, the learners judge their
learning through self-evaluation and causal attribution, while they also judge the extent of their self-
satisfaction (Zimmerman, 2002). To move from one phase to another, and thus from the completion of one
cycle to the initiation of another, requires the learners to have adequate motivation and appropriate
attitude. Lacking either of these, the next steps simply are unlikely to occur or be fruitful. From these
definitions, self-regulation can be seen as much more focused then self-directedness. It is a process where
goals are set, implemented, monitored, and reflected upon. From Candy’s definition of SDL, effective self-
directed learners might exert their personal autonomy and self-management to use a SRL process in
learner controlled or autodidactic learning.

In 2011, Tarricone published The Taxonomy of Metacognition (Tarricone, 2011). It is a comprehensive
model for breaking down metacognition into logical order. This framework allows for the understanding of
metacognition as the knowledge and as a set of actions that empower a person to learn. It is knowing how
learning works by understanding the impacts of the individual, the learning task, the learning strategy, and
then understanding the mechanisms that monitor and control learning. Knowing about the person, about
the tasks and strategies available and how to use them is essential. The act itself then must be analyzed,
monitored, and controlled (Tarricone, 2011). In the taxonomy, metacognition is broken down into six
increasingly detailed levels. The first sub-division creates two categories: knowledge of cognition and
regulation of cognition. Metacognitive knowledge is in regards to knowledge of the person, the tasks, and
the strategies. With regards to each of these, there is declarative knowledge (knowing about knowing),
conditional knowledge (knowing when, where, and why), and procedural knowledge (knowing how to
know). Metacognitive regulation subdivides into executive functioning and metacognitive experiences.
Executive functioning includes monitoring, control, and regulation of the person, the tasks, and the
strategies. Metacognitive experiences are the personal judgments of feelings about the person, tasks, and
strategies (Tarricone, 2011). In their Handbook of Metacognition, Hacker, Dunlosky, and Graesser connect
metacognition to the concept of agency, where successful students take charge of their own learning. “At a
minimum, taking charge requires students to be aware of their learning, evaluate their learning needs,
generate strategies to meet those needs, and implement those strategies” (Hacker, Dunlosky, and Graesser,
2009). To connect metacognition to the context of lifelong learning, self-directed learning, and self-
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regulated learning, it can be considered as the knowledge and processes used by the self-directed learner
in the self-regulated learning cycle (Winne and Nesbit, 2009). The more sophisticated the levels of use of
metacognitive knowledge and quality of the metacognitive procedural implementations, the greater the
impact of the learning. Higher levels of metacognition result in improvement of transfer of knowledge
(Cornoldi, 2010), problem solving ability (Cornoldi, 2010), and quality and speed of learning (White,
Fredriksen, and Collins, 2009).

In summary, lifelong learning is a desired outcome for new engineering graduates. An important aspect of
lifelong learning is the non-formal learning the engineer will do in the workplace as he renews, upgrades, or
acquires learning across the technical, professional, and design domains of engineering. Self-directed
learning includes the attributes and actions the engineer will use to initiate and carry out the learning. Self-
regulated learning and metacognition intertwine (self-regulated learning includes metacognition and
metacognition includes self-regulation) as the processes used by the self-directed learner. The higher the
levels of sophistication of the attributes of self-directedness and the processes of self-regulation and
metacognition, the more efficient and effective the learning will be.

3 Self-Directed Learning in Engineering Education

Litzinger et al. (2003) used Guglielmino’s (1977) Self-Directed Learning Readiness Scale (SDLRS) to study
self-directed learning in engineering students. Using 400 randomly selected engineering students across
semesters 1-8 in the bachelor’s program, this research group sought to identify differences in self-directed
learning readiness across students in the different levels of their education and also between genders.
“...there were no statistically significant changes in average SDLRS scores among students in first through
eighth semesters.... The study did not show any significant differences between male and female students.”
A follow-up study of 600 students was performed and this time extended to students in semesters 9 and 10.
Again, there were no significant increases in SDLRS. In 2005, Litzinger et al. (2005) published a study, from
the same original data, in the Journal of Engineering Education. By this time, they had discovered a weak
correlation between year of study and SDLRS score. Yet, they still concluded “that academic year is a poor
predictor of SDLRS score.” In an additional study published in the same JEE article, Litzinger's team
investigated the effect of PBL on SDLRS scores by having 18 third-year engineering students complete the
assessment before and after a two-semester PBL sequence. “The average pre-test score was 216...The
average post test score was 227. The difference between them was shown to be statistically significant and
the research team concluded, “the problem based learning approach used in IME, Inc. (the PBL program)
was effective in increasing the SDLRS scores of the students” (Litzinger et al., 2005).

In 2006, Jiusto and DiBiaso published “Experiential Learning Environments: Do They Prepare Our Students
to be Self-Directed, Lifelong Learners” (Jiusto and DiBiaso, 2006). In this article, the authors relate the
emerging focus on lifelong learning with the publication of the ABET 2000 criteria in the late 1990’s. They
also cite Litzinger et. al’s work showing that traditional engineering programs seem to have no effect on
increasing students’ capabilities for self-directed learning. The focus of their work was to determine the
impact of experiential learning environments on students’ self-directed abilities. They used triangulation
from the SDLRS, another self-report instrument called IDEA (http://ideaedu.org/services/student-ratings),
and faculty review of project reports. 259 students took the pre-test, 198 students took the post-test, 138

student samples were paired pre to post (there were no statistical differences between the paired vs. total
sample results). The SDLRS scores increased from 219 (pre) to 222 (post), which was shown to be
statistically significant (p=0.06). The conclusions of their study, when incorporating the other two methods,
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were that the experiential learning experience did result in slight improvements in lifelong learning
capabilities. They noted some instances where the capabilities decreased pre to post. Examples were
students who had initially high SDL capabilities before the experience and students whose experience
happened to be in a non-English speaking environment.

Stolk et al. have been studying the development of self-directed learning abilities since 2007. They
published in the International Journal of Engineering Education in 2010 (Stolk et al., 2010) and their
continued works were presented at the Frontiers in Education (FIE) conference in Madrid in 2014 (Stolk et
al.,, 2014 and Burger et al., 2014). First, 295 mechanical, electrical/computer, and general engineering
students, were surveyed using 5-point Likert quantitative survey with 3 additional short-answer questions.
197 students completed the survey, with 159 completing the short-answer questions. There was gender
balance in the respondents, as well as balance across the four academic years. Olin College uses PBL across
its curriculum. The three short-answer questions were: 1) Provide a definition of self-directed learning, 2)
List the features of self-directed learning that you think make it effective, and 3) List the features of self-
directed learning that you think make it challenging. Results were coded into a 4 x 4 matrix, with the
horizontal axis depicting phases of self-direction (intention, forethought, monitoring, and reflection) and
the vertical axis depicting areas of self-direction (cognition, motivation, behavior, and context). Students
paid little attention to both reflection (column) and context (row) in their responses. The most frequently
mentioned area of self-direction was cognition and the most frequently mentioned phases of self-direction
were planning/forethought and monitoring/control. The research group used their conclusions to make
three recommendations for implementation in curriculum design: 1) consider ways to give students control,
2) include self-reflection assignments in all courses, 3) provide appropriate scaffolding for SDL skill building.
Further conclusions were that motivational aspects were frequently mentioned as positive outcomes of SDL,
and behavioral aspects, such as time management, were most frequently noted as the negative attributes
of SDL (Stolk et al., 2010). In an additional study (Burger et al., 2014), Stolk et al. connected the importance
of self-reflective abilities in the development of SDL capacity, and then used grounded-theory to analyze
how students develop SDL abilities in the first two years of an engineering curriculum. The study included
subjects from both a large traditional engineering program and a small PBL program. The results of the
work identified the following barriers to self-reflective development: 1) lack of freedom within course
content, 2) perceived poor performance on traditional assessments, 3) lack of agency developed in
traditional classrooms. The primary conclusion from the study is that “environments with high levels of
cognitive autonomy as well as non-traditional learning environments seem to develop deeper reflective
practices” (Burger et al., 2014). In a third study by Stolk and colleagues at Olin and California Polytechnic
State University at San Luis Obispo, self-directed learning capabilities were studied in first year engineering
students longitudinally over the first two years of their education (Stolk et al., 2014). Approximately 50
students were studied using quantitative and qualitative methods. The quantitative results are published in
this study. The qualitative results are, as of yet, unpublished. The quantitative measures were used to study
academic motivations, goal orientations, conceptions of learning, metacognitive knowledge and
metacognitive strategy use. Results highlighted similarities and differences between PBL students and
traditional students. In academic motivations, traditional students were significantly different from PBL
students in their higher levels of external regulation. In goal orientations, both groups reported high
learning orientation vs. grade orientation. However, the PBL students reported significantly higher levels of
learning orientation attitudes, behaviors, positive regard for instructors, and negative regards for easy,
irrelevant learning. The entering students at both institutions were similar with regards to conceptions of
learning with the exception that the PBL students showed a higher regard for peer learning. At the end of
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the two years, this higher regard for peer learning remained and an additional attribute of a higher regard
for knowledge construction emerged. Further, at the end of the second year of learning, students in both
groups had “not completely embraced self-direction and were not yet confident in their ability to learn
without an instructor’s guidance and evaluation” (Stolk et al., 2014). With regards to metacognitive
awareness, both groups entered college at similar levels and left after two years with no recognizable
development. Two conclusions of the work are that there are measurable differences between the PBL
students and traditional students (from both the perspective of those who chose to enter each model, as
well as by the developments within the model) and that students’ SDL abilities remained stable across the
two years of their engineering study, with a further notice that gains that arose during year 1 of education
disappeared by the end of year 2.

Beyond the works cited here, very little is reported in the literature regarding self-directed learning and
engineering education. The articles that are available are tangential to the topic of developing self-
directedness and thus not of value in this context. To summarize the findings reported above, there are
indications that self-directed readiness does not change across the traditional engineering education
process, whereas there are indications that PBL experiences do cause an increase in self-directed readiness
in engineering students.

4 Method

4.1 Instrument-SDLRS

The self-directed learning readiness scale was established by Dr. Lucy Guglielmino in 1977. It is copyrighted
and offered as an on-line assessment tool for purchase. The instrument has been validated and has been
used in research in over 90 PhD dissertations and hundreds of research publications (Ipasdirs, 2015).
Additionally, over 70,000 adult learners have taken the instrument. Figure 1. is the information provided by
Gugleilmino regarding interpretation of SDLRS scores.

Your score is a measure of your current level of Self-Directed Learning Readiness.

If your score is between: Then your readiness for self-directed learning is:

58-176 Low
177-201 Below average
202-226 Average
227-251 Above average
252-290 High

The average score for adults completing the questionnaire is 214. The standard deviation is
25.59. The SDLRS measures your readiness for self-directed learning.

Persons with high SDLRS scores usually prefer to determine their learning needs and plan and
implement their own learning. This does not mean that they will never choose to be in a
structured learning situation. They may well choose traditional courses or workshops as a part
of a learning plan.

Persons with average SDLRS scores are more likely to be successful in more independent
situations, but are not fully comfortable with handling the entire process of identifying their
learning needs and planning and implementing the learning.

Persons with below average SDLRS scores usually prefer very structured learning options such
as lecture and traditional classroom settings.

Figure 1. Interpreting SDLRS (Ipasdlrs, 2015)
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4.2 Experiment set-up

In spring 2011, a longitudinal study began. Instruments from a variety of research domains were
administered to students entering the PBL upper-division program (final two years of bachelor’s degree)
and then again upon their completion. (For this study, only the SDLRS instrument results were used. Other
studies are using the other instruments.) At the same time, a comparison group was identified. Most of the
PBL students entered as graduates of Itasca Community College in Minnesota, U.S. The comparison group
was their peers at that community college who transferred to a different university for upper division. This
group took the instruments both before and after their upper division experiences. In all cases, students
from the entire populations were asked to take the instruments. Participation rates averaged 70% for
students before they transferred to another college to 40% after, whereas the PBL student groups were at
80% entering and after. The SDLRS is taken on the Ipasdirs.com website. Results from the survey were
downloaded into excel spreadsheets for data analysis.

Beginning in the spring of 2011, students graduating from Itasca Community College and transferring to
regional traditional engineering university programs took the instrument upon completion of their lower
division studies. This took place over four years (2011-2014). Identified as comparison-pre-nonPBL, 40
students took the SDLRS. Upon completion of their upper-division studies (bachelor’s degree achieved), this
group, now known as comparison-post-nonPBL, also completed the instrument; 23 students took the
SDLRS.

Also beginning in the spring of 2011, entering students for the PBL program began taking the instrument
prior to upper division studies, and again at graduation. These groups are known as pre-PBL (n=52 SDLRS)
and post-PBL (n=27 SDLRS). Table 1 details the number of students completing the instrument.

Table 1: Number (n) of students completing instrument.

Comparison Group PBL Group
pre-nonPBL post-nonPBL pre-PBL post-PBL
SDLRS (n) 40 23 52 27

For each data set, averages and standard deviations were calculated. Using a t-test and two-tailed p-value
(p<0.05) statistical significance was sought from prior to upper-division experience to after upper-division
experience.

5 Results
Table 2: SDLRS results for PBL and comparison groups.
Non PBL comparison group PBL group
pre post pre post
n 40 23 52 27
Average 223 231 225 237
Standard Deviation 21 23 20 16

54



pre-post T-score 1.452 2.700

pre-post
two-tailed P-value .1510 .0085

6 Discussion

The previous literature indicated that non-PBL students in traditional engineering programs showed little if
any gains in SDLRS score. The results of this study agree with the previous studies. There were no significant
gains for students from entering to leaving the non-PBL traditional engineering program (T=1.452, P-
value=0.1510, not significant at p<0.05). It should be noted that there is a difference in n between the post
groups and pre groups. This has been accounted for in the statistical calculations.

The literature also indicated that PBL experiences could result in statistically significant gains in SDLRS score.
Again, the results of this study agree with the previous studies. There were significant gains for students in
the PBL upper division (last four semesters of bachelor’s degree) engineering program (T=2.700, P-
value=0.0085, significant at p<0.05).

The commercial aspect of the SDLRS and the fact that its averages are the result of over 70,000 adult
responses, enable there to be some comparisons between the results of this study and the previous studies
that used the same instrument. In Litzinger’s study of 1000 undergraduate engineering students, the
average score at bachelor’s completion was 222.5 (Litzinger et al., 2005). The students who showed PBL
gains in Litzinger’s study had post scores of 227 (Litzinger et al., 2005) Jiusto and Dibiaso (2006) had an
average post score of 220.4 for all respondents in their experiential program. The scores for students
entering upper-division for both the PBL and non-PBL were 225 and 223 respectively. These scores align
with the scores from other studies and would be in the “average scale” described from Guglielmino in
Figure 1 above. The post PBL treatment score average of 237 is in “above average” from Figure 1. Of the
earlier data, only Jiusto reported averages with standard deviations and n’s. Comparing Jiusto’s post
treatment group with the PBL treatment group from this study results in statistically significant differences
between groups (T=3.298, P-value=.00056, significant at p<.05).

7 Conclusion and Future works

Returning to the story the engineering program recruiter tells to potential students, self-directedness is a
valued and necessary engineering graduate outcome as the new engineer enters and proceeds in the
professional workplace. The growth of self-directed learning abilities during the engineering education
process is desired and should be explicitly taught and measured. Indications in the literature and confirmed
by this study are that there is not significant development of SDL abilities in traditional engineering
education student experiences. The literature indicated that significant growth could be achieved in
project-based learning environments. This study provides further evidence that PBL leads to increases in
self-directedness of engineering students. The research question we ultimately hope to answer is “How do
students in a PBL environment develop as self-directed learners?” This quantitative study has only shown
that PBL students do develop as self-directed learners and from a perspective using one instrument. Future
planned work is to perform a qualitative phenomenographic study to gather knowledge about how the PBL
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experience results in development of self-directed abilities as well as to analyze from other quantitative
perspectives.
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Abstract

According to the United Nations Educational, Scientific and Cultural Organization (UNESCO), students
should focus on various skills such as problem solving and critical thinking to help them become responsible
global citizens. One of the aims of higher education is to enhance such skills to enable students to solve
complex problems and to obtain real-life experiences in a specific domain. Project-based learning (PBL) is a
strategy that promotes innovative learning by answering a driving question and producing a product. PBL
also provides students with various opportunities to practice 21st-century skills as part of team work with
regard to collaboration, knowledge sharing, decision-making and collaborative reasoning. The purpose of
the current research was to report on results regarding the application of elements of cooperative learning
such as positive interdependence, individual and group accountability, promotive face-to-face interaction,
personal interaction and communication, and group processing to enhance students’ engagement in PBL.
This research was based on social constructivism and employed a qualitative methodology. Ninety-two
second-year Computer Science students participated in this research and worked cooperatively in teams of
two to develop a C# programming project. Data collection involved development of a project and manual
as well as the submission of various narrative reflections. Qualitative data analysis comprised the coding of
data and the development of themes. Findings indicate that the application of cooperative elements
enhanced students’ engagement in PBL.

Keywords: cooperative elements, higher education institutions, programming, project-based learning,
student engagement

1 Introduction

One of the main responsibilities of higher education institutions (HEls) is to prepare students for
professional practice and to empower them through high-quality teaching and learning to develop as
responsible life-long learners (Bagheri, Ali, Abdullah & Daud, 2013; Francom, 2010). The United Nations
Educational, Scientific and Cultural Organization (UNESCO) states that students should focus on
“transferable skills, such as critical thinking, problem-solving, advocacy and conflict-resolution, to help
them become responsible global citizens“(UNESCO, 2014:36).
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Project-based learning (PBL) is a teaching—learning strategy that provides opportunities for solving real-life
problems and developing professional practice (Grant, 2011; Helle, Tynjadld & Olkinuora, 2006). Problem
orientation or inquiry is the driving force of PBL where students are expected to address an ill-defined
problem, complex question or challenge and obtain deeper knowledge (Grant, 2011; Larmer &
Mergendoller, 2010). Although both problem-based and project-based learning are organised around a
driving problem, it varies to a certain degree. Problem-based learning is defined by solving ill-structured
problems to provide a context for learning whereas project-based learning refers to a full-scale project,
planned and developed by students over time and requires a high degree of self-direction (Kolmos & De
Graaff, 2007a).

When solving a real-life problem, collaboration in a small group is an excellent preparation for professional
practice (IJCLEE, 2015). Although students are used to collaborate informally by using social media,
distinctive and well-defined skills are involved when collaborating with group members in a formal setting,
for example when developing a project.

Cooperative learning (CL) refers to a way of collaboration where students work together towards the same
goal and accomplish a task in a particular way to share the benefits thereof (Concise Oxford English
Dictionary, 2004; Gunter, Estes & Mintz, 2010). Cooperative learning is formally outlined as an instructional
approach that includes the following five key elements: positive interdependence, individual and group
accountability, promotive face-to-face interaction, personal interaction and communication, and group
processing (Johnson & Johnson, 2013). The application of cooperative learning results in a more productive
group where positive relationships among group members are developed (Johnson, Johnson & Holubec,
2014). In a practical case of computer engineering, Pérez, Garcia, Mufioz, Alonso and Puche (2010)
compared cooperative learning with project-based learning. They rejected the hypothesis that academic
success achieved by first year students was higher when CL was applied than in those cases where PBL was
applied. Yusof, Hassan, Jamaludin and Harun (2012) developed a framework regarding cooperative
problem-based learning in a sample case study in engineering education, and their results affirm the need
for supporting students to learn in teams when focusing on problem-based learning. Consequently, the
purpose of this paper is to report on the integrated and combined role of cooperative learning and project-
based learning in a large population of programming students.

This paper is organised as follows: the conceptual-theoretical framework is overviewed in Section 2 and the
empirical research is outlined in Section 3. Sections 4 and 5 provide a description of the respective
qualitative findings and a discussion thereof, while Section 6 consolidates the research.

2 Conceptual-theoretical Framework

This section outlines the philosophical point of departure and the theoretical overview.

2.1 Philosophical point of departure

Social constructivism is a sociological theory that advocates the collaborative construction of knowledge
(Lodico, Spaulding & Voegtle, 2010; Patel, Gali, Patel & Parmar, 2011). The nature of social constructivism
requires that teaching activities focus mainly on students’ engagement and responsibility to construct the
learning content in a collaborative manner (Patel et al., 2011). The application of social constructivism in
teaching and learning provides therefore a focal point for interaction, effective communication, shared
responsibility, interdependence and collaborative reasoning.
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2.2 Theoretical overview

The aim of higher education does not only include obtaining knowledge but also providing high-quality
teaching and learning opportunities to prepare students for innovative and future demands. In this regard,
Darling-Hammond (2012:22) mentions that we need to prepare students “for jobs that do not yet exist
using technologies that have not yet been invented to solve problems that we do not even know are
problems yet”. Additional dimensions of learning are therefore required to prepare students for
professional practice and life-long learning. These involve students taking responsibility for their own
learning, applying high-level cognitive, reflective and innovative skills and working collaboratively to
address future challenges (Bagheri et al., 2013; Grant, 2011; Johnson & Johnson, 2013). In this regard,
Kolmos and De Graaff (2007b) emphasise that a change in higher education is required with the focus on
student-centred learning and the development of life-long learning skills. Garrison and Akyol (2009) concur
as they mention that there is a shift in higher education to collaborative knowledge construction with the
aim to enhance reflective, critical thinking and meaningful learning experiences.

Project-based learning (PBL) is a teaching—learning strategy that provides opportunities for students to
learn much more than initially anticipated. PBL is an innovative and instructional approach in which
students work mainly collaboratively to solve a real-life problem or answer a driving question and provide
an artefact (Bell, 2010; Grant, 2011; Helle et al., 2006). In applying PBL, the lecturer serves as the subject
expert, guide or facilitator of teaching—learning activities to keep students on track whereas students need
to solve real-life problems themselves by managing their own learning activities and project development
(Gunter et al., 2010; Helle et al., 2006). Some elements of PBL include problem orientation and inquiry,
student-centredness, collaboration and communication, responsibility and accountability, problem solving,
critical thinking and reflective thinking, management of the learning environment, integration of
technology, knowledge creation and innovative construction, assessment integration, and performance
feedback and evaluation (Havenga, 2015).

A project refers to the development of an artefact with a unique purpose that requires various planned
activities, skills and resources and which has a definite beginning and end (Hughes & Cotterell, 2009;
Schwalbe, 2010). Project requirements are ill-structured, involve uncertainty and are sometimes difficult to
develop (Hughes & Cotterell, 2009; Schwalbe, 2010). The development of a project is therefore an intense
task where goals, accountability, knowledge and skills are shared among team members. As teams are
intent on carrying out a joint project as part of PBL, they cannot function effectively if members do not
apply interpersonal and small group skills, such as knowledge sharing, decision-making and collaborative
reasoning (Bagheri et al., 2013; Nussbaum, 2012; Rotherham & Willingham, 2010).

Johnson and Johnson (2013) focused in their research on collaboration, and gave prominence to
cooperative learning where they identified five key elements, namely positive interdependence, individual
and group accountability, promotive face-to-face interaction, personal interaction and communication, and
group processing. Below, each of these elements is outlined in more detail. Positive interdependence
involves that success of the group is dependent on the success of every group member. Therefore, if one
member fails, all fail; individual and group accountability refers to a member’s personal responsibility and
feedback to the group regarding individual performance; promotive face-to-face interaction includes
engagement and support of each other’s learning; whereas skills such as active listening, conflict
management, leadership, decision making and trust are part of personal interaction and communication.
Group processing comprises reflection on each member’s contribution to the group as well as celebrating
group success.
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Mentz, Van der Walt and Goosen (2008) assert that working in groups without applying these five elements
will most likely lead to non-effective learning in the group. Furthermore, Johnson et al. (2014) are of the
opinion that the five mentioned elements should be incorporated in group work to ensure the
accomplishment of shared goals and maximal learning of every individual group member.

Since collaboration is an important part of real-life experiences (Bagheri et al., 2013), the application of
cooperative elements may scaffold students in project development as they bring along a variety of skills,
responsibilities and experiences during teamwork. The aim of the research was therefore to explore
whether the mentioned cooperative elements could enhance students’ engagement in PBL. The research
guestion central to this paper was:

How can the application of cooperative elements enhance programming students’ engagement in project-
based learning?

3 Empirical Research

The methodology and implementation of empirical research are discussed in this section.

3.1 Methodology and research design

A qualitative research methodology was followed in this study. The research design involved an
intervention as well as student’s narrative reflections on their cooperation and PBL experiences. During the
intervention, students completed documents and developed a software project (Table 1).

Table 1: The research design used in this study

Intervention Narrative reflections
(team completion — 7 weeks) (individual completion)
1) Plan the project by including team Reflections regarding:
completion of a detailed time schedule student’s experiences with
2) Submit weekly project sheets PBL and project development

electronically to indicate progress of design | as well as their cooperation
and development

3) Submit a software program and
electronic manual as deliverables

3.2 Participants

A population of 92 second-year BSc students with a major in Computer Science participated in this research
to develop a programming project as part of the intervention. Most students worked cooperatively in
groups with two members, although some groups had three members. Students selected the team
members themselves and made their own decisions regarding their roles and responsibilities. This research
was part of a larger research project for which ethical approval was obtained.

3.3 Data collection

Students were required to develop an integrated C# and database programming project regarding any
selected topic, for example the management and purchase of sports gear. Prior to project development,
the lecturer provided students with the project requirements, assessment as well as a brief description of
cooperative learning. The project was done outside of class time where students worked in project teams.
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Data collection (Table 1) comprised completion of 1) a time schedule, prior to starting of the project, 2)
weekly project sheets (Havenga, 2015) that outlined the detailed development and progress of projects, 3)
project deliverables, namely a computer program and electronic manual, and 4) reflective narratives
regarding students’ cooperation and their experiences with project development as part of PBL. The aim of
the weekly project sheets was to enable students to indicate their planning, challenges as well as their
individual and group contributions towards project development. Although realistic allocations had been
made to enable students to complete the weekly project sheets, they were required to submit these
electronically on time as electronic locks were set in the students’ learning environment for each week.

3.4 Data analysis and assessment

The data were analysed and manually coded. Concept-driven coding (Gibbs, 2010) was mainly used where
the thematic ideas came from the literature, time schedule, weekly project sheets and reflective narratives.
As a result, the findings were categorised by developing sub-themes and themes.

The project, manual and related documents were assessed according to specific rubrics based on the initial
project requirements. Assessment criteria used to judge the manual included an introduction explaining
the purpose of the program, a brief literature overview regarding databases, snap-shots of the program,
resources used as well as a summary and a complete list of references. The project was assessed using the
following criteria: application of various menus and at least four forms to display the information, search
and update of data, use of four different queries and inclusion of message boxes for user-friendliness.
Participants obtained marks for their time schedules, detailed weekly project sheets and narrative
reflections regarding their cooperation and activities involved in project development.

After project closure, the teams were required to apply group assessment where they judged each
member’s contribution towards all aspects of project development. The following scale was used: 0 = Made
no contribution; 1 = Contribution was less than average; 3 = Made an average contribution; 5 = Made an
above average contribution. The best team obtained 91% for their project, manual and related documents.

4 Qualitative Findings

As part of the qualitative analysis, six themes emerged, representing students’ PBL experiences during their
programming activities. The themes were based on thematic ideas (see 3.4) as well as additional codes
that emerged from the empirical research. The following themes were identified: Theme 1. Teams’
responsibilities,

Theme 2: Member’s responsibilities,

Theme 3: Assistance and team support, Theme 4: Social skills, Theme 5: Achievement of teams’ aims, and
Theme 6: Reflection and additional skills (collaborative reasoning, time management, resources).

Theme 1: Teams’ responsibilities

Team members mentioned their detailed planning, responsibilities and their commitment to work on
specific tasks. Some exemplars are included (number(s) in brackets refer to specific participants).

We summarised all the requirements. We both had our tasks to do to ensure that the program works
(P10, P37).

We planned the project thoroughly and assigned a time frame for each part of the project (P12, P61).
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What information do we want the users to see? How does [the] information get into the database? What
data will we use for testing? (P14, P74).
Theme 2: Member’s responsibilities

Team members were individually responsible for specific tasks. They divided the project in sections and
determined what each member should do.

We divided the project into smaller sections and determined what each member should do to plan and
develop [the project] (P45, P58, P89).

[l] managed team meetings, did research regarding various programming activities and [the] user
interface. Did the main programming (P27).

[l was] responsible for program documentation and interviewed people in industry regarding the project.
[l] supported team members with administration, project development and search of information (P76).

| studied C#, database connections, obtained information regarding networks, managed administration
and supported the development of the program (P80).
Theme 3: Assistance and team support

The assistance and team support theme unveiled the fact that team members used a variety of skills to
assist and support each other.

We supported each other where possible and ensured that no one of the team members was
overwhelmed with the tasks (P33, P79).

I helped P10 with possible options for the goal of the program, and aided in the final decision. P10
assisted me in setting up a realistic time frame and advised optimal due dates for key milestones
throughout the project (P10, P37).

We reviewed each other’s work and gave feedback. We started to program in pair programming so we
helped each other in ways (P14, P74).
Theme 4: Social skills

The spontaneous comments below indicate students’ attitudes, their interaction and communication
regarding members’ efforts.

Communication was good. We reached a decision to meet ... and double-checked everything (P31, P60).
We commented on each other’s ideas and formulated the best possible solution (P10, P37).

Sometimes we differ however we solved this with a positive attitude (P27, P76, P80).

Theme 5: Achievement of teams’ aims

It is notable that teams discussed how they achieved their planned objectives and finalised the project.
One team experienced some hardware problems.

We managed to execute all our planned objectives ... did unforeseen tasks that were also necessary (P10,
P37).

We achieved what we set out to do ... everything was read, checked and finalised by the group (P31, P60).
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We discussed everything to ensure that the program satisfied the assessment criteria (P21, P90).
One student experienced storage problems and needed to start all over again.

P5’s external disk was broken and he was required to start again (P5, P29).

Theme 6(1): Reflection and additional skills (collaborative reasoning)

Participants interpreted their problems and learned from their mistakes. Team members discussed their
differences, brainstormed possible pitfalls and collaboratively constructed and criticised various arguments.

We debated which forms should be connected and the easiest way to manipulate the SQL (P55, P77).

We did not agree on the amount of security the login form should provide. There was a dispute about the
different forms’ design (P12, P61). There was a misunderstanding ... we helped each other in ways (P14,
P74).

Theme 6(2): Reflection and additional skills (time management)
P10 assisted me in setting up a realistic time frame and advised optimal due dates for key milestones

throughout the project (P10, P37).
The program was completed on time (database, text files and Excel spreadsheets). We therefore had
enough time to finalize the project (P9, P26).

Theme 6(3): Reflection and additional skills (resources)

We used WhatsApp, Skype and Dropbox to enable each team member to have access to the program (P1,
P57).

5 Discussion and Implications

The focus in this research was on the application of cooperative elements in PBL. Regarding this objective,
qualitative findings are discussed in this section to answer the research question: How can the application
of cooperative elements enhance programming students’ engagement in project-based learning?

Table 2 gives a summary of cooperative elements (Subsection 2.2), and exemplars obtained from the
qualitative findings (Section 4) that give an indication of students’ engagement in PBL activities (Subsection
2.2).

Table 2: Exemplars from qualitative data to indicate the application of cooperative
elements and students’ engagement in PBL activities

Cooperative Engagement in PBL
elements activities
Positive Theme 1: Team'’s responsibilities: We Responsibility and
interdependence | summarised all the requirements. We both ownership (Bell, 2010).
had our tasks to do to ensure that the
program works (P10, P37).

Exemplars from qualitative data

Individual and Theme 2: Member’s responsibilities: We Taking responsibility for

group divided the project into smaller sections and | own learning (Bell, 2010).

accountability determined what each member should do to | Student centeredness
plan and develop [the project] (P45, P58, (Kolmos & De Graaff
P89). (2007b).
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Promotive face-

Theme 3: Assistance and team support: We

Teamwork and support

interaction and
communication

good. We reached a decision to meet ... and
double-checked everything (P31, P60).

to-face supported each other where possible and | (Markham, 2012).
interaction ensured that no one of the team members

was overwhelmed with the tasks (P33, P79).
Personal Theme 4: Social skills: Communication was | Communication (Murray-

Harvey et al., 2013).

Group
processing

Theme 5: Achievement of teams’ aims: We
achieved what we set out to do ... everything
was read, checked and finalised by the group
(P31, P60).

Achievement. Developed
a project (Markham,
2012). Construction
(Grant, 2011).

Table 3:

Reflective and
additional skills

Exemplars from qualitative data

Engagement in PBL
activities

Resources: We used WhatsApp, Skype and
Dropbox to enable each team member to
have access to the program (P1, P57). [I]
supported team members with ... search of
information (P76) (Theme 2).

Reflection, Theme 6(1): Reflection and additional skills. Collaborative reasoning
decision Collaborative reasoning: We did not agree on | (Murray-Harvey et al.,
making, the amount of security the login form should 2013; Nussbaum, 2012).
collaborative provide. There was a dispute about the

reasoning different forms’ design (P12, P61).

Time Theme 6(2): Reflection and additional skills. Project planning and time
management Time management: P10 assisted me in setting | management (Markham,
up a realistic time frame and advised optimal | 2012).

due dates for key milestones throughout the
project (P10, P37).
Resources Theme 6(3): Reflection and additional skills. Management of

resources (Markham,
2012).

When developing a project as part of PBL, there are several ways to operationalise team dynamics. Since
cooperation plays a strategic role in teams and results in a more productive group (Johnson et al., 2014; see
Section 1), its role was explored in PBL. It was evident that all elements of cooperative learning were
present when participants designed and developed the artefact (Table 2). These included positive
interdependence (Theme 1. We summarised all the requirements. We both had our tasks to do to ensure
that the program works (P10, P37)); promotive face-to-face interaction (Theme 3. We supported each other
where possible and ensured that no one of the team members was overwhelmed with the tasks (P33, P79));
and personal interaction and communication (Theme 4. Communication was good. We reached a decision
to meet ... and double-checked everything (P31, P60)). Team members added shared value in terms of the
application of knowledge and skills, conflict management, problem solving and decision making. In
addition, team members were required to solve the problem jointly and to submit the final project (Theme
5. We achieved what we set out to do ... everything was read, checked and finalised by the group (P31,

P60)).
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Hence, as part of cooperative learning, each member was also responsible and accountable for specific
tasks (Theme 2. We divided the project into smaller sections and determined what each member should do
to plan and develop [the project] (P45, P58, P89)).

Additional skills also emerged as an important part of PBL, as indicated in the theme Reflection and
additional skills with reference to collaborative reasoning (Theme 6(1). There was a dispute about the
different forms’ design (P12, P61)). Students also managed their time, as indicated in their reflections.
(Theme 6(2). ..setting up a realistic time frame and advised optimal due dates for key milestones
throughout the project (P10, P37)). Participants employed various resources and technologies during
project development. (Theme 6(3). We used WhatsApp, Skype and Dropbox to enable each team member
to have access to the program (P1, P57)).

The findings indicate that team members shared mutual responsibility and ownership, they applied various
elements of cooperative learning, and they addressed the question of inquiry.

Results obtained in this study are in line with those obtained by Johnson and Johnson (2013) who concur
that the five elements of cooperative learning should be incorporated to ensure the achievement of shared
goals and maximal learning of every member. As a result, the participants were engaged in PBL where both
individuals and team members were responsible and accountable for project design and development.
Application of the five elements of cooperative learning therefore provides capacity for the development of
‘social strength’ within a team. The researcher is of the opinion that the cooperative and social
construction of knowledge is the strongest link in PBL in cases where more than one member is involved in
project development.

Based on the integrated literature and the results, some implications are outlined regarding the application
of cooperative elements in PBL that may prepare students for professional practice:

Cooperate strategically. Apply all elements of cooperative learning to ensure accomplishment of shared

goals, maximal learning (Johnson & Johnson, 2013) and accountability for project development — both as
individuals and as team members. There was continuous support from team members when we were
uncertain. Therefore we shared the responsibility (P9, P26). Be involved in collective ownership and sign a
contract of agreement (Havenga, 2015).

Collaborate in reasoning, argumentation and problem solving. Reason, construct and evaluate arguments

collaboratively (Nussbaum, 2012) to address pitfalls and solve a project problem. There was a dispute
about the different forms’ design (P12, P61). There was a misunderstanding ... we helped each other in
ways (P14, P74).

Carry out a joint innovative project. Develop an innovative end product jointly to address the question of

inquiry (Bell, 2010; Grant, 2011). We started with the designing of the database and discussed as well as
implemented the layout for our program (P10, P37).

Collaborate in reflection, assessment and evaluation. Reflect as individuals and as team members on all

phases of project development. Critically assess and evaluate the final project as a team before submission.
We achieved what we set out to do ... everything was read, checked and finalized by the group (P31, P60).

Communicate effectively. Good communication to share ideas and feelings in a secure environment may

contribute to the success of the project. Communication was good. We reached a decision to meet ... and
double-check everything (P31, P60).
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6 Conclusion

The purpose of this research was to report on results regarding the application of elements of cooperative
learning to enhance students’ engagement in PBL. Qualitative findings indicate that employing cooperative
learning in a project-based task provides additional opportunities for students to succeed in a project as a
result of their strategic cooperation. In addition, some implications were outlined which can be applied as
recommendations for higher education to prepare students for professional practice.
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Abstract

One of the most consistently studied constructs within group dynamics and small group literature is that of
group cohesiveness; the extent to which individuals within a group feel connected (Greer, 2012). This may
be of particular importance for those involved in problem-based learning (PBL), as its over all effectiveness
can often rest on the quality of student interactions. Members of strongly cohesive groups are more
inclined to participate readily and stay with the group (Dyaram & Kamalanabhan, 2005), so it is imperative
to discover how students ‘do being cohesive’.

The current paper falls under the theme of ‘PBL process and student engagement’ as it takes a fine-grained
approach to understanding student interaction in the PBL tutorial. Past research has highlighted a need for
more qualitative analyses into PBL, and so the current study uses real time data to identify how cohesion is
socially constructed in the group setting. Thirty-one students across nine PBL groups from two UK
universities were video-recorded as they partook in PBL in a psychology programme and an
interdisciplinary science programme. The resultant eighty-five hours of data was examined in order to
create a corpus of laughter instances, before being analysed using discursive psychology, a relatively unique
methodology in PBL research. As ‘attractiveness to the group’ is widely accepted as the conceptualisation
of cohesiveness, the current paper is focused on instances of interaction in which a group member self-
deprecates; positioning themselves as an unattractive group member compared to the others, and how this
is dealt with through laughter by the rest of the group to construct a sense of solidarity and cohesion.

Although the project was based in psychology, findings are not discipline-specific and can be disseminated
across subjects.

Keywords: PBL, discursive psychology, laughter, group cohesion, humour
1 Introduction
1.1 Group cohesion

As one of the most consistently studied constructs within group dynamics and small group literature, group
cohesiveness research is vast. Historically, cohesion has been considered the most important variable in
small groups (e.g. Lott & Lott, 1965), but it is also an extremely complex entity to evaluate, with ongoing
controversy regarding not only how to define it, but also how to measure it (e.g. Budge, 1981; Keyton, 1992;
Greer, 2012).
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Early literature on group cohesion was influenced by Festinger, Schachter & Back (1950) who interpreted
cohesiveness as, “the total field of forces (based on the attractiveness of the group and its members, and
the degree to which the group satisfies individual goals) that act on members to remain in the group”
(pp.274). Although this model was influential for its time it has since received much criticism, and there is
currently no single accepted definition, with descriptions of cohesiveness pertaining to feeling
“connectedness” (O’Reilly & Roberts, 1977) within a group, having uniformity and mutual support between
members (Hogg & Vaughan, 2008) and “sticking together” (Mudrack, 1989). Cohesiveness, therefore, can
be thought of as both a descriptive term but also a psychological term describing individual psychological
processes (Hogg & Vaughan, 2008).

Due to the inconsistencies and difficulties regarding definition and measurement, theorists have pleaded
for more empirical attention to be paid to the dynamics by which cohesion evolves in groups (e.g. Chiocchio
& Essiembre, 2009). In particular, there is little research that uses qualitative methodologies to analyse
group cohesion as historically cohesiveness has been ‘measured’ through individuals’ subjective opinions in
order to draw conclusions about the group (Carron, Widmeyer & Brawley, 1985; Mudrack, 1989). This
seems to present somewhat of a conundrum though, as individuals cannot be cohesive by themselves; the
cohesiveness comes as a result of interaction with others and as such there is need to study groups in
process. Group cohesion can therefore be thought of as a social accomplishment, and one way in which to
investigate this is through research into group laughter.

1.2 Laughter

Laughter is a natural phenomenon, universally shared by humans. Historically, research has focused on the
individual doing the laughter, as opposed to those receiving it, therefore neglecting the important
interactional properties of laughter. As stated by Provine (2004, pp.215), “the necessary stimulus for
laughter is not a joke, but another person”, which has garnered support from the likes of Holt (2011) who
determined that research in the area should no longer focus on trying to explain why people laugh, but
instead look at what actions are being performed when they do.

As it is a primarily social construct, it is important to consider what function it serves in interaction.
Laughter has been shown to be important in the social setting as it shows affiliation with others (Glenn,
2003), and as detailed by Greatbatch & Clark (2003), empirical research into laughter has identified that it
serves five primary functions; one of which being to create and maintain social cohesion and group
solidarity, which is the focus of the current paper.

Research into laughter and cohesion covers a broad spectrum, with most studies classifying the ‘type’ of
laughter under investigation. For instance, group cohesion has been reported as the result of shared
humorous experiences and stories, enhancing a feeling of ‘similar things happen to others too’ (Hay, 2000;
Kotthoff, 2006). Similarly, laughter resulting from teasing and joking has been reported to enhance
cohesion in a group (e.g. Norrick, 1994; Holmes, 2006). A 1997 publication by Boxer and Cortés-Conde, for
instance, demonstrated how joking can “bond”, by analysing teasing and joking as instruments through
which social control is exerted and social identity is displayed. There is still a need, however, for a closer
look at how exactly cohesion is established. There is little research pertaining to the fine-grained detail of
how laughter can facilitate cohesion, of the sequential organisation of talk in interaction that is inherent
although often overlooked that allows cohesion through laughter to take place. It is useful, then, to
exemplify what more detailed research has the potential to show.
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As one of the founders of conversation analysis, Gail Jefferson is well known for her work documenting the
systematic workings of laughter in a variety of interactions (e.g. Jefferson, 1979; 1984; 2004). Jefferson’s
conversation analytic work demonstrated that, contrary to beliefs that it is spontaneous and involuntary,
laughter is organised and precisely placed, deployed to manage moments in interaction and to help achieve
actions. For instance, Edwards (2005) investigated the phenomenon of complaining, and showed through
close analysis of interactional features of conversation how laughter can create cohesion even though a
real complaint is being made due to the manner in which it is delivered, demonstrating that it has the
ability to achieve a goal; i.e., in this case, that ‘this is something | would not usually moan about’ (Edwards,
2005). Other research has looked at, for instance, the processes involved in orienting to laughter (Holt,
2011), silence where laughter is expected (Drew, 1987), and how interaction is impacted by laughter within
words (Potter & Hepburn, 2010).

Research like this highlights the value of using in-depth analysis methods to understand how laughter is
treated in interaction. As such, the current paper aims to progress research in the area, by using discursive
psychology to closely examine incidences of laughter within PBL at university, aiming to expand on past
conversation analytical work, and demonstrate that laughter is not random but is highly sequentially
organised to perform certain functions within social interaction, such as enhancing group cohesion. Since
past research has shown that the overall effectiveness of group work can often rest on the quality of
student interactions and that members of strongly cohesive groups are more inclined to participate readily
and to stay with the group (Dyaram & Kamalanabhan, 2005), it is imperative to discover how individuals ‘do’
being cohesive. The research question for the current study therefore is, how can ‘doing self-deprecation’
construct cohesion in a group?

2 Method
2.1 The data corpus

The data used for this study are taken from naturalistic video footage of student groups working in
problem-based learning tutorials, a form of student-centred group work which encourages collaborative
knowledge construction, independent learning and intrinsic motivation (e.g. Dolmans & Schmidt, 2006).
The data was collected between October 2012 and December 2013, from thirty-one students comprising
nine groups across two UK universities, totalling eighty-five hours of video-recorded interaction. Informed,
written consent was gained from all participants, and the study received full ethical approval at university
level. Each group either set up the cameras themselves, or it was done in advance by the researcher. Data
was collected on memory sticks, before being downloaded onto a password-protected computer within the
University of Strathclyde, and kept in a locked office with only the named researchers having access to
recordings. The video data was transcribed to words-only detail in the first instance, before a data corpus
was compiled and those extracts chosen for further analysis subjected to Jeffersonian transcription
notation (see appendix).

2.2 Analytical procedure

A discursive psychological approach was used to analyse the data (Wiggins & Potter, 2008). As advocated
by Holt (2011), laughter is not simply a reaction to humour but an action in its own right, and as such, this is
the best methodology for analysing laughter because it treats it as ‘in the moment’. The approach draws on
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the ethnomethodology of Garfinkel (1967) and the conversation analysis of Sacks, Schegloff and Jefferson
(1974), focusing on how psychological phenomena are constructed and understood in interaction.

Discursive psychology does not align with the more ‘traditional’ values of social psychology, in that
individuals’ speech reveals attitudes and behaviour regarding some construct; rather it assumes that talk
has an action orientation and that language is used to perform particular social functions, achieved through
a variety of rhetorical strategies. The approach begins with psychology as it faces people living their lives. It
studies how psychology is constructed, understood and displayed as people interact in everyday situations,
through analysing talk-in-interaction (Wiggins & Potter, 2008). Discursive psychology has been used
previously to analyse student tutorial talk (e.g. Koschmann, Glenn & Conlee, 1997; Attenborough & Stokoe,
2012), critiquing the way topics have been traditionally conceptualised in psychology by treating them as
interactional entities, as opposed to individual ones.

As such, a data corpus was compiled of laughter extracts stemming from an in-depth transcription which
identified laughter particles (Jefferson, 1984), which were broadly categorised in the first instance and
included clusters such as ‘sarcasm-’, ‘joking-" and ‘exaggerating-laughter’. The researcher was particularly
interested in those laughter instances pertaining to self-deprecation (where an individual in the group
portrayed themselves in a negative manner somehow). Doing so is potentially problematic for a group, as it
would appear to negate the ‘attractiveness to the group’ facet of group cohesion, however, as we will see,
this doesn’t necessarily happen.

3 Analysis

The current analysis aims not to consider self-deprecating utterances as a mere reflection of a cognitive
state separate from the interaction at hand, but to show how group members manage the somewhat
sensitive nature of self-deprecation, and in doing so, how social actions such as enhancing cohesion within
a group may be demonstrated. Specifically, episodes of self-deprecation which are oriented to with
laughter are the key focus here. Laughter as a response to self-deprecation allows for the discomfort of
agreeing or disagreeing with a detrimental claim to be avoided. As identified by Pomerantz (1984),
orienting to self-deprecation with an agreement or indeed a disagreement is tricky to manage. If a
recipient(s) is to agree with a critical statement, they are endorsing prior criticisms as their own, which is
potentially problematic for group dynamics. For instance, if an individual was to make the assessment, “I'm
an idiot”, and someone in the group agreed, this could cause tension to arise between the self-deprecator
and the respondent, and thus have the potential to create a divide within the group. Conversely, if group
members disagree with an individual’s self-deprecation they demonstrate support, in that they actively
voice their opposition to the claim. However, this too is not always straightforward and is tied up with
issues regarding ingratiation (Jones, 1964).

Therefore, the analyst was interested in what comes after the laughter; how does a group deal with an
instance of self-deprecation and simultaneously demonstrate cohesion within the group, without it turning
into a counselling session for the individual disparaging themselves? To investigate this, instances of self-
deprecation which were oriented to with laughter were analysed. Such utterances were found to be
sequential; typically following a period of ‘trouble’” within the interaction and highlighting a problem that
the group must resolve before returning to the task at hand. The following brief analyses aims to
demonstrate the construction of cohesion as it happens.
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In the first example, a group of six psychology students are brainstorming ideas for a PBL task in which they
must produce a psychology research proposal which does not have to adhere to today’s ethical standards
as set by the British Psychological Society. We join the interaction as the group have been deliberating a
number of possibilities.

3.1 Analysis 1: “I rudely interrupted her”

Kate: ah like the smokin’ one so far=

Raymond: [°smokin’ one sounds good®

Kate: =[ah think that’s a really good lone

Kim: ‘cause you could [do it in quite a short period
of time

Ava: [I jus’ thought it was good

because that’s a thing that affects life now
anyway like [people-

Kate: ((to Erin)) [were you here when [Ava said that

Erin: ( (shakes head)) [heh heh

Kate: say it again Ava

Erin: heh .hh

Ava: I sai- I said like- >Abi was talkin’< an’ I
frudely [interrupted her fand said-

Kate: [ha [ha [ha

Abi: [heh heh heh

Raymond: [heh heh heh

Erin: [ha ha ha

Isla: [ha ha

Ava: ‘cause I HAD LIKE an (.) idea >I was like<
‘1ooh, got to say it’

Kate: a ha ha [ha

Ava: [em: but I thought >you could have

like< one groupa children an’ you could expose
them to like second hand smoke

The extract begins with group member Kate’s assessment of her preferred topic to focus on which incites
other group members to align, until a problem is encountered on line 9, whereby one member (Erin, who
arrived late), was not present when Ava was presenting her idea for the proposal to the group, and as
such presumably does not understand what the group is talking about.

In order to rectify this trouble in the interaction, Erin needs to be informed of the idea, and as such, Ava is
directed by Kate to reiterate. We can see at line 13 she begins to state her idea (which is not actually
revealed until line 27), but repairs her utterance in order to preface it with the ‘true’ order of events; that
someone else was talking and she interrupted them. This is the episode of self-deprecation, as Ava states
that she “rudely interrupted”, classifying herself as “rude”, to which, none of her peers overtly agree or
disagree, but instead laugh.
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At this point, Ava could have completed what she was going to say, thus enlightening Erin of her idea and
orienting the group back on-task. However, instead, Ava goes on to account for her rudeness, and it is this
turn which | argue demonstrates cohesion within the group.

There is abundance of conversation analytic research regarding the practice of interrupting, stemming from
Sacks and colleagues’ (1974) seminal work on the organisation of turn-taking in conversation, and by
recognising that she interrupted a fellow group member, she is addressing that this is an unusual
occurrence; perhaps in that she regards all group members as of equal placing with no one considered
more important than another, and therefore it was inappropriate in usual group interaction dynamics for
this to happen. She therefore went out with the boundaries of normal group interaction. Her ‘active voicing’
(Wooffitt, 1992), where she almost parodies herself, brings her storytelling to life, emphasising her urgency
and suggesting why she interrupted her fellow group member. She employs a number of techniques such
as raising her voice and speaking quickly (line 23), to ensure she gets her point across without, ironically,
being interrupted by someone else.

Through this self-deprecating, Ava shows that she considers herself at that moment in time — when she
interrupted her peer — she was “rude”, but now that the situation is over, she is not that anymore. In doing
so, she highlights to the rest of her peers that as a group, they are all of equal importance, and she
jeopardised they group dynamic by behaving in a way that could be interpreted as she thought she was
more important; evidenced by her interruption. Acknowledging this is important for the group cohesion, so
Ava can reiterate her idea, but in a way that ‘corrects’ what she did earlier.

In this second example, a group of students must pick between two topics — masculinity and place identity
—to focus on for a PBL task in psychology.

3.2 Analysis 2: “The conversation might flow a bit better with me”

Nadia: I don’t mind I'm not bothered about which one
(3.0)

Nadia: but if you two are-

Regina: I would struggle with place identity=

Nadia: =d’ you Tthink

Regina: I think so [but-

Ally: [masculinity might be easier (.)
gender [ (inaudible)?®

Jackie: [but like (.) how would it be easier
then so like what would you say about that

Ally: I think it would be quite easy to talk
about though
(1.0)

Regina: the conversation might flow a bih beh’er (.)
wi’ me anyway [heh (if we) d(h)o [masculini’y

Nadia: [heh heh heh

Ally: [ ((smiles))

Jackie: [ ((smiles))

Susan: [hm hm hm

75



46
47

(1.0)
Regina: but I don’t- it’s fine I'11l go with whatever

The group have been discussing which of the two topics they should select, with no firm decisions being
made as they cannot achieve a consensus. Despite this, the group are actually demonstrating that they are
on-task ‘doing’ PBL, by discussing what they each want to do, and making reasoned arguments as to why.
For this reason, the ‘trouble’ the group encounter stems from Regina’s utterance at line 29 that she would
“struggle” if they choose one of the topics over opposed to the other, because it is the first indication that a
decision will have to be made, based on the preference of one individual instead of the whole group. In
short, the group are going to have to go with this suggestion unless they demonstrate that they do not care
about Regina’s opinion.

The episode of self-deprecation comes at line 39, where, orienting to Ally’s prior turn, Regina takes the
opportunity to again assert her preference by formulating Ally’s prior turn as a self-deprecating utterance,
in that if they don’t choose the topic she wants, her contribution to the conversation will be limited.
Although it is not as obvious as in the previous extract, the self-deprecation is directed at Regina in the
future; that if the group choose this topic, Regina won’t be as good at it and as such, will be a less valuable
member of the group.

As in the previous extract, Regina’s self-deprecation is oriented to with laughter and smiles. This reaction is
perhaps not as vocal as in the last extract — in that not everyone audibly laughs — but pivotally, all group
members at least acknowledge the self-deprecating turn. It is at this point in which group cohesion begins
to be constructed, as Regina treats the lack of response to her utterance as problematic in that she receives
no assessment of her suggestion from any of her group members. No one takes over talking, and as such,
Regina interprets this as resistance since she then completes a radical U-turn in which she states that she
will “go with whatever” topic the group choose (line 47), even though she has spent this extract fighting to
pursue the topic of ‘masculinity’ as opposed to ‘place identity’. This contradicts Pomerantz’s (1984)
suggestion that when no overt disagreement is made, the self-deprecating party tends to treat the self-
deprecation as implicitly confirmed, or in other words, that the hearers of the self-deprecating utterance
agree. It could therefore be suggested that Regina’s ‘giving in’ is treated as enhancing the group cohesion;
to show her group that she is not going to be the troublesome one and although she has a preference —and
a valid reason for it, in that she would ‘struggle’ with the alternative — maintaining harmony in the group is

more important.

From an external perspective, it seems almost counter-intuitive that cohesion within this group is being
constructed due to a group member’s willingness to withdraw an opinion, when a major component of
problem-based learning is revolved around the ability of groups to work together. However, this could also
be interpreted that in asserting that she will “go with whatever” decision the group makes, she is ‘doing
being collaborative’ in that she is putting aside her personal opinion to be more aligned with the group and
thus promote cohesion within it.

3.3 Analysis 3: “What kind of language am I speaking in?”
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In the final extract, a psychology PBL group are jointly transcribing an interview they conducted, in which
group member Jackie was the interviewer.

((recording plays: 9 seconds))

Nadia: ((to Jackie)) have you got this [bit
Jackie: ((looking confused)) [£WHA’ KINDA
LA (h) NGUAGE [AM AH SPEAKIN’ [IN heh
Ally: [heh heh heh
Jocelyn: [ ((smiles))
Nadia: ((impersonating Jackie)) [‘eh eh [lalalala
Ally: [ ((smiles))
Nadia: la(h)’” [heh
Jackie: [right
Jocelyn: heh heh .hh
Jackie: um (.)
Nadia: ((smiles))
Jocelyn: heh
Jackie: I-
(1.0)
Jackie: go back to ‘routine’ (.) ‘cause I did say ‘like

so yeah like so(h)’ £hm hm

The ‘trouble’ in this extract stems from the fact that the recording has been playing for nine seconds
without any group member commenting on or re-verbalising what is being said. The usual procedure they
have been following is that Nadia would play the audio, and Jackie would repeat what was being said as she
typed it, while the other two group members helped clarify the audio. In this instance however, Nadia looks
repeatedly between her phone (the audio) and Jackie (the typist) during this period of “silence” (although
the audio is playing), as the usual dynamic has changed; Jackie’s lack of typing is being treated as
problematic.

It is at this point that Jackie self-deprecates by expressing that she doesn’t understand what she is saying
on the recording. Although her actual verbalisation, “what kinda language am | speaking in?” is technically a
question, the way that she formulates it (by looking confused, raising her voice and gesturing animatedly)
indicates that she may feel just as perplexed as the rest of the group — even though it is her voice they are
listening to — and as such, shouldn’t be held accountable for not understanding because she feels the same
as everyone else. We see from later in the transcript that the issue regarding the difficulty in understanding
the audio stems from Jackie’s over-use of discourse markers (e.g. Schiffrin, 1986) — uhm’s and ahh’s —
hesitancies and fillers when she was conducting the interview, and as such it is difficult to make out what
she is saying. Jackie therefore verbalises the problem the group have on their hands; that if even she as the
speaker can’t understand what she is saying, how can the group continue transcribing?

The group members’ responses to Jackie’s self-deprecation are of interest because although she is literally
asking a question, she does not receive an answer. While Ally laughs and Jocelyn smiles at Jackie’s
utterance, it is unclear whether this is in reaction to what she is actually saying (i.e. the deprecation) or for
another reason, such as Jackie’s reaction to the audio. Nadia’s response, however, is quite different in that
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she impersonates her and her over-use of fillers (lines 54 and 56). This is a somewhat dangerous thing to
do, in that the group dynamic is very much dependant on Jackie’s response; if Jackie takes offence at this
impersonation, it could be disastrous for the group dynamics as there would be tension between two
members.

Nadia’s impersonation of Jackie constructs cohesion within the group. Had Jackie taken offence, it is likely
that she would have responded appropriately, but she doesn’t acknowledge Nadia at all and instead re-
focuses on the task. Soon after, Jackie shows that she may even accept Nadia’s interpretation of her by
agreeing and emphasising that she “did” (line 64) utter a string of fillers, thus validating Nadia’s claim. This
may show cohesion between Nadia and Jackie, but Ally and Jocelyn’s responses show that are included too,
due to the timing of their laughter. The fact that they smile (line 55) and laugh (line 58) in response to
Nadia’s impersonation indicates that they feel comfortable enough in the group to join in with the mocking.
Although they don’t verbally state that they agree that Jackie was speaking nonsense, the timing of their
affiliative laughter and smiles suggest support of Nadia. Had they been wary of upsetting Jackie they may
have suppressed this but openly aligning with Nadia in front of Jackie shows they consider the group as a
whole as cohesive enough to take this ‘picking on” one member.

4 Discussion

These examples, although brief, aim to demonstrate how cohesion can be constructed in real-time
interaction. Group cohesion has been identified as the most important aspect of small group research (Lott
& Lott, 1965), and as such, it is vital that student groups are supported for cohesion to take place. One of
the difficulties of researching a phenomenon such as cohesion is its vague nature; even if all group
members report that they felt ‘cohesive’, this does not necessarily mean that cohesion was accomplished.
While past research has tended to focus on measuring cohesion by asking group members how they feel
about the group and the task (e.g., Carron et al., 1985), more discursive-type research has the potential to
show how cohesion is constructed naturalistically as it happens in real-time interaction.

In the first analysis example, cohesion was constructed through a group member’s recognition of an
instance in which she violated the usual group dynamics. By acknowledging this through self-deprecating,
she demonstrates her understanding that she created a problem for the group and thus holds herself
accountable for what she did, but does so in a humorous way which incites laughter from her peers. By
responding to her in this way, her group display that they can put this problematic situation behind them,
and get back to the task at hand.

In the second analysis example, a group member self-deprecates a future version of herself, in that if the
group as a whole make a decision within their PBL task that opposes her own opinion, she will be a less
adept group member, which is potentially problematic for the rest of the group. Through laughing, her
peers don’t have to agree or disagree with this claim, but in doing so, the self-deprecating group member
interprets this as resistance and as such retreats from her assertion of what they should do. Thus, cohesion
is constructed within the group due to one group member re-formulating her contribution to ensure she
doesn’t upset the harmony by forcing a decision to be made, even if it hinders herself.

In the final extract, we saw cohesion being constructed through an episode of mocking. Self-deprecation is
more acceptable in interaction since the disparagement is self-administered; however, when directed at
someone else it can be troublesome, depending on how the recipient takes it. Here, we saw a group
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member make fun of herself for the way she spoke on a recording, before she was impersonated by a
fellow group member. The aligned laughter from the rest of the group in response to this impersonation
suggest that they find it humorous, and as such, it could be construed that they whole group are laughing
at one member in particular. Cohesion, however, is constructed through this, as the ‘mocked’ group
member’s ability to ‘take’ the impersonation and laughing indicate that as a group, they are able to do this
without overstepping the mark and turn it into more insulting or bullying behaviour.

Of course, we must consider too the drawbacks of this type of research. One of the difficulties of
researching a phenomenon such as cohesion is its vague nature. Whereas there are robust tests to reliably
measure, for instance, psychological behaviours, there is no one way to demonstrate for certain that
cohesion within a group has taken place. Even if all group members report that they felt ‘cohesive’, this
does not necessarily mean that cohesion was accomplished. In addition, those groups that chose to take
part in the research and thus be recorded were aware of this very fact, and as such it could be argued that
they possibly behaved in a way on-camera that portrayed themselves as — for instance — overly humble
through self-deprecating, in order to come across as a particularly appealing student.

This paper is part of an on-going study investigating cohesion in student groups. As researchers working
with student participants, it is crucial to recognise what we can do to better support students in higher
education. The current research can go some way to help those involved in group work teaching or
facilitating, by helping them be more aware of the intricate interactions taking place at the group level. As
such, future research in the area may consider other stereotypically negative facets of group interaction —
such as teasing, or going off-topic — as demonstrating the pro-social outcomes of these can inform PBL
research.

The types of interactions that have been analysed can be found in groups across a broad spectrum of
disciplines and it can be useful to focus on the non-academic talk in environments such as these to get an
insight into the social processes that can often hinge on the relative success or failure of group work. As
educators, we want to encourage students to leave university valuing the skills they have learned through
such processes as contributing to group work so that they are prepared for life after university and are not
just focused on their final degree classification. Looking at laughter stemming from self-deprecation may
seem a counter-intuitive way of analysing cohesion, but if we can demonstrate benefits that come from
less desirable aspects of the group work, we are better positioned to support students who may experience
such settings and be unsure as to how to deal with them.
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6 Appendix
6.1 Jefferson notation system
non-verbal action

((action))

(.) Just noticeable pause

(1.0) Timed pause

.hh In-breath

wor-— Cut-off word

>word< Faster speech

WORD Louder speech

°word?® Quieter speech

word Emphasised speech

fword “smiley” speech

wo (h) rd (h) denotes laughter bubbling within word
wo:rd : denotes stretching the preceding sound
A: word= = denotes no discernible pause between two speakers’ turns
B: =word
A: word [word Overlapping talk

B: [word

*Adapted from system developed by Jefferson, printed in J.M. Atkinson and J. Heritage (eds.) (1984)
Structures of social action; studies in conversation analysis (pp.ix-xvi). Cambridge University Press.
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Experiences from a change to student active teaching in a deductive
environment: actions and reactions

Kjell Staffas

Uppsala University, Sweden, kjell.staffas@angstrom.uu.se

Abstract

Courses in engineering often require deep learning ability such as explanations argued using evidence and
individual conceptions of the topic (Entwistle, 2000). Since the frequency of completed exam has gone
down at Higher Educations engineering institutions in Sweden (report UF 20 SM 1303, Swedish higher
education authority) the level of the general student’s ability seems to be decreasing. Also the number of
students has gone up by 20 % from 2001 to 2010 in the first year (registered students on the faculty of
engineering at Uppsala University) which calls for other teaching methods and ways to generate conceptual
knowledge and learning.

The methodology of the study is a narrative inquiry part of a mixed-methods research in a social
constructive perspective on achievements and reactions of students who becomes responsible for their
own learning in a teaching model based on student active methods like flipped classroom and problem
based learning (PBL) with a clear conceptual focus. Since the main goal of the inquiry was to get their
responses without leading questions and put it into perspective of my 25 years of experience in teaching
adults on different levels, | have decided that the best way to analyse the data is within a narrative
approach. In interviews students from a bachelor and a master program in electrical engineering indicate
how they experience the differences, benefits and flaws, and how it affected their learning, awareness of
their ability to learn, i.e. self-efficacy, motivation to learn more and how it developed during the course.
The study reveals the factors that make the student passive instead of following and taking part of the
working plan and also contains an analysis on what drives students to make the decisions on their
attendance and effort.

Keywords: Motivation, conceptual learning, facilitation in terms of supervision, PBL, flipped classroom.

1 Background

Experiential learning theory (ELT; Kolb 1984) aims to help the learner “to learn how to learn”. With
ambitions to continuously improve following the recursive cycle of experiencing, reflecting, thinking and
acting, the learning power can increase. The development of you as a teacher comes from the simple fact
that you see yourself as a learner (Kolb & Kolb 2009).

From a teaching career of 25 years, 15 of them at university level, | have experienced a change in attitude
where the students has gone from accepting a structure and the teaching, to where the students require
and demands more teaching and showing less prior knowledge which has led to a big change in the
structure for the courses. The passing rate has gone down and the students feel less motivated to get a grip
on their own learning and realize that it is up to them if they will succeed or not. In my experience it looks
like the general opinion has turned from them knowing they have to learn by themselves to a belief that
the teachers shall do the learning for them. Maybe this is just a grumpy old man’s declining ability to create
learning opportunities for the students. | have also experienced the transition from independent to more
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“demanding and needy” students that are formed in “old school teaching”, a deductive approach of
lectures, lessons in terms of a tutor solving textbook problems, and laboratory experiments to clarify the
theory described in the textbooks. The constant request from the students has been for more teaching. In
this model that is what they are familiar with. This leads to reactions and negative energy which moves the
objective from learning the content to formal issues about “too difficult courses”, “impossible exams”. As a
result, instead of studying hard students start to search for possibilities to pass the exam in other ways, for
example by requesting alternative examination and/or demanding another examiner. For me personally
that entailed a transition from being a very popular lecturer to a suspected one and | experienced the
frustration of feeling insufficient in my tutoring and guiding of the students towards the required
knowledge. Therefor | have tried the last three or four years to move the focus from the teaching process
to learning in the classroom. The key aspect has been to raise the conceptual level of the teaching in the
classroom and focus on discussing problems and its” solving in contrast to just presenting the theory behind
it and showing them how to solve problems. “Learning takes place through the active behaviour of the
student: it is what he does that he learns, not what the teacher does” (Biggs and Tang 2011). In 2013 a pilot
study was made in a course in electronics, introducing preparatory lectures and a focus on problem solving
during class. In my pilot study | came across lots of new concepts and strategies to encourage the students
to prepare for my teaching in class. | introduced micro teaching, flipped classroom, PBL and other methods
to make the learning process more effective and the students more active. The main focus was to make the
time with the students more efficient. The students’ responses were in general positive, but the results on
the exams were not significantly better. Therefore | was motivated to find out more about student active
teaching and how to implement it. From my experience | reflected over the results, the students’
evaluations and many hours of discussions in the lecture hall as well as the laboratory with the students
and came up with a teaching model that would even more increase the activity in class. One particular field
they experienced difficult was the step from discussing real world problems to be able to solve them
themselves. Therefor | introduced another step of problem solving confirming the theory instead of
jumping directly to the real world problems. Besides analyzing their exams and conceptual development |
interviewed them to get feedback on how they experienced the teaching model and their own
development during course. The results of this study are reported below.

2 Introduction

The study took place at a course in electronics the second year on two engineering programs in electronics
at Uppsala University, a bachelor and a master. After a first year where 80% (37/46) of the students’ passes
50+ out of 60 credits, many of them (69 % on the first exam) fails and finds the course so much more
difficult to complete. The course consists of four parts; one is analogue electronics coupled to a number of
assignments (=second part), the third is digital electronics in project form and the last is a project they
decide on their own what to do related to the course content. It is especially the first part that causes the
problems. The third and fourth part of the course is project based and it has been quite clear that the
passing rate is much higher on that part, mainly because they work so much harder in projects together.

| am the lecturer of the course and have been that since the course started in 2010. The course started with
46 students that had the necessary entrance qualifications. The students were divided into six groups of
maximum eight in each and were encouraged to work in this group during the course, which lasted the
whole semester. The later part was dominated by two major projects. The first part was mostly theoretical
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and the second parts assignments came from the content of the first. The assignments were individual but
they were allowed to work on them together.

Table 1: The content of the course.

Theorethical part (5+5 hp) Project part (5+5 hp)

Analogue electronics ‘ Assignments | Digital electronics Their own project
OP-amplifiers Design of a

Feedback sequential circuit

Filter design and analysis based on a given

Semiconductors (mainly transistors) | problem.

A number of laboratory experiments were given on an optional basis. The planning of the theoretical part
was rigid on a weekly basis with clear goals each week and contained the following:

o Web lecture and test of the fundamentals

o Conceptual lecture focusing on problem solving

. Lesson directly after the lecture where they were encouraged to work on simpler problems
leading them towards basic understanding and applications of the topic.

. The above was then repeated the next day completing the week’s theme.

. Time for them to work on their own under facilitation of the teacher. They were
encouraged to work in the selected groups. This part included eight scheduled hours in
class.

o A follow up ended the week where they either could take part of an optional lab or take a

seminar with the teacher discussing what came up during this week’s work.

The theoretical (i.e. the first half) part ended with a smaller project before a written exam where they built
a rather complex device and implemented it on a pcb (printed circuit board). In the third part it started with
a crash course of the fundamentals to give them some basic knowledge of the field, followed by a large
project. After the crash course all scheduled time was for the project under facilitation. They were to design
a control system for a small elevator that was handed to them. Otherwise the instruction was quite open
for them to decide the futures their solution should cover. The problems that arose were to be solved with
facilitation from the teacher. The approach was inspired on the PBL at Aalborg University in their
engineering programs (Kolmos, Fink, Krogh 2006).

This study examines how students act and react when they are exposed to teaching separated from the
normal structure (see “old school teaching” above) and what | as a teacher can do to make them perform
at their best.

3 Research questions

How do students adapt and react to an inductive teaching model and how does it affect their motivation
and experienced conceptual learning?

4 Theory and definitions

Flipped classroom - Jonathan Bergmann and Aaron Sams recorded lectures and posted them online as a
service to absent students. They noticed to their surprise that also present students used the lectures as
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rehearsal and came up with the idea to use the time in the classroom more efficiently. The time in class
could now be used to work with problems and communicate with the students individually (Tucker 2012).

Blooms taxonomy — A categorization of the levels of reasoning skills in the classroom. They are knowledge,
comprehension, application, analysis, synthesis and evaluation in the order he proposed (Bloom 1956).

Self-efficacy - A person’s estimate of their own ability to perform a task.

5 Methodology

5.1 Narrative inquiry

This is a narrative study of actions and reactions from the students based on 45 individual interviews.
Narrative inquiry is a way of understanding experience (Clandinin & Connelly 2000, p. 20). They developed
a narrative view of experience from Dewey’s two criteria of experience, interaction and continuity. The first
criterion, interaction, implies that people are individuals and has to be seen in a social context (p. 2).
Continuity: Everything we experience develops into new experiences from our previous. So from Dewey’s
theories of learning by doing and experience there is a strong connection on a narrative approach to
research. The experiential learning is inspired by the work of Dewey, Lewin and Piaget (Kolb 2014). All three
of them are similar using experience and concepts to reflect and act upon to develop the concept. In the
chapter of The process of the experiential learning he summarizes the process by defining learning as: “...
the process whereby knowledge is created through the transformation of experience.” So by filtering my
students’ experiences through my own knowledge | suggest further development in the process of creating
student active learning and teaching in the mostly deductive environment. Well in harmony with the
experiential learning cycle (p. 51).

5.2 The interview process

The planning included an icebreaker (Creswell 2009 p. 183): “How did you experience the course and its
content?” followed by a number of more specific questions. The purpose was to hold the first question
open to find out what first came to their mind and me influencing them as little as possible. They should
quite freely put their mark to create an opinion. When they had respond to the icebreaker | focused on the
comparison between the theoretical and the project part and asked them to compare them and put them
into perspective of their previous courses. The common first answer “Really good course” is not accounted
for in this paper since | wanted them to develop their thoughts more and explain what made it so great.
The Icebreaker showed very clear what came to their mind. The results in this paper are interpreted from
the interviews and all conclusions and future developments are solely based on what came up through the
interviews.

6 Results

Four different topics stood out from the interviews, namely flipped classroom, the advantages of working in
projects, the benefits and flaws from having all the teaching on a voluntary basis and the need for structure.
The results are organized in order of the most significant responses and the headlines of the subsections
derive from the concerned topics. I've included some theoretical background in some of them to clarify the
thoughts behind each part of the learning environments that were mentioned and analysed.
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6.1 Flipped classroom

To create an analysing and creative environment in my teaching | try to stimulate the students to move
through the six stages of Blooms taxonomy. In my planning | lifted out the knowledge and the
comprehensive level to reach the application level in the lecture hall. To make sure they understood |
prepared a couple of questions on basic applications that was handed out at the end of the lecture. They
were then invited to work with these problems during facilitation sessions. All this was done the first day of
the week (and repeated the second). If they got past this they could more easily work with more complex
applications and analyse as well as synthesize their new found knowledge during the week’s facilitation
hours in class. There is little doubt in students learn more if they come prepared. Fulton (2012) listed
among other advantages using flipped classroom that classroom time can be used more efficiently, and
teachers can see that the students’ achievement, interest and engagement is raised.

More than 50% (24) identified the preparing lectures as an example of the really good thing with the course.
They felt they could really benefit from the fact of being prepared and understand the conceptual strategy
on the live lectures. Out of 47 registered students on Scalable learning (See http://test.scalable-

learning.com/#/ for more information) at least 35 prepared by watching the web lecture and the reason

was mainly the fact that the effort required no more than 15 minutes and no thinking what so ever how to
prepare. It wasn’t necessary to register to see the films since they are available on Youtube so there were
more than 40 views/film before each lecture. The submitted tests however decreased in popularity since
they first of all felt too hard, and second didn’t come with a correct answer when they responded wrong.
This was a future | wasn’t aware of but there were explanations on the wrong alternatives why they
weren’t right. An additional asset was the use of the web lectures as rehearsal before the exam. Many of
them claimed to have returned to them repeatedly.

Conclusions: In order to keep the preparation short and simple three or four very basic questions is enough
to give them feedback that they can understand. Is it possible then to use the flipped classroom technique
with tests of conceptual learning? Yes, and you should use it as a closing of the week’s theme. The
advantages are several: First of all the students get direct feedback of the week’s work put in and if they
learned what’s been taught. Second it gives you the opportunity to be even more clear on what you as a
teacher think is the most important to know, and third, it gives you a good base for a quick summary of this
week’s work and an opportunity to close the bag on the first lecture of next week considering the result of
the conceptual test.

Future development: More videos not just on the basics but also on specific more complex parts where a
short web based lecture is applicable. It is not necessary to invent the wheel again since there are a lot of
instruction videos on Youtube, online teaching sites for free, and even apps to your phone (for example:
Everycircuit) which you can refer to and use as preparation and study material.

6.2 The structure

In 1790 Johann Gottlieb Fichte started lecturing without a prewritten manuscript. The knowledge was
created on the podium instead of being tied to a textbook or another text. This is the breaking point
between the Middle Ages authoritarian text reading to where the lecturer himself creates the knowledge.

Morton (2009, p. 59) suggests that the lecturer shall:

. Share their passion for the subject by explaining their passion for the field
. Linking to actual events and illustrate it with real examples
. Show the connection to the students prior knowledge
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. Use rhetorical questions to make the student alert and follow
. Use the web to show the contents actual relevance

To create knowledge and deep learning you have to complement the above with one or two clear goals on
what to understand and learn, and the ability to directly apply the gained knowledge in an upcoming lesson
where the students work with problems on the application level (Bloom 1956). A clear goal unspoken for
the students was to create an environment where they are stimulated not only to take notes but also to be
enough aware of the lectured content so questions come up spontaneously.

Creating an inductive environment helps the students to gain a more comprehensive knowledge and
develop learning on a much deeper level than the purely deductive approach (Prince & Felder 2006).

The main goal for this teaching is preparing the students for their own work. Ralph Tyler (1949)
wrote:”Learning takes place through the active behaviour of the student: it is what he does that he learns,
not what the teacher does.” Sounds easier than it is: The teachers (only) goal is therefor to put the students
to work with problems that get them ready for the exam, or at least make them aware on what to learn.
Their own studying took place as two four hour sessions, me facilitating the students when working
together in the groups.

In the facilitation part they meet with the tutor twice a week. Their way of communication is the tutor’s
responsibility to make sure that the problems are solved satisfactory. They must put themselves into the
students problem solving context and just not correct there errors (Lampert, 2001). Therefor the
guestioning to correct a misconception among the students is critical; a method is the reflective toss (van
Zee and Minstrell 1997) in order to engage the student in the process of evaluating their proposal and
refine the thinking towards a previously known model.

The structure of the first theoretical part was mentioned by half of them (23) as a significant improvement
of the teaching and pedagogy. They knew from day to day what to expect and that was highly esteemed.
They appreciated the teaching forming a clear thread covering the basics, the conceptual view, learning the
concepts, and the facilitation process solving problems repeated each week. 18 of them, 14 expressed as
the group work and 4 their own work, lifted the facilitation lessons with the clear conceptual focus in
problem solving as most contributing to their learning. 11 of them relished the follow up lessons on the live
lecture learning the concepts of the new area covered. One of the students rose from being ‘average’ to a
‘top grader’ and motivated the improvement with great interest and the structure. Still many of them failed
to get a grasp of the content enough to pass the exam and issues like motivation (personal) problems (3),
the lack of deadlines of the assignments (7), and no one pushing them to get going (4) were stated. An
example of the mixed reactions was the two students who expressed the lectures as being “fuzzy”.

Conclusions: Since almost half of them experienced difficulties working in the noisy environment during
facilitation lessons an idea is to help them facilitate themselves by preparing more videos (see above) and a
clear guide on how to use the internet and the many sites and programs available for analysing electronic
circuits, in an attempt to make the groups an automatic cell working on its own but still with a facilitator
around the corner. In order to make the working load manageable for the teacher their own studying in
facilitation class should encourage them to process their problem solving skills in the groupings and meet
the facilitator on specific times. A more rigid structure at the start of the course is helpful to several who
fail to get going from the start. One solution may be: Make them hand in one or two assignments in the
first two-three weeks, offer a test after three weeks, or use the flipped classroom to give them tests on a
weekly basis that becomes the foundation of the summing up starting each week as a closure on last
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week’s theme. This is a golden mean between taking responsibility of your own learning and progress, and
the need for structure proven by the statements above.

6.3 Time spent by students

Establishing their effort in working hours in the first half there was more than 50 % that estimated their
working hours/week to less than 40, and as many as 35 % under 30. Most of the top performers (see below:
Benefits and flaws...) saw the first part as eight hours working day, 5 days a week, but there were all kind of
working hours among the ones that failed although less work guaranteed not passing the exam of course.
In the project phase however they all were surprised how much time they had put in, many of them
claimed “all the time awake”. Less than five claimed no change and blamed illness or work beside their
studies the reason not working as hard as the others.

The projects were highly appreciated, especially following a rather tough theoretical part. Here they really
felt that what was previously taught was applied to real world problems. There was a significant increase in
the working hours where only five of them still claimed to be working less than 40 hour, compared to more
than half of them on the first part. That was even clearer in the passing rate that was as low as 14/45 (31%)
on the first part and 38/45 (84%) on the second.

Conclusions: One way to motivate them to work harder is to give the group a responsibility towards all the
participants. This could be done by letting them hand in a critical analysis of the week’s work and what they
did and did not learn and how they experienced the effort put in. That gives you as a teacher a good
foundation for the summing up of the week’s theme and an opportunity to stress what they experienced as
hard to learn or work with. A conceptual test on individual level complements the feedback from the group.
This can easily be done in Scalable learning.

6.4 Benefits and flaws from having almost all the teaching voluntary

Teaching at the university is mostly on a voluntary basis with compulsory assignments and laboratory
experiments, sometimes put together in reports. | consider it to be one of the beautiful things with tertiary
education that it is a smorgasbord for the students where they are supposed to create their own planning
from all the information and education given, and the excellence in knowledge from the lecturers and
researchers available. It is only the knowledge examined that counts, whether there is from written exams,
oral presentations and/or completed projects. Therefor it was very important for me to do all the teaching
and learning facilities available on a voluntary basis where the motivation and the urge for knowledge
driving them to participate or not. The teacher is not going to be the attendance secretary, but the
inspirator for the students to seek knowledge.

Looking at the performance in terms of grades almost all of them with a 4 or a 5 really liked the concept
that all scheduled teaching and learning were voluntary and the fact that it was up to them to organize
their studying. It was also obvious that many of them who failed the first part were quite aware of the
responsibility on their own and that all the information and opportunities were there, but their laziness
failed them. The need for deadlines and clear goals in terms of assighnments and the teacher forcing them
towards exam was apparent. One of them stated: “Voluntariness is evil”. In the projects parts the grouping
influenced them to work harder as seen in figures on the outcome of the test.

The students’ ability to learn and their performance and effort put in are summarized in their self-efficacy.
During the phase of creating an inductive model of teaching it has become clear to me that the curriculum
has to consider what state of mind the students are in. It is easy not to take that into consideration since
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the responsibility of their studying is all on the students. However to allow for that there are students not
100 % motivated and prepared for the course given and let that influence the curriculum can turn the
pendulum around and help the students not only to set the necessary goals on their achievement, but also
to, from without their situation in real life, be realistic and for that reason find motivation to overcome
issues that bothers them in terms of performance and effort. An individual with high self-efficacy works
harder and longer than one with low self-efficacy (Wood Bandura 1989)

During the interviews it became clear that there were four types of students in terms of performance and
effort. | have chosen to call them the leaders, the followers, they who got lost and failed to catch up, and
the lazy ones who couldn’t sort it out. Of course most of the best performers were to be found in the
leaders group, but not all of them. The followers didn’t feel that they contributed with ideas and were the
ones driving the group; one of them described his part as “I contribute by being nice”, but accepted the
role and functioned well as it seem (from their point of view). One of them who took a clear leading role
failed the 1" exam even in his 2" attempt. Still he sent me a letter and thanked me for a brilliant course.
Also one of the lazy ones who didn’t study at all on his own passed both exams with good grades.
Elsewhere the top performers were to be found in the leaders group and the followers managed to get by,
some of them via the rest exam on the 1* part. Not one of them who failed to sort it out, 9 there is, passed
the course. In the third group 7/12 managed to finally pass via the rest exam.

Conclusions: The categorisation is set to make it easier to determine what is to be done in helping them
towards exam. Therefor you can set goals and plan for each of them to reach a reasonable goal and adapt
your teaching with their character in mind. The difference here is that it is fairly easy to show what’s
necessary to reach specific grades, but seldom has the suggested curriculum considered what state of mind
the students are in.

The 1* part saw a very high participation on the web lectures as well as the live lectures and the following
conceptual lessons. Although many claims to have been studying in the facilitation lessons no more then
40-50% was present in the classrooms that were scheduled for the group work. They argue that the volume
was too high and preferred to sit elsewhere. The concluding seminar and voluntary labs at the end of the
week didn’t work as planned. The seminars didn’t become the forum for discussing the weeks work and
therefor they ceased to exist and the focus on Fridays was in the laboratories. My conclusion is that the
seminars is pointless since they have so much time with a teacher anyway so to partly get them going
better from the start, and partly be more effective, assighments including laboratory experiments to be
done at the end of each week combined with the already mentioned online test of the week’s knowledge
should be tested as improvement of the teaching model.

6.5 The awareness of knowing the whole

The course included a very well prepared study visit at a large company that evaluates their own electronics,
and a guest lecturer from an advanced sound improving company corresponding well to a parallel course in
signal processing. Together with the projects and opportunity to realize their own ideas many (25-30 %) of
them expressed in different ways how the course helped them understand the role of the engineer and
what’s expected from them in the real life.

When asked to evaluate their own learning from without the learning processes six of them described
themselves as “mathematicians”, and more surprisingly five of them expressed they experienced trouble
with maths! Many of them made the connection to some courses in the 1* year and four of them meant
that the token has fell down. More than a third (17) expressed their understanding of electronics in context
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and finally they understood what they were supposed to learn in the 1* year. This was in particular shown
that a lot of them started their own projects. They were definitely more aware and asked questions on a
level | seldom get from more than one or two per year. That was encouraging and what really surprised me
was the willingness to put in so many extra hours creating circuits “off topic”, just to discover more. One
specific project became constructing a functioning radio circuit which came out of the fact that we had
discussed stability in terms of feedback, and oscillators using feedback to create an unstable circuit. There
were three groups that worked really hard to solve this problem, almost like a contest, on which one
succeeded first in sending and receiving music and talk in the FM band. Some of them (7) started their own
projects, and two groups even “over-worked” one of the projects just for the fun of it. Other electronic
problems on a fundamental level, for example what is really happening in the transistor when Ohms law
ceases to apply, how come the feedback of an operational amplifier can vary from being stable to create an
oscillator when the two inputs seem to be the same, were discussed, questions that rarely occurred during
the years. This was by no mean restricted to the top performers or even the followers.

One of the students said “The most important role for a teacher is to engage and pull strings rather than
being a reference book in a subject.”, and continued: “This together with the fact that you know all of us by
name and sit down and discuss whatever matters us, makes the communication on a whole different level
then before (=previous courses).” To stimulate the communication during lecturing to reflect on questions
that are raised is there for appreciated but some reactions came also that thought the lectures became
“fuzzy” and made the lecture notes a little hard to use and see a clear thread in them. So here a delicate
qguestion rises on what to pick up and what to neglect, in order not to inhibit the students to state their
reflections on the content and create a conceptual environment during teaching in the lecture hall, on the
expense of stringency and follow a prearranged script.

7 Summary

The development of the model is appreciated by the students. Both the structured theory part and the
project based. To get the lazy students that failed starting right away there should be some assignments to
hand in the first weeks. This could be combined with the suggested laboratory experiments mentioned
above. Some well guided projects towards a very specific goal works well in larger groups (6-8/group), but
in the project phase where the students are more responsible for the goals set and even what to construct
there is a risk that students feel more like assistants to the more driven student and therefor, to secure a
creative environment for everyone, the groups shouldn’t contain more than 3-4 at the most to prevent that
some of the group members fall between two stools and becomes passive during the creative process. The
more open projects could also include regular meetings with the tutor to secure that they thought the
process through before starting the construction work. This is by no mean a necessary requirement but
more as another learning environment to consider in the process.

The teacher (tutor) has an important role to communicate with the groups what to be expected from their
work. The dialogue shall help the group to set goals and a plan to reach them. The group is held responsible
for their members and that they fulfil their goals; this has to be clear from the very first day.

Since the students experience a very high motivation in the project based part it is important for the
facilitator to be the oil that makes the smooth engine run even more effective by encourage them avoiding
hick-ups like malfunction equipment, difficulties finding time in the laboratories, a good system for them to
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order and find the necessary components, and, most important of all, be encouraging and supportive in
their efforts and considerations.

To create the awareness there is so important to point out for the students that a huge part of the learning
process is to find out how you, YOURSELF, can learn the most. How shall | plan my studying, what computer
aids are available, which projects are suitable for me to dig in to? If you combine theory with a suitable
project they design you can not only make them solve a more conceptual problem, you also most likely
inspire them to get a grip on their understanding and awareness of what to learn. Not just to move further,
but also how to gain the necessary confidence in the field making they maybe not reach the feeling of
master the area, but a way to reach a level of understanding and a feeling of knowing where to find the
knowledge. This must be a serious teacher’s main goal in the planning of a course. Give them the necessary
knowledge presented of course, but also how to get there, how to get the necessary conceptual
understanding, and how to move on and be automatic in your future progress.

Further conclusions regarding the course development and more generalized suggestions about improving
the weekly planning will be processed in another paper.
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Abstract

In this paper, we present the results of our Project Based Learning experience of 9 years in a computer
graphics subject in computer engineering. We present the PBL methodology used and the organization
based on three main aspects: firstly, defining our PBL approach, how we have organized our PBL
methodology and some examples of project proposals and their learning objectives, secondly, defining the
different deliverables as indicators of student assessment and feedback, and finally establishing assessment
criteria based in group and individual indicators. These deliverables are sent and received by means of the
Learning Management Systems (LMS) Moodle. An interesting idea of our experience is that PBL requires a
significant face to face follow-up of student’s group work. Internet communication and LMS allow remote
group meetings and on line communication. According to that, in the last year we have applied a remote
“non-classroom” student activity tracking. We have used the OpenMeetings tool within a Moodle 2.0.
These results are not good, and we must to improve the use of these tools to the students. As results of our
PBL experience in these years we report registration rates (from 55 to 155 students) in PBL modality in
different years, as well as, evaluation surveys on students about PBL methodology, teacher opinion about
the course, and finally some ideas to discussion. Our main conclusion about this PBL experience is very
positive, and we want to improve our PBL organization and methodology in the future. Also we offer our
PBL documents, deliverables and experience to teacher community.

Keywords: Monitoring and assessment in PBL, PBL on line, Virtual Resources to cooperative learning,
Moodle, OpenMeetings

1 Introduction

In recent years, information technology, Internet and mobile devices among others have revolutionized
teaching methods in all areas, especially in college education. Easily accessible and free information has
changed the role of the university teacher as the only path to knowledge. Formal lectures in the classroom
are no longer vital to the acquisition of knowledge. The MOOC (Massive Open On Line Course) are starting
to offer online knowledge that can be acquired whenever the student wants it, not only within the hours of
lectures, so they can decide when and how to learn, thus creating the student 2.0.

One methodology that aims to address these changes is PBL (Problem or Project Based Learning). There is
extensive literature on the bases and pedagogical foundations of PBL (Barrow, 1986, Albanese, 1993), that
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was first used in the field of medicine (Barrow 1980) as well as experience in all the areas of knowledge and
in different universities, some of them using this methodology in all their degrees, as in the case of the
University of Aalborg.

Our experience in PBL started the year 2004 based on two important facts: First, a stay of Dr. Luis Branda
from McMaster University (Branda, 2009) to our university, he is one of the pioneers in promoting this
methodology. The second was that teachers began to notice some exhaustion of the teaching methodology
based in the traditional lecture in their courses in computer engineering at UAB, which was revealed by
repeated absences of students in these classes. In contrast, Practical and problem oriented classes, which
had higher interaction with the teacher, had a higher ratio of attendance. These facts motivated focusing
our research and efforts in the application of PBL to our engineering courses, in particular computer
graphics. To do so, we reported experiences in engineering like the one from Aalborg University and others

In this paper we show the results of our PBL experience in the Computer Graphics course for engineering
studies. The goal ids to present the different improvements made to the methodology during the years
2004-2013 with feedback from the experience of faculty and student opinion obtained by surveys. The
methodology used to validate the proposal is based on the feedback provided by students and the insight
of faculty in the process.

The paper is structured as follows: in section 2 we introduce the context of the subject (degree, credits,
contents). In section 3: how we currently organize this using PBL, justifying our proposal as much as
possible. One of the latest developments undertaken is online or offline monitoring group meetings using
the OpenMeetings tool (OpenMeetings 2015), also using it for not face-to-face tutorials. We explain in
some detail the deliverables we ask students to produce and the evaluation criteria. In section 4 we show
objective evidence such as enrollment's date and the number of students who choose the PBL itinerary, as
well as students' assessments on their learning and work done. Finally, in section 5 we discuss the opinions
of teachers and tutors as well as some further discussion topics in the field of PBL.

2 The Subject

Computer Graphics 2 is an elective course in year 4 of the Computer Engineering degree. It has 6 ECTS, and
students have to attend presencial weekly classes, 2 hours of theory, 1 of problems and 6 practical classes
of 2.5 hours.

The contents of the course are basically topics on 3D graphical display, ranging from geometric
transformations and visualization, through 3D modeling, rendering algorithms (hidden surface, lighting
models, ray tracing and radiosity algorithms, textures, transparencies, shadows) and computer animation
techniques, especially animation of rigid and articulated objects. There is plenty of basic literature on the
subject, from which we highlight (Hearn et. al. 2006) since it addresses these issues using graphics library
OpenGL (Open Graphics Library) (OpenGL 2015), that we use in our practical classes.

Since 2004-05 we have implemented a PBL organization, based on our experience in receiving a course of
PBL given by Drs. A. Font and L. Branda (Font et. al. 2004), making it compatible with a classical theory
itinerary with problems and practices, giving students a choice between one of the two itineraries. The idea
was to spend the 2 hours theory sessions to PBL tutoring and the problem's hours to explain theory
subjects and exercises, giving students their theory and problem exercises at the beginning of the course,
thus providing the students who chose the more classic itinerary with more autonomy in their studies. All
students had to do the practices, some to pass the subject (classic itinerary) and the ones who chose the
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ABP had to do it in order to learn the techniques needed for their projects. The success and satisfaction
derived from the students that chose the PBL itinerary is the main cause that the number of students
applying for this itinerary had increased steadily in each subsequent year.

In PBL, the project is the foundation of learning. Each project involves some learning objectives that the
teacher defines expecting students to find them and work them out.

Projects' statements are short (few lines), and the expectation is that students will take a professional role
(they are asked or are 'hired' to develop an application) and have large freedom to make decisions on the
objectives, using expressions such as "the display is as realistic as possible" or "the most realistic
movements" so that they themselves are able to determine the limits.

The experience of implementing the PBL methodology for the period 2004-2009 (Marti et a. 2006, Marti et
al. 2009) has been positive, and there has been some high quality work done but we have been thinking on
how to improve it further. From this thoughts we have reached the following conclusions:

1. We dedicated all the monitoring students' sessions to make sure that they were progressing in their
projects, without any other activity aimed at promoting learning. We did not do so in order to give
them more freedom or to promote initiative, however we observed that it could have been
interesting to propose some activity.

2. Each working group came every 2 weeks to have a face-to-face session, meaning that we had no
way to know anything of their work during the intermediate week.

3. We did not have a clear definition of the skills to evaluate nor how to do it properly (evaluation
criteria) during the tutored sessions.

The aim of this paper is to describe the progress made in each of the previous issues: For the first,
definition of project deliverables issued at monitoring sessions, for the second, the use of OpenMeetings to
organize online ABP groups meeting to allow continuous follow-up and for the last to improve the
evaluation criteria to better evaluate student skills. To better understand these developments in the first
place we will explain our organization in PBL.

3 Our PBL Approach

Students self-organise in groups of 4 or 5 people and take some responsibility in case problems arise within
the group. Each group chooses their own weekly attendance schedule (G1 and G2) and meet with the
teacher every 15 days.

In the first session the teacher purposes 3 projects to the students and they have to choose one. The goal
of each project is to create a graphical application that should be useful in a specific field to display
graphical information and to be able to analyze it numerically if possible. Examples include graphical
simulation applications (traffic lights crossroads and cars, aircraft’s departure and arrival at airports, car or
planes' driving simulators, Formula 1 races, planets and satellites representations of the solar system, car-
wash tunnels) graphical representation of mathematical functions (fractals, 2D, 3D, mesh deformations),
games (billiards, 2D tetris, chess) or articulated representations (cranes, amusement park's rides, virtual
characters). Students have the opportunity to present their own projects, that teacher can accept if they
have similar learning objectives.

Figure 1 shows snapshots of the work of student’s solutions to 2 projects proposed by teacher. The image
on the left corresponds to a 3D display of the solar system where the learning objective is to model the
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scene (sun, planets and satellites), the realistic visualization in 3D with lighting effects and finally the
definition of the trajectory of each element. Besides one group incorporated a software library that was
able to calculate the exact position of each planet in real time.

g

Aoty Yows Camures

Figure 1: Examples of PBL projects done for the subject. Solar system visualization and junction's simulation.
The solar system project's statement was:

“The IEEE (Instituto de Estudios Espaciales de Catalonia) request you to create a graphic visualization tool
that can display the position of the major planets and satellites of the solar system and their movements
with the highest degree of realism.”

Figure 1 right corresponds to a project in which we asked for a junction simulator with streets, lanes and
traffic lights; here the most important learning objectives were the modeling of the junction (houses,
streets, cars, etc.), the visualization of the street in the most realistic possible manner, with different
cameras (some of them inside the car), as well as the movement of cars at the intersection and the traffic
lights' time management plus the position of car relative to each other.

The statement for the junction project is:

“The Traffic Service requests you to implement a graphical application that allows the simulation of a real
situation in a junction with traffic lights, with the option to configure the timing of the red, yellow and
green lights and the arrival of cars to the junction. The aim is to represent the scene as realistic as possible
at a graphic level. The objective of this tool is to verify that the traffic light's time is correct with relation to
the cars in order to avoid traffic jams.”

Furthermore, for this project you need to use queuing theory (external issue to the contents of computer
graphics subject), a branch of statistic in which real times of cars arrivals are calculated together with the
timing of the traffic lights (red, yellow and green) taken from averages values defined initially by the user.
The goal of this simulation is to check that given average values of the times, the junction traffic can
withstand the traffic or if it will collapse.

As mentioned, each project includes some learning objectives that the students must achieve. In the first
meeting the students decide which project they want to make and analyze what they know, what they do
not know and what they need to learn in order to achieve success in their work. In recent years students
have been proposing projects (usually 3D video games) that the teacher first assess to check if they achieve
the course's learning objectives. Whenever possible, this proposal are accepted in order to boost the
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students' motivation and involvement in the project. From the first meeting (and including all others) a
detailed minute of the discussion is written that includes the discussion, agreements and tasks assigned to
each member of the group for the next session.

Every fortnight the group has a two-hour meeting with the tutor. Usually each tutor attends about 5 groups
per session in which the group moves the discussion of the project along and asses the work done. The
tutor keep track of the group behavior, both individual students and the whole group, and tries to orient
them to find solutions and answers without influencing the work or the objectives, providing that the
learning objectives are still sound.

To promote learning, in one of the tutored sessions they dynamic of jigsaw classroom is done, ie one
member of each group meets on a 'group of experts' and they are provided with an article related to the
topic of computer graphics to be read, understand and discuss. Subsequently, each student summarizes
what is understood in the article and discuss if what they have learned may be useful for their project. In a
jigsaw session 5 or 6 experts meet and once the activity is done, they share with their own group colleagues
what has been learned. This activity provides new ideas to the project and is well regarded by students.

During the semester, in two specific periods students are asked to deliver concrete objectives, what we
called 'controls'. There, the groups define a few clear objectives they want to achieve (types of graphical
applications, functionality, etc), tasks to be done and who is responsible for them and the timing of
completing these tasks using a Gant chart. The first control is required at 3 or 4 weeks from the start of the
project, the second at 4 weeks previous of the final presentation. In the first control, ambition of goals is
assessed and requested, in the second we expect the tasks already done and we advise realism regarding
the timing for the remained objectives still to be done, in order that they are achieved in time for the final
presentation. The delivery of these documents is done using Moodle Cerbero's platform (Cerbero 2015).

The oral presentation and defense of the project is done in the last meeting of the semester is a session
open to all the students of the school.

We can classify the improvements achieved in recent years in three areas: deliverables, online tutorials and
evaluation.

3.1 Deliverables

Once the groups are formed and the projects are selected, students must submit the following:

¢ Meeting minutes: At the end of a group meeting (with or without a teacher), students must write a
minute that show the developments of the discussion and project decisions. This minute is to be
delivered through Moodle.

e Jigsaw session: A two-hour jigsaw session of the subject's topic is done at the third week with the
aim to provide ideas and tools. After the session each students receives a copy and how this can be
useful for their projects.

e Control: In two specific weeks (the third and the tenth of a total of thirteen), students as a group
must submit a control. In this deliverable students must give specific details such as the exact
nature of the work, application's features, functions, task, who is responsible for what and the
specific deadline for each task. This is a clear definition of the project. Ambition in the objectives is
required in the first delivery; in the second one, closest to the final deadline, they are asked to be
realistic.

e Co and self-evaluation: After delivering the control, students answer a survey to evaluate their
group colleagues and as a self-assessment.
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e Monitoring report: After delivering each control, the teacher sends the groups a project's
monitoring report through Cerbero, which allows students to know the teachers' evaluation of their
work until then.

e Oral presentation and project delivery: In the last session, one student per group presents the
project in 15 minutes to three teachers, two of them outsiders from the subject; the presentation
must have a similar format to that of a thesis. Each group must deliver the following documents;
written report, oral presentation's slides and computer application.

After the delivery of each control, the teacher sent the groups a monitoring report using Cerbero, this allow
students to know how the teacher is assessing their work and what do they need to adjust or change
before the final delivery. This report has the structure of a survey questionnaire.

From the first meeting we emphasize the importance of clear communication in the discussion's minutes
and agreements; we also request that the students take responsibility roles for different aspects of the
project: modeling, animation, visualization, etc. Each student is responsible for one part of the project and
also should collaborate with others as a group member

3.2 Online tutorials and virtual meetings
From teacher's meetings we agreed to use an online tool to communicate with students that enable us to:

e Perform online teacher-student tutorials.

e To have online teacher-students virtual meetings that allows the teacher the use of video or
images.

e Facilitar a los alumnos que puedan hacer reuniones on-line si no podian coincidir en un
determinado lugar y espacio.

e Allow students the opportunity to have online meetings if they were not able to meet in person.

The minimum online interactions that should be done are:

e Image, the participant should be able see each other using a webcam.
e Sound, they should be able to talk to each other using a microphone.
e Slides, the ability to share graphic information.

e Handwrite, to be able to write on the board to clarify some concept.

We believe that these interactions are perfectly acceptable to use in any desktop computer with a webcam
and a microphone at an affordable cost. The same can be used in tablets, considering that Moodle 2.4
allows you to configure the server to mobiles and touch tablets. In the case of handwrite interaction, we
agree that it is going to be used primarily by the teacher, so that only he or she should have a digitizing
tablet with their accompanying pen to use. Also, it is possible to hand write on tablets.

The free for use tools and open source code that we have considered are:

a) OpenSims (OpenSims 2015)
b) OpenMeetings (OpenMeetings 2015)

Table 1 shows a comparison between both environments, using the following criteria:

e Images: whether you can transmit images by webcam
e Sound: whether is possible to transmit sound.
o Slides: whether is possible to send and display slides.
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Handwrite: whether is possible to hand write.

Users: Defining users. Whether they have to belong to the environments or can be taken from
Moodle.

Environment: 2D or 3D.

Requirements: whether there is the need to install any type of program on the user's computer,
teacher's or students'.

Table 1: Comparative between OpenSims and OpenMeetings environments.

Environments Image Sound Slides Drawings Users 2D/3D Requeri
mientos
OpenSims Comp. YES NO NO Propios 3D Instalar
Graphics visor
OpenMeetings 2.5 YES YES YES Moodle 2D NO

For this first experience we decided to use the OpenMeetings environment for its better compatibility with

Moodle and its lower computational cost. For this setting two parameters are defined:

1)

Moderator mode: who moderates the session. There are 3 options:

e The teacher moderates and the students wait for him or her. Ideal mode for tutoring
appointments (Fig. 2).

e The first user to access moderates and everybody else waits for the moderator to given them
their turn.

e Everybody moderates.

The last 2 options can be used in group meetings by the students with or without a teacher. The teacher

can observe the session to check online how does the group work.

2) Recording: Recording the session is allowed. A menu option has to be selected at the beginning of

the session. This generates .avi files or .fly that the teacher can download in local mode. This is a
very useful option if we want to see or define participation forums where you can obtain qualitative
and quantitative indicators of student participation.

For our teaching field in PBL, during the 2012-2013 academic period we have updated the document

manager Cerberus (Cerberus 2015), incorporating the OpenMeetings tool (OpenMeetings 2015) for the

following activities:

Teacher's virtual tutorials: during tutorial times, the teacher opens the OpenMeetings so any
students can connect in order to have his or her questions answered (Fig. 2).

PBL Meeting Rooms: For each ABP an OpenMeetings session (Fig. 3) has been opened for the
students to do online work sessions in case they are not able to meet in person or during the week
where attendance is not compulsory.
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Figure 2: Screenshot of online tutorization using OpenMeetings.

During the 2012-2013 academic year, three groups have used the tool in a few sessions. We believe that
the failure to provide sufficient information for the operation and the work involved in the project have
created some difficulties with its use among the students. The use of tutorial has also not being high (about
10 or 12 tutorials in the semester), but in this case we value its usefulness for the students that did not
need to commute to the school but wanted to ask questions to their teachers. During tutorials, voice and
the subject’s slides have been used often to answer queries.
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Figure 3: Screenshot of a PBL Meeting Room of a PBL working group.

3.3 Subject’s evaluation

For the evaluation we chose two groups in indicators. A set of group indicators which grade is the same for
all members of the group and a set of individual indicator for each person. These indicators are:

e Group evaluation (7 points): The indicators are the same for all members of the group. They are:
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o Group work (4 points): The members of the tribunal who attend the oral presentation
assess the complexity and innovation of the work, functionality, user interface and the
quality of the application according to the current software standard. The have a report
template to check.

o Presentation deliverables (2 points): We evaluate organization, clarity and presentation of
the meeting's minutes.

o Meeting minutes (1 point): Clarity, presentation and consistency of the records and
controls delivered.

o Merits (0.5 points up to 1 point): This assesses whether the work has been referenced by
other groups or has been rated among the top three by peers in the oral presentation.

e Individual evaluation (3 points): This are individual marks for each member of the group obtained
during the attendance classes (a total of 5-6). They are evaluated by the teacher based on:

o Attendance and punctuality (1 point): Arrival and departure to the sessions on time.

o Attitude (1 point): Active participation in classes' discussions, students show a passive or
active behavior.

o Leadership (1 point): Students' opinion valued by colleagues, whether others turn to him
or her with queries.

o Merits (0.5 up to 1 point): Whether he or she did the oral presentation and or the student
stands out among his or her peers.

We intent to evaluate few skills with many indicators in order to be confident with our assessment. Initially,
the students are not told the evaluations' criteria beyond knowing that there is a group evaluation of 60%
and an individual evaluation of 40%, as to not bias their attitude to work exclusively to achieve a certain
mark. We are working to make rubrics suitable for evaluation.

4 Results

We believe that with these actions we have achieved a better leadership and supervision of students' work
throughout the project and also we have seen an increase in the quality of their work. Surveys have shown
that students value positively activities such as the jigsaw classroom or deliveries even thought they have
to make effort, particularly in the drafting of the minutes. When the students receive the details on how
they are marked, the complains are fewer given that the criteria are clear and not easily open to debate.
The argument that the students or groups who make more of an effort obtains better marks is irrefutable.

Regarding the use of online tools, they have been used very little, according to the experience gathered
during the first semester of the academic year 2012-2013, we believe that this was due to the workload.
According to the surveys done, students use other platforms, such as Skipe, to communicate, which are not
well adapted to the teaching environment.

Table 2: Evolution of students enrolled. Amount of enrolled students in the subject (#Students), students who choose
PBL (#PBL) and percentage of the total enroliment (%PBL).

Year # Students # PBL % PBL
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2004-05 148 60 40,54

2005-06 155 95 61,29
2006-07 65 25 38,46
2007-08 76 34 44,73
2008-09 81 51 62,96
2009-10 68 46 67,64
2010-11 67 50 74,62
2011-12 58 48 82,75
2012-13 55 47 85,45

The result of our experience is shown in two tables. Table 2 shows the evolution of the students enrolled
and those who chose the PBL itinerary. In the academic year 2006-2007 the subject had fewer students due
to the subject being moved from being optional for the third year to being optional for students in the year
four or five. From 2009-2010 the Engineering degree of 5 years is replaced with the 4 years degree, bringing
the number of enrolled students down due to the progressive closing of the degree, until the year 2012-
2013 which was the last year with a significant number of students. Despite all that, it can be seen that the
percentage of students who chose the PBL itinerary has been growing since 2007-2008, specially taking into
account that this is an optional course, which reaffirm the idea that the PBL method do attract students
interest. Most of students that began in the computer graphics subject would know the PBL experience by
means of references of old students. Talking with students to know their opinion, these that have chosen
PBL itinerary were very interested in the subject and to work in a computer graphics project was an
attractive proposal. Asking people that have chosen classical itinerary, a lot of them are interested in the
subject, but they were working and they couldn’t spend time the time required for the PBL itinerary .

At the end of the course we conducted an electronic survey for the students to rate their experience with
PBL. The survey has 8 questions answered using either a numerical rate, comments or both:

Difficulty of the proposed project (numerical mark and comments).
Team work capabilities (numerical mark and comments).
Teacher tutorization work (numerical mark and comments).

P wnNe

Self-evaluation: to what extend you have participated and contributed to the team work
(comments).

How good your group mates have been (comments).

How do you rate PBL for the subject learning (numerical mark and comments).

Positive and negative aspects of PBL (comments).

o N WU

Overall assessment (numerical mark).

The results in table 3 are of questions 3, 6 and 8. The ratings are from 0 (deficient) to 10 (excellent). We can
see that the overall assessment of the students to the use of this methodology and the global assessment
score is above 8 (medium-high) in all the years. In the final year of the course (2013-2014) we explain the
decrease in the valuation of the methodology as the result of the urge to finish their studies on the
students' part, given that the degree was closing after those students graduated. From interviewing
students we gathered that it was a very exhausting experience given the amount of time they had to
allocate to their projects, even so, they appreciate to have certain freedom in developing the project and
also they valued it very highly because of the obtained results and their learning of computer graphic
techniques. Some of their answers about the PBL experience are:
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e “] think | have learned a lot during the Project and | have faced problems that | would never
approached without the teacher’s help.”

e “The fact of developing a project with freedom of action allows a higher degree of learning tan
simply memorizing concepts that actually do not matter in practice, as many other subjects do. We
have not had any problems with the teacher, who has always solved any doubts, either personally
at tutoring sessions or by email. “

e “The subject is one of the most satisfactories due to the team work carried out.”

e “Negative points: You can not stop working any week cause the workload is continuous. Positive

points: freedom for learning.”

Table 3: Polls students of the subject. Rating tutoring students made by the teacher, methodology and overall
assessment of the subject (all grades of 10) and in the last column the number of students who answered the poll

(# samples).
Year Teacher Methodology Overall # samples
tutoring assessment
2004-05 7,6 8,0 8,2 46
2005-06 8,06 8,1 8,35 63
2006-07 8,3 8,35 8,6 20
2007-08 8,04 8,28 8,8 25
2008-09 7,17 8,3 8,44 40
2009-10 8,13 8,41 8,55 29
2010-11 8,08 8,36 8,48 38
2011-12 8,22 8,34 8,44 25
2012-13 8,96 7,92 8,42 34

Viewing the results and talking with students to know their opinion, we claim that PBL students are
satisfied with the work carried out in the PBL methodology. This satisfaction, in a more subjective way,
shows the growing demand for these students in that we (the subject teachers) direct their final year
project. With this, we believe that PBL improve positive learning skills in students.

5 Conclusions and discussion

In this paper we presented the 9 year experience of implementing the PBL methodology in the Computer
Graphics' subject in the Informatics Engineering degree; a method that we have seen evolve and improve
firstly by using it properly while improving the assessment and finally by using online distance
communication applications, such as OpenMeetings, in order to be able to monitor students groups
meetings outside of the classroom, that are essential to the students in order to keep their project moving
forward. In this section we show some quantitative results and some discussion points started either by
faculty or students. The use of online tools allows us to keep direct contact with students outside the
classroom also help them to keep their meetings going even in the cases where they are in different
locations. Targeted activities such as jigsaw session or deliverables represent additional work that help
students to better organize the complexity of the project. The students shown some difficulties drawing up
the minutes and in voicing the ideas discussed in meetings. In the future we need to address this issue.

One topic of discussion among faculty was that the current evaluation system is centered in a numerical
mark which does not duly show in the students file the competencies and skills worked by using PBL, which,
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by the way, are specified in the subject's teaching guide. We believe that the subject's evaluation system
must be adapted to the changes in teaching methods, incorporating the assessment of competencies and
skills in the students' files.

Another topic of discussion already mentioned is the disclosure to the students of the evaluation criteria
beyond the basics of group and individual assessments. In our case we do not disclose these details to
avoid the calculation resulting in a lack of spontaneity and to foster the development of skills in a more
natural way, since in many cases in the professional world the evaluation criteria are not that thoroughly
specified either. An argument in favor to full disclosure is to give the students the clear criteria so they can
know exactly how are they going to be evaluated.

Our future work will focus on doing several statistical tests to detect any differences among students
opinion. Also in cooperation with members of the UAB Didactics Department a methodology for assessing
the impact of PBL on student learning will be designed to support our opinion with more scientific evidence.

Our assessment is highly positive, which encourage us to continue trying to improve and adapt it to the
changing students' profiles. We offer our templates to the community and we are open to discussion with
the objective to share and improve our experience in PBL.

This work has funded by the Agéncia per a la gestié d’Ajuts a la recerca (AGAUR), in the MDQ2010 call for
grants to improve teaching quality in universities in 2010 (2010MQD 00044). This work also was supported
by Spanish project TIN2012-33116.
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Abstract

Since 2009 the Faculty of Engineering of the Universidad Nacional Colombia has created a course for the
realization of projects, in an interdisciplinary environment, in order to encourage team learning. To do their
projects, students of different engineering programs are joining in a single course. Since this course was
open, more than 500 projects have been conducted. Even though projects have been made with an
academic approach, most of them have been real life problems.

More than 200 students enrolled the course to undertake the projects. Projects are obtained from a public
call. Then, a group of six students of three different programs were put together. After that a teacher
guides them taking the role of manager. Students should develop the project with such scope, which can be
developed in four months. So it defined objectives, cost, schedule, outcomes and results together and do it
in the semester-long course. They meet twice a week, in a meeting of their six members, as a committee
type and the other in a plenary with the other students of the course.

An analysis based on the observation done to the students of the course by a group of 22 teachers and
collected in the management reports has allowed the development of this document. The main skill gained
has been developing the skills for teamwork as do a professional, soft skills and main outcomes for the
research and the industry.

Keywords: Project-based learning, curriculum design, interdisciplinary achievement, soft skills, learning
effects

1 Introduction

Technological development has forced to change the way professionals must perform their work. The
categories have grown and so as the jobs that need management knowledge, abstract reasoning and
personal services. According to the National Research Council - NRC of the National Academy of Sciences of
the United States, skills that are not automatically obtained, such as adaptive solutions to problems, critical
thinking, complex decisions, ethical reasoning and innovation are required (Koenig, 2011). Within the areas
of development, it has been proposed to study three categories: Cognitive Skills to solve unconventional
problems, critical analysis and systems thinking; interpersonal skills such as complex communication, social
relationships, teamwork, cultural sensitivity, tolerance and personal skills such as self-management, time
management, adaptability and executive functions.

In Europe, the ET2020 fixed a strategic policy in 2009 about training and education until 2020 (ET-2020,
2009). Among the skills to implement there is the one to improve the level and quality of education as well
as creativity and innovation, including entrepreneurship at all levels of education and training. The
feedback made by the European Union in 2013 on the conclusions of the research on education and
training (ET-2020, 2013) requested to strengthen the education strategy for Europe 2020 taking into
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account to “Rethinking education”; furthermore they also recommended to introduce measures of
transversal development and skills from the early stages of education through to higher stages using
innovative, student-centered models.

In Latin America, perhaps the problem is bigger. A major evidence that education needs a structural change
are the PISA tests (Programme for International Student Assessment) and TIMSS (English Trends in
International Mathematics and Science Study). By the results reported, student does not have the basic
knowledge for their age or the skills to cope with everyday problems (Bassi, Busso, Urzla, & Vargas, 2012).
In regards to the last three decades, there is a disconnection or disengagement between the skills required
by the market and those Latin American schools continue to form, confirming the results of the general
study by Litzinger on which students do not have the methodologies aligned with the with professional
expertise (Litzinger et al., 2011).

Professional performance studies were also conducted in Colombia. Since 2005 the Ministry of Education
has conducted surveys among graduates of higher education. After confronting the content of different
careers the results in 2013 showed that most graduates are performing work related activities to their
studies, and they have also acquired skills related to teamwork and ethics but they require to develop skills
with the use of information technology, work under pressure, identifying symbols to communicate and
ways on how to use research and technological development in their activities (MEM, 2013). In contrast, in
the departments of human resources, 19.9% of applicants are rejected for a job due to the lack of soft skills
such as ease of communication, teamwork, responsibility, punctuality and the ability to adapt to change
(Servicio de Empleo, 2014)

Project Based Learning (PBL) is a methodology that manages to obtain a high level of professional
performance in all fields of engineering as argued by several authors. It increases teamwork capacity, it
greatly improves their thinking skills and increases their creativity (Zhou, Kolmos, & Nielsen, 2012).

In the review done by Thomas (Thomas, 2000) on the research on PBL he defines it as a set of complex
tasks based on questions to challenging problems and whom are engaged by students in topics related to
design, decision-making and research activities which gives these students the opportunity to work with
relative autonomy over a period of time to complete a product or realistic presentation.

The PBL curriculum requires students to focus on applying knowledge and skills. This curriculum is a
supplement to traditional teaching. Bradley-Levine (Bradley-Levine & Mosier, 2014) defines this process as
an organization around an open question. It is a guideline that teachers use to connect current and relevant
issues and problems with the academy. So, during the development process, students formulate new
guestions and apply their knowledge to the products they develop.

With the needs identified at the Universidad Nacional de Colombia and included in the curriculum reform
of 2007 in order to strengthen skills such as teamwork, to be analytic, to gather information, to
communicate and self-learning the Faculty of Engineering created the Interdisciplinary Workshop Projects
(Spanish name is: Taller de Proyectos Interdisciplinarios -TPI) course, which has been offered since the first
semester of 2009 separately for each department of the Faculty and collectively from the second semester
of the same year (Duarte, Orjuela, Rodriguez, Salazar, & Soto, 2011). Since then and until 2014 there have
been conducted nearly 50 projects with an average of 250 students per semester.

According to PBL models of Savin-Baden (Savin-Baden, 2007) the model of PBL from the National University
of Colombia operates as a combination of modes Il and lll. In this classification, the model Il or "Problem-
based learning for professional action", brings real professional problems with pragmatic solutions to the
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academic scenario and the model Ill, "Problem-based learning for interdisciplinary understanding" applying
PBL in an interdisciplinary environment.

2 Background

With the results obtained from some surveys from graduates and from some government studies it was
proposed to the Board of the Faculty of Engineering the implementation of the Interdisciplinary Workshop
Projects course. Initially a group of experts was convened on issues related to projects and business.
Additionally, responsible professors for small groups of students were also gathered (Duarte et al., 2011).
These students should develop projects taken from a bank of real proposals. At the same time, these
proposals would be made by teachers and students of the course or by research groups. Students should
develop the project using engineering tools as well as social, economic and environmental techniques,
while teachers would be there as facilitators of the process and the outcome.

During the development of the course, students would perform oral presentations, would prepare drafts
for written reports, state of progress and the final result. For this, groups of six students from different
careers would be formed.

The course is of 64 hours in the classroom and 80 hours outside the classroom and spread over two
sessions of two hours per week. One session is intended for the teams to submit progress the teacher or to
meet with each other. The other, is a magisterial session for all the students in the course, where an oral
presentation of an expert on issues related to the development, implementation and project experience
would be held.

From the beginning, the course would have two major milestones, first the selection of the project with the
allocation of the work teams; and the second presentation of the proposal. After the first milestone the
project in charge of the students would begin and begins the real development of the project.

3 Methodology

The motivation for this research is to show the process and the methodology of an interdisciplinary
learning at the Universidad Nacional de Colombia, on both students and teachers of engineering. For its
implementation it was necessary to do an observed outcome analysis throughout the course reports.
Furthermore, the reports are a collection of important aspects about the comments of teachers and
students during the course progress. The course has 22 teachers by semester and there is an average of
300 students.

4 Course Methodology

The Faculty of Engineering at the National University offers nine engineering programs: Agricultural,
Electrical, Electronics, Mechanical, Mechatronics, Chemical, Systems, industrial and Civil. In the first six
programs, the course of Interdisciplinary Workshop Projects (TPI) is mandatory and it is taken by students
from seventh to tenth semester, but the vast majority of students belong to ninth semester. In the last two
programs, Industrial and Civil this course is optional.
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Currently Interdisciplinary Workshop Projects begins with a call for projects, allocation of projects, group
assignment, conducting and evaluating projects, accompanied by two poster sessions and two sessions of
short presentations.

4.1 Call for Projectideas

Two weeks before starting the course in the semester, a public convening takes place to the entire
university community and to some engineering associations in order to register an idea about any project
they want to start or that they are developing.

Project ideas are written widely and do not require a formal project formulation. It is open to students,
teachers, and professionals in any area and in general anyone who is interested and that has finds out
about the existence of the call. Given the diversity of people who can apply, it is expected that the language
that expresses the idea is unclear or not in technical engineering terms. To achieve the purpose of training,
these ideas are not edited and if for some reason, someone postulates ideas of projects with an incorrect
grammatical structure, it will not be corrected in order to meet the training objectives.

4.2 Establishment of working groups

In the early Interdisciplinary Workshop Projects, projects were awarded following certain parameters: But
were selected mainly from the course coordinator randomly, meeting the interdisciplinary requirements of
different careers and groups of up to six students; always trying to link students related to the topic of the
project. The following criteria were used after doing some modifications in the way students were set up in
groups:

e Projects should have minimum 6 students of three different careers.

e The students of the course, prior to initiation and during the stage of the call can suggest
one or more projects. But it does not guarantee that the project will be selected.

e The course lecturers can propose projects and they are responsible of the group in case the
project is selected.

e Students can choose any project idea of the call and they must respect that no more than

two students can register from the same career.
To assign projects a session registration is made for a period of two hours. The ideas are printed in a format

which is afterwards is pasted to a wall. Students read the ideas and select the one that interests them.
Through this way, the ideas for the project to be developed in the course are completed. During this
registration session of the project ideas, proponents and students can promote their project, so through
this way the number of students required is completed and therefore guarantee the implementation of the
project in the course.

4.3 Role and teacher recruitment

Since the course began TPI, teachers act as "managers" of a project. They may be experts in the field of
project or not. However should have the ability to lead and organize projects. Otherwise, each teacher will
be responsible for two groups of six students and therefore will be in charge of two projects. -

4.4 Students roll

As mentioned before, students must act as professionals in the project. The workgroup made up of
students of different careers is an interdisciplinary team and is responsible for the formulation and for

109



completing the project within a period of 15 weeks. They have to formulate and finish the project with the
objectives, scope, schedule and deliverables.

4.5 Lecturers

During the course and in the weeks, which there are no specific programming, keynote speeches for two
hours are performed and all students from TPl should assist. These talks are intended to address some
common issues to project development, show cases of success and failure of business, deal with strategic
issues for the presentation of projects and teach some topics related to documentation, reading and
writing. Also, these talks help maintain the unity of the entire course, as an entity of the Faculty of
Engineering.

4.6 Assignments

The students have to demonstrate their results with four public presentations. The first one is a poster, the
second one is an advance of the presentation and the third one is a poster with the final results and finally,
a mini congress is performed to present the completed results. This are evaluated each time by three juries
already selected and they constitute a 45% of the final grade.

Furthermore, each professor evaluates their own group and focuses in the project tasks along with the
team work. From here the rest is taken from the evaluation, in other words the remaining 55%.

5 Results and discussions

A list of 337 records for the last two years of TPl was consolidated (Rodriguez, 2013, 2014). This information
contains details about the number of students, teachers and individuals. (external entities, companies or
entrepreneurs) who were part by providing some ideas to the project. In this list, there are 1125 students
who participated in the courses of TPl during this period distributed as follows: 278 and 232 in the two
semesters of 2013, 301 and 314 in the semesters of 2014.

Figure 1 shows the percentage in the participation of students from the National University of Colombia,
the teacher and the private individuals in the call for project ideas. It is also shows how many of each of the
projects were conducted during the years 2013 to 2014. From the individuals (noted as “particular” in the
figure) is taken into account public and private entities, companies, entrepreneurs or individuals different
from students and teachers.

When TIP began, there were few projects proposed by students. This grew and up to the moment the
number of proposals by students has increased and it has equaled the teachers, showing a growing interest
and motivation to the course. In the last two years, approximately 40% were from projects performed from
student’s proposals as shown in figure 1.

But at the beginning this did not happen. During the development of the course it was observed an
increasing participation of the students in the formulation of projects in the course. Students in the last two
years have presented between 30 and 35 projects by semester. Each year it is being performed a mayor
guantity of projects from students. Projects that were initially awarded to students vary from a 28% to a
56% in the first course in 2014 duplicating the percentages. In the last year, students select the projects and
it is them who prefer to choose from their own (Rodriguez, 2014)

Likewise, although individuals propose 33% of the projects for TPI, only 18% are done. The quantity of the
projects proposed and performed by the teachers they all keep a good balance and few are discarded.
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Figure 1 Percentage share of students, teachers and particulars in the call and conduct of TPI projects. Source
(Rodriguez, 2013, 2014).

Figure 2. Shows the proposal of the projects carried out by each one of the engineering careers of the
Universidad Nacional, compared with the quantity in percentage of the projects that were accomplished. It
also shows the demand of the disciplines in the engineering careers to each one of the ideas formulated in
accordance with the considerations of who proposes the idea. Finally, it also shows how the ideas where
carried out in the TPI course according to the students participation.

The amount of requested projects, in the areas of agriculture and civil (each one with the values between
4% and 6%) are very low due to the few amount of students in these areas. Keeping in mind that in these
careers it exist a low amount of students, a balance still remains proportional with the students of the

course.
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Figure 2 Proposal and carried out projects according to disciplines, in percentage. Source (Rodriguez, 2013, 2014).
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Figure 3 shows the projects by typology according to the call for project ideas and finally shows the projects
done by the students of the TPI course for the years 2013 and 2014. The projects presented to the course
have a different approach, which it has been described as a typology.

There is a strong trend to implement development projects of product and innovation (43.6%). Social and
investigation topics maintain a similar level (close to 14%) and academic projects (8%) are the least
requested. The amount of academic and investigation projects obey to the fact that teachers hope to
support activities of investigation and academic with activities of TPl and win in the accomplishment with
interdisciplinary contributions (Rodriguez, 2014)

Another important aspect, as shown in figure 3, is that student demand careers that have more impact on
the development of devices: Electronics, Systems, Industrial, Mechanical and Mechatronics, exposes TPI as
an appropriate place to develop and establish exercises related to the PBL models topic, which are built in
the future should emphasize in the areas of product design strategies and take in the application business
and community PBL demands (Kolmos, 2010). This issue is a global behavior in the millennials (Howe &
Strauss, 2007; Much, Wagener, Breitkreutz, & Hellenbrand, 2014; Telefénica, 2014). Students of TPI, are
motivated to select and participate in projects with a high degree of innovation and development, too. Very
few studies on issues related to academic or research purposes. This trend is not only marked in the
number of proposals but those performed. This marks the aims of the course, to emulate professional
activities and improve social abilities.

While it is true that many of the talks have focused on product development and design, as shown in figure
3, the projects proposed and selected largely deal with innovation issues, product development and work
activities with communities; professional activities and the improvement of social skills.

Many of the proposed projects as for example, the machine construction and automatic systems, ships,
rural studies of energy, obviously cannot be developed in four months. But many of the projects have

continued in time and benefited the development of products, companies, project ideas and research as
shown by documents (Duarte et al., 2011; Rodriguez, 2013, 2014).

Social & s

Product studie @ i

academic exercise

# 2013-2014 Done

Invention
Research = m 2013-2014 Applied

3
Innovation M R
Entrepreneurship @ RS

0 5 10 15 20 25

Figure 3 Proposal and carried out projects by type, in percentage. Source (Rodriguez, 2013, 2014)

The selection scheme, from the poorly formulated problem can emulate the reality of work in the
academia. Professional essentially do not select the company by the product they make, regardless of the
reputation of the company, but they do it based on the needs of the enterprises staff (Larraz, 2014). But
when they begin their work, they must participate in the development of a process or product in a
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coordinated manner in interdisciplinary and multidisciplinary teams of the companies. In TPI, students take
the idea and mature it according to the conditions of the equipment, which in this case would be the
company development of communication and teamwork as evidenced (Rodriguez, 2014).

A survey conducted in 2013 (Nieto et al.,, 2013) showed that this course develops skills of teamwork,
interdisciplinary, oral and written communication. The same study also indicated that during the
development of the course little expertise of each discipline is applied.

There have been proposals of companies that today are in the process of consolidation and industrial
processes have been established within and outside the University who are already working, but
unfortunately there are few reports. Also, some of the students at TPI, after completing their project in the
semester students have developed relationships with the Colombian government entities to finance
projects such as the case of the Chamber of Commerce of Bogotd (CCB, 2014) and in the future it is
expected that there are a number consolidated important companies in this area.

Despite the achievements, there are still many aspects to improve in the course. One of the weaknesses of
the strengths course TPl is the education and training of teachers and mentors of the course. For the first
half of 2015 some pedagogical training meetings will be held and are rethinking assessment schemes. They
also are consolidating some processes in the progress to open this course to other faculties and the
inclusion model for the first semester with one year of training in engineering introduction to the use of
PBL models.

Problems have been identified in the student’s evaluation. They should precisely know what is to be
evaluated in each one of the project submission and they should also know how they will be evaluated. At
the moment the evaluations are being done by a group of three juries that examine the results and
achievements but that do not have unified their different points of views.

Likewise, in the student’s proposals there could exist repeated projects from previous semesters or from
other courses. At the begging this was seen as something favorable because the students could implement
their personal projects and take them from other courses accompanying the process with more students in
this course in an interdisciplinary way. This led to take results from predecessors projects and adapt them,
spoiling the learning process (Rodriguez, 2014).

To determine the effectiveness in the professional field some surveys have been done between the
students and graduates. Positive results are expected from these, according to what it is observed in
reference to the acquisition of soft abilities. This will be the key in the methodology generalization from the
Problem Based Learning in the engineering curriculum from the Universidad Nacional de Colombia

6 Conclusion

The Workshop of Interdisciplinary Projects or in spanish, “Taller de Proyectos Interdisciplinarios (TPI)” is the
first course that has been created with the PBL methodology for students from the majority of engineering
careers at the Universidad Nacional de Colombia. Despite there exists a traditional curriculum in
engineering; TPl has been incorporated during six years.

The TPI course is a great opportunity that students have in order to present their projects, work in different
engineering’s and for information exchange.

In the Project proposal, which has a four months term, students, teachers and particulars participated.
Never the less the students projects are the ones that are being done in a bigger proportion.
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The experience during the development of the workshop of interdisciplinary projects has shown that the
students prefer to propose and to develop projects with a high content in technology. But in order for the
students to develop different types of abilities more diverse projects are being developed.

TPl is a course that continues making changes to be better and even though the current structure works,
changes must be done to enhance the evaluation methods and also to understand the behavior and
effectiveness of the method and the professional practice.

In the future it is hoped to present the results of the professional evaluation as well as the modifications in
the evaluation method. Furthermore, with the obtain results it is hoped to pave the way to study the
possibility to incorporate PBL in the engineering curriculum in a systematic way.
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Abstract

Substantial dialogue exists regarding the needs of the engineering profession and the changes in
engineering education necessary to meet them. Important to this change is an increased emphasis on the
professional competencies as identified by the Washington Accord and the ABET professional skills for
engineering graduates and how to educate for them. ABET is the national accrediting body for engineering
education programs in the United States. This paper will explore the potential for a project based learning
engineering curriculum model to meet this need. It will summarize a newly developed upper-division
undergraduate project-based learning (PBL) engineering program in the U.S. engineering educational
system and its approach to professional competency development. Based on the ABET intent, students
graduate with integrated technical/professional knowledge and competencies. The program does not have
formal courses; instead learning activities are organized and indexed in industry projects where they are
solving complex and ill-structured industry problems. The program started in January 2010 and has 75
graduates to date and has earned ABET-EAC accreditation.

A mixed-methods research approach will address the research question: “What is the professional
development trajectory of students in the new project based learning (PBL) curriculum?” Quantitative
method includes the development of an instrument to measure student growth in professional
competencies. Qualitative measures include an interview protocol to understand which components of the
PBL model affected the student professional development trajectory. The paper will provide initial results
and analysis for the quantitative study, which indicated a positive impact on student attainment of the
professional competencies in the PBL curriculum as compared to students in a traditional curriculum.

Keywords: professional competency, professional skills, PBL, assessment

1 Introduction

Two recently commissioned reports from UNESCO [Beanland and Hadgraft, 2011 & 2013] identify that
engineering education has not responded in a significant enough fashion to the rapid expansion of
knowledge over the past 50 years that has changed the way engineers perform their role of providing
solution for their societies’ need for change. The lack of response has resulted in both an undersupply of
engineering graduates around the world and in “engineering graduates (who) are deficient in the
capabilities ... required of engineers.”

The engineering education community around the world is engaged in dialogue regarding the needs of the
engineering profession, what should be the nature, context, and curriculum for undergraduate education,
and the engineering education transformation process to meet these needs (Beanland and Hadgraft, 2013;
Sheppard, et. al, 2009; National Academy of Engineering, 2005; National Science Board, 2007; National
Research Council, 2004). Within the international community, a landmark point in this dialogue
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commenced in 1989 with professional organizations and institutions from Australia, Canada, Ireland, New
Zealand, United Kingdom, and the U.S. forming what would become the Washington Accord. The Accord
was later joined by several countries from around the world (Beanland and Hadgraft, 2013). It sought to
establish standards for professional competencies and graduate attributes for engineering students
graduating from an accredited institution. In 1996, ABET introduced a new set of engineering accreditation
criteria, ABET Engineering Criteria 2000. Of greatest significance towards changing engineering education
was the General Criterion 3 Student outcomes, generally known as the ABET Criteria. Programs had to
define student outcomes for the attainment of the professional skill and competency aspects of
engineering.

Despite these efforts, Sheppard’s, et. al., 2009 Educating Engineers: Designing for the Future of the Field
identified that the curricular design in the engineering education system still had not changed much in
regards to meeting the professional development needs of the profession. It was still heavily biased
towards analysis to the detriment of professional skills development and other areas of engineering,
despite students and employers, alike, expecting a higher degree of synergy between the classroom and
what is needed in field (Passow, 2012).

In response to this dialogue, a Midwestern community college and university collaborated to develop a
two-year, upper-division, 100% PBL model of engineering education (Ulseth, et. al., 2011). It began in
January 2010 as an adaptation of the Aalborg PBL model (Johnson and Ulseth, 2014). The program has 75
graduates to date and has earned ABET-EAC accreditation. A program focus is the student attainment of
professional competencies.

2 Professional Development in Engineering Education

A pair of 2005 studies by Shuman (2005) and Loui (2005) focused on the ineffectiveness of the traditional
lecture format for teaching the ABET professional skills and argued that a modern engineering education
focus on active and cooperative learning approaches. The Loui study identified that students primarily learn
about professionalism from relatives and co-workers who are engineers and rarely from their technical
courses, and proposed that engineering education should have a focus of “socializing students to become
professional engineers.”

A promising professional competencies development approach is a curricular focus on professional identity
formation. lbarra and Barbulescu (2010) identified professional identity as an important factor in the
student adaption to the workplace. Sheppard, et. al. (2009) describes professional identity in terms of
standards of the professional community, “to serve the public with specialized knowledge and skills
through commitment to the field’s public purposes and ethical standards.” Eliot and Turns (2011) define it
as the “personal identification with the duties, responsibilities, and knowledge associated with a
professional role,” developed through a social process where students are connecting expectations with
their own needs, wants, and attitude.

In the curriculum development process, three core curricular themes emerged: first, the social nature of
engineering education and the importance of students developing their professional identity as an engineer;
second, the importance for embedding the learning in professional practice; and third, the potential a PBL
curriculum has to support the first two themes
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2.1 Role Acquisition

Thorton and Nardi (1975) proposed that professional role identification is a four-stage developmental
process where individuals go from having idealized perceptions of the professional role to a more
personalized role aligned with their own values and goals:

1. Anticipatory Stage: Individuals start with a highly idealized understanding of the role of the

professional, which is often incomplete. “Social and psychological adjustment” to the professional
role is initiated in this beginning stage and is only of value to the extent to which the individual’s
understanding of the profession is accurate.

2. Formal Stage: Individuals undergo a formal learning experience with the purpose of learning the
duties, responsibilities, and knowledge for a professional role. Expectations at this point are generally
formal and explicitly stated and focus more on the “behaviors, knowledge, and skills” of the
individuals in the role than the actual attitudes held by the individual. Individuals are conforming to
the professional role.

3. Informal Stage: Individuals encounter the unofficial or informal expectations associated with the
professional role which may align or contradict the formal expectations. Peers and colleagues have
the greatest credibility. Expectations are more “implicit and refer to the attitudinal and cognitive
features of role performance.” This stage is where the individual starts shaping or adjusting the role
to fit his individual perspectives and desired outcomes versus the conforming to the role.

4, Personal Stage: Individuals begin internalizing the professional role expectation and attempt to align
or adapt it with their values and goals.

It could be argued that this may be too simplistic of a model for the process of professional identity
creation; it establishes a framework for creating a more complex curricular model.

2.2 Professional Practice

Passow’s (2012) study of ABET competencies identifies the need for utilizing the “context of professional
practice”. Sheppard, et. al, (2009) also identifies the need for a professional practice “spine” where
students experience “practice-like” experiences as a central component to the educational process;
enabling students to “move from being passive viewers of engineering action to taking their places as active
participants or creators within the field of engineering.” This professional practice develops the student
engineering professional identity.

2.3 Project Based Learning

As professional practice is sought in developing the professional identity of engineering students, a
curricular model that supports this is necessary. Felder and Brent (2003) identify PBL as an instructional
model that can be readily adapted to achieving the professional competency development desired in
engineering students. Several other prevalent publications identify the use of PBL as a critical component of
transforming engineering education and developing the necessary professional skills and identities of
engineering students: Beanland and Hadgraft, in their 2013 UNESCO Report: Engineering Education,
Sheppard, et. al. (2009) in Educating Engineering: Designing for the Future of the Field, and Litzinger, et. al.
(2011) in Engineering Education and the Development of Expertise.
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3 PBL Curricular Design for Professional Competencies

The new PBL curriculum purposefully starts with the four stages of the Thornton and Nardi role acquisition
model and embeds them in a four-semester design sequence professional practice spine. It was specifically
developed to address the alignment gap between the desired outcomes for engineering graduates and
those attained by traditional program graduates (Ulseth, et. al., 2011). The new PBL model starts every
semester in the anticipatory stage for each student with a professional development plan to identify where
they are in their understanding and abilities of the professional role for an engineer. Based on this faculty-
guided self-assessment, each student identifies: their current professional performance abilities; their
professional growth goals for the semester; and their planned activities they will participate in for the
upcoming semester to achieve their professional development goals.

Each semester students experience the formal and informal stages of role development. The formal stage is
centered on the PBL program’s weekly professional development seminars, which formalize the
expectations for the week’s specific professional engineering competency. The first day of the week starts
with the “seminar,” a session where all students and staff attend a seminar on a relevant professional
development topic. On Wednesday, this topic is a structured part of each team’s two-hour meeting with
their engineering design project mentor. In this meeting, a discussion is conducted on the development of
the team’s project, but just as importantly, the discussion also focuses on the professional development of
the individuals in the team. Every week ends with students reflecting in their journals regarding their
development for the week, including their professional development on the topic of the week.

The formal structure and the team structure are both designed to set up the informal stage. As students
are adapting the expectations of that week’s professional topic to fit their own individual perspectives,
their peers have all heard the same message around the professional competency, which guides and
provides common language for informal peer conversations. The mid-week meeting with their project
mentor facilitates and coaches the adaptation in a professionally supportive atmosphere. The end of the
week reflection activity provides the opportunity and expectation for students to identify how they will
accept that week’s professional topic within their own professional identity.

Vertically integrated teams provide a professionally supportive collegial atmosphere; students in the
beginning semesters of the program benefit from peers on their teams who are further along in their
professional development; it provides a positive peer perspective on the value of professional
competencies. Thorton and Nardi identify these types of interactions as ones in which students place the
most value. Students further along in the curriculum also benefit from having to guide the younger
students. They must first reflect on their own understanding and experiences before guiding the younger
student with a particular professional competency. Interactions with clients and faculty leaders also
provide multiple opportunities for students to practice professional skills and get formative, non-graded
feedback on how to improve.

The personal stage is an integrated part of the end of semester assessments and grades for each student.
Mentors evaluate each student on performance in all the professionalism areas through a performance
evaluation similar to what practicing engineers undergo in the professional setting. These experiences
culminate in a chapter of the student’s individualized personal development plan (PDP) with a summary of
the learning activities during the semester, the level of attainment of the goals from the previous semester,
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and a summary of the feedback the student has gotten during the performance evaluation. These inputs
lead to the development of new goals and detailed action plans for the next semester.

The four-stage cycle is repeated each of the four semesters of the upper division program, with required
substantial progress each semester towards the desired graduation level professional outcomes. The
revisiting of the professional development topics with increasing level of sophistication each semester
reflects the intent of the spiral configuration of the Networked Components Model proposed by Sheppard,
et. al. (2009). It better reflects what is understood about learning and role acquisition than the more
traditional linear “one-time” through from theory to application model. Professional competencies account
for three credits out of 15 credits of student work each semester. The model is illustrated in Figure 1.

Figure 1: PBL Professional Development Model
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4 Research Methodology

This study looks specifically at how students in the PBL curriculum develop their professional competencies
as compared to students in a more traditional program. An explanatory sequential mixed method approach
will be used to address the study’s research question:

“What is the professional development trajectory of students in the new project based learning (PBL)
curriculum?”
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The first phase of the study, and the focus of this paper, is an initial quantitative study to understand the
effect of the PBL curriculum on the student professional development trajectory. It includes the
development of an instrument to assess the growth of the student importance for and performance of
professional competencies, followed by collection of data from study participants, and an analysis of the
results. A future, second phase, qualitative study will focus on understanding how the PBL curricular
aspects affect the student professional development trajectory. The explanatory sequential mixed methods
approach will provide for a third interpretation of the study results focused on expanding the
understanding of the professional development trajectory in the PBL curriculum.

The quantitative study seeks to identify if a difference exists between PBL and non-PBL students in their
self-reported growth of importance and performance in their professional abilities. The study will focus on
the following four directional hypotheses:

1) PBL students will have an increase in their self-reported importance for professional skills
2) This importance increase will be greater for PBL students than for non-PBL students

3) PBL students will have an increase in their self-reported performance for professional skills
4) This performance increase will be greater for PBL students than for non-PBL students

Currently there are limited well-established resources for assessing student attainment of professional skills
(Shuman, 2005). As part of the quantitative study, two instruments were developed to evaluate the
professional growth of students in the PBL model as compared to students studying in a more traditional
model. The first focuses on the individual professional abilities and the second focuses on these
professional abilities in a team context.

4.1 Instrument Development

4.2.1 Individual Professional Development Instrument

The individual professional development instrument is based on the ABET student outcomes in Criteria 3
itself. The criteria of specific focus in the study are: an ability to function on multi-disciplinary teams (3.d);
an understanding of professional and ethical responsibility (3.f); and an ability to communicate effectively
(3.g). In the fall of 2012, a group of the PBL students participated in a workshop where they were first
trained on the ABET student outcomes and then developed a list of 19 individual professional behavioral
expectations that reflected these outcomes in their own language as students. They were used to develop
the items in Table 1.

Each expectation is presented in the instrument to participants with the following statement:

“Engineering students are expected to act professionally with one another, with mentors, and with people
external to the program. Below is a list of important professional behaviors that engineering students and
graduates should follow.”

Students are then asked to rate (1 = Low, 5 = High) each expectation item on both:
a) Its importance to your personal and project success & b) Your current level of performance

Table 1: Individual Professional Development Instrument Items

‘ Function on Multi- Understanding of Professional and ‘ Ability to Communicate ’
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Disciplinary Team (3.d)

Ethical Responsibility (3.f)

Effectively (3.g)

Arrive at all meetings
on time

Treat all others with
respect

Meet the needs of your
team by completing
work on time and of
high-quality

Give proactive
feedback to others
Do not take
frustrations out on
those around you

When told something, record and act
upon it

Dress and groom appropriately
Work hard to create an environment
free of harassment and conducive to
learning

Willingly help others inside and outside
of University

Meet all deadlines

Schedule time to better yourself
through reading current events

Act ethically in all respects
Continually seek to improve yourself
Maintain a positive attitude

Act safely while completing all tasks

Read memos and
respond appropriately
Speak professionally,
free of vulgarities and
with appropriate
grammar

Pay close attention to
your emails and
respond to requests in a
timely manner

4.2.2. Team Professional Development Instrument

The second instrument is a professional development survey that identifies students’ beliefs on the
importance of professional development and their current performance level within the context of
functioning as a member of a team. This 1-5 Likert-scale instrument is an adaptation of TIDEE professional
development work of Davis and Beyerlien (2011). Each expectation is presented in the instrument to

participants with the following statement:

“Many engineering projects challenge and stretch the abilities of people involved. This exercise guides you
through steps to identify knowledge or skill deficits in your project team and to create a plan for growing
your abilities to meet these needs. With instructor feedback and focused effort on your part, you will
increase your ability to perform as a professional and become a better independent learner. The first step in
planning professional development is to identify abilities needed to be successful. The twelve abilities listed

throughout the survey are a good place to begin.”

They are asked to rate each ability (and associated behaviors listed) (1 = Low, 5 = High) for:
a) Its importance to your personal and project success & b) Your current level of performance

Professional Ability Expectations In a Team Setting

Analyzing information Applying analysis methods/tools to understand & explain conditions

Solving problems Formulating, selecting, and implementing actions for optimal outcomes

Designing solutions Producing creative, practical products that bring value to varied stakeholders

Researching questions Investigating, processing, interpreting information to answer important

questions

Communicating Receiving, processing, sharing information to achieve desired impact
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. Collaborating Working with a team to achieve collective & individual goals

. Relating inclusively Valuing and sustaining a supportive environment for all knowledge &

perspectives

. Leading others Developing shared vision & plans; empowering to achieve individual & mutual goals

. Practicing self-growth Planning, self-assessing, & achieving goals for personal development

. Being a high achiever Delivering consistently high quality work & results on time

. Adapting to change Being aware, responding proactively to social, global, & technological change

. Serving professionally Serving with integrity, responsibility & sensitivity to individual & societal
norms

4.2 Experiment

The study began with both instruments being administered to students entering the PBL upper-division
program, as juniors, for the fall of 2013 and the fall of 2014. This group is identified at the PBL pre-
treatment group. The instruments were also administered to 2013 and 2014 graduates of the program.
These graduates are the PBL post-treatment group.

At the same time, a comparison, non-PBL pre-treatment group was identified and is comprised of junior
year students entering a traditional upper-division engineering programs in the upper Midwest Region of
the U.S. The instruments were also administered to 2013 and 2014 graduates of these programs. These
graduates are the non-PBL post-treatment group.

Both instruments were adapted to a web format utilizing Survey Monkey (Sue & Ritter, 2012). Results from
the instrument were downloaded into a spreadsheet for data analysis. For each data set, averages and
standard deviations were calculated. A Z-score > 2 for statistical significance was sought for to identify
growth from prior to upper-division experience as compared to after upper-division experience. Table 2
details the number of students completing the instrument.

Table 2: Number (n) of Students Completing Both Instruments.

Comparison Group PBL Group
pre-nonPBL post-nonPBL pre-PBL post-PBL
Number of students (n) 87 43 46 30

5 Results

Results, summarized in Table 3, indicate that students who experienced the PBL curriculum indicate growth
in self-reported performance for both parts of the instrument with an increase of 0.3 and 0.4 respectively.
The current results indicate no significant growth for non-PBL students in performance overall for these 30
professional abilities. The results for both PBL and non-PBL students indicate no growth in the importance
for professional abilities.
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Table 3 Composite Pre-Post Professional Responsibility Growths

PBL Group Mean Scores Non-PBL Group Mean Scores

Z- Z-

Pre Post Growth score Pre Post Growth score

Individual Performance 4.0 4.3 0.3 27 41 4.2 0.1 1.0
Professional

— Importance 4.7 4.7 0.0 -01 46 46 0.0 -0.3
Responsibility

Team Performance 3.6 4 0.4 4.9 3.7 3.9 0.2 0.6
Professional

Importance 4.6 4.6 0.0 1.0 46 4.6 0.0 -0.1

Responsibility

The results were also analysed at the individual item level. The PBL students showed significant growth in
15 of the 30 instrument items and the non-PBL students showed significant growth in only one instrument
item, as displayed in Table 4.

Table 4 Individual Instrument Items of Growth

Pre- Post-
Score Score Z-
PBL Group Growth Items Mean Mean Growth Score

Importance: Pay Close Attention to Email & Timely 4.70 493 0.23 2.69

Response

Importance: Act Safely 4.67 4.90 0.23 2.13
Importance: Researching questions 4.39 4.77 0.38 2.87
Performance: Pay Atten. to Email & Timely Response 3.96 4.47 0.51 2.90
Performance: Act Safely 4.24 4.60 0.36 2.32
Performance: Meet Needs of Team 4.04 4.37 0.32 2.04

Performance: Willingly help others in & out of Eng. Env. 4.22 4.70 0.48 3.06

Performance: When Told Som., Record & Act Upon It 3.76 4.17 0.41 2.17
Performance: Analysing information 3.38 3.97 0.59 4.04
Performance: Solving problems 3.39 3.97 0.58 3.06
Performance: Researching questions 3.45 4.00 0.55 2.83
Performance: Communicating 3.59 4.23 0.64 3.65
Performance: Relating inclusively 3.66 4.17 0.51 3.39
Performance: Leading Others 3.55 3.93 0.38 2.22
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Performance: Practicing Self-Growth 3.41 3.90 0.49 3.03

Non - PBL Group Growth Items

Performance: Read Memos and Respond Appropriately 3.87 4.16 0.29 2.15

6 Discussion

From the current quantitative analysis, there is statistically significant evidence to indicate support for
hypotheses three and four that engineering students subjected to the PBL curriculum do indicate a self-
reported growth in the professional ability performance. This growth is greater in comparison to the
students in the non-PBL control group; which showed no overall statistically significant growth in
performance. Both the Individual Professional Development Instrument and the Team Professional
Development Instrument support this initial finding. Given the similarity of the results from both
instrument, the use of only one instrument will be explored as the study continues.

The current evidence does not appear to support hypotheses one and two. The students in the PBL
curriculum group and the non-PBL curriculum group did not show statistically significant growth in the
overall importance for professional abilities. These results give some indication that the student
importance for the professional skills was established prior to the start of upper division and does not
appear to change over the two-year time frame regardless of the curriculum mode. One potential reason is
the instrument does not have the capability to detect the growth in the way it is currently structured.
Another potential is that there is little room for growth in importance regardless of the curricular model
because the importance for the professional competencies is already known and valued by the students
from their experiences prior to starting their upper division programs.

7 Conclusion and Future Works

The results do indicate that the growth in the ability for students’ performance of professional
competencies increases for students who experience the PBL curriculum as compared to the non-growth
for students experiencing the traditional engineering curriculum. This provides an initial indication that a
PBL curriculum incorporating the described “professional development model” has the potential to provide
the called for change in engineering education and meeting the professional competency need of the
engineering profession.

Although the quantitative data shows promising results, it does leave a couple aspects of the trajectory to
be explained further. The first aspect is why the students in the PBL group do not show the expected
growth in importance for professional competency proposed in hypotheses one and two. The quantitative
study also gives little insight to a second aspect of understanding how the curriculum affects the student
professional performance development trajectory.

A future, second phase, qualitative study of the PBL student professional development trajectory will focus
on explaining these two aspects further. It will be administered to a subset of participants and the results
will be analysed to further explain the results of the quantitative study. The first aspect is to provide some
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understanding of why students in the PBL curriculum did not identify growth in the their importance for
professional competencies; growth in importance for professional competencies was an expected outcome
of the students in the PBL curriculum. The second aspect of the qualitative study is to further explain the
growth seen in the self-reported performance of professional competencies. It goes deeper into the
research question, “What is the professional development trajectory of students in the new project based
learning (PBL) curriculum?” to identify how the curricular elements affected the student trajectory.
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Abstract

Providing learning environments in which students can exercise and improve their understanding of the
judgements they make should enable them to produce consistently better solutions to problems in
professional practice. This paper proposes that Activity Led Learning (ALL) environments can be constructed
to compel learners to exercise judgement in complex realistic project scenarios in order to promote the
development of judgement as a part of the progression from student to new professional entrant. A
phenomenological study was made of a cohort of first year BEng Aerospace students throughout a project
of ten weeks duration. The purpose of the study was to observe and examine the learners' experience of
exercising judgement in an ALL environment in order to determine whether the learning environment can
be constructed to promote the development of judgement capacity. In the project the students were
randomly divided into small teams of five to six and tasked to investigate and deduce the cause of an air
crash. In the phenomenological study, the students were observed, and written accounts of their dialogues
and activities were made and analysed. It was found that the students exercised a range of complex
rational and heuristic judgments to develop their conclusions. The findings suggest that the duration of a
project and the way in which the information is presented, have an observable impact upon the way
learners define a potential problem space and in consequence the types of judgement that they can
exercise.

Keywords: engineering projects, activity led learning, judgement

1. Background

1.1 Literature

The faculty of judgement has been considered to be of fundamental importance in human cognition, it is
also one of the most complex of reasoning processes. Kant according to Hanna (2013) placed judgement
above all other cognitive functions, whilst more recently Lipman (2003) considered judgement to be a
mental accomplishment of immense complexity and Down et al (1999) cite Hager (1998) who argued that
the development of the 'key competencies' is linked to the capacity to form sound judgements. The
importance of judgement is also implicit in the argument put forward by Trevelyan (2009) who described
engineering practice as the development and predictable delivery of predictable products and services
from human performance and interactions that are essentially intrinsically unpredictable. Hager (1999)
further hypothesized that making better judgements is an ideal objective of workplace learning and
consequently development can be represented by the capacity to make appropriate judgements.
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Kahneman & Tversky (1982) modelled rational and heuristic human judgement and the effects of evolved
cognitive bias to explain the tendency to potentially serious errors in judgement. Lipman (2003) proposed
that improving reasoning cannot be assumed to enable individuals to exercise better judgement and that it
could be more effective to educate the individual learner to be reasonable and sceptical of the judgements
they make. To make sense of the unpredictable it would seem, requires that the faculty of judgement is
exercised in a particular way. The need to develop judgement capacity in learners is however, largely
understated as a pedagogic objective and is assumed to be implicit within current educational practice
(Igarashi et al 2014)

1.2 Activity Led Learning

Activity Led Learning (ALL) at Coventry University is defined as “a self-directed process in which the
individual learner, or team of learners, seek and apply relevant knowledge, skilful practices, understanding
and resources (personal and physical) relevant to the activity [being undertaken]” Wilson-Medhurst et al
(2008:2). ALL is an evolution of earlier work on problem based learning (PBL) by Savin-Baden (2000) who
refers to its initial development at McMaster University by Barrows & Tamblyn (1980) and their claim that
learning through the examination and solving of problems is more effective than memorising knowledge
for developing a usable body of knowledge. In ALL the learning experience is based on an activity with the
learners at the centre of a community of inquiry that is facilitated by the tutor rather than focussed on
subject content which is summarised and handed over to the learners as passive participants. The problem
and activity are placed before knowledge and the learner is placed in a challenging learning environment to
make connections between what they experience through action and knowledge.

1.3 Student Project Outline

The case study presented in this paper is one of six similar studies from a larger programme of research
into the development of judgement capacity through ALL at Coventry University. The other research
studies were on undergraduate programmes in mechanical & automotive, ethical hacking, aerospace, civil
engineering architecture & built environment and a group of apprentices in precision production
engineering. The students were given the task of determining the cause of an air crash. During the first four
weeks of the project, the students were given diverse information about the aircraft in a series of short
tutorials and online documents. The information provided included its service history, the flight information
immediately prior to the crash, air worthiness directive and aircraft maintenance reports, meteorological
and air traffic control reports, the cockpit voice recorder and flight recorder data and statements from
eyewitnesses who saw the incident. Any additional information the learner considered relevant was
provided only on request, providing further opportunities for disjuncture and the recognition of the
absence of relevant information. During the project the students had access to a flight simulator and use
of the following tools; Group Mahara Page, Group Forum, MATLAB, Google Drive and Presentation
Software PowerPoint, Prezie, PowToon and Moodle for referencing. For assessment the students presented
their findings in a 10 minute Presentation (maximum 10 slides) taking the role of the Air Accidents
Investigation Branch (AAIB). The structure of the presentation was prescribed and had to include a title
page, content list, introduction, research & data collection, data extraction method, findings, analysis,
conclusion. The students had to demonstrate their evolution of the solution and reasoning up to a final
decision as to why the aircraft crashed.

2. Methodology
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2.1 Phenomenology

A phenomenological methodology was used in the collection of data and the analysis. Judgements,
particularly in complex contexts are resistant to measurement, however we can know a priori that given
any propositions, individuals must exercise judgements to intend a state of affairs (Sokolowski 2000) and
those judgements must precede action. Actions constitute the 'residues' of judgement and by observing
and recording those actions and analysing them for meaning it can be inferred that judgements of a
particular type have been made. By rejecting the assumptions that normally constitute observations of
human behaviour, phenomenological research methods are effective at understanding perception and
experience from the perspective of the research subject (Lester 1999). Interpreting the phenomenology of
the learner experience enables understanding of that experience in its context to inform educational
practice and pedagogic theory.

2.2 Observation and Recording

Eighty one opportunistic observations were made of the activities of seventy four students working both
individually and in groups during their tutorial sessions over a period of ten weeks. Additional observations
of group activity were undertaken by prior agreement with project teams. Twelve students gave, on
request, a brief reflective précis of their views on their group's work and three semi-structured interviews
were recorded with selected volunteers. The observations and reported experiences were manually
recorded and included information on group structure, equipment and in particular the dialogues and
actions of the learners as they worked. The transcripts of those actions, dialogues and situations were
analysed for meaning to determine what judgements could be potentially attributed to them.

2.3 Data Extraction and Analysis methodology

The method of analysis of the transcripts uses 2 propositions in the categorisation of judgement. The first is
the taxonomy of judgment proposed by Lipman (2003) which is comprised of ‘culminating judgements’ and
'mediating judgements', including judgements of; identity, difference, similarity, composition, inference,
relevance, causality, membership, analogy, appropriateness, value, hypothesis, counterfactual, practical,
factual, reference, measurement, translation, instrumentality (means end adjustment), division. Secondly,
Kahneman (2011) hypothesised that human cognition exercises judgments in two distinct modes that he
refers to as 'system 1' and 'system 2' thinking. The former is fast and heuristic and the latter slow and
rational. Because 'system 2' rationality requires mental and psychological effort and time, humans tend to
rely extensively on 'system 1' which rapidly develops plausible solutions that 'system 2' sanctions. 'System
1' reasoning is much better than random choice or mere guesswork but is subject to evolutionary cognitive
biases that can cause erroneous judgements and result in unpredictable outcomes. In addition, the
heuristic judgements of intention attribution and coherence (plausibility), both of which are particular
cases of factuality, were salient in the analysis and included in the categorisation of judgements. The
broader research of which this study is a part, seeks to understand the learner's experience of making
judgement during ALL. Three related areas of specific interest emerge from the study namely, problem
space definition, the effects of the problem space construction on judgement and the effects of
information absence on culminating judgement.

The following extracts are presented as illustrative of the nature of the evidence collected and to illustrate
the method of analysis and extraction of the learners' experiences of exercising judgements from the
observation records.

1st Participant Group, First Observation Record, 15/10/2013;
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The students' first tutorial activity, and they are working through the flight log searching on acronyms,
vocabulary and failure mode codes. They are looking for repetitions and frequency of events as indicative
of likely causes. Beginning by focussing on the flight log information indicates an initial heuristic judgment
of relevance. This bounded rationality can reduce the potential problem space to manageable proportions
and produce a causal hypothesis in a short time if it is correct. The log search indicates that a range of
judgments were being made i.e. identity, membership, difference and composition, culminating with
judgments of relevance and hypotheticality. The proposition to consider events with higher frequencies
may result in a form of the logical fallacy of representativeness, viz that an event has salient features with
the process it is associated with doesn't necessarily increase its probability.

1st Participant Group, Fourth Observation Record, 07/11/2013 Week 6;

The group hold an extra tutorial meeting. Four team members were present, two actively engaged in the
debate and using laptops, the other two much more passive. The discourse below summarises the first
segment of a discussion lasting over an hour. The analysis of the dialogue is italicised and interleaved

“The rate of turn indicates an evasive action took place.”
Judgement of causality by inference including judgements of measurement and relevance.
“There are massive changes in X! | don't think this is a fuel loss!”

Judgement of causality by judgement of value and factuality viz there is not enough evidence to support fuel
loss proposition.

“The incident angle goes from 97.5 to 4.6 in about a second, so a fuel leak is looking very
plausible.”

Judgement of causality by judgement of measurement and counterfactuality, viz there is enough evidence
to support fuel loss proposition.

“The leak doesn't occur until in flight and this is more than a little leak yeah? Sounds more

1”7

like the wing has fallen off
Judgement of inference by judgement of counterfactuality

In the above discourse the students began by re-iterating an earlier discussion about an evasive manoeuvre
and the fuel leak. Their problem space has become populated with a lot of data from the flight recorder
and other reports that form propositions on which they exercise a range of judgements, including
measurement, value, relevance and composition. There is still a degree of uncertainty about the data and
whether it provides sufficient evidence for the conclusion that is emerging and ultimately there are
culminating judgments of factuality, counter-factuality and causality. Particularly salient in their
intentionality is the dramatic decrease in mass and whether a fuel leak is sufficient evidence and therefore
potentially causal.

1st Participant Group Fifth Observation Record, 26/11/2013 ;

This is the last group meeting prior to the presentation of their findings and conclusion. They have
established in a flight simulator that the failure of one engine would not make the airplane uncontrollable.
They have become increasingly aware that time is now limited.
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"The engine is loose and there is a continuing fuel leak, avoiding the harrier jump jet stressed
the engine mounts and the engine broke free."

The judgement of causality has become heuristic. There was no evidence an engine was loose but the
inclusion of this proposition makes the narrative more coherent.

"If we had a debris field report we could have proven this from the debris field."

A rational judgement of counterfactuality that arises from previous judgements of factuality. They could
have asked for a debris field report but didn't action it, possibly due to time limits.

"Is there any evidence the engine was loosely fitted?"
Rational proposition
"J Thinks it might have, the evidence would be in the maintenance report."

A judgement of factuality however the evidence is not there and they have forgotten their previous efforts
would have probably found it.

Just prior to their final presentation this group fabricated a narrative about the engine mounting bolts
being incorrectly heat treated which resulted in their premature failure under load. No information of this
nature was provided. By intending this situation they change the narrative of their thinking to construct a
more coherent version of their judgements of causality and thereby justify their proposition that the engine
was lost.

3. Results

3.1 Problem Space Definition

For these students, working with air crash data to solve a relatively open-ended project of this type is a new
experience. With no prior experience from which to make direct judgements of analogy they have to
exercise heuristic judgements of relevance, appropriateness and composition in order to create a definition
of the potential problem space. This early stage in problem solving is effectively a rapid exertion of
heuristic judgements of the arguments most likely to produce a solution. This occurs despite the learners
having no experience to draw on and is performed subconsciously to reduce the problem space to
manageable proportions (Newell & Simon 1971). Experts are also known to do this but have memories of
similar problems that they can re-activate so that initial problem space definition and their judgements are
faster and potentially more astute (Eraut 1994). As more information is presented to the problem space the
students exercise further judgements of discrimination, relevance, appropriateness and composition with
judgements of hypotheticality to progressively refine the problem space in which various hypotheses are
proposed, judged, reintroduced and re-judged. The problem space becomes increasingly complex and
reasoning continues through a number of iterations until their judgements have intended a coherent model
of the events and proximal phenomena leading up to the crash at which point they can make a culminating
judgment of causality.

3.2 Learners' Experience of Exercising Judgements in ALL
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The learners consider a diverse range of evidence and the project has both technical and socio-technical
domains. Technical data on aircraft position and manoeuvres, air speed, fuel, air traffic control, is made
available together with information which is value laden such as eye witness statements, pilot and co-pilot
voice recordings, bird flock sightings and weather and visibility reports. The technical data is potentially
counterintuitive to the broader socio-technical issues and the disjunctures are compelling. Learners have to
exercise judgements about the value and veracity of some of the information in order to define the
problem space and make a hypothesis from which they can develop a solution. The phenomenology of the
learner’s experience reveals that the coherence of intended solutions in the problem space tends to greater
rationality in the majority of cases though heuristic judgements persist and have a strong influence on the
outcomes. For a smaller number of learners, their judgements are predominantly heuristic throughout the
problem space and the solution is considered on the coherence of its narrative.

3.3 The Effect of Problem Space Construction on Judgement

From the information given to the students in the first few tutorials, the aircraft in the investigation is an
older series 200 A320, the autopilot had been changed and a fuel leak on the starboard wing had been
repaired prior to take off. With the exception of eyewitness statements all the other information
presented at this point in time is entirely technical data and reports on this aircraft. With no other
information or experience available, the scenario presents as though the cause is a mechanical or system
failure. Consequently, the students intended a problem space in which the solution depends on finding a
preferably prima facie technical cause premised upon the failure of an engineered component. This initial
problem space definition appears rational but is in fact a heuristic judgement of causality and relevance
about the nature of the problem space that is influenced by the cognitive bias of base rate neglect and not
on the probability of a certain category of evidence. Various incidental factors in the learning environment
affect the learner’s capacity to intend a problem space accurately and efficiently. By way of example, one
student searching through the aircraft maintenance log was convinced the definitive mechanical failure
could be found in the log by selecting on the highest frequency of events. The same student's intentionality
was reinforced by an intention attribution. He thought that because the tutor had spent some time
discussing the document he had implied it must be of significance. Among the teams observed, intention
attribution, the 'primus inter pares' effect and persistent absence of other team members impacts severely
upon the dynamic of the team and culminating judgements can be driven by team interaction rather than
recourse to reasoned argument.

3.4 The Effect of Information Absence on Culminating Judgement

An examination of the data distribution for air crashes between 1950 and 2010 shows on average, 60% of
all air crashes were attributed to human error (largely pilot error) and only 20% to purely 'mechanical’
failure. (Accident Statistics 2014). This information wasn’t given or discovered by the students, its exclusion
skewed the potential problem space toward a mechanical systems failure and the inclusion of it early on
could be considered crucial in the initial problem space definition. Later the learners acquire information
that just after take-off, in poor visibility, the pilot of the airplane has to make an evasive manoeuvre to
avoid a military aircraft that has strayed into the airspace. The severity of the manoeuvre is sufficient to
cause the failure of the starboard wing structure. The proximal cause therefore is actually a structural
failure but the ultimate cause is human error. While the students include the evasion of other aircraft in
their construct of the problem they do not specifically refer to any human error in their analysis.
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4., Conclusions

Where a project is of sufficient duration to permit enough iterations, the initial heuristic judgements can be
progressively overruled by rational judgements providing the learner can exert sufficient cognitive effort
within the problem space. In the exertion of judgements the majority of students progressively develop an
alternative intentionality of a problem. On the other hand, if time is limited the learner is driven to rely
increasingly on fast heuristic judgements. They do not appear to be aware of the increasing tendency to
error with judgements of this type. The way in which the project information presents to the problem
space affects the potential range of judgements. Information that is undisclosed or not re-activated within
memory may as well not exist and the problem space is narrowed by the lack of potential solutions.
Heuristic judgements construct the most coherent (elegant) version of events with the information
available, the quantity and quality of data becomes irrelevant. When a state of affairs is intended by
making a judgement, essentially a choice appears to be made but in fact only one interpretation is intended
and any ambiguity goes unnoticed. Heuristic reasoning does not keep an audit trail of all the alternative
scenarios that were presented (Khaneman 2011). Earlier propositions are forgotten in order to intend and
realise new solutions, the learners continually revisit propositions and re-judge the growing number of
variations as if they were new propositions.

These conclusions suggest that a project in ALL should:

1. provide sufficient time for the learner to exert cognitive effort toward making rational judgements.

2. allow the inclusion of a feedback mechanism that increases learner scepticism about heuristic
judgements i.e. the necessity to refer to data distribution of similar events and problems.

3. provide the relevant information for the problem space at one time to exercise judgements of
causality and hypotheticality and permit the learner to define a problem space by encountering the
relevant information and making judgements about the disjunctures that occur during the flow of
information.

The findings suggest that Activity Led Learning can be used to create experiential learning environments
that exercise the development of judgement capacity particularly if the learning environment is
constructed as a series of cognitive disjunctures that flow into each other and enable the learner to build
networks of knowledge. This study will lead to recommendations on how ALL should be constructed for the
purpose of developing professional judgement capacity in undergraduate learners.
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Abstract

Alborg University (AAU) is characterized as a PBL university but during the last years, AAU has
received an increasing share of new academic staff with no prior experience of PBL. We expect that the
new staff, without any intervention, will draw on their prior experience from either giving or receiving
supervision at non-PBL universities, when they supervise themselves. Although this will help them
along the way, we suspect that this it is not enough. This study focuses on their expectation,
understanding and practice. The aim is to create and test various interventions to enhance the
situation. Thus, our research question falls in two parts. A question concerning status quo: What kind
of challenges, if any, does assistant professors novice to the PBL supervision model experience? And a
second: How can we as trainers of trainees enhance their perspective and capability according to these
challenges? PBL has a focus on solving clearly stated problems, teamwork, self-directed and student
centred learning, exemplary learning and inter-disciplinary problem analysis and problem solving (de
Graaff & Kolmos, 2007). Particularly about the AAU model and supervision, the role is in other
contexts known as an advisor or facilitator for each semester (Barge, 2010). The type of role can
undertake different variations depending on the perspective and practice of the supervisor (Bggelund,
2013). Each role has different implications for the PBL approach. In order to classify the level of
supervision of the four staff members, we apply Dreyfus and Dreyfus’ (1986) model describing five
levels of expertise. Also Biggs’ (2003) model of four types of knowledge (declarative, procedural,
conditional, functional) is used to describe the type of supervision knowledge our cases demonstrate.
As for the design we seek four cases of assistant professors who did not do their own master and PhD
training at AAU or another PBL institution. In order to determine a part of the baseline, we use a
questionnaire to get background information. This aides our development of the interview guide for a
focus group interview. Focus groups are useful when one wants to study how a specific group
experiences a situation, like being new to a PBL environment (Albrecht et al.,, 1993). The cases are not
all known to each other in advance, which is useful when we want them to talk about their taken-for-
granted assumptions (Morgan, 1998). The study consists of four phases. The two first (the baseline
test) are reported through this paper and the presentation of it. Phase one consists of questioning and
interviewing the four cases to get an understanding of their perspective on PBL and facilitation of
group work. In phase two we observe their group supervision. In phase three we undertake different
interventions according to the challenges we uncover in the baseline test. In the fourth and final phase
we observe their practice again to see if and what kind of changes the interventions have initiated.

Keywords: PBL implementation, teacher role in PBL, tutoring models
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1 Motivation for study

Like any other university, Aalborg University (AAU) employs new assistant professors every year. AAU is,
however, different from many other universities since its teaching is organised around the principles of
problem and project based learning (PBL), which among other things include students working in groups on
projects with academic staff acting as supervisor (Barge, 2010; AAU PBL Academy, 2015). Such type of
teaching and supervision would therefore be unfamiliar for academic staff that did not receive their degree
at AAU or another PBL university. The Faculty of Engineering and Science (FES) at AAU has since 2010,
employed a number of new assistant professors. With some variation from year to year, on average 22%
(see Figure 1) of these assistant professors have not previously been employed at AAU. This means that a
rather large share of new academic staff have got no prior experience of PBL when they start to work
(supervise) at AAU. Some of them might have some experience from other universities that practices PBL,
but no PBL-university is completely alike.

Assistant Professors' prior
employment

2010 | 2011 | 2012 | 2013 | 2014 | 2010 | 2011 | 2012 | 2013 | 2014

Not been at AAU before Employed a AAU just before
present employment

Figure 1: Numbers of Assistant professors from the Faculty of Engineering and Science (FES) and their prior
employment with Aalborg University (AAU). NB: Being a PhD student in Denmark is considered being an employee.
Source: The Faculty Office for Engineering and Science / Medicine, AAU.

The introduction of new educations and amalgamations and redeployment of higher education and
research institutions within the Danish educational sector are among the reasons for the recruitment of
new staff from outside the university. Also the increasing share of international PhD students that
subsequently find their employment as assistant professors at AAU adds to the picture. There are many
advantages for a university in employing others than “home breed” PhDs. One such advantage is gaining
new insights of already existing subjects at the university, another is getting insights about new subjects
altogether as well as the advantage of expanding the networks. Some challenges might also be expected.
We expect that the new staff, without any intervention, will draw on their prior experience from either
giving or receiving supervision at non-PBL universities, when they supervise student groups themselves.
Previous learning experiences have a powerful impact to socialize supervisors into doing to others what
was once done to them (Lee, 2008). Although this will help them along the way, we suspect that this it is
not enough in a PBL setting and will create some challenges or quality deficits.

2 Research questions
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The current study will address this situation by focusing on the expectations, understandings, and practice
of assistant professors with no prior experience of PBL.

The aim will be twofold: To gain knowledge about their expectations, understandings, and practice, and to
create and test various interventions to enhance the situation. Thus, our research question falls in two
parts. An initiating question concerning status quo: What kind of challenges does assistant professors
novice to the PBL supervision model experience? On the basis of this initial research question we aim to
consider how to improve the situation: How can we as trainers of trainees enhance their capability
according to these challenges?

The current paper will address only the first question, whereas subsequent papers will address the second
research question.

The assistant professorship is the period, where they are new to the university and therefore try out the
realities of being university teachers at the same time as they participate in the compulsory teacher
training course for university teachers at AAU. In Denmark, it is a requirement to have passed such a course
in order to later achieve a tenured position as associate professor. Each university has its own course which
usually consists of some general topics on education as well as issues particular for the university itself.
Such a teacher training programme creates both the reflective and practical opportunity to engage in dialog
with and supervision of the assistant professors. We have therefore studied three assistant professors from
FES. Our three assistant professors have all just begun the course and they have not done their Master here
while all of them have done their PhD at AAU. In this way, they are almost completely new to PBL,
particularly the Aalborg PBL Model.

3 Theoretical framework

3.1 Problem Based Learning

As earlier defined PBL stands for problem and project based learning and it has a focus on solving clearly
stated problems, teamwork, self-directed and student centred learning, exemplary learning and inter-
disciplinary problem analysis and problem solving (de Graaff & Kolmos, 2007). These teaching and learning
processes can be organized in many different ways and different higher education institutions each have
their own model (e.g. Neville & Norman, 2007). In particular the AAU PBL Model (Barge, 2010; AAU PBL
Academy, 2015) is characterised by six principles. 1. Problem orientation meaning that
problems/wonderings appropriate to the study programme serve as the basis for the learning process. The
problem can both be theoretical and practical but needs to be authentic. “Problem”, however, does not in
itself indicate an unsatisfactory situation, but might just as well be an opportunity for improvement or a
(theoretical) puzzlement where consequences are not yet known. 2. Project organization in which the
project is a goal oriented process limited in time, usually a semester amounting to half the credits of that
semester (15 ECTS). The project stands as both the means through which the students address the problem
and the means by which students achieve the articulated educational objectives. 3. Courses supporting the
project which are meant to secure that the students are presented to a wide range of theories and
methods that might be used in the projects. The courses include a high level of student activity and is
organised as a mix of lectures, workshops, laboratory work, seminars, and exercises. The courses usually
take up the other half of a semester’s work load (15 ECTS). 4. Team-based approach. A majority of
students’ problem and project work is conducted in groups of three to eight students. The students
manage the project and they support each other in achieving the goals. The collaboration includes
knowledge sharing, group decision making, subject based discussions, and feedback to each other. In
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addition the group might collaborate with external partners such as private companies, public institutions,
or other project groups at the university. 5. Exemplarity which means that the learning outcome is
transferable to other situations which the students might meet in their professional life. 6. Responsibility
for own learning indicating that students have a high degree of freedom to choose the projects. The ability
to be able to assess the quality of own work and knowledge is a central theme for PBL. Each group gets
assigned a supervisor who facilitates the group. However, it is the group who has the sole responsibility for
the collaboration, planning of the project, and its results, including their own learning.

3.2 Supervision

The supervisor’s role in particularly the AAU PBL Model is in other contexts known as an advisor or
facilitator. Each semester, a supervisor serves as a resource for the group but it is always the students who
have the responsibility for the learning and the result (Barge, 2010 & AAU PBL Academy, 2015). At AAU
supervisors usually act as facilitators in mainly three different realms:

1) Problem analysis and problem solving
a. Clearly stated problem, methods and theories relevant to the problem, well-motivated,
exemplary, interdisciplinary
2) Teamwork
a. Communication, roles, sharing of knowledge and conflict management
3) SDL (self directed learning)
a. Being critical, project management, reflexive learning and evaluation of process

The supervisor at AAU can undertake various roles depending on his perspective and experience. More
specifically the roles can vary with the type of knowledge that the supervisor aims for the students to
produce. This knowledge is formulated in the study regulations which states specific learning outcomes for
all courses and projects, but the supervisor also interprets these in the light of own professionalism.
Bggelund (2015) argues that such roles could concern the role of professional sparring partner, the role of
project leader and the role of all-round facilitator. Each role will have different implications for the actual
interaction with the students and they can be mixed in a single supervisor.

1) Professional sparring partner
a. The supervisor will expect the student to be already self-directed and able to co-operate to
some extent. It is seemingly not the responsibility of the supervisor to facilitate this. Focus
will be on academic issues. Learning the field. Problems of the field are interesting.
2) Project leader
a. The supervisor will expect the student to be already self-directed within limits set by the
supervisor and able to co-operate to some extent. It is not the responsibility of the
supervisor to facilitate this. Focus will be on teasing out interesting and profitable
knowledge. The supervisor will have a great saying in how the project is framed and
organised. Problems of interest to industries and profitable markets are interesting.
3) The all-round facilitator
a. The classical PBL supervisor, who facilitate all three realms stated above with a point of
departure in student needs and abilities and learning goals. Problems found by the
students that live up to the ambitions of the study regulations are interesting.

Another model for supervisor roles is described by Kolmos and Holgaard (2007) and Tofteskov (1996). This
model describes four types, each with strengths and weaknesses for students in relation to PBL. This model
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is more focused on the handcraftsmanship of supervision — what good facilitation means and how it is best
achieved - and not the type of knowledge the single supervisor wants the students to produce.

1) Process-supervisor
a. The focus is on the students’ learning process and on supporting the progression of
students’ knowledge even if it means that the students do not achieve the maximum level
of knowledge. The view is that the students may learn as much from their mistakes as from
what works. The aim is also on having the students reflect over their own and the group’s
learning process.
2) Product-supervisor
a. Supervision is much aimed at the project report and the knowledge the students are
supposed to learn. The supervisor feels ownership of the report.
3) Control-supervisor
a. Supervision is like an exam where the supervisor checks each single student’s
understanding and contribution. It can create fear and distance but the students might also
feel properly prepared for the exam.
4) Laissez-faire supervisor
a. Appear to be more superficial and aims only at supporting the students’ own ideas. Its
strength lies in that the focus is on motivating the students and letting them set the pace
and direction.

3.3 Levels of expertise as a supervisor

Each of the above mentioned seven supervisor roles can be performed at various levels of expertise.
Dreyfus and Dreyfus (1986) describe five levels as novice, advanced beginner, competence, proficiency, and
expert. In general, experts are more autonomous, flexible, and responsive to the context in their actions,
while novices are more guided by rules and models devoid of context. We anticipate that the three
assistant professors are all at the level of novices or advanced beginners, but it is essential for our study to
explore the exact nature of their level and understanding of the role of the supervisor. Therefore, to
describe what kinds of knowledge our cases are able to demonstrate, we use Biggs’ (2003) model of four
types of knowledge (declarative, procedural, conditional, functional).

1) Declarative:
a. Knowledge acquired by reading and listening
b. This knowledge is seen in the person’s ability to declare it (back)
2) Procedural:
a. Skills, i.e. knowing what to do and in which order, in given circumstances
b. This knowledge is seen through observing how a person acts in given circumstances
3) Conditional:
a. Includes declarative and procedural knowledge. Conditional means knowing when and why
to do which types of actions
b. This knowledge is seen through a mix of observation and interview of a person in given
circumstances
4) Functional:
a. Includes declarative, procedural, and conditional knowledge. A sophisticated level of know-
how, akin to phronesis and professional mastering
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b. This knowledge is seen through a mix of observation and interview of a person in a wide
range of circumstances, including circumstances of a complex nature.

In order to get knowledge of what level the three assistant professors are at, we therefore need to both
interview and observe them.

4 Study design and methods

As mentioned earlier, this paper is part of a wider study; and this wider study is made up of four phases.
The four phases are depicted below. The initial question is addressed through the first two phases, whereas
the second research question is addressed through the last two phases. In order to give the context for the
results reported through this paper we will briefly go through all phases in the following.

Phase 1: Interview
Baseline test

Phase 2: Observation
Phase 3: Intervention
Phase 4: Observation of change + interview

Phase one consists of interviewing the three assistant professors in order to get a prior understanding of
their perspective on problem based learning and facilitation of group work. In phase two we will observe
the way the three assistant professors carry out group supervision. This will be done after the paper
deadline, but before the conference and thereby be part of our presentation. Phase one and two result in
data by which we will be able to create a baseline consisting of the understanding and approach of the
three assistant professors. In phase three we will undertake different interventions according to the
challenges we uncover in the baseline test. This could be done either in a workshop or a more individual
tutoring session. In the fourth and final phase we observe their practice again to see if and what kind of
changes the interventions have initiated. This phase will also include interviews to determine their level of
knowledge.

Both authors act as pedagogical supervisors at the AAU teacher training course and this year we both
supervise five assistant professors in 2015. Three of our 10 assistant professors matched our criteria and
they all said yes to participate. The three assistant professors are therefore chosen in a mix of convenience
and random sampling and for rather practical reasons among our own trainee students. They are from two
different fields: Department of Mechanical and Manufacturing Engineering (two participants) and
Department of Civil Engineering (one participant). The number of three assistant professors is suitable to be
able to get some range of data and at the same time have enough time to get into depth with all three of
them. However, this is only suitable for a pilot study such as ours. In future work, it would be beneficial
with a larger sample.

For the first two phases we used the methods of document analysis, interviews and observation in order to
determine the baseline for our three assistant professors. We began by searching the AAU web page in
order to get various facts about their background. Then we invited all three for a focus group interview.
Focus groups are particularly useful when one wants to study how a specific group experience a situation,
like being new to a PBL environment (Albrecht et al., 1993) and the fact that the three assistant professors
are not all known to each other in advance, is useful when we want them to talk about their taken-for-
granted assumptions (Morgan, 1998).
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The interview guide was informed by our theoretical approach and includes questions about prior
supervision experience, pedagogical training for supervisors, own experience being supervised, how they
characterize a good supervisor, knowledge of PBL, etc. The guide was emailed to the participants before
the interview. Our focus group interview guide can be found in the appendix. The focus group interview
was recorded as an audio file and a summary of important impressions and themes to pick up on were
written down immediately after the interview by both authors of the paper. Participants were later asked
to comment on, and validate quotes, which were central to the discussion (Olsen & Pedersen, 1997). To
ensure a level of triangulation in the analysis of the data, we heard a large part of the audio recording
together and discussed the interpretation of utterances.

In the following the results of the focus group interview are presented and discussed.
5 Baseline test results

5.1 Background of the three assistant professors

All three assistant professors come from southern or eastern part of Europe and have done their Masters
outside of Denmark. However, one (Assistant Professor 1; AP1) did one semester (% year) at AAU as an
Erasmus student and have thus tried out the Aalborg PBL Model. None of them have tried PBL at the
university where they did their first degree. All three of them describe the teaching at their Master’s
educations as quite traditional teaching with lectures in combination with exercises or workshops. They
have all tried out minor projects, but not in groups and not “PBL-like”. Those projects were always
individual, with most of the relevant literature available and they did not receive AAU-type supervision in
those projects. Instead they could go and ask the lecturers for academic help if needed; asking e.g. for
relevant literature or posing questions of academic nature. AP1 had a little experience with the group work
as an Erasmus student, thus getting a little insight into how it is to be a student at AAU. His main experience
compared to earlier on in his studies is the length of the projects and how to take proper leadership of that
time. In his words: “You have quite much time and how do you handle it?” (AP1).

All of them did their PhD at AAU. AP1 finished his PhD in 2014, AP2 in 2013, and AP3 in 2012. Since finishing
their PhD, all of them have been employed at AAU. In this sense, they are not completely new to the AAU
PBL Model. However, given the fact that they have all just begun the assistant professor teacher training,
and the fact that they themselves told us that how to supervise is not something that is generally discussed
among the colleagues, we anticipate that they are still so new to the AAU PBL Model that we expect them
to have different challenges than students who did their Master at AAU. This is also supported by the
comments of the assistant professors. For instance AP2 states the following: “The Danes have an advantage
because they tried it out themselves” (63 min). AP1 during the same discussion states that: “You also need
to understand how a group works in order to be able to supervise it” (63 min).

5.2 Type of knowledge production wanted

In this section we analyse their understanding of PBL and what type of knowledge production they see
themselves facilitating including if they see their role as that of a professional sparring partner, a project
leader, or being an all-round facilitator.

They all understand the basics about PBL and are positive towards it, especially the fact that working with
problems initiate learning about how to apply scientific knowledge not just know it. At the same time they
recognize that the exemplary approach and deep learning also can lead to gaps in basic knowledge, which
they see as a setback of the PBL approach. In the end they believe it is all very much about finding a proper

143



balance between the two types of knowledge production — discipline based and problem based knowledge
production.

As defined above in the theoretical part of this paper, team work is the second realm of the AAU supervisor
role. They all appreciate this part of PBL as a good thing. AP2 also stated the following concerning ‘good
groups’: “The team thing is very good. If you give them a little bit of material, they can just work, especially
with these specialities [Master thesis]” (AP2, 18 min). On the other hand the possibility of hiding out in a
group and being less motivated due to the fact that you are not responsible as an individual also seems to
them to be a challenge of the PBL approach. As AP3 puts it: “You cannot force anyone, if they are lazy, they
are lazy.” (21 min)

In terms of SDL — the third pillar of the facilitation realms — the three assistant professors are a little
hesitant or even without awareness of this realm. Especially the two of them that did not encounter a year
as Erasmus students.

All three of them argue to possess a mix of the three supervision roles: a professional sparring partner, a
project leader, and an all-round facilitator, but mainly the two first; what you might also refer to as
academic and ‘industrial pruned’ supervision respectively. On own initiative to interfere in the group’s
planning, collaboration, knowledge sharing and other such skills from the third pillar of the facilitation
realms was not considered proper. It is something the students should be able to manage themselves or at
least discussion of such issues should be on the students’ initiative. Hence it is not the role of the assistant
professors to assist in developing “soft PBL competencies”, but they are more than willing to make
themselves available for questions relating to the discipline and they find that it is their job to interfere
here.

However, they also discussed that there might be different ways of being a supervisor: “I am sure that
there are different ways of looking upon supervision in the division where | am sitting” (AP1) and AP3 (14
min) states that her environment “probably combine the academic with the industrial approach; most of
the projects are with a company. It happened that | had a censor [external examiner] who said it was too
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industrial”. This was followed by AP2 stating: “It’s a mix in my environment” and AP1 stating: “A mix, but
semester based, more than it is person based — sometimes it is more academic, sometimes more industrial.
It depends — on the last semesters it might be more related to the companies, whereas the first semester

Master is more academic”.
5.3 What is good supervision and how is it achieved at best?
We asked them indirectly about the four supervision types.

Laissez-faire: They only use this approach to a minor extent. AP2 thinks a supervisor should be available and
interfere when there are problems, take initiative, not just wait for them to come to him. They all appear to
agree with the statement of AP2: “Not loose, controllable loose” (34 min). However, AP3 appeared to be a
bit laissez faire as she stated that at this age they are mature so she will only interfere if they come to her
with a problem with their collaboration. She would not on own initiative check how the process is.

Product: They all have a rather large focus on the report. They will edit grammar also (AP3), but if there are
too many they will ask the students to generally look at the grammar themselves. They are all willing to
read drafts of the same chapter several times. AP1 states that “I think it is quite important the reporting
phase, ... It is the task of the supervisor to help them structure the project” (40 min).

Process-product: Generally they have an understanding of that it is ok when students do not end up having
a product that is working as long as they know why it is not working and have learnt a lot. But this also

144



depends on which state they are at in the education, the project and the level of difficulty. It is more
acceptable for first year of Master’s level than last year.

Control: They did not appear to be much control-supervisors. The general view was that this is towards the
end at the exam.

Towards the end of the interview, they were asked to say a few keywords as to how a good supervisor is.
They stressed the following: availability, flexible/be able to adapt to different students and situations, be
able to read the students. They also stated that besides being available, they should keep the students
motivated and the supervisor should be consistent and not change his mind all the time.

5.4 Level of expertise

None of them had experience discussing their supervision with others as earlier touched upon. Only when
they experience a problem, do they go and ask a colleague. None of them have observed their colleagues
supervise. Therefore they did not have any particular idea of how their “home breed” colleagues who have
studied at AAU themselves supervise and how it may be different from their own approach.

All three of them had very little, or no experience, supervising groups. AP1, however, shared an experience
with a group of 7-semesters students who came from outside AAU and who were not able at all to work in
groups and collaborate. They had to interfere. He told that this was much different from the year before
where he had had students who all knew how to work in groups. AP1 also appeared to be more articulate
about his views. One might term him as an advanced beginner while AP2 and AP3 were complete novices.
In fact AP3 explained that she had no experience supervising groups and that some of the view point she
shared was based on things she expected would happen, or expected she would do in certain
circumstances.

6 Discussion and conclusion

Given the fact that we only have a small sample of cases, the conclusions are only tentative. Furthermore,
the choice of theoretical framework might also have affected the conclusions since other frameworks might
have illuminated other factors. Taken this into account, the three assistant professors seem to have
declarative knowledge about what PBL is, as they are able to describe and discuss it to some extent. To see
whether they have procedural and conditional knowledge we will have to observe them. Functional
knowledge will acquire different observations. In terms of supervision, we can only assess declarative
knowledge in an interview. Regarding their “start position” in the “handcraftsmanship” of being a
supervisor they are not very much control-supervisors but quite a bit process and product. They are laissez-
faire when it comes to issues of collaboration and project management, but not in relation to scientific
questions. Here they are more product oriented.

All three of the assistant professors emphasized that the main factor for the success of the group was the
group itself; the supervisor was not that important. In one way, we can argue that this fits well with the
Aalborg PBL Model where the students are the ones with the main responsibility for their own learning. On
the other hand, it is also striking that they do not realize the great impact they can have on a group — given
that the group understands how to use the supervisor. This is probably an outcome of their background not
being focused on issues like problem solving, project management and communication in the AAU sense
and it also explains their lack of awareness on these soft PBL skills. It might also have some explanatory
power in terms of them being more of an academic or even an industrial supervisor. No matter the reasons
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why; the area of soft PBL skills is definitely an area worth looking into in terms of training them as
supervisors.

Another area of interest in terms of training is the lack of peer supervision. They had an idea that
supervision is both individual (each has his own way) and contextual in the sense that it also depends on
culture, academic environments and experience and time of the education, but it was not anything that
they used proactively as a learning resource. Asked about the supervisory approach of their academic
environment they had quite vague ideas about this. Judging from the statements of our three assistant
professors this might also be a sign of the “homebred” assistant professors, but at least this group of
coming supervisors has a tacit knowledge about group supervision owing to their own experiences.
However, both groups of assistant professors benefit from being more explicit about supervision challenges
in a peer context.

In the motivation for the study, we argued that we anticipate that the difference in PBL experience of
completely new assistant professors compared to "home breed" ones creates particular challenges for the
former. To determine if this is the case would require also researching a large group of "home breeds",
including researching a lot more new assistant professors in order to do a real comparison. We have not
researched this and we argue that it is likely that also home breed assistant professors might feel
challenged in the areas mentioned above. The fact that they might be less challenged does not alter the
fact that the new assistant professors experience a challenge, and we need to do something about it. What
further makes the matter more complicated is that AAU does not have a specific supervisor type that is the
“right one”. In terms of future work, it is interesting that the areas where they feel they need more
knowledge (how a group works, ask questions) is also the areas where they at this point appear more
passive. In the future study we will emphasise that they get more understanding of these issues and then it
would be interesting to see if they later chance their views on these areas.
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Appendix: Interview guide on expectations and understandings of PBL group supervision

Background facts

e  What did you study?

o  Where did you study?

e What type of teaching and supervision have you received?
e What type of teaching experience do you have?

Knowledge and attitude towards PBL

e What do you know about PBL? Where do you know it from?

e  Why did you take the job at AAU? Because of PBL or despite of PBL? Or none.

e Any thoughts about how it may fit your subject area?

e What are the main differences — if any — between the way you’ve been supervised and the way you
are supposed to supervise here?

Knowledge, experience, and attitudes towards supervision

e Have you supervised before? How, when?

e Are you looking forward to be a supervisor at AAU?

e  What is the ideal supervisor like? If such exist

e Is supervision at a PBL university different or much the same as other universities?
e What is the supervisor’s role towards the report the students do?
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What is the supervisor’s role towards checking the students’ individual knowledge during the
process versus being a professional sparring partner?

How active should the supervisor be with the students; should he in some circumstance take over
as project leader?

What role should the supervisor take if the students appear to be going in a wrong direction?
Should a supervisor be involved in all aspects of the process?

Give examples of situations where different types of supervision are needed?

What type of knowledge and skills about supervision at a PBL university do you feel is most
important to you at this moment in your career?

What kind of supervision do you see your colleagues do? What is important to them you think?
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Abstract

While traditional lecturing methods are an excellent method for providing fundamental knowledge to
students, courses related to engineering capstone design of modern vehicles lack the means to provide
students the fast evolving knowledge related to the electronics, controls, mechatronics, and vehicle
communication of electric, hybrid electric and fuel cell vehicles. One of the solutions to address this issue is
delivering a course using a problem-based inquiry approach. Problem-based learning is a powerful
educational method that allows learners to develop problem solving skills while working towards solving a
problem. Students actively engaged in the learning process provide superior learning outcomes. This paper
presents a problem-based learning methodology applied to an engineering topic, analyses student
engagement, compares the effectiveness of a whole-course PBL model with a hybrid-PBL delivery model of
the same course, and provides a qualitative analysis of the benefits provided by the PBL approach.

Keywords: Curriculum design, PBL implementation, PBL model and approaches, PBL process and student
engagement, Higher education

1 Introduction

Problem-based learning (PBL) is an efficient method that facilitates the development of self-directed
learning skills by working in groups through a structured problem solving strategy. Although the method
has been criticized by a lower level acquisition of knowledge, published literature has shown that compared
to the traditional lecturing approach, the learning outcomes provided by PBL are superior. Studies have
shown that students enjoy participating in many forms of active learning strategies and have a stronger
understanding of the concepts. Since the initial successful development in the 1070s by the medical
educators, PBL has been since adopted by a wide variety of universities due to the reported superiority of
PBL trained learners in life-long learning.

The effectiveness of the problem based learning approach is disputed in the published literature. While
some authors advocate for the superiority of the traditional teacher-centred approach based on direct
guided instruction (Mayer 2004, Kirschner et al, 2006), other suggest that student-centred inquiry based
approaches like problem based learning (Barrows & Tamblyn, 1980) (Woods, 1984) (Barrows, 1986) (Biggs,
2003) and teaching approaches with a strong experiential learning content (Kolb, Boyatzis, & Mainemelis,
2011), (Kolb 2015) encourage deep learning and provide superior learning outcomes.

Considered by some authors as “the most significant innovation in education for the profession for many
years” (Bond & Feletti, 1999), PBL has its strengths and limitation. On the other hand, today’s explosion in
information and technology creates challenges for the traditional intensive lecturing approach. The
controversy related to the best teaching and learning approach will probably exist for a long time.
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Although the number of courses taught in traditional ways outnumbers by far the number of course taught
with non-traditional approaches, an increasing number of faculty members deliver courses using the PBL
approach and publish their experience. One of the reasons of this trend is a shifting of the instructor’s
intentions from “teaching” to “teaching & learning”. In the minds of some of these instructors, the question
“what should | do to deliver an exceptional lecture” is often substituted by “what should | do to offer the
best learning experience”.

2 The problem

Universities with automotive programs perform many research activities related to state-of-the-art
technologies for modern vehicles. The automotive industry adopts every year new solutions for building
electric and hybrid vehicles. The knowledge in this field evolves every year. Preparing graduates for such a
fast evolving industry is a difficult task.

The conceptual design of a vehicle requires an amount of information that cannot be taught in a single
course using a traditional lecture-intensive approach. To ensure that students learn the rapidly evolving
knowledge, they are encouraged to perform many inquiry-based and problem-solving activities. PBL is an
approach that allows students to perform these activities. Students involved in a course that delivers
engineering concepts through PBL are required to use engineering design and analysis methods that have
been taught in previous courses. They are also expected to search, identify and read relevant published
research related to the design of modern vehicles, and they are required to browse through automotive
magazines to be aware of the current industry trends. This paper presents the implementation of PBL in a
fourth-year course related to the conceptual design of electric and hybrid electric vehicles.

3 Curriculum design

In conventional problem-solving learning, students are first taught the knowledge and then are asked to
solve a problem. With a fundamentally different approach, PBL allows students to acquire knowledge and
gain skills through a sequence of problems, learning materials, inquiries, and other active learning activities
facilitated by the course instructor.

The course described in this paper is delivered in a classroom environment to full-time students enrolled in
the last semester of an Automotive and Vehicle Technology (AVT) program. To reach this stage of their
undergraduate university education students have acquired knowledge related to engineering design and
analyses, electronics, controls, mechatronics, management, and gained one year of relevant industrial
experience through full-time co-op employment. The Conceptual Design of Electric and Hybrid Vehicles
course, initially offered with a hybrid PBL approach, is currently offered using a full-PBL strategy.

The acceptance of a new teaching strategy is an important concern for any instructor. The course
described in this paper is the only PBL course offered to the AVT program. The students were informed of
the course expectations, the specific knowledge taught in previous courses that is vital for the success of
their work, the anticipated amount and type of weekly effort, the expected leadership roles, and the
recommended collaboration and group work. Although initially received with hesitation, the students
enrolled in the course accepted after two to three weeks PBL as a learning method. The acceptance of the
PBL approach constantly increased during the course after the weekly presentations. Many students were
proud of their accomplishments, received well the class feedback and suggestions that followed the
presentations, and argued with evidence to support their engineering decisions.
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The effectiveness of the course curriculum is analysed through the understanding, knowledge, and skills
gained in different stages of the course, and through the achievement of the learning outcomes. To be an
effective course, the problems that the students are required to explore need to use a combination of
previously taught and new knowledge, but also need to be interesting enough to trigger students’
willingness to explore modern ideas. For instance, most students excelled in presenting futuristic smart-
phone controlled user interfaces between the driver and the vehicle, but showed less interest towards the
more traditional problem related to the conceptual design of the vehicle powertrain.

The achievement of the learning outcomes can be analysed through course assessments. The course
presented in this paper includes individual presentations, weekly group reports, a final presentation, and a
final report. The final presentation is considered by students as the most important assessment because it
is a competition between groups. The competition is judged by a panel that includes engineering managers
from major automotive related companies, and faculty members whose main research is related to electric
and hybrid vehicles. Presenting their designs in front of possible future managers gave students a
willingness to show their accomplishments but also created a certain level of fear as they expected to be
asked questions by knowledgeable people not related to the course. This combination of fear and
willingness to impress was one of the key factors in preparing good conceptual designs. The score cards
used for the presentations were based on the expected learning outcomes, and the score given by judges is
an important test of achieving the learning outcomes.

4 Methodology

One of the aims of the course is to develop intellectual, effective and social skills. The intellectual skills are
developed through the subject-specific academic work. The affective skills are developed through group
work, while the social skills are developed through group communication and through individual and group
presentations.

Groups or four students were selected by the course instructor in a strict alphabetic order. Used to work
with groups based on friendship, some students experienced different emotions when group members of
different academic levels had to collaborate. Other groups ended up with more than one student with very
strong personalities that lead to animosities. Ultimately, most students managed to control their affective
behaviour as they understood that the purpose of imposed group members is to mimic real-life work
expectations after graduation.

The academic goal of the course is to develop subject-specific knowledge by preparing several conceptual
design of electric or hybrid vehicle used for rental purposes. Groups of students are expected to prepare a
report and to present their concepts in front of a panel of judges. Students develop communication skills
by competing for the best design approach.

There were 40 students enrolled in the last offering of the course. Five of the 10 groups of four students
were required to prepare conceptual design of electric vehicles, while the work of the other five groups of
four students was related to hybrid electric vehicles. The conceptual designs are developed through eight
problems. A problem, generally analysed for a week, includes group-work in a classroom environment
facilitated by the course instructor, inquiry based group work outside the classroom, report writing, and
weekly presentations. All 40 students are expected to attend the presentations and to provide feedback.

To develop group management skills, each student acts twice during the length of the course as group
manager. He/she is expected to conduct the initial brainstorming exercise, to take notes of the discussions,
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to facilitate reaching a consensus on the approach that will be developed, to divide the work between the
other three group members, to lead the discussions outside the classroom, to assign academic tasks, to
collect the partial reports from the group members, to assemble a weekly report, and to present and
defend the report in front of the class. On top of developing managerial skills, this approach is also
effective in developing social, collaborative, and communication skills.

The problem topics that students are expected to address are provided in the following order: system
specifications and performances; market research (two weeks); propulsion system and transmission;
electrical electronic and control systems; user control systems; materials, manufacturing and mechanical
systems; emissions, environmental control, and sustainability. The major elements that need to be
addressed by each problem are presented to the students at the beginning of each week. Although
students are expected to cover all these problems, each group is allowed to address each problem in its
own way. Modern and innovative approaches are encouraged as, according to the goal of the design, the
vehicles supposed to be built with the suggested conceptual designs would be on the market only in 3 to 5
years.

For each problem every group is required to prepare a written report and a PowerPoint presentation.
These weekly deliverables are submitted for marking. However, to ensure a fair competition between
teams, only the first four problems are presented to the entire class. The academic load of the course is
constant through the semester. Every week students are expected to perform group collaboration and
submit their work to the group manager that depends on their deliverables. Furthermore, each student
acts twice as a manager whose deliverables depend on the work done by the group members. Being twice
a group manager and being six times a group member whose work is important for the weekly group
deliverables creates a feeling of importance that increases both course attendance and student
engagement.

In the PBL approach implemented in this course students learn in multiple ways. The initial weekly group
brainstorming sessions address their general knowledge and encourage them to learn the topics and ideas
presented by the group members. Students tackle each problem by performing inquiries, reading the
knowledge taught in several previous courses, and making connections between the knowledge taught in
these courses. One of the academic advantages of any capstone project is connecting the dots — a
synthesis that can only be applied towards the end of the academic studies. Furthermore, student also
learn through self-reflection after the weekly presentations when the facilitator encourages each group to
defend its product but also encourages students to ask questions and provide feedback.

Instead of delivering lectures, the course instructor acts as a facilitator for the brainstorming activities and
for the group work conducted in the classroom. The role of the facilitator is to divide the course curriculum
into topics that cover separate systems that require the same time to solve, to convert these topics into
problems that are both challenging and attractive, to describe the goal of each problem, to provide
guidance when students’ approaches diverge from the given problem, and to provide feedback and
suggestions for improvement after each presentation and after each weekly report. Moreover, the
facilitator is expected to motivate students to hope for success, and to provide a challenging but rewarding
learning experience.
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5 Results

The goal of this study was to compare the effectiveness of two PBL models and to identify the benefits of
the PBL approach compared with a traditional lecture-intensive approach.

The curriculum of a PBL course incorporates a range of teaching strategies and active learning activities,
and requires a rigorous planning of the problem-based group discussions, presentations, and deliverables.
Delivering such a course for the first time using a full-PBL approach is risky. One strategy is to deliver the
course in a hybrid mode by combining PBL activities with classical lecture-based course delivery.

The course presented in this paper was first delivered using a hybrid-PLB model. After gaining confidence
in the PBL approach the instructor delivered the course using a full-PBL model. A comparison between the
two delivery models indicates that the overall course grade for the full-PBL course was with 8% higher. The
difference is not significant and therefore it is not possible to assume that the increase in the overall
average grade of this course is due only to the use of a full-PBL model. This small difference does not
indicate that the full-PBL model is more effective and provides superior results for this course than a
hybrid-PBL model.

It is very difficult to assess the effectiveness of the PLB approach using only quantitative means. To address
this concern a qualitative comparison between the PBL approach and the traditional course-delivery
approach was performed using three sources: comments included in the student evaluations of the PBL
course, discussion with the graduates of the AVT program who took 45 courses delivered with a traditional
approach and one PBL course, and the feedback provided by industry managers who judged the PBL course.
A summary of these comments and remarks indicate that:

e Students considered the PBL approach very effective in synthesizing key knowledge taken from
previous courses and from the published literature that was considered relevant by them and not
by the course instructor

e Students enjoyed the open-ended approach and the freedom to design and defend modern
solutions (i.e. vehicle-to-vehicle and vehicle-to-system communication)

e The graduates appreciated the leadership roles in conduction brainstorming activities and
preparing reports and presentations, and compared them with their current duties

e The panel of engineering managers from the automotive-related industry who judged the final
designs noticed the innovative ideas developed through the PBL approach

The feedback provided by judges, students, and graduates combined with the level of achievement of the
learning outcomes provide encouragement and support in continuing to deliver the course described in this
paper using the PLB approach.

6 Conclusion

Due to the rapidly evolving knowledge and approaches related to modern vehicles, it is difficult to deliver a
lecture-intensive course related to the conceptual design of electric and hybrid vehicles. Furthermore, it is
difficult teach in a course the knowledge required to develop a conceptual design of a vehicle. This paper
presents a problem based learning approach that addresses these concerns. It presents an implementation
of a course offered in the last semester of a four year automotive program, describes the methodology of
delivering a student-centred course, and describes the skills gained by student through the PBL approach.
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Abstract

In this article, we present our idea of using a game engine (Unity) to teach Media Technology students
mathematics-related concepts. In order to observe how the introduction of a technological tool, namely
the game engine, changes the practices in mathematical work, we adopted the anthropological approach in
didactics. This theoretical framework defines the “atoms” of mathematical practice and discourse in terms
of tasks, techniques, technologies and theories. We present a didactical scenario when Unity is used for
introducing the calculation of reflection and refraction vectors and then we use the anthropological
approach to present the practices in calculating these vectors with traditional mathematics and
constructing them in Unity. Then, we discuss the differences between the two cases, when we argue that
Unity can benefit Media Technology students, who use mathematics as a tool. However, the assumptions
on the mathematical practice while using Unity will have to be confirmed in actual educational settings.

Keywords: mathematics education, game engine, problem-based learning, the anthropological approach,
media technology

1 Introduction

Over the past years, engineering education has been challenged to embed creativity and innovation, in
order to produce graduates who can easily adapt to societal changes (Badran, 2007; Jgrgensen & Busk
Kofoed, 2007; Zhou, 2012). As a result, a number of engineering programs have arisen that transcend the
division between technical, scientific and creative disciplines. The teaching of mathematics to students of
such disciplines represents a challenge to the education system because these disciplines are typically
constructed in specific opposition to technology and science. This paper emerges from our research that
explores the teaching of mathematics in such an engineering discipline, namely the Media Technology
program at Aalborg University (Triantafyllou & Timcenko, 2013).

Regarding mathematical education in traditional engineering studies, it has been found that engineering
students often have difficulties with understanding the mathematical concepts due to their lack of
fundamental understanding of difficult concepts or due to their inability to perform deductive reasoning
(Morgan, 1990). Moreover, it has been found that the conceptions of mathematical concepts are different
for engineering students from those of mathematics students (Maull & Berry, 2000), and that engineering
students see mathematics as a tool, and therefore wish to see the application side as part of the course
(Bingolbali, Monaghan, & Roper, 2007). In our own research, we have confirmed the aforementioned
findings for Media Technology students and we have also found that these students are reluctant to use
technology in mathematics, since they believe that it adds to the complexity of such courses (Triantafyllou
& Timcenko, 2014).
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Inspired by the constructivist aspects of Problem-Based Learning, which Aalborg University applies to all its
programs (Barge, 2010), we came up with the idea of substituting traditional mathematics assignments
with mini-projects in a game engine (Unity). The main concept of this approach is that students get simple
projects in Unity, where mathematics is used for game mechanics and they have to modify or further
develop these projects. With this approach, we aimed at changing the mathematical practice of these
students, by relating it with tangible objects in a virtual world. We chose Unity, since Media Technology
students are familiar with it, and we wanted to avoid the learning effort of employing a new tool. In the
following, we present a theoretical framework for analysing and comparing the practices when traditional
mathematics and Unity is employed. Then, we present an example of a didactical scenario, where Unity is
used for introducing light reflection and refraction to Media Technology students. We conclude that Unity
offers new possibilities for such students, who wish to see the application part of mathematics.

2 Background

Using a game engine for mathematical assignments involves students programming for solving these
assignments. The idea that programming could be used to develop or enforce mathematical ideas is not
new. Based on constructivism, Seymour Papert developed the programming language LOGO, where
children can guide a small turtle around the screen. The turtle leaves a trace while moving around, allowing
the child to create various geometrical figures (Papert, 1980). His suggestion was that children learn in a
particularly efficient way when they are engaged in developing constructs such as beautiful patterns,
interactive art, etc. Papert described LOGO as a “mathematical microworld” that allows children to engage
in such projects. During the 1980s, there was great enthusiasm and confidence that LOGO and similar
programming languages would radically reform mathematics teaching in primary schools. However, the
results in mainstream implementation did not entirely live up to the expectations. There are a number of
reasons for the disappointing results; for instance, students easily overlook the nuggets of mathematical
knowledge, making their work in the microworld non-mathematical (Ainley, Pratt, & Hansen, 2006; Hoyles
& Noss, 1992).

The idea that programming could be helpful in mathematics education in the late 1980s was also
developed in the context of teaching mathematics at high school and college. Here the geometric and
artistically framed LOGO program was less popular. On the contrary, teachers often utilized common
programming languages such as BASIC, COMAL and PASCAL to support learning. One of the outspoken
hopes was to create a process-oriented approach to abstract mathematics, basing abstract constructions in
concrete numerical computations. Ed Dubinsky’s work is probably the clearest description of the learning
potential of programming (Breidenbach, Dubinsky, Hawks, & Nichols, 1992). His theoretical framework
describes mathematical concept formation as beginning with performing actions on well-understood
mathematical objects; these actions can be organized in processes and encapsulated into objects. These
objects can be related to one another in schemas. This theoretical framework of mathematical concept
formation was applied to improve the development of the process conception of function for university
students and uses computers for empowering and enriching the concrete numerical calculations that are
the necessary foundation for concept formation.

During the last years, digital games have been applied in many educational fields to enhance learning
motivation (Prensky, 2001). Since game environments or engines allow users to customize their gaming
experiences by building and expanding game behaviour, games offer new directions in relation to learning
mathematics by programming, which have not been extensively explored. EI-Nasr and Smith have proposed
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the use of modifying, or modding, existing games as a means to learn computer science, mathematics,
physics, and aesthetic principles (EI-Nasr & Smith, 2006). In two exploratory case studies, they presented
skills learned by students as a result of modding existing games and they discussed the benefits of learning
computer sciences skills, among others 3D graphics and mathematics. However, the literature has yet to
discuss if and how programming in games can contribute to meaningful mathematics learning.

3 Theoretical Framework

The tools that we choose to bring to mathematics students do influence the learning of mathematics that
becomes likely or possible (Ainley et al., 2006; Guin, Ruthven, & Trouche, 2006). And in that sense bringing
programming into mathematics teaching does support certain types of learning. In order to observe these
types of learning, we adopt the theoretical frameworks adopted and developed by Artigue (Artigue, 2002),
namely the anthropological approach in didactics initiated by Chevallard (Chevallard, 1990), and the theory
of instrumentation developed in cognitive ergonomics (Verillon & Rabardel, 1995).

3.1 Then anthropological approach in didactics

The anthropological approach in didactics provides tools to model mathematical and didactical knowledge
(Winslgw, 2012). This didactical theory views mathematics as the product of a human activity. Therefore,
mathematical productions are framed by the social and cultural contexts where they develop and
mathematical objects are entities which arise from the practices of given institutions (Artigue, 2002). These
practices, also called “praxeologies”, as described by Artigue, have four components: “...a type of task in
which the object is embedded; the techniques used to solve this type of task; the “technology”, that is to
say the discourse which is used in order to both explain and justify these techniques; and the “theory”
which provides a structural basis for the technological discourse itself and can be seen as a technology of
the technology.” (Artigue, 2002) Winslgw mentions that the tasks and the techniques define each other
and calls the couple of a task and a technique as a practical block — the minimal entity of practical
knowledge. Technologies explain how to apply and distinguish a whole set of techniques. At a higher level
of discourse, technologies are developed, explained, related and justified in and by a theory (Winslgw,
2012). For a given set of practical blocks, we can define the theoretical block, which is formed by a
technology and a theory. The anthropological approach describes the mathematical activity using the
practical and the theoretical discourse. However, when a technique becomes routine in an institution, it
tends to lose its connection to the theoretical discourse and becomes a simple, “de-mathematicised” act.
Therefore, this approach helps to observe the changes that happen when technological tools are inserted
into mathematical learning, since it offers a framework to observe if and how the practical and the
conceptual work are interrelated.

3.2 The instrumental approach

The instrumental approach addresses students’ use of technology when learning mathematics from the
perspective of appropriating digital tools for solving mathematical tasks (Guin et al., 2006). It views
computational artifacts as mediating between user and goal (Rabardel & Bourmaud, 2003). It is an
important aspect of this conceptualization that humans have goals on various levels, and hence that the
goal of smaller actions can feed into larger plans (Nardi, 1996). Furthermore the approach presupposes a
continuation and dialectic between design and use, in the sense that a pupil’s goal-directed activity is
shaped by his use of a tool (this process is often referred to as instrumentation), and simultaneously the
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goal-directed activity of the pupil reshapes the tool (this process is often referred to as instrumentalization).
In students’ work with technology the distinction between epistemic mediations and pragmatic mediations
operationalize the difference between learning with technology and just using technology to solve tasks
(Guin et al., 2006; Rabardel & Bourmaud, 2003). Epistemic mediations relate to goals internal to the user—
affecting his or her conception of, overview of, or knowledge about something and pragmatic mediations
related to goals outside of the user—making a change in the world. Finally, Rabardel and Bourmaud
introduce sensitivity to a broader conception of the orientation of the mediation. Instrumented mediations
can be directed towards (a combination of) the objects of an activity (the solution of a task), other subjects
(classmates, the teacher), and oneself (as a reflective or heuristic process). Hence the theoretical
framework consists of the concepts: instrumental genesis, as consisting of instrumentation and
instrumentalization, the concepts epistemic and pragmatic mediations, as well as sensitivity towards the
orientation of an instrumented mediation. The orientation of the mediation can be towards oneself,
external objects, and other subjects.

4 The didactical scenario - reflection and refraction vectors

In this article, we use a didactical scenario and we examine how praxeologies change from traditional
instruction to instruction with the use of Unity. This didactical scenario concerns light reflection and
refraction and is taken from the computer graphics rendering course of the fifth semester at the Media
Technology bachelor program. We selected the specific scenario because it involves mathematical work
that can be visually represented. In this context, Unity (or any game engine) can greatly contribute to user
understanding since it offers visualisation and interaction possibilities.

The didactical scenario took place during one lecture. The lecture started with the mathematical reflection
vector calculation (Figure 1). The teacher (one of the authors of this article) reminded the students of the
fact that according to the law of reflection, the angle of incidence equals the angle of reflection, and she
explained the calculation of the projection of one vector to another. Then, students were asked to think
how to calculate the reflection vector based on this information. On the whiteboard, the teacher then
solved together with student contributions an exercise on calculating the reflection vector, given the
coordinates of the vector of the incoming light and the angle of incidence.

N

L—(N-L)N

L (N-L)N R

Figure 1: The direction of reflection R forms the same angle with the normal vector N as the direction L pointing
toward the incoming light. It is found by subtracting twice the component of L that is perpendicular to N from L itself.
(Lengyel, 2012)
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Thereafter, the teacher calculation of refraction vector was explained by first introducing Snell’s law, which
describes the relationship between the angles of incidence and refraction, when referring to light or other
waves passing through a boundary between two different isotropic media. Then, she went through the
mathematical calculation of the refraction vector (Figure 2), and she discussed the conditions that
invalidate the refraction formula and the physical phenomenon observed under these conditions (total
internal reflection).
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Figure 2: The angle of incidence L and the angle of transmission T are related by Snell’s law. The refraction vector T is
expressed in terms of its components parallel and perpendicular to the normal vector N. (Lengyel, 2012)
After these explanations, students were introduced to their homework, which it was given as a class activity
(see Appendix). Students worked in their homework in class, but they could finish it and submit it up to ten
days after the lecture. The homework involved using Unity for defining the reflection and refraction vectors,
and gave the students the opportunity the formulas, which they were presented in class for changing game
mechanics.

5 Calculation of reflection and refraction vectors using traditional mathematics and
mathematics in Unity

In this section, we present the calculation of the reflection and the refraction vectors using traditional
mathematics (as presented in students textbook) and using Unity. In order to understand the differences in
mathematical practice in these two cases, we use the anthropological approach in didactics and describe
the calculations in terms of theory, technologies, techniques and tasks involved.
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5.1 Calculation of reflection vector

The task at hand here is to calculate the reflection vector R, given the direction L pointing toward the
incoming light (Figure 1). This task has two steps (Table 1): the first is to use the dot product definition in
order to calculate the projection of L to the normal direction N and then express the component of L that is
perpendicular to the normal direction as the subtraction of two vectors, and the second is to express vector
R as the subtraction between two other vectors.

For performing the aforementioned task, the techniques of the geometric definition of calculating the dot
product and the definition of addition and subtraction of vectors in two dimensions are required. The task
and techniques together form the practical block. The theoretical block consists of the technologies and the
related theory. The technologies involved are the definition of the length of vectors, the definition of the
dot product, the generic definition of addition and subtraction of vectors and the definition of unit vectors.
The related theories are the law of reflection and vector spaces.

Table 1: Mathematical calculation of reflection vector

1) We first calculate the component of L that is perpendicular to the normal direction, as the subtraction
of vector L and its projection on N (we use capital bold letters for the vectors):

perpyL =L — (N-L)N
2) The vector R lies at twice the distance from L as does its projection on the normal vector N. We can
then express the vector R as:

R=2(N-L)N-1L

5.2 Construction of the reflection vector in Unity

When the reflection vector is constructed in Unity, the task is to graphically draw this vector by finding its
direction from the reflection formula (Figure 3). In order to perform this task, the following techniques are
required: normalization of vectors in Unity, calculation of the dot product of two 3D vectors in Unity,
definition of vectors by two points (both in geometry and in Unity), and definition of rays by a point and a
direction vector (both in geometry and in Unity).

The theoretical block in this case is very similar to the theoretical block of the mathematical calculation
with the only addition of the definition of rays in the set of related technologies.

5.3 Calculation of refraction vector

The task is to calculate the direction of the refraction vector T, given the direction L pointing toward the
incoming light (Figure 2). The angle of incidence L and the angle of transmission T are related by Snell’s law.
The task has five steps (Table 2).

The first step is to express the vector G in terms of the perpendicular part of vector L while the second is to
express the refraction vector T in terms of its components parallel and perpendicular to the normal vector
N. The following three steps aim at eliminating the trigonometric numbers in the refraction formula and
replacing them with the refraction indices. The techniques to perform these steps include the geometric
calculation of the dot product of vectors in 3D space, the addition and subtraction of vectors in 3D space,
the decomposition of vectors in parallel and perpendicular components, the normalization of a vector, and
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using the fundamental trigonometric identity (sinx + cos?x = 1) to replace cosx with sinx and vice
versa.

The theoretical block contains the relevant technologies and theory. The technologies contain the
definition of length of vectors, the definition of the dot product, the definition of addition and subtraction
of vectors, the definition of unit vectors, the definition of sine and cosine, the decomposition of vectors in
components, and the fundamental trigonometric identity. The theory, which is needed in order to perform
the specific task, is the Snell's law, the Pythagoras’ theorem, trigonometry and theory of vector spaces.

Table 2: Mathematical calculation of reflection vector

1) We express the vector G in terms of the perpendicular part of L on N:
_perpyL L—(N-L)N
G= sinf, sinf;
2) We then express the refraction vector T in terms of its components parallel and perpendicular to the
normal vector:

sinfr
sin@;,
3) Using Snell’s law, we can replace the quotient of sines with the quotient of refraction indices:

T = —NcosOy — Gsinfy = —NcosOr — [L—(N-L)N]

T = —NcosO; — Z—L[L — (N-L)N]
T

4) Using the fundamental identity and Snell’s law:

_ U 5 L
T=-N|1-—sin 0, ——[L—(N-L)N]
nr nr

5) Replacing sin?6, with 1 — cos?8;, = 1 — (N - L)? finally yields:

2
T=(LN.L- 1—%[1—(N-L)2] N-Tp
nr nr nr

5.4 Construction of the refraction vector in Unity

When the refraction vector is constructed in Unity, the task is to graphically draw this vector by finding its
direction from the refraction formula (Figure 4). In order to perform this task, the following techniques are
required: normalization of vectors in Unity, calculation of the dot product of two 3D vectors in Unity,
definition of vectors by two points (both in geometry and in Unity), definition of rays by a point and a
direction vector (both in geometry and in Unity) and calculation of the square root of a number.

The theoretical block in this case is very similar to the theoretical block of the mathematical calculation of
refraction with the only addition of the definition of rays and the definition of the square root of a number
in the set of related technologies.

6 Discussion

In the previous section, we have analysed the tasks, techniques, technologies and theories involved when
calculating the reflection and the refraction vector using traditional mathematics and the Unity game
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engine. From this analysis, we can see that although the theoretical block remains almost the same, the
practical knowledge needed for performing the same task using mathematics and Unity differs. Leaving
aside the technical implementation aspects, the students have to consider how a mathematical formula is
connected with game objects. For example, the direction of the vector L in the mathematical model is
pointing toward the incoming light, while the ray in Unity representing the incoming light is drawn using a
vector with the opposite direction. Therefore, the students have first to create a vector with the opposite
direction as L, in order to be able to correctly apply the reflection and refraction formulas in Unity.
Moreover, the students can see what these formulas define in the real world (i.e. direction of the
reflected/refracted light).

Another aspect that comes up when working in Unity is the specificity of the refraction formula. This
formula contains the square root of an expression. When working with this formula with pen and paper,
students can easily ignore the fact that the expression under the square root cannot be negative. When this
happens in Unity, there is an exception called, and the students can at least see that something is wrong in
their program. Realizing that this formula cannot be applied when this happens is important for
understanding, since this the condition for total internal reflection to happen. Students can also experiment
with different values of the incident angle (since they have the opportunity to manually change the
direction of the laser pen in Unity), in order to see for which angles the light is reflected instead of refracted.

Regarding the mathematical concepts involved, the calculation of the reflection and refraction vectors
requires a higher level of mathematical discourse. However, we argue that this higher level of
mathematical thinking is not necessarily important for Media Technology students. The construction of
these vectors in Unity still calls for understanding of the basic related mathematical concepts (e.g. direction
of involved vectors, angles, unity vector on a surface), leaving aside the procedure of forming the reflection
and refraction formulas. Finally, Unity offers possibilities of interaction with and visualization of game
objects, and verification of self-assumptions. Such possibilities can help exploring different conditions and
how they affect the game objects and the observed physical phenomena.

Finally, the use of a game engine can support mathematical work where students generate actual objects
(in a virtual world), interact with them, change their properties, and observe how different objects interact
with each other. This approach in learning stems from a constructivist approach to learning and is well
aligned with the PBL approach implemented at Aalborg University, Denmark. Therefore, we believe that it
can also be used for other subjects (e.g. image processing, sound computing) for enhancing their PBL
character.

7 Conclusion

In this article, we presented our idea of using a game engine (Unity) to teach Media Technology students
mathematics-related concepts. In order to observe how the introduction of a technological tool, namely
the game engine, changes the practices in mathematical work, we adopted the anthropological approach in
didactics. This theoretical framework defines the “atoms” of mathematical practice and discourse in terms
of tasks, techniques, technologies and theories (Winslgw, 2012). We presented a didactical scenario when
Unity is used for introducing the calculation of reflection and refraction vectors and then we used the
anthropological approach to present the practices in calculating these vectors with traditional mathematics
and constructing them in Unity. Then, we discussed the differences between the two cases, when we
argued that Unity can benefit Media Technology students, who use mathematics as a tool. However, the
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aforementioned assumptions on the mathematical practice while using Unity will have to be confirmed in
actual educational settings. The instrumental approach presented in section 3.2 can be used to verify that
this tool is used as intended and results in authentic epistemic mediations. We are currently performing
observations and interviews with students at Media Technology in order to verify these assumptions. So far,
student reaction to this new approach has been positive and anecdotal feedback shows that the PBL
oriented approach is preferable from the traditional way of teaching mathematics.

8 References

Ainley, J., Pratt, D., & Hansen, A. (2006). Connecting engagement and focus in pedagogic task design. British
Educational Research Journal, 32(1), 23-38.

Artigue, M. (2002). Learning mathematics in a CAS environment: The genesis of a reflection about
instrumentation and the dialectics between technical and conceptual work. International Journal of
Computers for Mathematical Learning, 7(3), 245-274. doi:10.1023/A:1022103903080

Badran, I. (2007). Enhancing creativity and innovation in engineering education. European Journal of
Engineering Education, 32(5), 573-585. doi:10.1080/03043790701433061

Barge, S. (2010). Principles of problem and project based learning, the aalborg PBL model. Aalborg: Aalborg
University. http://www.aau.dk/digitalAssets/62/62747 pbl_aalborg_modellen.pdf

Bingolbali, E., Monaghan, J., & Roper, T. (2007). Engineering students’ conceptions of the derivative and
some implications for their mathematical education. International Journal of Mathematical Education in
Science and Technology, 38(6), 763-777.

Breidenbach, D., Dubinsky, E., Hawks, J., & Nichols, D. (1992). Development of the process conception of
function. Educational Studies in Mathematics, 23(3), 247-285. doi:10.1007/BF02309532

Chevallard, Y. (1990). On mathematics education and culture: Critical afterthoughts. Educational Studies in
Mathematics, 21(1), 3-27. doi:10.1007/BF00311013

El-Nasr, M. S., & Smith, B. K. (2006). Learning through game modding. Computers in Entertainment (CIE),
4(1), 7.

Guin, D., Ruthven, K., & Trouche, L. (2006). The didactical challenge of symbolic calculators: Turning a
computational device into a mathematical instrument Springer Science & Business Media.

Hoyles, C., & Noss, R. (1992). Learning mathematics and logo MIT Press.

Jgrgensen, F., & Busk Kofoed, L. (2007). Integrating the development of continuous improvement and
innovation capabilities into engineering education. European Journal of Engineering Education, 32(2), 181-
191. doi:10.1080/03043790601116964

Lengyel, E. (2012). Mathematics for 3D game programming and computer graphics, third edition Delmar
Cengage Learning.

Maull, W., & Berry, J. (2000). A questionnaire to elicit the mathematical concept images of engineering
students. International Journal of Mathematical Education in Science and Technology, 31(6), 899-917.

163



Morgan, A. (1990). A study of the difficulties experienced with mathematics by engineering students in
higher education. International Journal of Mathematical Education in Science and Technology, 21(6), 975-
988.

Nardi, B. A. (1996). Context and consciousness: Activity theory and human-computer interaction Mit Press.
Papert, S. (1980). Mindstorms: Children, computers, and powerful ideas Basic Books, Inc.
Prensky, M. (2001). Digital game-based learning New York: McGraw-Hill.

Rabardel, P., & Bourmaud, G. (2003). From computer to instrument system: A developmental perspective.
Interacting with Computers, 15(5), 665-691. doi:http://dx.doi.org/10.1016/50953-5438(03)00058-4

Triantafyllou, E., & Timcenko, O. (2013). Applying constructionism and problem based learning for
developing dynamic educational material for mathematics at undergraduate university level. PBL Across
Cultures : Proceedings from the 4th International Research Symposium on PBL 2013, Kuala Lumpur,
Malaysia. 335.

Triantafyllou, E., & Timcenko, O. (2014). Opportunities and challenges of using technology in mathematics
education of creative engineering studies. In C. Stephanidis (Ed.), HCl international 2014 - posters' extended
abstracts (pp. 171-176) Springer International Publishing. doi:10.1007/978-3-319-07854-0_31

Verillon, P., & Rabardel, P. (1995). Cognition and artifacts: A contribution to the study of though in relation
to instrumented activity. European Journal of Psychology of Education, 10(1), 77-101.
doi:10.1007/BF03172796

Winslgw, C. (2012). Mathematics at university: The anthropological approach. Lecture, ICME-12, 887-901.

Zhou, C. (2012). Fostering creative engineers: A key to face the complexity of engineering practice.
European Journal of Engineering Education, 37(4), 343-353. doi:10.1080/03043797.2012.691872

Appendix

Class activity on light reflection and refraction: Open the Unity project “Math”, which contains two scenes:
the Reflection scene (Figure 3) and the Refraction scene (Figure 4). When in play mode, you can use your
arrow keys to rotate the pen in space. Use your mouse scroll keys in order to zoom in and out in the scene
and your left mouse key in order to rotate the camera (that means your own view on the scene).

Open the Reflection scene:

1. This scene contains a pen, which emits a beam of light. The beam of light is represented by a red line. In
order to draw this line and its reflection on the plane (assume that the plane is a mirror, on which the light
reflects), there is a script attached on the pen. Open the script in order to see the code.

€ Game
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Figure 3: The reflection scene in Unity
2. The code uses the Unity method Reflect(); in order to calculate the direction of the reflected light. Delete
this line of code (or make it a comment by adding // at the beginning of the line) and then calculate the
direction of the reflected line by using the formula of the reflection:

R=2(N-L)N-L

3. Suppose (or actually try to do it!) that we substitute the plane with a rough surface (e.g. a terrain with
mountains). What adjustments (if any) do you have to do in the code of the pen script for calculating the
reflected line?

Open the Refraction scene:

1. This scene contains again a pen, which emits a beam of light. The beam of light is represented by a red
line. In order to draw this line and its refraction on the plane (assume that the plane is the interface
between two media, e.g. air and water), there is a script attached on the pen. Open the script in order to
see the code.

2. Complete the code for drawing the refracted line, by using the formula of the refraction:

2
T=(2NL- 1—"L2[1—(N-L)2] N-Tp
nr nr nr

Keep in mind that in some cases total internal reflection can happen instead of refraction!

3. What changes do you have to make in the scene/code if you want to change the materials (e.g. instead
of air and water, water and glass)

4. What happens if n_ < n:?

5. Solve the following exercise by hand and then verify your answer in Unity. In order to check if total
internal reflection happens on the critical angle you calculated, print the value of the angle in the console
when total internal reflection occurs. Use the command Debug.Log(); for printing.

Figure 4: The refraction and the total internal reflection scene in Unity

Exercise:
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The critical angel at the interface between two media is the smallest angle of incidence at which total
internal reflection occurs. Determine the critical angle for a beam of light traveling upward through water
toward the surface where it meets the air. The index of refraction of water is 1.33, and the index of
refraction of the air is 1.00.

Tips for Unity programming:

If you want to see the details for one method or command in Unity, highlight the word you are searching

for and then press Ctlr and ‘ in windows or Cmd and ‘ in mac. A browser window should open with details
from the Unity API.

It is better to run your project having “Maximize on play” deactivated. This way you can observe better
what happens in the scene.
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Abstract

PBL is a kind of teaching form and teaching model which accords with the training regularity in
engineering ability and the formation logic of comprehensive quality. PETOE required all universities
participating in the plan to implement the various methods of PBL with efforts. The innovation of
teaching models is regarded by PETOE as the crucial elements in order to achieve the objectives of
cultivating outstanding engineers. Targeting at the PETOE participant universities, after presenting the
function mechanisms of PBL specific to the cultivation of outstanding engineering talents, the paper
focuses on analyzing the achievements of obtained value acquired from the promoting PBL and the
universal problems still existing during the implementing PBL since PETOE started five years ago. It is
followed by analyzing how teachers can transform from traditional teaching model to the teaching of PBL
and offering operable advice and suggestions aimed at solving the problems and further implementation
of PBL.

Keywords: PBL; PETOE; learning method; teaching model; teacher; engineering education

1 Background

“The Plan for Educating and Training Outstanding Engineers (PETOE)” initiated by the Ministry of
Education of China is one of the only two significant reform projects in the domain of higher education on
the “National Outline for Medium and Long-term Education Reform and Development (2010-2020)” .
The two main objectives of PETOE are as follows: one is to educate and train a galaxy of high-quality
engineering and technical talents of various types, who possess strong creative abilities and are adaptive
enough to the development requisites of the economic society facing the industrial circles, the whole
world and the future as well so as to strengthen China’s core competitiveness and comprehensive
national power. The other objective is to accelerate the reform and innovation of engineering education,
to improve the quality of talent training comprehensively in China’s engineering education, to promote
China to move from a large to a power nation in the domain of engineering education.(MoE, 2010) PETOE
is participated by 208 colleges and universities, including Tsinghua University, Zhejiang University,
Shanghai JiaoTong University, and so on by covering 30 provinces and municipalities throughout China. It
includes undergraduate, master’s and doctoral levels with 1257 undergraduate majors, 514 postgraduate

majors and more than 240,000 students are involved in the project.
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Problem/Project Based Learning (PBL) is a kind of teaching form which accords with the training
regularity in engineering ability and the formation logic of comprehensive quality. Originated from the
realistic problems, cases and projects, PBL achieves the objectives of the course by carrying out different
teaching activities such as probing into and solving problems, discussing and analyzing cases,
participating in and accomplishing projects as well. PBL is a system of learning methods, and its main
forms include problem-based learning, case-based learning and project-based learning (Lin, 2012).
Therefore, those universities which are participating in the project are required by PETOE to implement
the various methods of PBL with efforts, such as problem-based learning, case-based learning and
project-based learning. The innovation of teaching models is regarded by PETOE as the crucial elements

in order to achieve the objectives of cultivating outstanding engineers.

Targeting at the PETOE participant universities(PAs), after presenting the function mechanisms of PBL
specific to the cultivation of outstanding engineering talents, the paper focuses on analyzing the
achievements of obtained value acquired from the process of promoting PBL and the universal problems
still existing during the process of implementing PBL since PETOE started five years ago. It is followed by
analyzing how teachers can transform from traditional teaching model to the teaching of PBL and
offering operable advice and suggestions aimed at solving the problems and further implementation of
PBL. As the principal designer of PETOE, the author has been conducting a lot of work in supporting the
Ministry of Education (MoE) by implementing PETOE, including promoting PBL in PETOE PUs vigorously.

The paper is based on the author’s relevant works.

2 The function mechanism of PBL(Lin, 2012)

The functions of PBL can be concluded to the following four aspects: a) the acquisition, application and
innovation of knowledge; b) the cultivation and improvement of engineering capacity; c) the
development and improvement of social competence; d) the cultivation and promotion of
comprehensive quality. Only if it is sufficiently recognized and understood how these functions are

generated during the process of implementing PBL, they can be fully played.

2.1 The Acquisition, Application and Innovation of Knowledge

PBL regards knowledge learning as a subject study so as to lead students to conduct analysis and
exploration of the subject. Though the knowledge students going to study and acquire is well-developed
or even has become classic theory, figuring out the origin and development of the knowledge, however,
is a kind of research for students. This kind of research not only makes students to gain the knowledge,

but also enables them to apply and innovate the knowledge.

For the need of learning, students must attain subject knowledge by themselves. In order to conduct
problem inquiry, case study and project research, students have to teach themselves the knowledge
beyond the content of their courses, including related theories, methods, techniques and their

applications. This kind of self-study ability is gradually cultivated by their self exploration, teachers’
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guidance and classmates’ cooperation. Therefore, not only students’ ability in knowledge acquisition but

also their self-study ability is nurtured during this process.

PBL well supports the application of knowledge. Students learn knowledge in the way of research.
Through studying the conditions, adaptability and limitation of subject knowledge, students can master
the knowledge inveterately, which enables them to well apply the knowledge into their problem inquiry,
case study and project research. In this way, students not only develop application capacity, but also lay

the groundwork for their analytical and problem-solving skills

PBL leads to knowledge innovation. Based on questioning and critical thinking, students can point out the
possible problems of the knowledge and the possibility of further developing the knowledge under
different circumstances, and then explore and construct novel knowledge through scientific and rational

reasoning and strict logical analysis.

2.2 The Cultivation and Improvement of Engineering Capacity

PBL takes the specific problems and real cases from engineering practice, and the designs and R&D
projects from industries and enterprises as carriers which carry the content of engineering teaching. This
can cultivate and improve students’ engineering capacity in their process of dealing with problems,

analyzing cases and researching projects.

Through dealing with the problems, cases and projects, students will unconsciously achieve concepts,
general knowledge and principals of engineering, learn thinking and analyzing various engineering issues
in the way of engineering thinking and acquire the methods and skills of analyzing and processing
engineering data and summarizing and concluding engineering problems. Therefore, students’

engineering qualities can be cultivated and improved during the process of PBL.

PBL is problem-driven, so students have to face practical problems at the very start of their learning. In
order to solve a problem finally, they must learn to find out the root, analyze the characteristics and
research the nature of the problem in an overall and systematic perspective, they should also look for the
method and way to solve the problem using innovative and critical thinking. Consequently, PBL not only
trains and improves students’ ability of systematic and innovative thinking but also the ability of finding,

analyzing and solving problem:s.

The research objects of the problems, cases and projects are production and operation systems,
industrial products, engineering projects and engineering technology. The objects involve many aspects,
mainly including the design, operation and maintenance of production system, upgrading of original
products, development and design of new products, and modification and innovation of engineering
technology. As a result, PBL can effectively train students’ skill of design and maintenance of production
system, development and design of new products, development and integration of engineering projects,

and modification and innovation of engineering technology.
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2.3 The Development and Promotion of Social Competence

The teaching organization forms and methods of PBL cultivate and promote the social competence of
students. The PBL considers the cooperation between students, the interaction between teachers and
students and the activities hold by students to accomplish study tasks as kinds of work and social
environment. Therefore, the social competence of students can be effectively trained and cultivated. In
summary, there are three main aspects that can be cultivated and promoted through PBL: the capability
of interpersonal communication, the capability of organization management and the capability of team

cooperation.

In the aspect of the interpersonal communication, when allocating tasks, inter-cooperating, expressing
ideas and discussing questions, students must learn to be good at expressing their own ideas, accepting
other people’s suggestions, integrating different views, coordinating relationships among different
aspects and showing respects and appreciation to others, so as to seek common points while reserving
difference and accomplish study tasks together. All these will promote the capabilities of communication,

interaction and coordination.

In the aspect of organization management, students all participate in the rotation for different
management and leadership roles and take responsibility for associated matters. These matters include
the decomposition of group study subject, arrangement of group study schedule, carrying out the
cooperation research among classmates, the organization of group discussion and the organizational
preparation of class discussion. In these ways, the capability of organization management of students can

be thoroughly practiced.

In the aspect of the team cooperation, no matter in the group or in the class, students need to be fully
aware of the importance of teamwork in the development of modern society and recognize the
individual role and status in the team. Students should learn to deal with the relationship between
division and cooperation, individual and collective and part and whole; develop their own global
consciousness and collective ideas; learn to well deal with the conflicts among classmates; learn to give a
full play to the superiority of every classmate, motivate every student’s enthusiasm, so as to achieve

team objectives. In sum, the capabilities of team cooperation of students are developed.

2.4 The Cultivation and Improvement of Comprehensive Quality

PBL plays a key role in cultivation and improvement of comprehensive quality of students. At present, the
majority of teachers in most universities believe that teachers are just responsible for “teaching
knowledge” while the department of student administration should be responsible for “educating
students”. But, in fact, in the process of PBL, teachers can achieve the result of “education” during the
“teaching” process by their words and deeds as well as teaching organization. In other words, PBL

process can play as a platform on which teachers “act”, “set examples” and “guide students” to promote

the cultivation and improvement of students’ comprehensive quality.
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Modern engineering problems always involve environment protection, ecological balance, the harmony
and sustainable development of society, public security and health, national and social interests etc. In
the process of PBL, teachers should emphasize students to pay attention to and handle well above
factors during the study of engineering problem, cases and projects in order to cultivate the necessary

social responsibility of engineers whom students will become in the future.

Teachers’ earnest and responsible attitude toward engineering problems, their conscientious spirit of
teaching, and their constant pursuit of excellence in teaching quality will be in favour of the cultivation of
students’ engineering professional ethics, the attitude to strive for excellence and their dedication.
Meanwhile, teachers’ treating students on an equal footing, giving them selfless help and guidance,
encouraging students for their achievement, and being tolerant of their shortcomings and dissenting
opinions will also help students learn how to get along with other people, how to improve their own

quality, how to be tolerant and how to cultivate a sound personality.

3 Achievements

PUs all posse a preferable innovation foundation in engineering education, taking up 20% universities
owning engineering majors in China. They have conducting tremendously in implementing PBL in

accordance with the requirements of PETOE.

(1) Utilizing various forms of PBL mode. PBL is a system of learning methods and its main forms include
problem-based learning, case-based learning and project-based learning. Meanwhile, various styles of
PBL could be formed on the basis of this system. For example, Tianjin University explored the classroom
teaching method actively which integrates “thinking, cognizing, speaking and acting” on the basis of
interaction between teachers and students in some elementary courses. Furthermore, they attempted to
use various teaching models and methods such as CDIO, PBL, PSLG and case-based teaching for reference
in specialized courses. Dalian University of Technology implemented teaching model innovation of
teaching in large-scale class while implementing discussing in small-size class and carrying out
research-based and autonomous classroom teaching. They endeavored to put various teaching methods
into practice, such as the method of discussion, situation-based teaching and case-based teaching
through the teaching models of “problem-discussion”, “reading-debate”, “experience accumulation”

and so on. Beijing Jiaotong University adopted a series of teaching methods with the combination of
diversified forms, such as classroom teaching, group project, independent project, experiment, design
and manufacture, on the basis of the thought of teaching instruction guided by solving engineering

problems..

(2) Implementing comprehensive reform and facility construction centred on PBL. The implementation of
PBL is not only the issues of classroom teaching, but also the innovation of correlated curriculum and
teaching organization form, the emphasis on the combined educating and training from students and the
reformation of examination and evaluation modes, the appropriate teaching environment for carrying

out PBL and so on. Tongji University is one of the typical examples in these respects, by carrying out the
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teaching modes of elicitation method, inquiry-based method, discussion method, participation method
and small-size class through the innovation of training modes and evaluation modes. They advocated to
improve the students’ comprehensive abilities and personality cultivation through the combined training
by designing, comprehensive and innovative projects besides the single form of knowledge
transformation and try to achieve the purpose of the diversification of students’ performance evaluation
modes. Meanwhile, they initiated the plan of the construction of classroom suitable for discussion to
construct about 160 classrooms which are well functioned and convenient enough for teaching and
interacting between teachers and students to meet the needs of the innovation of teaching modes,

training modes and evaluation modes.

(3) Adopting various kinds of examination and evaluation modes so as to support PBL. The examination
modes of academic records relates to the effect of PBL directly, simply because it not only guides the
students’ contribution to their study from the aspects of time and energy but also influences the
objectivity and fairness of the evaluation of students’ academic records. In general, the methods such as
increasing the times of assessment at regular intervals, adopting multiple assessing modes, increasing the
proportion of the weight of assessment grades at ordinary times are of great benefits for the
implementing of PBL. For example, Tianjin University adopted the mode of combined evaluation in the
aspect of examination and increased the proportion of the weight of assessment grades at ordinary times
and assessment phases. The transformation of the appraisal mode from academic grades to learning
effectiveness guided the students’ bias from examination result to learning process, which enhanced the
students’ learning initiative, learning ability, research ability and engineering practice ability. Ningbo
University of Technology played the guiding function of examination in the teaching and adopted the
examination methods, such as oral debate, lecture and answer, actual operation, ability test, online
examination, thesis design, in accordance with the characteristics of the course, the features of the major

and the actual situation of the students who are concerned.

(4) PBL driven by the achievements and products of the students. One of the important functional
mechanisms of PBL is to cultivate and promote the engineering ability of students, instead of memorizing
the simple facts and information. For this reason, the appraisal of the learning effectiveness of the
students by comprehensive learning achievement or the design of the accomplished products or projects
can not only assess the ability of finding problems, analyzing problems and solving problems but also can
motivate the learning enjoyment of students. For example, Beijing University of Technology carried out
the reforms such as teaching driven by production, teaching process tested by learning results, the
improvement of the students’ level by scientific research. When giving the practical courses, the teachers
are required to guide the students to accomplish a relatively integrated digital media product (including
cartoons, digital media mutual software, video games and so on), to examine the learning achievement
of students and the teaching level of teachers. Meanwhile, the encouragement of the students to submit
the learning achievements in classroom and the final graduation projects to participate in the concerned

digital media contests enhanced the students’ learning initiatives to a certain degree.
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(5) The implementation of teaching with engineering projects or production issues as carriers. The
problems, cases and projects adopted in the process of implementing PBL will affect the effect of PBL to a
large extent, so they should achieve the purpose of utilizing what are taught in the class and training the
students’ abilities to solve practical engineering problems as well. The common problem existing in the
teaching mode of PBL is that the problems, the cases or even the projects were often fabricated by the
teachers and lack of engineering background, which definitely affected the effectiveness of PBL to some
extent. Consequently, we should attach importance to choosing appropriate materials for PBL. For
example, The instruction enterprise courses of the Fuzhou University aimed at the practical usage of
engineering The teaching modes, such as the courses of lectures, explanation on spot with combination
with production practice and teaching based on cases derived from the problems of production were
adopted and also the students had the opportunity to involve in the tutors’ research projects so as to

receive the training of research methods and exploration abilities comprehensively.

(6) Practicing on the spot while conducting the graduation project. Graduation project is a combined
training for students from the aspects of knowledge, ability and quality, which can be regarded as a
special form of PBL and therefore, it plays a crucial role during the process of educating and training
engineering talents. However, the common problems, such as the replacement of project design by
paper, imaginary subject, study separated from reality in classroom made the important teaching process
become a mere formality. In order to solve all the above mentioned problems, PETOE required all PUs to
conduct the graduation project on the spot. The requirements are as follows: a) the subjects should be
derived from engineering practice. b) the project design should be accomplished in enterprises. c) the
project design should be guided by supervisor from enterprises. Generally speaking, the majority of PUs
carried out the requirements preferably. The benefits are that on one hand the students can solve some
problems for the enterprises to a certain extent by receiving the recognition from the enterprises and on
the other hand this form of practice is also beneficial for the students to be close to engineering practice

and increase their quality of employment.

4 Existing problems

Although PBL has relatively a long research and practice history and also has got positive guidance and
strong support from the government, especially from the education sectors, the implementation of PBL
still exists different kinds of problems, because of the long period of effect of exam-oriented education,
the inherent role definition between teachers and students and the inertial acceptance of passive
teaching models. As far as the PETOE PUs are concerned, although tremendous progress has been made
in implementing PBL the following problems are still existing in some universities by analyzing from the

perspectives of the essential characteristics, main forms and the functional mechanisms of PBL.

(1) The cognition of the nature of PBL is not thorough enough and the classroom teaching with discussion
and interaction is regarded as PBL simply; that is to say, the simple addition of some discussion and

interaction to the original classroom teaching is regarded as PBL.
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(2) The teachers who dominate the PBL lack of engineering practice experience and do not possess the
abilities to solve the engineering problems, cases and projects, so the effective implementing of PBL is
rather difficult.

(3) The problems and the cases used in PBL are not derived from engineering practice or enterprise
realities and they are separated from reality in classroom or just imagined by teachers, which are

considered useless to the cultivation and development of the students’ engineering abilities.

(4) Necessary cooperation is absent among the teachers who adopt the teaching mode of PBL, and they

usually work on their own; and as a result, the function of PBL cannot be played to the full.

(5) The PUs lack of policies and measures to stimulate the teachers to carry out PBL. For instance, there
are no definite requirements on teaching methods of PBL or no preferences from the aspects of

performance salary for the teachers who have carried out PBL.

5 Analyzing from the aspects of teachers

As far as the teachers are concerned, it is almost impossible for them to transform from traditional
teaching model to the teaching of PBL immediately; on the contrary, it is a long-term process of

exploration, improvement and perfection gradually.

First and foremost, the teachers should attach importance to changing their own role, that is to say, they
should change the teaching idea from teacher-centred to student-centred and transform the students
from learning passively surrounding teachers to learning on their own initiatives under the teachers’

guidance.

Secondly, the teachers should have sufficient teaching preparation. Organizing the teaching content,
planning teaching progress and arranging classroom teaching should be centred on the problems, cases

and projects from engineering practice.

Thirdly, the teachers should organize the teaching activities flexibly, that is to say, they should apply
versatile approaches and measures to classroom teaching. The aim is to inspire the students’ enthusiasm,
initiative and creativity on one hand and to response to various accidental teaching occasions so as to

ensure the classroom teaching running smoothly on the other hand.

Last but not least, favorable extracurricular communications are required between teachers and students.
The teachers should communicate with the students and give guidance to them directed at the issues

during the process of autonomous learning and collaborative learning and provide requisite help as well.

In fact, it is almost impossible for the teachers to accomplish all the above mentioned tasks only by one
round of teaching attempt in PBL through just one course in curriculum. Genuine PBL requires the
teachers to devote a lot of time and energy to their job in order to explore constantly, to accumulate and
enrich experience through the repeated teaching practice of PBL, thereby to bring the function of PBL

into full play and to realize the instructional objectives of course teaching.
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6 Measures and Suggestions

Aimed at the above-mentioned problems and based on the analysis from the perspective of teachers, we

propose that the PETOE PUs should conduct as follows while carrying out PBL.

(1) The education and teaching philosophy should be changed from “ classroom, teachers and
textbooks-centred” to “students, learning, students-centred” . The traditional education and teaching
philosophy attached importance to the function of course teaching, emphasized the teachers’ authority
and regarded the content of textbooks as the absolute requirement for teachers’ classroom teaching and
students’ course evaluation. These are inconsistent with the education thought and the teaching
philosophy advocated and transmitted by PBL. Modern education and teaching philosophy emphasize

“the student-oriented” principle, which is to prepare, organize and carry out the teaching centred on
students, to attach importance to students’ learning outcome in the process of teaching and learning, to
design the teaching content to satisfy the students’ aspiration and interest and career development. All
these are just what PBL stresses and emphasizes; consequently, transformation of education and

teaching philosophy is the crucial prerequisite during the process of implementing PBL.

(2) The research of PBL should be conducted so that the teachers should fully realize the vital importance
of PBL during the process of cultivating and training engineering talents. Owing to the four functions of
PBL discussed in Section 2, PBL has become a preferable learning mode in global educational world
nowadays no matter it is in elementary, secondary education or in higher education, in scientific
education or in specialized education. As a result, the study of PBL is undoubtedly significant for the

teachers to implement PBL effectively.

(3) Comparably abundant engineering practice should be required as the necessary requirement for the
teachers to adopt the teaching mode of PBL. In order to cultivate the students’ innovative thinking and
innovation ability, PBL encourages students to come up with their respective analysis thought, handling
suggestion and solution critically aimed at the problems, cases and projects prepared by the teachers.
The various kinds of questions asked by students may be originated from the engineering practice,
realistic society or personal absent minded thinking; however, they are frequently complicated and
unable to answer with ease. Therefore, the teachers are required not only to answer the students’
various unanticipated questions confidently, but also to assist the students to train and advance
engineering abilities easily by virtue of their comparatively abundant engineering practice and

experience.

(4) The problems, cases and projects used in PBL should be selected, compiled and designed elaborately
from engineering practice and enterprise realities. There are two requirements as to choosing the
problems, cases and projects employed in a course to carry out PBL. The first one is that the teachers can
organize the students to carry out and accomplish the teaching of the main course content surrounded
by problems exploration, cases discussion and projects participation. The second one is that the problems,
cases and projects can form the logical relationship from simplicity to complexity in nature and from

singleness to synthesis in multiplicity, which are in favor of the students’ abilities and qualities’ cultivation

175



and development gradually. There are a large amount of real-life materials from engineering practice and
enterprise realities which can be used in PBL; therefore, it is not difficult to find out, compile and design

the problems, cases and projects which can meet the needs of the above-mentioned two requirements.

(5) The initiative of the students should be motivated to increase efficiency of PBL so as to liberate the
teachers from the simple duplication of effort. There is a bias understanding of PBL about carrying out
PBL and it is considered that the teachers and students will spend a large amount of time and this kind of
false idea might derive from the lack of understanding in carrying out PBL effectively. As a matter of fact,
PBL is a kind of active learning for students and they should carry out in-class and after-class learning, by
take advantage of all feasible educational and instructional resources. PBL is a kind of creative work for
teachers and they should assign the learning tasks which can be accomplished by students independently
or by group collaboration to students on one hand, and concentrate on organizing and carrying out
innovative teaching by means of flipped classroom and blended learning aimed at the conditions of the
students and the teaching progress on the other hand so as to improve the classroom teaching efficiency
of PBL.

(6) The cooperation between teachers should be encouraged and intensified. On one hand, the
cooperation between teachers can compensate the deficiency in engineering knowledge, abilities and
experience of single teacher, such as the cooperation between full-time teachers on campus and the
part-time teachers in enterprises can have complementary advantages in carrying out the PBL of a same
course in curriculum. On the other hand, the PBL based on projects can be accomplished frequently by
the participation of several teachers or teaching teams when turning into the learning stage of
specialized courses. Cooperative teaching or teaching courses by several teachers jointly should be a
normality of the innovation of curriculum system and teaching methods in colleges and universities and

this practice should be advocated and encouraged in the PETOE PUs.

(7) The policies and measures should be formulated to stimulate the teachers to utmost their best in
exploring teaching methods of PBL. The phenomenon of valuing research while neglecting teaching is still
universal currently; therefore, on one hand, the PETOE PUs should present explicit requirements
concerning teaching methods of PBL on the teachers who undertake the teaching tasks of training
outstanding engineers, especially the teachers teaching specialized courses during the process of
assessing and evaluating teachers. On the other hand, they should formulate definite preferred measures
in performance salaries to affirm the teachers’ devotion of time and energy to implementing PBL and to
stimulate them to update and improve the teaching level and effect by adopting the teaching mode of
PBL.

(8) The influence of the information technology and digital resources to PBL should be attached great
importance. Nowadays the information technology develop so rapidly that the teachers are required to
take the impact, influence and the acceleration on teaching methods and learning modes by information
technology and digital resources into consideration thoroughly. First of all, the teachers can take full

advantage of the multimedia’s demonstration function to demonstrate the derivation backgrounds,
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objective environments and complicated relations of the engineering problems, cases and projects
derived from engineering practice abundantly to acquire best teaching efficiency. Secondly, the teachers
can construct all kinds of complex, even hazardous engineering model by means of modelling and
simulation technology to comprehend and grasp the natures and characteristics of engineering problems
in order to find out, analyze, discuss and solve all kinds of complicated engineering problems better.
Thirdly, abundant online teaching resources provide wide space for the students to acquire knowledge
autonomously and reduce their dependence on teachers. Last but not least, mobile communication
technologies provide the students with convenience to learning autonomously whenever and wherever
possible. So the teachers are demanded to extend the classroom teaching to instructing students to learn
after class, to strengthen the extracurricular communication with students through full advantage of

internet means and to instruct, assist and reply various kinds of questions proposed by students timely.

7 Conclusion

With the help of PETOE, as a requirement of implementing the plan, PBL is in favor of not only realizing
the objective of training outstanding engineers but also implementing PBL effectively and thoroughly.
Although implementing PBL is the teachers’ incumbent responsibilities and the key to success lies in
teachers in essence, the implementation of PBL by the national project of the Chinese government, PBL is
definitely to bring more immediate and effective implementing effect in the domain of China’ s
engineering education. The effect will present evident demonstration and guiding function and will
influence the teaching of other fields in China’ s higher education and provide lessons and experience for

China’ s basic education as well.
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Abstract

Our experience at the Media Technology department, Aalborg University Copenhagen has shown that
learning core concepts and techniques in image processing is a challenge for undergraduate students. One
possible cause for this is the gap between understanding the mathematical formalism of such concepts and
being able to use them for solving real-world problems. The Problem-Based Learning (PBL) pedagogy is an
approach, which favours learning by applying knowledge to solve such problems. However, formulating an
appropriate project for image processing courses presents challenges on how to appropriately present
relevant concepts and techniques to students. This article presents our redesign of an image processing
course at the Media Technology department, which focused on relevant concept and technique
presentation and design projects and employed a game engine (Unity) in order to present such concepts
and techniques. In a Unity environment, we developed visualizations of core concepts and basic image
processing techniques. Unity was also used by students for developing projects (games) as assignments.
The first offering of this new course format has been an intense learning experience for the instructional
team. Media Technology students have welcomed the idea of using for image processing a tool they
already use for other courses. Moreover, the visualizations and design projects in Unity have proved to
increase student understanding compared to previous semesters, where other programming libraries were
used. Since these preliminary results were very positive, we are planning to conduct a large scale
guantitative study on the use of Unity and student understanding of image processing concepts during next
year.

Keywords: image processing, game engine, problem-based learning, design projects, visualizations

1 Introduction

A thorough understanding of signal processing is paramount in many engineering courses, such as
communications, sound or image processing. Various educational researchers and engineering educators
have investigated ways to make such courses easy to understand. However, the abstract and complex
mathematical concepts involved in signal processing and the disconnection of these concepts from real
world continue to pose a challenge in conceptually understanding signal analysis (Fayyaz, Streveler, Igbal, &
Kamran, 2015). Fayyaz et. al proposed that difficulties in conceptually learning signal processing arise from
insufficient understanding of the following concepts: (1) the difference between continuous and discrete
domains, (2) discrete frequency, (3) units of Fourier series and Fourier transforms, (4) periodic/aperiodic or
finite/infinite duration signals, (5) sampling, (6) aliasing and folding, (7) abstract mathematical concepts,
and (8) advanced mathematical thinking ability. They have also identified the following possible
explanations for these learning hurdles: phenomenological primitives, ontological miscategorization of
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discrete and continuous domain signals, and the lack of ability among students for advanced mathematical
thinking.

Our experience in the Media Technology department of Aalborg University, Denmark confirms the
aforementioned findings. Our teaching experience has shown that learning core concepts and techniques in
image processing is a challenge for undergraduate students. As literature has discussed and our experience
has shown a cause for this is the gap between understanding the mathematical formalism of such concepts
and being able to use them for solving real-world problems. In order to alleviate such learning hurdles for
students, we introduced a new course design for the image processing course at Media Technology.

This article presents our redesign of the image processing course at the Media Technology department,
which focused on relevant concept and technique presentation and design projects. This novel course
format was offered during the autumn 2014 term at the Aalborg University Copenhagen, Denmark. During
this term, we used a game engine (Unity) in order to present course concepts and techniques (Reng, 2012).
In a Unity environment, we developed visualizations of core concepts (e.g. image representation in pixels)
and basic image processing techniques. Our hypothesis was that by using Unity to implement various image
processing techniques (e.g. point processing, neighbourhood processing, histograms, blob detection, etc),
students could grasp more easily fundamental concepts (such as colour spaces, filters, object detection etc),
since the students work on a familiar and popular environment which is not difficult to use it (compared to
a programming library) and is also connected to game development which attracts a lot of students’
attention. Unity was also used by students for developing projects (games) as assighments. We got
inspiration for introducing this learning approach by the Problem-Based Learning (PBL) pedagogy, which is
applied to all programs at Aalborg University. In the following, we mention the core charecteristics of PBL
and then present the new course design. We conclude this article by discussing our experiences with this
new learning approach and proposing actions for future work.

2 Related research

Our search in the SCOPUS database revealed no articles describing the introduction of a game environment
or engine to image or signal processing undergraduate courses. By using the keywords “game AND image
processing course” and “Unity AND image processing course”, we got 38 and 5 results respectively, but
none of them was relevant. We have also used the keywords “Unity AND image processing”, which
returned 308 results but they did not refer to the educational field, while the keywords “game engine AND
image processing” revealed 94 results but they were from the game architecture field. By omitting the
image processing part, we have found a few approaches where game environments have been employed
for software engineering or computer science courses and some other related approaches, which have
applied other PBL-inspired learning methods in signal processing. In the following, we present research
from those fields.

Albu and Malakuti investigated a hybrid instructional format that combined traditional lectures with a PBL-
based component (Albu & Malakuti, 2009). Their approach aimed at providing a framework for solving
multimedia-related digital signal processing problems, where students were encouraged to formulate their
own problems. The PBL component was added to the lecture-centric course and custom-designed software
was introduced for system design and analysis. The authors observed student-formulated problems in
approximately 15% of the total number of handed-in projects. Interesting applications included image
segmentation via edge detection, creating audio effects via digital filtering, and segmentation of piano
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sounds based on harmony analysis. However, some students expressed the desire to receive a more
structured project assignment formulated in closed-form and the authors mentioned improvements that
have to be made to the software they introduced in terms of stability, flexibility, and efficiency for the
implementation of user-formulated filters.

Arévalo et al. describes introduced a PBL approach in a computer vision course (Arévalo et al., 2011). This
approach focused on the practical block of the subject and consisted of collaboratively developing a
software application to solve a central computer vision problem: detecting and classifying objects in images.
The aim of their initiative was twofold: getting the student to assimilate and put the acquired knowledge
into practice (specific skills); and to develop generic skills such as planning and conducting their learning,
performing individual and group works, coordination, etc. Arévalo et al. evaluated this collaborative PBL
approach according to the degree of students' satisfaction and the students’ academic outcomes. They
evaluated the produced material (final reports, forum contributions, etc.) and students' self-assessments
and the results indicated a high degree of satisfaction and involvement of students, better academic
outcomes (compared to previous years) and solutions to the problem, in some cases, really creative.

In the field of employing game environments to promote student participation, enable variation in how
lectures are taught, and improve student interest in higher education, Wang and Wu used a game
development framework as a learning aid in a software engineering course (Wang & Wu, 2009). In their
article, they described a case study where a game development framework (XNA) was applied to make
students learn software architecture by developing a computer game. They provided a model for how
game development frameworks can be integrated with a software engineering or computer science course
and they described important requirements to consider when choosing a game development framework
for a course. In their approach, they made some extensions to the existing game development framework
to let the students focus more on software architectural issues than the technical implementation issues.
The responses from the students were overall very positive compared also to previous years. Students felt
they learned a lot from the game project and they liked the practical approach of the project. However,
there were some students who felt that there was lack of XNA and technical support during the project and
that there was too much focus on XNA, and games and too little on software architecture.

In our approach, we got inspired by the working with real-world artifacts approach of PBL and we combined
it with the introduction of a game environment (Unity). In this sense, our approach is novel, especially
because it is applied in an image processing course. In the following section, we describe the main
characteristics of PBL, which build the theoretical framework of our approach.

3 Problem-Based Learning

PBL is a student-centered pedagogy in which students learn through the experience of problem solving
(Kolmos, Krogh, & Fink, 2004). Learning begins with a problem to be solved, posed in such a way that
students need to gain new knowledge before they can solve the problem, and thereby learning both
thinking strategies and domain knowledge. The goals of PBL are to help the students develop flexible
knowledge, effective problem solving skills, self-directed learning, effective collaboration skills and intrinsic
motivation (Hmelo-Silver, 2004).

PBL may also support group work (Kolmos, 1996). Working in groups, students identify what they already
know, what they need to know, and how and where to access new information that may lead to resolution
of the problem. This procedure enhances content knowledge while simultaneously fosters the
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development of communication, problem-solving, critical thinking, collaboration, and self-directed learning
skills. PBL may position students in a simulated real world working and professional context, which involves
policy, process, and ethical problems that will need to be understood and resolved to some outcome. By
working through a combination of learning strategies to discover the nature of a problem, understanding
the constraints and options to its resolution, defining the input variables, and understanding the viewpoints
involved, students learn to negotiate the complex sociological nature of the problem and how competing
resolutions may inform decision-making.

Additionally, PBL represents a paradigm shift from traditional classroom/lecture teaching. The role of the
instructor in PBL (known as the tutor) is to facilitate learning by supporting, guiding, and monitoring the
learning process. The tutor must build students' confidence to take on the problem, and encourage the
students, while also stretching their understanding. Therefore, the role of the teacher is to guide and
challenge the learning process rather than strictly provide knowledge.

PBL was first introduced in the medical school program at McMaster University in Hamilton, Ontario,
Canada in the late 1960s (Neville, 2008). Since then various universities and other educational institutes
have adopted PBL as a model of teaching and learning. Since its establishment in 1974, Aalborg University,
Denmark bases all its university programs on PBL, also referred to as “PBL - The Aalborg model” (Barge,
2010). The PBL - Aalborg Model has become both nationally and internationally recognized and a
trademark for Aalborg University. Through research in PBL, Aalborg University continues to develop and
adapt the PBL-model as a learning model for students as well as teaching staff, and ensures that the model
responds well to the demands and changes posed by the surrounding society and changes in the education
area.

The PBL — Aalborg Model shapes the institution’s program curricula. The program curriculum at Medialogy
is mapped onto academic terms (semesters) according to an appropriate progression with regard to depth
and breadth of content as well as sophistication of project work. Each program consists of an appropriate
balance of courses, which accompany the students’ project work. In each semester, a theme is selected to
serve as the context, in which central theme related courses and semester projects address the learning
objectives. Within the theme and the overall learning objectives, problems and project proposals are to be
chosen. Apart from their semester projects, students have often to work on projects for their semester
courses.

4 The new course design

The most common approaches for running Image Processing (IP) courses is by using a specific IP library (e.g.
Matlab Image Processing Tollbox, OpenCV, OpenFrameworks, etc). Such tools are very powerful for
conducting research and developing IP applications, but our observations during IP courses and student
performance on IP have shown that Media Technology students find it difficult to understand and use the
IP concepts. Moreover, student evaluation of the IP course has shown that a pure programming platform
(e.g. Matlab, OpenCV, etc) is not very attractive for such students. Therefore, we decided to redesign the
Introduction in IP course for Media Technology students.

Taking into account the aforementioned observations, we identified two challenges. On one hand, how to
better communicate the IP concepts, and on the other hand how to motivate students to start
experimenting with these concepts. We decided to resolve these challenges by employing the PBL context
of our university and our background and previous experience in game engineering. Therefore, we
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introduced the use of a game engine (Unity) as a means for efficient visualization of the IP concepts, and at
the same time as a platform for game, development where the IP concepts are used.

The syllabus of the Introduction in IP course contains the following topics:

e Introduction to IP / imaging

Image acquisition

Color spaces

Point processing / pixel operations

Neighborhood operations / Filtering

Morphological operations

Color detection/tracking

Blob analysis

Segmentation in video and Geometric transformations

e Frequency analysis of images

In the new course design, we used Unity based visualizations for introducing abstract mathematical
concepts used in IP. Moreover, students were given the possibility for their design projects to create games
within Unity, where they can use IP concepts.

In the following, we present the set of basic illustrations and exercises that we used to support this new
approach of teaching IP and their connection with the PBL pedagogy.

Grayscale pixel representation

In this visualization, a Unity scene is created, where the pixels are represented as 3D bars, and their
grayscale value (0-255) is used to define the height of the bars in the z-axis. By creating this scene, the
students can use the top point of view where the scene is shown as a 2D grayscale image (Figure 1a). Then
by simply rotating it, the students can see it from a different point of view (Figure 1b and 1c), where they
can see the height of the bars, which correspond to their grayscale values.

Figure 1: Grayscale pixel representation
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In this exercise, we aimed at creating a connection between the grayscale values of the pixels in an image
with the histogram of the image. The bars representing the values relate to the bars in a histogram and this
connection creates a real-world representation of an abstract concept as the grayscale value of a pixel.

Color representation

This is an exercise, where the students were asked to create a cube in Unity and try to paint it in different
colors by using different values for the variables red, green and blue (Figure 2).

Figure 2: Coloring a cube

For this exercise, students are required to use the RGB (red, green, blue) values in order to change the color
of the cube and by doing so, they are experimenting with this color space. Point processing

This is an exercise where the students were asked to attach a texture to a Unity game object (e.g. cube) and
then do some point processing operation on this texture, like change contrast or brightness, produce

inverted images, etc (Figure 3).

Figure 3: Inverting an image

Point processing: Thresholding

Like in the previous exercise, the students were asked to do some thresholding to a 2D texture (Figure 4).

Figure 4: Thresholding an image

Neighborhood processing

In such exercises, the students were asked to apply neighborhood processing operators such as mean filters,
rank filters or edge detectors (Figure 5).
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Figure 5: Edge detection (Prewitt kernel)

Morphological operators

In these exercises, the students were asked to apply erosion, dilation, closing and opening in a 2D texture
(Figure 6).

Figure 6: 5x5 erosion

In all the aforementioned exercises, students engaged with game objects that are similar to real world ones
and they used a tool, which they have used in other fields of their study. The introduction of real world
problems and the interconnection between different courses are two of the main characteristics of PBL.

In combination with these basic exercises, we used group work, which is also aligned with the Aalborg PBL
model. We asked the students to work in groups in order to implement in Unity the following small (and
more advanced) games, which use IP concepts.

Project 1: lllustrate the grassfire algorithm for BLOB detection by showing all the steps of the blob detection
pixel by pixel for the sequential and recursive methods. This illustration is using an island (as an image) and
some grass regions (as the BLOBS) that need to be burnt according to the grassfire algorithm.

Project 2: Create a game quiz where different point processing operations are selected (e.g. thresholding,
inversion, gray level mapping, brightness, contrast) and the game player should find out which one has
been applied to the texture

Project 3: Create a game where the player should use a specific series of operations (point and
neighborhood) in order to find out a hidden message within the texture.

Project 4: Create an application where different edge detectors are applied to illustrate the different results.

5 Discussion

The introduction of Unity for visualizing abstract IP concepts has been proved to be beneficial for student
understanding. The results (pass/fail) on student performance showed that there was a 12% improvement
compared to the last year (59% passed last year, while 71% passed this year). Moreover, students showed
better understanding during class discussions and in their design projects. We have also gathered student
feedback during lectures, and it was very positive. Students reported that using a tool they already knew

184



allowed them to focus on the comprehension of the new concepts. Furthermore, they mentioned that
applying IP in a field they are aware with (game development) increased their motivation to work and their
sense of meaningful learning.

Regarding design projects in Unity, the student feedback was also very positive. Students showed
enthusiasm on the idea of creating games for an IP course and felt that it contributed to their learning. We
believe that these design projects contributed also to introduce a PBL aspect to our course. This approach
of letting students build real life objects and artefacts and interact with them is in line with the core aspects
of PBL. We have experienced that students were able to submit high quality projects and approached the
problem solution in various ways. However, we noticed that they needed much more assistance while
conducting group work. This assistance was provided by the teaching assistants assigned to this IP course.

6 Conclusion

The first offering of this new course format has been an intense learning experience for the instructional
team. Media Technology students have welcomed the idea of using for IP a tool they already use for other
courses. Moreover, the visualizations and design projects in Unity have proved to increase student
understanding compared to previous semesters, where other programming libraries were used. Since these
preliminary results were very positive, we are planning to conduct a large scale quantitative study on the
use of Unity and student understanding of IP concepts during next year.
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Abstract

During the academic year 2012/2013, a reform in IT engineering program concerning the adoption of active
pedagogy for teaching was approved. In this article, we are going to detail the fundamentals of this
pedagogical approach, how to apply it in a classroom and how learners can benefit from it by enhancing
their capacity in acquiring knowledge and improve their soft skills.

As we all know, the Procedural programming is a fundamental module in IT engineering program as the
learner has to put into practice the basic concepts of algorithms and what he/she have acquired in
fundamentals of procedural programming at the end of this module.

In the traditional pedagogical approach, we use exercises with mathematical examples to introduce
algorithms. These examples might be interesting and efficient for learners to understand mathematics
principle but they are also monotonous. During their courses, students are bored, unmotivated and can’t
understand the relationship between these examples and problems they might face in real life as a
programmer. In order to motivate students, we have adopted a methodology that is inspired by the
Problem-Based Learning approach (PBL).

This approach is based on forming small groups of students to resolve a “Problem Situation” (Prosit)
inspired from a real life situation or containing challenges. The resolution of each Prosit will be made during
two sessions. We have also added traditional courses, beside the Prosit resolving session, in order to
further reinforce the learner's level. In addition, we have provided a space for our students to interact with
each other and with their tutors via our e-learning platform Moodle.

Despite the difficulties, the results were very satisfactory.

Keywords: Problem-Based Learning, Hybrid Pedagogy, freshmen students, Software Engineering,
Procedural programming.

1 Introduction

In our country, it is rare for students to work in groups and sometimes difficult to rely on self-study. They
are usually used to being guided, thus, dependent. Beside this, students are becoming less motivated by
conventional and traditional courses. As the first and main aim of our school is to generate best engineers,
it is important and crucial to provide them with best pedagogy and courses. In order to achieve this, we
included new educational methodology and tools to remedy aforementioned problems. During the
academic year 2012/2013, ESPRIT integrated the active pedagogical approaches for its new students.

As an example of this pedagogy, the course of mathematics applied the Team-Based Learning (TBL) (Louati
et al, 2014.). In this article we will describe the active pedagogy adopted in the "Procedural Programming"
module. We were inspired by the PBL and added classical education sessions, and a space for exchange on
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our platform Moodle e-Learning. By using this pedagogy, our goal is to improve the students’ acquisition of
the module and improve their soft skills.

2 Description of the approach

In our country, it is rare for students to work in groups and sometimes difficult to rely on self-study. They
are usually used to being guided, thus, dependent. Beside this, students are becoming less motivated by
conventional and traditional courses. As the first and main aim of our school is to generate best engineers,
it is important and crucial to provide them with best pedagogy and courses. In order to achieve this, we
included new educational methodology and tools to remedy aforementioned problems. During the
academic year 2012/2013, ESPRIT integrated the active pedagogical approaches for its new students.

As an example of this pedagogy, the course of mathematics applied the Team-Based Learning (TBL) (Louati
et al, 2014.). In this article we will describe the active pedagogy adopted in the "Procedural Programming"
module. We were inspired by the PBL and added classical education sessions, and a space for exchange on
our platform Moodle e-Learning. By using this pedagogy, our goal is to improve the students’ acquisition of
the module and improve their soft skills.

9-10:30 10:45 - 12:15 14 - 15:30 15:45 - 17:15
Monday Mathematics Language Systems & Networks
Procedural Programming :
Tuesday Mathematics (Retour, PBL unit #n-1) Multimédia
Procedural Programming
Wednesday Systems & Networks (Aller. PBL unit #in)
Procedural Programming
Thursday Language (Coaching)
Friday Systems & Networks Mathematics
Procedural Programming
Saturday (Restructuring) Mathematics

Figure 1: Example timetable
A Prosit is given in the "Aller" session. After six days, in the "Retour" session, students have to present
solutions on the Prosit. During the two sessions, learners have to make individual research and meetings to
resolve the proposed Prosit.

The "Aller" sessions lasts for 1h30. It is dedicated to the understanding of the Prosit and defines the axes of
possible solutions. In those sessions, the tutor gives the Prosit to the teams and begins coaching them
about the proposed problem. The tutor mission is to guide learners without giving them solution or hints.
The session "Retour" also lasts for 1h30, during which the teams discuss their solutions with their tutors.
This latter will not make a correction, but he continues to coach the team to find the accurate solution.

Both sessions are scheduled for two successive days in order to renew the Prosit every week. For example,
if the "Retour" session is scheduled for Tuesday, the "Aller" of the new Prosit will be on the following day
(Wednesday).

Beside the sessions described in the panel, we have chosen to put a safety net to learners. The purpose of
this safety net is to ameliorate learners’ knowledge. This safety net is in three forms:

® A session of "restructuration course",
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* A session that we call "tutored session",
¢ A space under our eLearning platform Moodle.

The session "restructuration course" lasts for 1h30. It is provided by another teacher who adopts a
traditional methodology. This session will review the objectives of Prosit completed within the week. The
process of restructuration is taught based on questions asked by students about various problems
encountered during the resolution of Prosit and tutor’s feedbacks. We scheduled the session at the end of
the week after the “Retour” session.

To better support learners we have added a session called "tutored session." The tutor continues to coach
learners on the current Prosit. Learners who still have ambiguity on already treated Prosits can contact the
tutor who will give them direct answers.

The e-Learning space we have provided to our students is a space for sharing information among all eight
classes including their teachers. This space also offers to students: reference documents, a discussion
forum, a forum for learning exercises and multiple choice questions.

3 Description of the module

At the end of the module, the learner can apply the basic concepts of algorithms and knowledge of basic
procedural programming. The student can then apply the various stages of development of a simple
program:

¢ Specify a problem: what is given, what is the result.
¢ Define and implement an algorithm to solve this problem.
Therefore, the module learning outcomes are:
1. Performing the syntax and semantics of the algorithmic language with charts.

2. How to use a C language development environment. The learner should be able to: create a C
source file, compile it and run it.

3. Handling variables: define, initialize, capture, view and assign a value.

4. Put into practice the sequence of actions via the control structures: if, if else and switch: if, if else
and switch of the C language.

5. Put into practice the three types of repetitive structures: for, while, and do while of the C
language.

6. Define and use a one-dimensional array and two-dimensional (matrices).
7. Define and use a chain of characters in C.

8. Knowing and putting into practice the basic algorithms for handling tables and strings: enter,
view, search, copy, browse, insert, delete, and concatenate compare.

9. Apply one of the usual sort methods: Sorts spirit, sort and insertion sort by selection.
10. Define a function and use it.

11. Put into practice the different parameter passing modes for functions:
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a. By value
b. Passing through address and use of pointers

12. Know and put into practice the principles of modular programming: header (.h) and source (.c)

4 Application of the approach

The module is planned during the first semester of study year. It is spread over 15 weeks. Table 1 contains
all the Prosits that were performed weekly and the targeted objectives and assessments.

Table 1: Module organization during the semester

Week Prosit Learning Objectives Assessment
week 1 Prosit0 Initiation
week 2 Prositl Conditional structures
week 3 Prosit2 Repetitive loops
week 4 Prosit3 Tables Oral 1
week 5 Prosit 4 Functions
week 6 Prosit 4 bis 1 Functions
week 7 Prosit 4 bis 2 Functions
week 8 Break
week 9 Intermediate exam
week 10 --- Back on all Prosits
week 11 Prosit 5 Functions and Pointers
week 12 Prosit 5 Functions and Pointers Oral 2
week 13 Prosit 6 Functions and Matrices
week 14 Prosit 6 Functions and Matrices
week 15 Final exam

As indicated in Tablel, a Prosit usually lasts a week or more. Each Prosit introduces new objectives with
some notions proposed in the previous one. To be more effective, we designed most of the problems
unresolved and ill-structured (Barrows, 2002).

In order to encourage the learner checking on his achievements more often, we planned four evaluations
throughout the whole semester. We scheduled two types of evaluation:

* Oral

¢ Practical Test: the Intermediate and final exam are practical.
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In the oral, learner randomly selects an exercise to correct on the white board. The teacher discusses with
the learner about his solution and asks him some questions. The learner has 15 minutes to think and then
15 minutes to explain his/her solution and answer the questions.

However in practical tests, the learner has a written situation and an evaluation grid. The exam is a problem
resembles to a Prosit. The learner conducts his examination on his computer accessing to all documents but
in airplane mode. At the end of the exam, the learners leave the classroom and then come back one by one
to discuss their solution with a teacher.

At the end of the module, each student will have spent a total of four evaluations: two oral and two
practice exams which one is the final exam. The module average is calculated as follows:

Average = Orall * 0.1 + Oral2 * 0.1 + Intermediate exam * 0.3 + Final exam * 0.5

Concerning the space on the e-Learning platform Moodle, we have all the study materials to assure all
learning outcomes. We have also added the discussion forums and useful links. The formative MCQ
(Multiple Choice Questions) focused on new knowledge that has been acquired and each time they are
activated after Prosit “Retour” session and before the restructuration one.

5 Soft Skills

The approach used in this module is not intended to only develop the hard skills of learners but also their
soft skills. In the first semester, our school decided that teams will be random. This situation is close to
working life where team members don’t select their colleagues. The learner will have to work and play in
his team. To succeed in this module, each student must make efforts to improve its soft skills as:

e Communication
e Team spirit

e Autonomy

e Organization

In Tunisia, the educations of the young people aged from 6 to 17 years have mainly traditional courses with
occasional assignments. Thus, our students are not used to working in teams and evolve. We also have
entered heterogeneous in terms of initial training: some had already algorithmic courses and Pascal
programming not. These two points have made teamwork difficult.

For the team to succeed, students must develop a collective intelligence and realize and interdependence.
Therefore, learners worked on Prosits that required not yet studied knowledge. This has helped them
become more self-reliant, independent of the teacher and interdependence between them.

We noticed that students pose questions to the tutor before they discuss it with his team especially those
who have had no programming courses before coming to our school. We asked tutors to apply a simple
rule: do no individual discussion and respond only to questions on behalf of the team. So we pushed the
team to discuss internally the different points before turning the tutor. Learners who have a good level
then explained to the other member’s points "easy" in the Prosit and the team keep only the ambiguities
question to the tutor. This has improved communication between members and their team spirit.

This te