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PBL across the disciplines: research into best
practice

Introduction

Problem Based and Project Based Learning (PBL) has come a long way. Following
the success of PBL curricula in McMaster, Canada, Maastricht, the Netherlands and
Roskilde and Aalborg University, Denmark, a great many institutes in higher
education have introduced some form of PBL. The resulting diversity of PBL
varieties provides ample opportunities for research focussing on practice.

The UNESCO Chair in PBL in Engineering Education at Aalborg University has
started the initiative of organising a series of International Research Symposia on
Problem Based Learning. Each symposium has had its own uniqueness and they
reflect the development within the PBL research community. The first symposium
was held at Aalborg University in June 2008 a year after the establishment of the
UNESCO Chair and the second research symposium was held in Melbourne by
Victoria University that was in the middle of an institutional change process to a PBL
curriculum. The 3rd International Research Symposium on Problem-Based Learning
hosted by Coventry University, 28-29 November 2011 focuses on collecting best
practices across the disciplines. Coventry University is in the middle of a change
process towards more PBL.

In a number of academic areas, including engineering, health and design, Coventry
University has been using and developing approaches based on problem based and
project based learning over many years. The overarching concept of Activity-Led
Learning has been adopted in the Faculty of Engineering and Computing, and a new
£55 million Faculty building is currently under construction to provide the innovative
learning spaces needed to carry this forward.

An underlying objective of the research symposia was to move beyond the exchange
of best practices. For many years, Aalborg University has been the place to visit for
academic staff interested in educational change and was a showcase of best practice.
At Aalborg University, the development of PBL is followed-up by educational
research. Especially in engineering education, there has been a need for documenting
and providing evidence of the effectiveness of PBL and therefore research positions
and research projects on PBL related issues have been created. As a consequence,
Aalborg has been able to disseminate deeper knowledge on what made this new PBL
practice work, together with a new conceptual framework for understanding and
analysing the PBL practices.

The clear message from the Aalborg staff has always been that visitors could get
inspiration by looking at the example — but in implementing in their own institute they
had to construct their own educational model. And as it should be noted that well-
documented reflection loops are an important element in curriculum construction to
be used for further improvements and a key factor in arguing for new methodologies.
However, documentation in itself is only the first step in description of cases and best
practices. There is a need for much more advanced research studies like researching

1



questions such as: what is the impact of PBL on students’ learning and competences?
And what elements in PBL are essential for getting learning to work?

Another aspect that has made the research symposia very special has been the fact
that the UNESCO chair in PBL has claimed to run both problem based and project
based learning. Both models are based on the same learning theories although they are
based on different curriculum models and practices. Joining these two models
enriches both approaches and enlarges the possibilities for designing the curriculum in
alignment with the learning outcomes. Furthermore, the PBL curricula have to be
adjusted to cultural and institutional conditions.

Reading guide

This research symposium brings in new themes and research issues such as the online
learning. The main themes are outlined below follow the structure of the symposium.
The book opens with three papers exploring and comparing different PBL models.
Next the main theme of the conference is addressed with six papers on PBL across the
disciplines and emphasising the interdisciplinary approaches. This is followed by
more subject oriented themes with the most popular theme of the conference being
PBL in Engineering, with 9 papers. The next two sections contain three papers each
which deal with Postgraduate PBL and Industry collaboration.

Focussing on specific aspects of the PBL process the following sections highlight
Supporting PBL (three papers), PBL and ICT (three papers) and the PBL Learning
process (five papers). Outcomes of the PBL curriculum are discussed in the next
section with six papers on Competences and development of professional skills. Next,
the aspects of Group work, Teachers and facilitators, and Assessment are represented
with three papers each. The book closes with three papers on implementation of PBL
and three papers on PBL issues in transition.

We hope the reader finds inspiration to go on experimenting with innovative student
centred models and to research the outcomes of the educational innovations.



COMPARING PROBLEM BASED LEARNING MODELS:
SUGGESTIONS FOR THEIR IMPLEMENTATION

Aida Guerra
UNESCO Chair in PBL in Engineering Education, Aalborg University, Denmark

ag(@plan.aau.dk

Anette Kolmos
UNESCO Chair in PBL in Engineering Education, Aalborg University, Denmark
ak@plan.aau.dk

ABSTRACT

Problem Based Learning (PBL) has been referred to as some of the most powerful and
innovative learning environments used today. At the Aalborg University two different PBL
models are used: the problem based and project organised learning in engineering education
and the case oriented PBL model in medical education. These models are normally regarded
as two very different models within the PBL philosophy. The research questions of this study
are: (1) what are the main advantages and disadvantages of the two PBL models used at

Aalborg University? and (ii) what can be learnt from the comparison of these two models?

A framework for observation was developed based on the PBL alignment model and
one group studying engineering and two groups studying medicine were observed and
interviewed, as well as their supervisors/facilitators. Results have shown that these two
models have some similarities and differences, which allowed comparisons to be made in

order to design a strategy for implementation.

INTRODUCTION

Problem Based Learning (PBL) is defined as a learning philosophy and a set of learning

principles (Graaff and Kolmos, 2007). These learning principles can be modelled into
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different types, such as the project approach and the case approach. PBL is characterised by
an enquiry process where problems — mostly from real and complex situations — are
formulated and drive the whole learning process. Learning through PBL promotes critical
thinking, self-learning skills, lifelong learning, self-achievement, self-regulation, self-
efficacy, communication skills and interpersonal skills for students. It also increases the
students’ interest in a course (Woods, 1994; Dochy et al., 2003; Saven-Baden and Wilkie,
2004; Dolmans et al., 2005; Kolmos et al., 2009).

Several PBL models are being developed through experience and research and
implemented around the world, but it is necessary to distinguished PBL as a learning
philosophy or a learning strategy. According to Savin-Baden and Wilkie (2004), several
variations (models) of PBL are used, however each model shares some basic learning
principles: (i) cognitive (the learning process is started and organised around problems, which
contextualise learning and are based on the students’ experience); (ii) content nature (different
types of knowledge are required, such as disciplinary and interdisciplinary knowledge;
boundaries and methods are crosschecked and related allowing the transference of knowledge
and skills) and (iii) social environment (students learn through collaboration, where dialogue
and communication among peers takes place. Each student is not only responsible for his or
her own learning and knowledge but also for the learning, knowledge and achievements of the

group) (Savin-Baden and Wilkie, 2004; Kolmos ef al., 2009).

According to Barrows (1986), the combination of variables to design new PBL models,
with educational objectives and purposes, is endless. However, all types of PBL must be
evaluated in terms of: (i) type of problems, (i1) assessment methods, (iii) learners’ autonomy,
and (iv) in which way the teaching and learning occurs. Kolmos (1996) indicates that the
original PBL model used at Aalborg University is widespread within engineering education
and is based on the same learning principles described by Savin-Baden and Barrows, however
there is an additional component in the submission of a common report. The project and the

project report call for a closer collaboration and project management procedures.

PBL can be implemented at different levels, from just one course to the entire
curriculum. To allow implementation several curriculum elements in the PBL environment
and learning principles must be aligned. From this alignment several curriculum aspects
emerge, which should be analysed in a particular learning environment in order to change and

to develop a PBL model for future implementation (table 1) (Kolmos et al., 2009).
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Curriculum element

Discipline and teacher-controlled

Innovative and learner-

approach centred approach
- o PBL and methodological
Objectives and Traditional discipline knowledge o
o objectives
knowledge Disciplinary knowledge o
Interdisciplinary knowledge
Narrow Open
Well-defined problems [1l-defined problems
Type of problems and ) )
Disciplined projects Problem projects
projects . . .
Study projects Innovation projects

Lectures determine the project

Lectures to support the project

Progression, size and

duration

No visible progression

Minor part of the curriculum

Visible and clear progression
Major part of course/

curriculum

Student’s learning

No supporting courses
Acquisition of knowledge

Collaboration for individual

Supporting courses
Construction of knowledge

Collaboration for innovation

learning
Academic staff and  No training Training courses

facilitation Teacher-controlled supervision Facilitator/ process guide
Administration from traditional Administration supports
course and lecture-based PBL curriculum

Space and . _

curriculum Library to support PBL

organisation

Traditional library structure

Lecture rooms

Physical space to facilitate

teamwork

Assessment and

evaluation

Individual assessment

Summative course evaluation

Group assessment

Formative evaluation

Table 1. Spectra of PBL curriculum elements (taken from Kolmos et al., 2009, p. 16)

PBL can be used at a curriculum, programme, course, discipline, or module level if
attending to some specificities such as: professional area, nature of knowledge, organisation,
etc. (Schmidt and Van der Molen, 2001; Saven-Baden and Wilkie, 2004; Kolmos et al.,

2009). Studies from different professional areas and countries demonstrate reasons for the



success of a PBL curriculum in higher education. For example, graduates who follow a PBL
approach show greater learning satisfaction and motivation, self-confidence in their
professional abilities, better preparation in the transition from school to work, and become
more competent professionals compared with those that have traditional teacher-directed
lectures (Prince ef al., 2005; Whelan et al., 2007). Two PBL models commonly used in higher
education are: project based learning and case based learning. Project based learning problems
are defined from a badly structured situation and carried out as projects, which indicates that
the problems are an integral part. Case based models are commonly used in medical
education, psychology, social science or science education (Dochy et al., 2003; Kolmos ef al.,

2009).

At Aalborg University, all different types of PBL exist, ranging from very open problem
based projects to more narrow case based learning. The PBL approach has been successfully
used in Aalborg University, Denmark, since its foundation in 1974. The engineering and
natural sciences education is problem based and project based during the entire curriculum,
however, there are different learning goals and slightly different organisations for the learning
processes. For instance, in the first year the main aim is to teach the students how to work in
group, then in the following year the project work is mainly discipline-oriented (students deal
with know-how problems as is mentioned in table 1). By the end of the graduation programme
the work is project orientated, with students dealing with unsolved problems within science
and their profession, using a know-why approach and supported by relevant lectures

(Kjersdam and Enemark, 1994).

Methodology

The research questions are: (i) What are the main advantages and disadvantages of the
two PBL models (case based and project based) used at Aalborg University?, and (ii) What
can be learnt from the comparison of these models? The study aims to compare the two PBL
models used at Aalborg University, to point out advantages and disadvantages and give some
insights in order to design an implementation strategy in traditional educational institutions.
This study called for a qualitative case study utilising both observations and interviews. In
order to study the differences and similarities two types of programmes were selected:

engineering and medicine.



The study had the following stages: (i) literature review regarding PBL models used at

Aalborg University and its institutional organisation; (ii) observation of lectures and master

classes; (iii) exploratory and non-participant observation of groups (first three weeks of

September); (iv) development of an observation schedule; and (v) non-participant observation

of groups (September and October). Some of the stages were carried out simultaneously.

The duration of the exploratory observations was three weeks and three engineering groups

and three medicine groups, from undergraduate and masters levels, were observed during this

period in order to develop an observation schedule (see table 2). The observation schedule

(table 2) was developed based on PBL theory, namely on the spectra of PBL curriculum

elements referred to in table 1, which were also defined as domains and categories of

observation.

Domains

Observation categories

Examples of observation evidences

A. Objectives/

1. Integration of new

knowledge

2. Interdisciplinary knowledge

Relate previous knowledge with new
knowledge through new concepts, principles,

theories, etc.

Use and establish links/ relations between

the knowledge from different areas, etc.

Apply theoretical knowledge into a new

knowledge
3. Relation between theoretical —practical situation; develop new practices
and practical knowledge from theory; relate different practices to the

same theoretical principles, etc.

4. Collaborative knowledge Share their own knowledge, notes, articles,
(peer learning) books, etc., with peers, etc.
5. Open and ill-defined The solution is not known by students

B. Typeof  problems

problems,

projects and

lectures

6. Supportive lectures
7. Problem projects

8. Innovative problems

Students have timetabled lectures
Solving process carried out as a project

New problems from a real and new social,



economic and political situation, etc.

C.
Progression,
size and

duration

9. Efficient learning progress

10. Time allocated to solving

Pprocess

Time to accomplished a task; apply old
strategies and develop new ones to
accomplished tasks efficiently; improvement
of the use and management of resources,

types of knowledge, etc.

Group meets once a week, twice a week

every day alone/ with the facilitator, etc.

D. Students’

11. Team work

12. Learning through

collaboration

Share tasks, support each other, give ideas,

participate in the braining storm, etc.

Students explain to each other concepts,
theories, and principles; give suggestions to

the solving process, etc.

learning Search, learn and apply new knowledge by
13. Individual learning their own through books, articles, software,
etc.
14. Construction of theirown  Plan the problem process, search and apply
knowledge the necessary resources, etc.
Check the group learning progress; provide
15. Facilitator role guidance in the solving process; suggest new
resources; etc.
E. Academic
staff and Promote the development of new skills and
facilitation supervise the learning progress through
16. Facilitator skills reflexive questions, get all students to
participate in the solving progress, suggest
resources and common goals
17. Rooms for group work Used only by the group
F. Space and  18. Rooms for the facilitator For the meeting to take place
organisation  and group meetings

19. Access to others resources

Field works, special equipment, software,



library, etc.

Admit error, reflect on what is not well
20. Individual assessment _ _
explained, applied, etc.

Point out errors, lack of commitment,
accomplishment of tasks, attending lectures
G. Assessment  21. Group assessment of group members; reflect on what needs to
and evaluation be done, to know or to improve in the

solving process

. Have the proper resources, knowledge,
22. Facilitator assessment/

strategies to solve the problem; what is
feedback

needed to improve, etc.

Table 2. Observation schedule

The observation schedule (table 2) also included some examples that counted as
evidence for the researcher. The observation schedule was used in one group studying
engineering and in two groups studying medicine, chosen randomly and according to the
timetables and availability of the students, facilitator and researcher. The groups were from
undergraduate levels of the departments of civil engineering and health science and
technology from the Faculty of Engineering, Science and Medicine. The groups were formed
in the beginning of the semester (September) and each one was composed of eight to twelve

students. The same observation scheme was used on all groups.

In the medicine groups, the group meetings were scheduled and took place two times a
week for an open and closing session with the facilitator. In the open session, students: (i)
read the case description, (ii) brainstormed the knowledge to know; (iii) stated the learning
outcomes; (iv) divided tasks. In a close session, students presented and discussed with each
other the learning outcomes achieved On the other hand, the engineering group established
their own timetable for the group and meetings with the facilitator. The observation took
place during the group meetings, and meetings with the facilitators. During the observation
period some differences were observed in both groups, which were described. In order to
complete the data gathering, some questions were put to students and facilitators: (i) What do
you feel about PBL methodology? (ii)) How do you perceive your learning progression? (iii)

How do you use the university resources? (iv) How have facilitators influenced your learning



progression? (v) How does the group divide tasks and share information before a case close

session?

Both observation and categorisation processes were undertaken by the researcher with

further validation by a trained researcher.

Results and discussion

The categories of analysis were built into the observation schedule itself, which allowed

a rapid data analysis. The results are presented in table 3.

Case | Project
Domains Observation categories
study based
1. Integration of new knowledge X X
A.
2. Interdisciplinary knowledge X X
Objectives/
3. Relation between theoretical and practical knowledge X X
knowledge
4. Collaborative knowledge (peer learning) X* X*
B. Type of 5. Open and ill-defined problems X
problems, 6. Lectures supporting (project and problem based) X X
projects and 7. Problem projects X
lectures 8. Innovation problems X
C. 9. Efficient learning progress Not observed
Progression,
size and 10. Time allocated to PBL X X*
duration
11. Team work X* X*
D. Students”  12. Learning through collaboration X* X*
learning 13. Individual learning X X
14. Construction of their own knowledge X X
E. Academic 185. Facilitator role X X
staff and
o 16. Facilitator skills X X
facilitation
F. Space and 17. Rooms for group work X

10




organisation  18. Rooms for the facilitator and group meetings X* X*
19. Access to others resources X* X*
G. 20. Individual assessment X X
Assessment 21, Group assessment X X
and
) 22. Facilitator assessment/ feedback X X
evaluation

(*) present in both models but with differences

Table 3. Results

Analysis of the results highlighted differences and commonalities with both PBL
models. According to table 3, there are more similarities than differences between the two
models. However, three categories, marked with (*), presented some differences even when
observed in both models. These categories are: (i) collaborative knowledge (peer learning)
(number 4); (ii) time allocated to PBL (number 10); (iii) team work; (iv) learning through
collaboration (number 12); (v) rooms for the facilitator and group meetings; and, (vi) access
to others resources. With respect to collaborative knowledge, engineering students
encountered situations such as: (i) sharing their individual learning; (ii) proposing and
achieving learning outcomes with different methods; (iii) revising the week’s schedule; (iv)
proposing new ideas and more ideas for the solving process etc., which allowed them to learn

collaboratively.

In the medicine groups, in the closing session, students only shared the learning
outcomes and explained to each other, meaning the knowledge was more individual than
collaborative. Therefore the students’ learning presented some differences in both groups. For
example, the medicine group students did not meet outside of the closing and opening
sessions to share their individual learning achievements and products. On the other hand, the
engineering group met every day to work on their project. During these meetings students
brought, discussed and shared theoretical knowledge from different disciplines, and additional
resources like software for simulations, new practices and ideas. The domain “type of
problems, projects and lectures” (table 3 — domain B) demonstrated more differences between
the PBL models used. In medicine, a virtual case description was the problem and it was from
its analysis that students brainstormed and established the learning outcomes. The problem
solution (theoretical and disciplinary knowledge to be learned by the student) was almost

known, and students easily established links with lectures and the type of knowledge required

11



to achieve the learning outcomes. The solving process was mechanical for students, similar to
a procedure that they followed to reach the solutions. The solving process did not require new
ideas, or innovative approaches to address social, economic or political needs, as with
engineering, but was relevant for medical practices. In the engineering group, the problem
was new and formulated from a real situation, where the group did not know the solving
process, learning outcomes and possible solutions. The solving process started with the
situation analysis where small questions were raised by students to develop a method to solve
the problem. In the beginning, the problem was not clear and students brainstormed: what
they knew and needed to know and used in the solving process. During the solving process,
students used innovative approaches like software and computer programmes to predict
results and to make simulations. Some indicators were only observed in the engineering
group: (1) open and ill-defined problems; (ii) problem projects; (iii) innovative problems.
They are specific to the project based learning model and used in engineering education. The
medical groups only had rooms to meet with the supervisor for sessions, whereas the

engineering groups had rooms to work on the project and met the supervisor.

Unfortunately, it was not possible to observe the efficiency of the learning progress with
both groups because the evaluation (final exam in medicine and oral defence with more than
one examiner in engineering) was only carried out in the term of the semester, in January.
However, the researcher asked students how they perceived their learning process and its
efficiency. Regarding the assessment and evaluation, students mentioned that there was a type
of peer evaluation related to the commitment of a student within the group and the project. If
a student did not do his tasks, or attend the classes, it would be difficult for him/her to be part
of a group in the next semester. Once the entire course knows how he/she works, they will try
to exclude him/her. This can be considered a kind of non-formal and social assessment. In all
the observed groups, several aspects pointed out differences and similarities between the PBL

models used at Aalborg University.

Conclusions and future studies

The combination of learning methodology, knowledge construction, and scientific
approach is demonstrated through the alignment of the curriculum elements. PBL can be used
at a curriculum, programme, course, discipline, or module level however some professional

area, nature of knowledge, organisation requirements need to be addressed, etc. However,
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from the description and analysis of groups working under different PBL models it could be
possible to understand in which ways PBL models can be implemented in a traditional

educational system beyond the curriculum elements (figure 1).

Learning Environment - Traditioga’lﬂ)
Learning Outcomes: Institution:
- Established by staff; - Provide facilitators;
- Known by students - Rooms for timetabled meetings

Type of Knowledge: i Solving process:

- Supported by timetabled Toiie &F Pidblain - Method known and mechanised
yp :
by students;

i I(f]own b\..r s.,tudents; - Pre-planned by staff
- Virtual clinical cases "
- Duration: a week

lectures (all semester);
- Known by students

Institution:
- Provide facilitators;
- Rooms for group work;
- Additional resources

Learning Outcomes:
- Established by students and staff;
- Unknown by students

fﬁ'roject based 4

learning S
Type of Knowledge: i Solving process:
- Supported by timetabled - Method unknown and planned
lectures (beginning of semester); Type of Problem: by students;
- Unknown by students - Real; . . - Duration: a semester
- Open and ill-defined

AV

PBL

Figure 1. Progression from a traditional teaching environment to a pure problem-based

learning environment

According to figure 1, the case based model can promote the transition from a
traditional learning environment to a PBL environment and during the undergraduate period
(for example, three years) addressing the learning principles that are presented (figure 1). In
this PBL model, the learning and teaching process is centred both on students and staff living
less autonomy and independence for students to establish their learning outcomes, for
example. On the other hand, with a project based approach the solving process is unknown
and has to be planned by the group, allowing students to develop several skills related to

problem formulation and analysis. In this approach, the role of the student in the learning and
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teaching process is more central than the staff role, and in their first problem-solving process
they should develop specific competencies focused on group work management. This study is
a starting point for further studies providing an overview of the advantages and disadvantages
of two PBL models and it presents some reflections regarding their implementation.
Educational systems encounter barriers to changing their educational vision and approach,
particularly from a traditional and teacher-centred learning approach to a student-centred one.
The two learning environments (project based and case based) embrace the development of
different cognitive and meta-cognitive structures in students, and therefore a progressive

implementation guided by assessment involving students and staff is suggested (figure 2).

Case study
Module Module
level level

DISCIPLINE

Discipline —
level Discipline
level

FEW DISCIPLINES

Disciplines &
supportive lecture

COURSE

Course
level Course
level

CURRICULA

Progressive implementation
juaWISsasse s,uonejuawa|dwi

Project based learning

A 4 v

Figure 2. Suggestion to implement PBL in higher education

In a first phase, the case based model can be used at a disciplinary level, or module
level. At a later stage, the project based model can be implemented at a curricular, or a course,
level. However, the change of institutions’ learning environments requires further studies
such as (i) curriculum constructions; (ii) institutions resources (e.g. financial, human,
infrastructure, academic, etc); (iii) methods for a progressive implementation of PBL; (iv)
ways to promote the development of different types of competencies and at different levels of
difficulty for students, (iv) the introduction of programmes for staff development, etc. The
alignment of these aspects with the learning and teaching, social and professional objectives

of an educational system that is to be changed also raises questions to be investigated.
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ABSTRACT

This study is conducted to develop an understanding of a range of differences in
practising problem-based learning (PBL) at Aalborg University (AAU). In order to gain a
deeper understanding of PBL practices at AAU, the study investigates academic perceptions
and learning experiences of both students and supervisors from two faculties, 4 disciplines,
where PBL is used as an educational strategy. The study is carried out as a case study
supported by observations, interviews and questionnaires. Reflections on a variety of PBL
practices and results from the case study will be an inspiration and a guideline for the
researcher to further develop a framework for designing and implementing PBL with English
as a foreign language (EFL) interdisciplinary program in a traditional education environment

where English is used as the medium of instruction.

INTRODUCTION

Problem-Based Learning (PBL) has gained a reputation of producing students with
comprehensive abilities which prepare students for the changing world in the globalization
era. PBL has also been widely implemented in education systems worldwide because it is
perceived as a pedagogical strategy which combines theoretical subject knowledge with
practical skills (Amador et al, 2006; Poikela & Poikela, 2005; Schwartz et at, 2001). It can
also be observed that the practices and  implementations of PBL vary across groups,
disciplines, and institutions. Despite these differences in practice, all PBL models and

practices share the same theoretical principles of learning. All PBL models apply the
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principles and characteristics of student-centred pedagogy or systems using problems that are
identified as the basis for learning process early on (Barrows, 1984) and consequently
promotes active learning and lifelong learning. Furthermore, Savin-Baden (2000) points out
that PBL should be seen as an approach to learning characterized by flexibility and diversity;
therefore, PBL can be implemented in a variety of ways, in different disciplines and in
diverse contexts, but these differences all share one common factor of having the focus of
learning organizes around problem scenarios rather than subject matters. This case study
intends to bring together the characteristics and the practices of PBL in the Aalborg
University (AAU) context to inspire a new design of PBL curriculum for a more structured
and traditional education environment. Based on the argument that PBL is an approach to
learning with characteristics of flexibility and diversity which is supported by the practices at
AAU, the study will foster a good refection for a curriculum developer to study the diversity
and flexibility of PBL before integrating or implementing PBL with a new educational

context.

Review of the literature
PBL curriculum

It is important for teachers who want to implement PBL to be aware of the differences
between PBL used at course level and at system level. This literature review will focus on
PBL at system level or what is called PBL curriculum. Savin-Badin and Major (2004) explain
how problem-based learning curriculum can be put in practice and what elements are needed
to be considered when designing a PBL curriculum. They point out that institutional, cultural,
and disciplinary constraints can affect the design of PBL curricula. They further emphasize
that all PBL curricula are designed on the basis of the learning theory of constructivism where
students construct knowledge for themselves. Barrett (2005) points out that when viewing
PBL as a total education strategy, the four components of PBL must be aligned: PBL
curriculum design, PBL tutorials, PBL compatible assessments, and philosophical principles
underpining PBL. Barrett further emphasizes that the focus of PBL curriculum should be on
students’ learning, not teachers’ teaching; therefore, clarifying learning outcomes of the
curriculum is a very essential stage of curriculum design. According to Kolmos et al. (2008),
when designing a PBL curriculum in general, cohesion between all elements of curriculum is
essential. Those elements are objectives, content, learning methods, assessment, teachers and
students, and contextual factors. Inspired by Savin-Baden’s PBL models, Kolmos et al.

(2009) developed a new model for a more specific PBL curriculum alignment in a problem
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and project-based curriculum used at AAU. The seven elements that must be aligned are 1)
objectives and knowledge 2) types of problems, projects and lectures 3) progression, size and
duration 4) students’ learning 5) academic staff and facilitation 6) space and organization, and
lastly 7) assessment and evaluation. It is further emphasized that when changing one element

in this model, the other elements will be influenced and changed as well.

The Aalborg PBL model and its practice variations

PBL has been practised in the Danish educational system by two new universities,
Roskilde University and Aalborg University, since the 1970s. Precisely, in 1974 Aalborg
University was founded, based on a new educational model—the problem-based and project
organized model and also known as problem-based project work. The overview of the idea of
how this AAU-PBL model works is that students work together in groups on their project,
one project per semester, to analyse and define problems within the interdisciplinary or
subject/ theme frame. Students furthermore are expected to submit a group project report and
then participate in a joint examination, but obtaining individual marks. As for the core of
learning principles for the Aalborg PBL model, the focus is upon the problem, the content,
and the team (Graaff & Kolmos, 2003). In terms of time frame and learning management, in
each semester students are expected to spend 50% of their time on the project (team dynamic)
and spend another 50% on the traditional lectures. Each group has a group room as space for
their study and has a supervisor to guide them through their project. In each semester, each
program formulates a theme which covers a variation of problems and learning objectives;
therefore, students’ projects and courses (lecture based) must comply with or relate to the
theme of that particular semester. Students are expected to apply knowledge from course
lectures in working on their project work. In practice, depending on the programs, the
Aalborg model varies in terms of themes and choices of project work, definition of a problem,
relationship between courses and the project, methods of supervision, resources, and group

size.

Cancino (2004) documents that every department in the Faculty of Humanities
implements PBL through project work from the first semester, but still the practice of
different departments are also in different forms. The project work at the Foreign Language
Study Programs covers a wide range of topics or themes, such as linguistics, applied
linguistics, sociolinguistics, intercultural communication, literary studies, social history and

so forth. Cancino further explains that students’ projects from the foreign studies programs
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are usually in a form of themes or topics relating to different foreign language countries.
Students are expected to work with theoretical problems in a foreign language. In the first
semester group formation is done for students through the administrative system, a group of
4-6 members. In this department, students are required to attend lectures which help them
deal with project work and project methods. In one semester, students are expected to attend
lectures from subject courses which run throughout the semester and to attend a project
course which is about 8 weeks in duration. For the project courses at the Foreign Language
Study Programs, students have choices to make on which course they want to work on in each
particular semester; students choose one project course in each semester. The subject courses
are evaluated by individual exams, but the project course is evaluated through the group
project. Evaluations of subject courses can be in the form of open-book exam, essay, or
portfolio. For the project itself, the actual operation on the project starts after the project
course’s lecture period ends, around week 8. For the project evaluation, students are required
to submit a written report at a minimum of 20 pages per student (2800 key strokes per page)

and also take an oral examination at the end of the semester.

As for the practice of PBL at the faculty of Engineering and Science, variety and
differences are significant, as compared to the faculty of Humanities. As Rensholdt (2004)
states that the first year curriculum for engineering and science students has a flexible frame.
The general semester curriculum structure of this faculty has two parts: 1) general courses to
the entire program which each has individual assessment and, 2) the project unit consisting of
the project itself and the project courses which are assessed simultaneously through the oral
group examination. The Faculty also emphasizes coherence between study elements within
the semester. These three elements are theme, projects, and courses which are raised by
students. It is also important for curriculum developers or semester planners to be aware of
the coherence between the three elements and to ensure that the theme and the project of each
semester which ideally should be derived from real problems occurring in the society. As for
the courses, they should be delivered to support the semester project and they should be
flexible in contents and are subject to frequent changes depending on the type of projects. In
the Engineering Programs, time spent on courses is 50% (for both courses related to the
project and fundamental subjects), and another 50% is spent on the project work and
preparation for examinations. The evaluation of the project is based on the group written
report handed in prior to the oral examination and the oral presentation on the examination

day (Knudstrup, 2004). It is further emphasized that the learning process of students in the
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Engineering Programs involves external organizations or companies. These organizations are
involved from the very beginning of the project description. Because these organizations
often have a specific problem they would like to put in a new perspective; as a result, quite
often further co-operation in research and development contracts between the departments

and the companies continues (Segaard, 2004).

Methodology

Conducting a case study over a one semester period with four groups of students from
four different disciplines at AAU is used in order to describe and analyse the AAU-PBL
model in practice. Throughout the process of data collection, observations on lectures and
supervisions, interviews, and questionnaires are used to collect empirical data. Results from
the empirical data reflect the actual practice of PBL at AAU and the perceptions from both
students and supervisors on advantages and disadvantages in practising PBL at the
institutional level. The four groups can be divided into: 2 groups from the Faculty of
Humanities and the other 2 groups from the Faculty of Engineering and Science, details as
shown in Tablel. The methods used in this study began with observing lecture periods and
then observing supervision periods. After that, around week 12 to 16 of the semester,
interviews with students were conducted and questionnaires were completed. As for
interviewing with students, it took a form of group interviews. There were 17 students
participating in interviews and questionnaire administration. Lastly, interviews with 2
individual supervisors were conducted separately, one supervisor is from the Faculty of
Humanities and another one is from the Faculty of Engineering and Science. An illustration

of the research methods used with students is shown in Tablel.

Faculty and groups Discipline Lecture Supervision Interview Questionnaire

Observation Observation

Engineering and

Science N v N S

G1)Biotechnology Science
(BIOT)

G2)Global Business Engineering
Engineering (GBE)

Humanities

G3)English and Language v N \ N

Internatioanl Studies
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G4) Information Art & technology
Technology (IT)

Table 1: Matrix for research methods

Results
Observation results

For both lecture sessions under the Faculty of Science and Engineering and the Faculty
of Humanities, class size is between 30- 50 students. Both were conducted in a form of
teacher-centred approach, most time was spent on delivering and explaining content
knowledge through power point presentation and the blackboard. The lecture period lasted 2-
3 hours with a 10-15 minute break. This format applies to both faculties. There was no
checking on students’ attendance. Students’ participation rate was not high and it was
observed that the very same 3-4 students participated in sharing opinions in class. The
dynamic of the lecture session for both faculties appeared to be the same. The language of
instruction is Danish, except the English group—using English language for instruction. As
for supervision sessions, group size is varied. The range is from 3- 7 members, for the
bachelor level. It appeared that students submitted the agenda and details of what needed to be
discussed to the supervisor before coming to the meeting. For the two groups under the
Faculty of Engineering and Science, supervisors came to the students’ room for the
supervisions. In contrast, for the two groups under the Faculty of Humanities, students came
to see supervisors at their office for supervisions. Each supervision session lasted 1 hour for
all groups. In every group, it appears that 1-2 students were passive and do not contribute in
the group discussion. However, none of the supervisors raised the issue or asked questions
about participation; the issue appeared to be ignored. Furthermore, in every group, it always
appeared that there was one particular student who took a role of a leader and spoke up the

most during the discussion and seemed to be in control of the project work the most.

Interview results
From interviews, it is found that time spent on the lecture periods and the project work
periods of the PBL model in practice at AAU can be divided into two models, illustrated in

the following two figures.

Lecture 3 courses Model 1 is used by BIOT, GBE and IT groups
15 ECTS
Project Work
15 ECTS
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Weekl 23, e WEEK T 8

Figure 1: Time spent on lecture and project [model 1]

Lecture 3 courses for 15 ECTS Model 2 is used by English group
Lecture project courses Project Work
15 ECTS
Weekl 23 ..ot 8e e Week 18

Figure 2: Time spent on lecture and project [model 2]

As for the exams, students reported that the 3 subject courses (5 ECTS each) have their
own assessment and are in various forms such as open-book exam, portfolio, and essay. As
for grading system, some courses use pass/fail scale and some courses use graded on 7 scales
format. For the project work (PW), students reported that each group is expected to turn in
one piece of final written report which must consist of a contribution of 15 pages per member.
On the exam day, students are expected to present their project orally and after that each
individual will be examined orally by oneself. Results on student interview, regarding

students’ perspectives on PBL practice at AAU can be summed up as shown in Table 2.

Interviewed Issues Result Summary

1. Challenges/difficulties in studying through AAU-PBL Model. - Self discipline in attending classes and working on the project.
-Be focused when working as a team.

- Self/group adjustment—-‘everyone is different and we have
adjusted ourselves to one another’.

- Time restriction — ‘we need more time to complete all given
tasks’.

- Some members do not contribute to team work sufficiently and

were late to the meetings.

2. Best experiences in studying through AAU-PBL Model. - Working in groups allows students to learn from each other.

- Students become independent/self-directed learners.

3. Group formation - All groups reported that students form a group on their own
regarding interest, attitude, and personality between the

individuals.

4. Dynamics of meeting with supervisors. - All groups reported that students are the ones who initiate each
meeting. Numbers of meetings with supervisors vary group by

group, but approximately between 5-10 times per semester.

5.Physical learning space - Two groups from the Faculty of Engineering and Science have
their private group room where they meet regularly to work on
their project. The group from the IT discipline has a group room,
but they have to share with other 4-5 groups, total 18 students.
For the group from language discipline, they do not have a group
room of their own, but they can book a room for a meeting when

they need it.
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6. Project descriptions and project phases. - Every group reported that they are aware of the project theme
from the very beginning of the semester. The themes posted

allow open-ended type of project work.

- At the beginning of the semester, students are presented with
cases from a real world context. Then they choose the case they
want to work on. In this way students indirectly from a group to
work on the project of their interest. After that they meet with
supervisor(s) and go through process of doing the project which
has procedures the same as doing a research. After analysing and
specifying criteria for solution(s) then students write up a group

report, submitting the report, and then take an oral examination.

Table 2: Students’ perspectives on PBL

Data from the supervisor interview was collected from two supervisors who supervise
two out of four groups in this study. One supervisor is from the Faculty of Humanities and
another one is from the Faculty of Engineering and Science. Supervisors’ perspectives on

PBL which emphasize in four major issues can be summed up as follows.

PBL issues interviewed Results from supervisor 1 Results from supervisor 2
1. What are the essential characteristics of | - A practical problem which allows the - Be able to identify problem in a
PBL? actual potential usage in particular field, particular context.

and not too wide in definition.
-Identify ways to frame and limit the

- Working on a project that they initially problem of that particular context and can
define the problem by themselves. identify how knowledge can be utilized
for this particular problem and context.
-Connect with research problem that
cannot be only addressed by theories. -PBL matches theory learning with
practicality. It helps students continue to
- There should be some aspect of be able to handle problems in a real

reflection on learning process. working situation.

- PBL is not class teaching. The problems
must not have a predefined solution.
Students must work through the process to
solve the problem. There is no recipe on

how to work on the problem

2. What are advantages of PBL? - Motivation, students are motivated in - Ability to work in teams and work with
both learning and employment because real life problems.

they chose their own problem.
- Students are able to negotiate and
-Quality of teaching is high because interact with real life organizations.
teachers get to work in-depth with
students. - be more humble in the theories and tools

you have learned from the university, they

don’t always work. PBL allows a more
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pragmatic approach to learning

3. What are disadvantages of PBL? - It is expensive to do PBL effectively. - Wasting tremendous amount of time
during the process because of being

confused.

4. What make a good PBL supervisor? - Listening skills - At least have some time available for
students and be engaged / committed to
-Use all the time allocated to students, help students.

don’t cheat.
- Having experience in the field is also
-Having experience in the field can make important to make the supervision is more
the supervision be more effective because | effective.

‘I will help students learn more’.

Table 3: Supervisors’ perspectives on PBL

Questionnaire results

Questionnaire surveyed students’ perception towards their capabilities and PBL
methods used at AAU. The questions required students to evaluate 5 major aspects/values
gained when implementing PBL: motivation, self-directed learning (SDL), collaborative
skills, communication skills, and appreciation/satisfactory level toward learning and teaching
process. A summary of details of the questionnaire and its results from 17 students are shown

in Table 4.

1= Strongly disagree; 2= Disagree; 3= Neutral; 4= Agree; 5= Strongly agree

Values and statements 1 2 3 4 5

1. Motivation

1.1 I am studying in the field that really interests me. 0 0 0 4 13
1.2 I enjoy learning at AAU because of the use of PBL
approach. 0 0 2 9 6
1.3 AAU learning environment raise my interest and motivation
in learning. 0 1 4 7 5
0
Average 0.33 2 6.67 8
Percentage 0 1.94 11.76 39.24 47.06
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2.SDL and time management

2.1 I learn a lot by reading books. 0 0 7 6 4
2.2. 1 am good at finding information in libraries. 0 2 6 9 1

2.3 I am good at finding information on the internet. 0 0 1 14 2

2.4 I manage my time effectively. 1 1 5 9 1

2.5 I can identify my learning goals without depending on my 0 1 6 7 3
Supervisor.

2.6 I am a self-directed learner and I take responsibility for my 0 0 0 8 9
own learning.

Average 0.16 0.66 4.16 8.83 3.33
Percentage 0.9 3.88 24.47 51.94 19.59
3. Collaborative skills

3.1 I am working well in a team with other people. 0 0 1 10 6

3.2 Working as a team has helped me in learning academic

content of the program I chose for my study. 0 1 2 8 6
Average 0 0.5 1.5 9 6
Percentage 0 2.94 5.97 52.94 35.29
4. Communication skills

4.1 I am good at writing reports/ essays. 0 0 4 10 3

4.2 I speak well in front of a group. 0 0 6 5 6
Average 0 0 5 7.5 4.5
Percentage 0 0 29.41 44.12 26.47
5. Appreciation and satisfactory level in PBL approach

5.1. I like tackling unfamiliar problems. 0 0 4 8 5

5.2 In AAU learning environment, I have developed many useful | 0 2 3 8 4
strategies to help me in my learning.

5.3My supervisor gives me regular feedback on how I am doing 0 0 4 10 3
with my project. 0 1 2 8 6
5.41 am able to get help from my supervisor whenever I need it.

5.5 AAU learning environment helps shaping me to be good at 0 0 3 9 5
thinking things through.

5.6 I am satisfied with courses in this program and the 0 0 4 8 5
supervisors I have for each project.

Average 0 0.5 333 8.5 4.67
Percentage 0 2.94 19.59 50 2747

Table 4: Students’ perceptions toward their learning through PBL-AAU model

Discussion
The results from both observations and interviews confirm that there is no difference in

any aspect during the lecture sessions from the four disciplines. However, the results
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demonstrate that there are differences in the supervision sessions, types of projects, and the
physical set up of working space for students at AAU. These differences depend more on the
nature of study fields/disciplines. The fields that deal with more concrete elements in doing
project work and depend on experiments and external organizations are treated differently
than the fields that deal with more abstract elements. Despite differences in the practice, both
students and supervisors expressed a strong appreciation towards PBL used at AAU. They
further expressed that PBL also fostered many positive aspects of learning for both students
and supervisors, especially on motivation to learn and work on their project because students
feel the ownership of the project. A result from the questionnaire strongly supports the claim
that PBL fosters motivation, self-directed learning (SDL), collaborative and communicative

skills, as shown in Figure 3.

I I I
> Appre i i
) y [ [ [ DO sstr disagr
2 Comm Sk | .
8 i | | | B disagree
g Coll Sk I | | | Oneutral
2 SDL T Oagree
g | | B str agree
a Motivation | . .

0% 20% 40% 60% 80% 100%

amount of Ss in percentage

Figure 3: Students’ perceptions

from Table 2 and Figure 3 (graph) indicate that students report on motivation is the
most significant factor contributed by PBL used at AAU. 47.06 % of students (highest
number) perceived that they were strongly motivated to study at AAU because of the field of
study and the environments. As for other elements, students related positively toward their
own learning in the environment of PBL system. The results from students’ perception
shown on SDL, collaborative skills, communication skills, and appreciation level indicated
that most students agreed that they have obtained those mentioned values and competence.
From the results, it can be concluded that AAU-PBL model has flexibility and diversity
within its own model, but each practice shares and produces the same learning principles and
outcomes. As it can be observed that both students and supervisors from different fields at
AAU have practised PBL differently, nevertheless they perceive values gained from PBL

practice in the same way.
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Conclusion

At present PBL has expanded the horizon of its implementation throughout many
educational fields at different levels throughout the world. Even though there is an on-going
debate of the definition and practice of PBL, academicians and PBL practitioners worldwide
respond to the concepts of flexibility and diversity of PBL which proposed by Savin-Baden
(2000).The case study conducted at Aalborg University supports the concepts of flexibility
and diversity of PBL practice, as the results showed that different disciplines practice PBL
differently. Despite differences in practice, all disciplines have utilized common
characteristics of PBL and also share common goals and objective in learning outcomes. The
findings of the case study have given an inspiration to the researcher to take into
consideration the differences in context of institutes, students. The nature of individual
disciplines must also be given considerable weight when designing and implementing PBL
under any circumstance. It is important for PBL curriculum developers to be critical with
alignments between different curriculum elements and PBL components and principles. When
PBL is intended to be implemented in different contexts, a redefinition of what PBL is for that
particular context maybe necessary. Moreover, sensitivity to cultural and institutional needs
must be included when designing a PBL curriculum for different contexts. Keeping in mind
the principle of flexibility and diversity will help PBL curriculum developers and practitioners

develop a more suitable PBL curriculum and practice for diverse educational contexts.
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ABSTRACT

In India education is instruction-based and focused on teaching rather than learning.
Students here tend to concentrate on scoring marks rather than learning. The current education
practices do not focus on skill development of students. To facilitate this, the Zensar and IBM
Centre of Excellence (CoE) were established in Sinhgad Institute of Technology (SIT),
Lonavala, India, in line with the Project Based Learning (PBL) model. In this paper, the effect
of this PBL approach on students’ learning is discussed. This paper encapsulates the feedback
of 78 students working in the PBL scenario for the last two years. Employing PBL worked
out well for students as well as industry, and learning achieved through these experiences

made students feel more confident and prepared for real life work situations.
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INTRODUCTION

Project-based learning (PBL) is a model that organizes learning around projects. What
must a project have in order to be considered an instance of PBL? The five criteria are
centrality, driving question, constructive investigations, autonomy, and realism (Thomas
2000). This case study attempts to review the implementation of the PBL model in the context
of the Indian Education System and how it would be a exciting alternative form of learning in
a structure which is desperately in need of an overhaul. The education reforms diaspora has
been voicing the need for radical reform of the current instruction-based teaching
methodologies. It has become necessary to supplement the current teaching paradigms with a
much more knowledge-oriented approach. This paper analyses one such methodology known
as PBL, and its implementation in the current Indian education scenario. The case study
begins with a summary of the pedagogical theories behind project-based learning in relation
to the conventional curriculum and makes an argument for adopting the PBL paradigm in the
learning process. The case study then describes teaching and assessment methods adopted in a
PBL model. It presents the outcome of a review of around 78 students, comparing their
development of skills and knowledge depth in their conventional curriculum with the PBL
model. The case study closes with benefits of the module as an implementation parallel with

the students’ course, aiming in the direction of overall development of the students.

Why PBL?

In PBL, the emphasis is on learning by doing. Rather than telling students how to do
something, it stresses on what to do leaving the interpretations on the execution methods on to
the students. Sinhgad Institute Of Technology, Lonavala, India(SITL) has reaped the benefits
of the PBL model which was implemented for the faculty and students alike in association
with the University of Aalborg. This served as a catalyst for promoting the PBL model.The
PBL model may seem to solemnly put the Projects as a central concern but PBL has proven to
be more than just that, with overall development of skills, both technical skills and people
skills. PBL has proven to be a facilitator of development of the spirit of teamwork: a key

concern of prospective employers.
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An overview of the current state of the Indian education system

Learning in the Indian Education System has its roots in the traditional concept of
Gurukuls. The Gurukuls were institutes devoted to churn out individuals who were competent
enough to recognize real-life problems and with skills to overcome them. Over the centuries
however, India’s educational system has deteriorated.The fact that the current Indian
education system is currently more result oriented than knowledge oriented cannot be denied.
The process of learning by this approach may take months but the results obtained by the
learner depend solely on the performance of the learner on the particular day of the test, which
in the opinion of the writer is not the best way to evaluate a candidate’s understanding of the
topic. There exists a semantic gap between the classroom teachings and the implementation of
these by the learners in their assignments. Educationalists have therefore put forward

proposals for unconventional teaching models.

The PBL approach at Sit Lonavala

Enthused by the response by benefactors of the Mobility program from Aalborg
University, SITL decided to implement a parallel PBL model in conjunction with its regular
load of the University of Pune curriculum. This required learners to put in more efforts which
were gladly accepted. The PBL approach was three pronged with focus on Industry Projects,

lab innovations and Value Addition Programmes (VAPs). These efforts are elucidated in this

paper.

Industry Projects

The concept of PBL in SITL was launched with the Industrial Projects, which were
accomplished through the co-operation of large industrial entities such as IBM Corp., Zensar
Technologies, Persistent Ltd, CAP-Gemini etc. The core aim of these industrial partnerships
was to provide students with projects which conformed to industrial standards, and methods
of developing projects. The second objective was to provide students with guidance by
industry professionals and keep them at the forefront with the technology and tools used. The
philosophy here was to help students use their classroom skills with the cutting-edge tools.
The quality of the project along with the timely conformance with the deadlines is
emphasized. The support of the faculty members and periodic guidance is of particular benefit

to the students. Table 1 indicates the enrolment of students to Industry Projects.
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Academic Year No. Of Students Enrolled

Project with Industry in | 360 + Students participated in various
2008-09 industry Projects.

Project with Industry in | 450 + Students participated in various

2009-10 industry Projects.

Project with Industry in | 480 + Students participated in various

2010-11 industry Projects.

Table 1 Enrolment statistics of students for Industry Projects by Academic Year.

Zensar Projects: Zensar Technologies Pvt. Ltd., Pune, is a CMMI level 5 IT services
company. The Zensar campus connect programme was initiated in the academic year 2006-07
and has so far seen the completion of seven projects by students in 5 years, all of which
conformed to industrial standards and were developed with regular inputs from industry
professionals (Table 2). The projects encouraged students to work after college hours,
sometimes on weekends as well. The students were divided into groups of five to six with
each group assigned a certain module of that project. Each team was allotted to a team leader
from within the team. The responsibilities and roles of a team leader were to meet deadlines
and ensure facilitation of ideas among the students. One of the important outcomes of this
project was the introduction of software engineering concepts while working on live projects.
Students were encouraged to implement what they learned in class through the use of the

Software Engineering Process.

Year Batch | Name of the Project Students
Involved
2006-07 |1 Purchase Process of Retail 20
2007-08 | 1II QPS 60
2007-08 | III Intelligent Inventory Management 40
System(Clothing )
2008-09 | IV Lead Management System 25
2008-09 |V Retail IT system 32
2009-10 | VI Health Insurance System 29
2010-11 | VII Inventory Management System 28
(Manufacturing )

34



Table 2 Participation of students in the Zensar Centre of Excellence Initiative.

IBM centre of excellence: The IBM centre of excellence at SITL was established on the 4
August, 2009. The IBM software centre of excellence aims at increasing the skill sets of the
faculty and students of the participating colleges, leading to improvement in the quality of
technical education which lays emphasis on learning by doing. Since then the centre, in
conjunction with IBM’s The Great Mind Challenge (TGMC), has been providing students
with project scenarios and tools for implementation of these projects. Students may also
choose their own project ideas. The benefit of this method is that the problem statements are
realistic and based on real world problems such as ‘Employment for Rural Workers’, ‘Virtual
Classroom Portal’. The advantage of having such scenarios is that it provides ample scope for
students to research as well as survey the prospective and typical users of such systems. The
company allocates a trainer for making the students familiar with the tools required to
implement the project. The training session extends over a fixed duration of time parallel to
the curriculum. The projects through this are then entered into a national level competition,
The Great Mind Challenge, where the brightest young minds of India are on display. Thus the

IBM centre of excellence serves as a great seat of learning at SITL.

Lab Innovations: An integral part of the PBL strategy is the concept of lab
innovations. The planning commission of India observes that India needs innovation to
accelerate its growth (Indian Planning Commission 2011). An innovation may be a product
or idea which adds a new dimension to an old concept. In the views of many eminent
scholars, India needs innovators not imitations to overcome the challenges of converting into
a developed economy. Keeping this in mind, SITL has come up with the concept of Lab
Innovations. Lab Innovations work in conjunction with the classroom teaching and the Value
Addition Programmes discussed further in this paper. India is a country brimming with the
young and restless, and staying fixed with traditional viewpoints is not the way of the current
breed of Indian youth. Their restless minds seem to churn up various ideas but they lack the
guidance and skills necessary to implement them. This was one of the concerns addressed by
implementing Lab Innovations. Students are asked to choose project ideas which are
innovative and appeal to the current set of problems faced in daily life. Then in order to learn
the tools for implementing them, students are given the option of joining Value Addition
Programmes (VAPs). The projects are deadline oriented and periodically reviewed with the

activity concluding in a Project Presentation held at the end of each semester so as to provide
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encouragement to participants and to inspire others to understand the potential of innovation.
The product of such initiatives can be seen from the student’s projects such as “Snappy”
(Bidkar 2011) and the Automated Survey Analysis System (ASAS) (Ranade 2011) projects

which have drawn national attention.

These strategies were all implemented with the project-based model and their
implementation was designed so as to complement the regular university syllabus of the
students. For purposes of this paper the feedback of about 78 students participating in the
industry projects, lab innovations and the Value Addition Programmes (VAPs) was garnered.
The students were asked to compare their development of skills by the conventional

curriculum and when working on the PBL model, and the results are depicted in the table

below.
Sr.No | Skills Developed Student’s views on | Student’s views on PBL
conventional model.
curriculum. (Rating out of 10)
(Rating out of 10)
1 Teamwork 4/10 8/10
2 Understanding/ 5/10 9/10
knowledge growth
3 Punctuality through | 6/10 7/10
deadlines.
4 Inculcating Research 7/10 9/10
5 Decisiveness 5/10 9/10

Tab 3.Results of the review taken from the students.

The results of the study suggest that the students favour the PBL model for their overall
development. The skills like teamwork, knowledge growth, punctuality through deadlines,
inculcating research and decisiveness are thought to be better developed through PBL than

regular curriculum.

Value Addition Programmes (VAPs)
Value Addition Programmes were started in SITL with the intent of making the students
develop out-of-box thinking and improve their technical skills. VAPs run parallel with the
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university curriculum and are carried out after college hours. These programmes provide the
students with the additional inputs and training on technology. With SITL situated in a rural
campus, students physically accessing such training is difficult, hence VAPs were started to

upgrade students technical skills.

SR.NO | NAME OF PROGRAMME NO- OF
STUDENTS

01 CORE JAVA 97

02 ISM BY EMC2 81

03 SAP 55

04 ORACLE 91 66

05 CCNA 35

06 EMBEDDED SYSTEMS 52

07 MATLAB 46

08 GERMAN LANGUAGE 50

09 ADV. CATIA 25

10 HYPERMESH 24

11 C 210

12 CH++ 17

13 C# 27
TOTAL STUDENTS 785

Table 4 Enrolment of students for Value Addition Programmes.

Conclusion

It has been observed that even though the students are already performing up to their
peak on the University of Pune’s (UoP) prescribed courses, they enthusiastically participated
in the various programmes initiated with a view of developing their skill sets through the
Project Based Learning Paradigm. It may also be noted that even though the PBL model is far
from replacing the current academic curriculum, it is being used as a complementary tool for
learning a subset of topics for a required course. The Institute, which is bound by the UoP’s
curricula, has tried to amalgamate various initiatives to implement the ‘learning by doing’

scheme and it has received encouraging response in its initial attempts.
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ABSTRACT

This paper examines whether a problem based approach to students’ learning may support
interdisciplinary education at university level, where students are required to engage with the
complexities inherent in constructing knowledge across disciplinary boundaries. These complexities
include students engaging with multiple and conflicting epistemologies, identification and
contextualisation of problems involving several disciplines in their solution etc. A practical example
found in the case of newly developed BSc and MSc programs in Techno-Anthropology is provided.
The paper includes some examples of how a problem based approach to learning will be
implemented in the programs to support students in their engagement with the complexities of
amalgamating and transgressing the disciplines of technology and anthropology. The paper is
concluded by a brief discussion of problem based learning as an approach to operationalising

interdisciplinary education, and some challenges are identified.

INTRODUCTION

Bauman (2004) is one of several prominent sociologists who in recent decades have suggested
that the degree of complexity and contingencies of society are increasing. And from this
observation follows some substantial implications and challenges to educational practices at all
levels. A need has arisen to reconsider perspectives of learning as well as what constitute desirable
learning outcomes matching the needs of society beyond the walls of higher education institutions.

Deborah Britzman has noted about the education of teachers that:
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“If teacher education is to matter, we are obligated to create conditions for learning to live in
this time that is out of joint, in discontinuous time and the disjuncture of self/other relations.
This means taking responsibility for the discomforting fact of our dependency on the
unknown.” (Britzman, 2007 p. 11).

In response to this it appears relevant to support education of students not simply to become
experts within a particular discipline but also to be able to navigate within contingent scenarios and
utilise the complexities of society, organisations and products to address and solve similarly

intricate and pressing problems.

Ramsden has analysed the development of objectives of higher education and points to central
objectives such as critical thinking, learning how to learn, integration of theory and practice and the
capability to respond to changing contexts and new situations (Ramsden, 2003). We see these
objectives and the complexities of education well reflected in the array of university educations on
offer where disciplines and domains are merged into new constellations to better reflect trends and
complexities of society. Examples found at Aalborg University alone include Health Technology,
Innovation, Knowledge and Entrepreneurial Dynamics, Design Psychology to name but a few. One
significant question arising out of this multitude of interdisciplinary and cross-disciplinary
programs relates to the ensuring of approaches to learning which match educational complexities
and societal requirements. With the ever increasing emphasis on interdisciplinary and
transdisciplinary education naturally follows a growing realisation of the need to rethink both
educational structures as well as developing approaches to students’ learning which enables the

intended outcome of such new structures.

One such learning approach to inter- and transdisciplinary education could be that of problem
based learning (PBL). Rather than supporting content learning of a single discipline the problem
based approach puts the problem to be solved before the ‘tools to solve it’ according to Sternberg
(2008), and this in turn opens up to transgressing disciplinary boundaries in the search for a
solution. The aim of the paper is to explore in greater detail whether a problem based approach to
learning could serve as the operationalising mechanism in inter- and transdisciplinary education. To
reach this aim the objective of the paper is to explore the level of resonance between a problem

based approach to learning and an intention of learning to occur across and beyond disciplines.
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Interdisciplinary learning in higher educations

In the twenty first century knowledge is available in abundance and the task of the learner has
changed from that of acquiring knowledge to become an expert, to that of sourcing out knowledge
and connect information (Fraser & Greenhalgh, 2001). In higher education the term
Interdisciplinary is often associated with courses or programs in which students are presented with
elements of several disciplines or with a challenge to construct knowledge based on a synthesis of
perspectives derived from multiple disciplinary positions. It is relevant here to distinguish between

concepts of multidisciplinary, interdisciplinary and transdisciplinary education.

Multidisciplinary education can be characterised as an arena where different disciplines are
juxtaposed in order to analyse a theme or object. Interdisciplinary education seeks to integrate or
mix knowledge derived from different disciplines and in this process participants may form new
perspectives on the disciplines involved (Domik & Fischer, 2010; Ivanitskaya, Clark, Montgomery,
& Primeau, 2002). Transdisciplinary education is characterised by the construction of new
knowledge synthesised from differing disciplinary epistemologies into a whole. This implies a view
of separate disciplines as fragmented or incomplete (Petrie, 1992). Palaiologou emphasises the
transversal construction of knowledge transcending disciplines “...through overarching synthesis,
critique and sustainability” (Palaiologou, 2010 p. 277). It should be noted that the distinction
between inter- and transdisciplinary education and learning appears opaque and the term
interdisciplinary is often used indiscriminately to signal both the integration of disciplines and the
synthesis of knowledge across disciplinary boundaries. In the remaining part of the paper the term
interdisciplinary will be used to mean both interdisciplinary and transdisciplinary which is
interpreted as a natural progression based on an interdisciplinary outset and as the two

conceptualisations appear to share underlying characteristics of learning.

Ivanitskaya and colleagues argue that when learners are exposed to interdisciplinary education

they

“develop more advanced epistemological beliefs, enhanced critical thinking ability and
metacognitive skills, and an understanding of the relations among perspectives derived from

different discipline” (Ivanitskaya, et al., 2002 p. 95).
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Interdisciplinary learning finds its perspective on learning in the constructivist paradigm and
is concerned with how concepts are interrelated how knowledge is constructed departing in
complexities (Fraser & Greenhalgh, 2001). Interdisciplinary learning breaks with traditions of
learning as memorising facts and instead emphasises higher order epistemologies and students’
engagement with complex and unstructured knowledge domains (Ivanitskaya, et al., 2002).
Although interdisciplinary learning cannot for obvious reasons depart in one specific discipline and
its conceptions Petrie (1976) has noted the need to realise how the disciplines involved may use
differing observational categories and how these categories may be expressed through similar
terminology. This means that working in an interdisciplinary manner is not tantamount to
disciplinary ignorance. On the contrary it is in existing disciplines knowledge, theories and methods
can be found which integrated and combined in alternative ways may generate new perspectives.
Interdisciplinary learning is an ambitious project from the outset focused on reaching the higher
levels of learning as originating in Bloom’s Taxonomy of Educational Objectives and further
elaborated into Bigg’s Solo Taxonomy (Biggs & Tang, 2009). This ambition places heavy demands
on students, who will not learn in the comfort zone of disciplinary scaffolding, and consequently
interdisciplinary learning cannot draw on traditional pedagogical and didactical tools and learning
strategies. Ivanitskaya et al. (2002) points to some key pedagogical characteristics of

interdisciplinary programs:

“More personal construction of knowledge, emphasis on coping with difficult tasks and the
search for multiple solutions, focus on the evolving connections among ideas, and

interpretation and application of knowledge across several contexts” (p. 98).

As a result one of the key challenges in interdisciplinary education lies in the way the
synthesising of elements of several disciplines is manifested in the curriculum design rather than

being left entirely to students (Petrie, 1992).

Another key challenge is located in the didactical and pedagogical considerations, as
interdisciplinary education requires not only students but also teachers to embrace a view on
learning as construction and learning being embedded as much in reflection and synthesis of
knowledge across and amalgamating disciplines as in disciplinary domains themselves. Moving
beyond considerations of differing epistemologies and disciplinary boundaries it is clear that for
interdisciplinary education to function and to deliver interdisciplinary learning it is necessary to

consider how to ‘operationalise’ and establish conducive spaces for learning matching the ambitions
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laid out above. No place is this more evident than in higher education where educational programs
are continuously developed and enhanced to meet the complexities of society and the requirements

of consumers.

Interdisciplinary education and problem-based learning

Examining the literature on interdisciplinary learning in higher education one dominant
characteristic recurs. It is the departure of learning, teaching and education in real life problems
rather than within predefined disciplinary boundaries (e.g. Domik & Fischer, 2010; Fraser &
Greenhalgh, 2001; Ivanitskaya, et al., 2002; Klein, 2006; Little & Hoel, 2011; Petrie, 1976, 1992).
In support of putting problems at the centre of education Petrie (1992) points out that problems of
society rarely follow or can be restricted within disciplinary boundaries. Following a constructivist
epistemology it can further be argued that disciplinary boundaries are themselves constructed with
little or no consideration of contingencies and unpredictability of emerging problems. Problem
solving as an inherent constituent of interdisciplinary education invites for considering more

specific approaches to learning also centred round the problem rather than the discipline.

Although a problem based approach to learning can be organised in diverse didactical and
pedagogical strategies and be reflected in diverse curriculum structures (Barrett & Moore, 2011;
Barrow, 1996; Savery, 2006; Savin-Baden & Major, 2004) there appears to be a general consensus
that the learning approach:

e Has complex and societal problems at the centre of the learning process

e Represents a constructivist approach where knowledge is constructed by the learner through
his/her engagement with a particular problem and its solution

e [s student centred — learning is self-directed

e Supports students in critical thinking

e Requires a shift in the role of the teacher towards that as supervisor and facilitator of the
learning process

e [s based on students working and learning in teams which requires development of team and
communication capabilities

e Assist learners in their developing of cognitive and metacognitive skills through an

emphasis not simply on product but also on (learning) process.
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Central to this approach to learning is a move away from what Freire labelled the ‘banking’
concept of education where students are passive recipients of knowledge poured into them by the
expert teacher. Freire argues that the banking concept of education is ignorant to experiences and
context of the learner (Freire, 1972). The components of a problem based approach to learning meet
in the aspiration to reach higher levels of Biggs and Tang’s Solo Taxonomy whereby the
complexity of the structure of a learner’s learning increases as he/her master academic elements.
The SOLO Taxonomy of learning is organised around five levels of structural complexity. The
unistructural and the multistructural levels are concerned with how much students know as a
quantitative measure. The relational and the extended abstract levels see a move into the qualitative
as these levels are concerned with students’ restructuring what they know to rethink conceptions,
establish relations and forming abstractions. It should be noted that each level is seen as constituting
the foundation for the next (Biggs & Tang, 2009). The resemblances between an interdisciplinary
approach to education and a problem based approach to learning are made visible through this
shared objective for students’ reaching levels of structural complexity where learning outcome is in
the qualitative phase (Biggs & Tang, 2009; Ivanitskaya, et al., 2002) and as problem based learning
is often considered an approach supportive of interdisciplinary learning (e.g. Savery, 2006;
Sternberg, 2008). In the remaining part of the paper the interdisciplinary program of
Technoanthropology which is taught from a problem based approach to learning will be presented

and will serve as a point of reference for the subsequent discussion and concluding remarks. I

The case of techno-anthropology at Aalborg University, Denmark

Aalborg University is dedicated to a problem and project based approach to learning and all
study programs are designed within this framework. The Aalborg University approach to problem
and project based learning has been formulated into nine principles guiding anything from
supervision, organisation of physical spaces to organizational and institutional premises (Barge,
2010). These principles guide the design and organisation of educations across the faculties,
departments and disciplines however, the application of the PBL principles is diverse to meet the
specific needs and resources of each study program (Kolmos, 2009; Kolmos, Fink, & Krogh, 2004).
Students in the technical study programs engage in project work during 50 % of their study time
and this work account for 50% of the ECTS points of the programs. The project work is problem

based and characterized by:
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e Students identifying and analysing a problem within the overall project theme e.g. humans
and technology.

e Students formulating their own problem statement based on their problem analysis

e 1-2 supervisors assigned to each group

e Each group consists of 4 — 7 members depending on how advanced the student is in his/her
studies

e Students are expected to identify and argue for the solution of a problem within the overall
theme, and they must present and reflect on theories and methods suitable for addressing the
problem. This scope of working forges a natural interplay between theory and practice and
between problem and disciplines.

e Learning is student centred

The case of Techno-Anthropology

Since 2008 academic staff across departments and disciplines at Aalborg University, have
worked intensively to create the framework for an interdisciplinary study program at undergraduate
and graduate levels merging disciplines within technology with the discipline of anthropology. The
B.sc. program will commence September 2011, and thus this presentation of the education is
focussed on argumentations surrounding the curriculum and didactics of the program. The scope

and aims of the program are:

Both programs aim at qualifying students with the academic skills that enable them to act and
interact professionally in cross-disciplinary and inter-cultural positions combining and
advancing insights in cutting edge technology with anthropological studies and individual
plus collective responsible decision-making. Graduates will be equipped to navigate in
specialist technology cultures, analyse these cultures, bridge cultural gaps between
technology cultures to other cultural categories, as well as to be involved in socially,
sustainably and ethically responsible technological innovations and policy advice on high-
technology matters. (English Summary of aims and scopes of the programs in Techno-

Anthropology, 2011).

The study programs rest on three pillars. A technology pillar embedded into disciplines of
technology. An anthropology pillar embedded into the discipline of anthropology and an
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interdisciplinary pillar where real life problems e.g. themed around ethics, user driven innovation,

technological impact on society and culture are addressed from multiple and interdisciplinary

perspectives. Enabling this transgressing of disciplines has posed a number of challenges to

curriculum and didactical strategies:

Students are right from the outset expected to handle and competently address complex real
life problems from multiple perspectives. They are expected to handle conflicting
epistemologies found in the complexities of technology and anthropological analysis. This
requires scaffolding around their learning, which can support this complexity and insert the
confidence to pursue alternatives even when these alternatives could not be considered
disciplinarily sound from a traditional point of view or when disciplinary specific literature
and research does not offer scaffolding support.

Most components of the programs depart in complex real life problems which on the one
hand ensures relevance into practice but which on the other hand challenges the pedagogical
approach where relating theory and practice becomes central. Although originating in the
specifics of real life problems, students’ academic work must be exemplary and
transferrable to other similar problems. This requires support of reflection and abstraction
beyond the problem at hand

Project work accounts for 50% of the curriculum which means that the lecturer is ‘replaced’
by a facilitator. Projects are student centred and in order to reach the learning objectives of
the programs students must be able to reflect on their own learning and to make initiatives

which may direct their learning and support their learning processes.

To meet these challenges and to ensure both a problem based and an interdisciplinary approach the

curriculum, didactical and pedagogical elements of the programs have been implemented as

suggested by Klein (2006).

Disciplines will be taught mainly through courses. Projects are utilized as a catalyst for
interdisciplinary and problem based work.

Most single discipline courses draw on cases to enhance students’ problem analysis and to
facilitate problem solving through a multiple perspective approach. A case session consists

of multiple learning possibilities of e.g. lectures, group discussions, seminars and workshops
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and is concluded by student presentations. Many courses are evaluated through an
assessment of students’ continuous and active participation throughout the course period.

e Project themes are mainly interdisciplinary alternating between a predominant focus on
technological or anthropological perspectives. To ensure discipline integration and
transgression project groups are allocated facilitators from both the technical and the
anthropological domains.

e Fundamental objectives of the programs are to equip students to think critically and to be
able to reflect about their own learning process. Both elements are essential for graduates to
become flexible and adaptable to changing tasks and circumstances. To meet these
objectives the programs include compulsory courses in problem based learning highlighting
strategies for engaging with learning and the learning process, team work as well as problem
identification and project structuring. Moreover, courses on science studies and ethics

elucidate working on themes from multiple and conflicting perspectives.

Above it is seen how didactical and pedagogical elements of problem based learning are
integrated into the interdisciplinary programs in Techno-Anthropology. The final part of the paper
contains a brief discussion of some possibilities and limitations emerging when adopting a problem

based approach to learning as the pedagogical foundation of an interdisciplinary education.

Discussion

The study programs in Techno-Anthropology rest upon a well-established Danish secondary
school structure, where interdisciplinary and project based activities are central to the pedagogical
approach to learning. One of the key arguments for this structure is that students should be prepared
for higher education. It is therefore necessary to educate for capabilities rather than simply
competence when moving beyond disciplinary boundaries. Capabilities in this context refer to the
extent to which an individual can construct new knowledge, cope with change and continuously
improve their performance. Developing capabilities in students enhance their grappling with
complex problems, uncertainties and constant change (Fraser & Greenhalgh, 2001). Fraser et al.
further argue for the use of process techniques as that which distinguishes disorganised and
unstructured teaching and learning from “learning which has a flexible and evolving content”
(Fraser & Greenhalgh, 2001 p. 801). Educating for capabilities is visibly in line with general

principles of problem based learning where self-directed learning, critical thinking and reflection
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are key constituents and seen as prerequisites for students’ addressing complex problems. A view
on interdisciplinary education as educating for capabilities in students rather than disciplines
resonates well with a pedagogical and didactical approach rooted in problem based learning,

however the approach does impose challenges as well.

Klein (2006) emphasises the need of integrating curriculum, didactical and pedagogical
considerations into the structuring of interdisciplinary education thus approaching education from a
holistic perspective. This places heavy demands on the institutional and organisational structures of
interdisciplinary educations both in terms of resource allocation but also in terms of teachers’
approach to their role, their knowledge and their disciplines. In rethinking curriculum and pedagogy
in some programs and not all, some teachers may even experience a need to operate and navigate
simultaneously in disciplinary and interdisciplinary contexts and thus facing conflicting approaches

to learning.

The above presents several concrete challenges to higher education when interdisciplinary
education is the objective and where problem based learning is selected as the strategy for
operationalisation. The first is how to institutionalise interdisciplinary education and a problem
based approach to learning. As pinpointed by Petrie (1992) the departmentalisation of higher
education institutions according to discipline impedes interdisciplinary initiatives and preserve
disciplinary boundaries. This challenges communication strategies within institutions and demands
support for those individuals who will have to navigate within and around their disciplines in new
ways. Disciplines are comfortable constructions as they serve as much as an excluding as an
including framing of education and research. Transgressing boundaries may therefore be an
uncertain endeavour which raises uncomfortable and chaotic scenarios. This challenge is double
edged as it relates to both lecturers and students. Students are educated for capabilities, but which
are the capabilities needed by the lecturers to tackle a move into interdisciplinary educations and
support of interdisciplinary learning? So a key challenge is how teachers in higher education may
make the transformation towards a role of facilitator of interdisciplinary learning and how he/she

may still retain his identity and sense of authority as a teacher (Poikela & Moore, 2011).

The second challenge concerns the degree to which interdisciplinary education should and
could constitute a definite break with existing disciplines through its transcendental perspectives. In
addressing this challenge there are interrelated disciplinary and educational considerations to make.

From the disciplinary perspective Petrie argues that disciplines are needed in order to constitute a
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framework for terminology and observational categories (Petrie, 1976). It is through the already
established disciplines that structures can be found which enable negotiation and renegotiation of
disciplinary boundaries eventually leading to the construction of new inter- and transdisciplinary
alternatives. It can further be argued that it is in the possibilities of scaffolding learning by use of
disciplines that both teachers and students may find a comfort zone or structures which assist in
prioritising knowledge and directing studies. Implications of a clean break with existing disciplines
can thus be severe and undesirable perhaps partly as the operationalising mechanisms found in a
problem based approach to learning do not fully equip students or lecturers with the tools necessary
to navigate comfortably in contingencies and complex scenarios. One possible way forward could
be to tailor education much closer to the lives and complexities of students (Stentoft, 2009) or to the
capabilities to which an education is directed. In a perspective of problem based learning the key to
this could lie in the way problems are identified and made relevant and in the way construction of
knowledge in a span of conflicting epistemologies is articulated e.g. by way of educating for

capabilities as outlined above.

Concluding remarks

Interdisciplinary learning is characterised by its focus on solving real world problems through
the integration and synthesis of knowledge springing from several disciplines. It rests on a
constructivist paradigm through which it is possible to recognise the complexities and continuous
change of the nature of the problems and to respond by constantly challenging existing disciplinary
knowledge ultimately into new disciplines. It is the drive for solving problems that justifies
interdisciplinary work and interdisciplinary education. However, as seen in this paper, a move
towards interdisciplinary education presents a new set of challenges to learning and the learner. In
interdisciplinary education the comfort of the disciplinary scaffolding is replaced by the daunting
complexities of real life problems as the primary centre of the learning experience. Making the
move from learning as memorising facts and reproducing knowledge towards learning as
construction of new knowledge and explorations of new relations synthesised from several
disciplines requires a rethinking of the pedagogical and didactical approach to teaching and learning
in higher education. An approach of problem based learning resonates well with interdisciplinary
education as it has at its core a focus on real life problems rather than disciplines and at its disposal

an emphasis on the constructing process of knowledge. Interdisciplinary education places heavy
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demands on students’ as well as lecturers’” engagement with complexities and uncertainties, and the
question remains whether the pedagogical and didactical implications of a problem based approach
to learning are sturdy enough to withstand both students’ and lecturers’ resistance towards
uncertainties. How may a problem based approach be framed in the future to be an even stronger
pedagogy in educational scenarios build upon the contingencies of society and the desire to move

in-between and beyond disciplinary boundaries in our search for solutions?
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ABSTRACT

Vocational education should prepare learners to meet the future challenges of change and
renewal. Education is to help students master the skills needed and the theories connected to these
skills. New applications of the PBL method were constructed for teaching and learning by Oulu

University of Applied Sciences and piloted in two localities in northern Finland.

The first project (2009 — 2011) by M Pietild was directed towards students of electricity and
refrigeration technologies, and was carried out both in school and on-the-job learning. The findings
show that by paying attention to a PBL based way of teaching, the students” motivation and the
mastering of course entities were increased. The second project by E. Virkkula in Oulu
Conservatoire, the department of pop and jazz music in 2003-2007, experimented with a PBL
method during on-the-job learning by planning and arranging instrumental “clinics” and master

courses for students to collaborate with professionals.
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INTRODUCTION

“A person’s knowing/knowledge and skills are like a hidden treasure.” (Kojonkoski-Réannli,
1996.) A person’s growth into a skilled and knowledgeable professional who is aware of his

capacities, is not only a natural process, but needs an educator and is based on choices.

A skill can be understood to be a change from giftedness to skilful action in which a skill is
the final outcome of learning and practicing. A vocational task can be made up of various sub-tasks

and the daily routines connected to them. They can also be called skills.

Professional competence is central to solving open problems. In this process the aims must be
defined and alternative ways of solving the problems must be found. A skilful performance is based
on a system of inner patterns which directs the actions. Therefore obtaining a skill requires
cognitive processes, motor skills, visual outlining, social competence and strategic ability as inner

patterns.

Theoretical background and research methods

Skills can be simple or complex entities of learning. Simple skills are short-term and they are
learnt quickly, for instance the lifting or moving of an arm. Complex skills are learnt through three
phases which consist of cognitive, associative and autonomous phases. Learning a complex skill is
the result of learning routines and sub-routines and develops slowly. After thousands of repetitions
there is still something that can be learned. In performing arts, artistic personality is one of the
targets of education. More is needed than just technical skills: these include thinking, feeling,

understanding and expressing.

The PBL method in learning skills

PBL can be applied to learning both simple and complex skills. The 7 step PBL variation

underpinning the present pilot projects was:

Step 1: Unknown wording, concepts and items to be learnt are explained;
Step 2: Problems or items to be learnt are defined,
Step 3: Brainstorming/ analyzing/ seeking for explanations to the problems are carried out;

Step 4: Systematic inventory of explanations is compiled, alternatives are compared and chosen;
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Step 5: Self-study (team study) assignments are decided and formulated;
Step 6: Assignments are performed individually or in teams;
Step 7: Self-study or performance phases are reported, the outcomes are evaluated by the

participants themselves, teachers and/ or learning-at-work supervisors.

The starting points and processes of teaching

The importance of following the basic tasks of vocational education should be understood by

every teacher.

1. Teaching the basic skills. Theories and attitudes connected to the basic skills are learnt gradually,
moving from small items towards greater entities by constructing schemes.

2. Confirming the knowledge and getting prepared for work life means internalizing models, speeds
and routines.

3. Confirming vocational identity and the top level of knowledge includes automation of the learnt

items, mental image exercises, connections with working life and meeting professionals.

Learning proceeds as a reflective action towards vocational skills and requires time to attain
the goals. Vocational growth begins with being a novice and moves towards becoming an expert.
Expertise is attained as the learning outcomes from knowledge and skills constructed in a person’s
schemes (Eteldpelto 1997 et al). Kolb (1984) describes learning as a cyclic process which begins
from a concrete experience and proceeds via reflective observation and abstract conceptualization to
active action. Experiential learning is thought to be realized in learning-on-the-job. (Ruohotie 2000,

139.) It is direct, intuitive, open, emotional and creative action.

Knowledge of simple routine items allows the learning of principles and customs. The sub-
areas of learning are simple routines, what will be done, in what order, when and why. Routines are

learnt through modeling and repetition. (Steps 1 and 2.)

A single event involving learning and practicing does not assure the permanent mastery of the
skill. For mastery to be deepened, it requires repetition which aims at involvement, integration and
automation. Analyzing and constructing a new scheme includes the question: why will this indeed

be done in this way? (Steps 3 and 4.)
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After learning the skill, in order to act according to the model, a learner has to take a critical
view of the sequence of actions in his work. It presupposes a longer period of practice which will

result in emancipatory learning of professional knowledge and skills. (Steps 5 and 6.)

Learning the work means understanding. Learning is continued through training in real
situations (on-the-job learning), through simulated situations and development projects. At work the
learner has to test the practicability and adaptability of theory, as well as the changeable character
of work and their suitability to further development. The richer the connections are created between
theory and practice, the more flexible the competence will be. (Steps 6 and 7.) In other words, under
the supervision of a teacher, a synthesis of theoretical knowledge and practical skill is created.
Answering the questions why does this happen, what phenomenon is behind this observation leads

to deeper understanding.

Carrying out the on-the-job learning in the field of music differs from that in engineering.
While the latter takes place in normal work places, in pop & jazz music the work is freelance-based,
without permanent jobs and professional music organizations. Classical musicians, instead, are
mostly employed by orchestras and financed by the state and municipalities. Educational
institutions are required to arrange on-the-job learning of pop and jazz music students in

cooperation with, e.g., the professional musicians working in the field. (Musicians” Union 2001.)

As project learning in general is connected to social constructivism and corresponding
conceptions, it emphasizes functional and situational learning, learning environments and social
interaction. (Kolb 1984.) Through action an individual gets information of one’s environment and
of one’s relationship with it, while the logical chain of events - “what leads to what” - becomes
evident. Active participation can be seen as a problem solving process in which an individual tries

to analyze and construct a picture of his/ her environment and his/ her role in it. (ibid.)

Activating learning processes results in learning and using the contents in genuine
environments. This is how learners can gain experiences in the general ways of acting in the fields
in question as well as naturally facing the central problems of the field and learning to find proper
alternative solutions to them. Attention should be given to authentic learning situations and
environments seen from the viewpoint of the applicability of the intended knowledge and skills. It
does not only mean the physical surroundings but also the emotional atmosphere of the teaching

occasion. A teacher as its systematic creator has a decisive significance. A student’s ability to deal
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with the new information is greatly dependent on his/ her emotional state. The more excited or

over-active the learner, the more limited are his/ her possibilities to act.

The learning environments should enhance risk taking and questioning one’s own and the
others” thinking and acting. (Kolb 1984, Rauste-von Wright et al. 2003.) In open communication
the thinking and interpretation of a student will become explicit to him/ herself as well as to the
others. It, again, will make it possible to exert collective reflection: each member creates the basis
of both learning from others and of questioning one’s own preconceptions and “self-evidences”
(Jarvis 2003). Consequently, one of the foremost challenges is to combine the above mentioned
principles with formal educational practices. How can education include proper activities in
authentic work life situations to enhance the students” problem solving and constructive social

interaction?

Levels of learning, reflection and socio-cognitive aspects

Vuorinen (1991) defines the comprehensive mastery of vocational skills as the mastery of
thinking action and the ability of controlling action in the way which is optimal for the present task.
He quotes Mickler et al. (1977) and introduces their idea of developing the mastery of the skills on

the mental level. They are grouped as follows:

1. On the lowest, senso-motoric level non-autonomous sub-movements are automated and directed
subconsciously “on the spinal level”.

2. On the following level the entirety of the process is controlled half-consciously with the help of
various observed signals and brief concrete thinking processes.

3. On the level of adaptive thinking the process can be adapted to new acute situational changes.
This level presupposes, consequently, the ability to generalize.

4. The level of systematic thinking is present in the situations which demand the decision of action
to be based on various learnt functions.

5.&6. The levels of adjustment and strategic thinking make it possible to apply the learnt material to
new situations.

7. If the adjustment takes place on the level of strategic thinking, it is possible fo develop new

models of problem solutions and plan beforehand comprehensive events of action.
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Research questions, contexts and methods

The central question in the engineering project was: How can vocational studies be
constructed to create a motivating experience for learners and inspire them to lifelong and life-wide
learning as well as to make them success stories in their work? The pilot project was supervised by
the School of Vocational Teacher Education in Oulu and realized in a new kind of learning
environment in Rovaniemi and Kuusamo Vocational Institutes in Northern Finland. It was started in
2009. The teachers (N= 12) adopted a new kind of approach to their classes and teaching according
to the PBL design. The research data was collected from the group of 35 students aged 16 — 20
years representing the fields of electricity and refrigeration technologies. The methods of data
collection were interviews, teachers” observations and test results. Learning was analyzed and
evaluated by mainly qualitative content analysis methods supplemented by some statistics.
Evaluation concerned the mastery of skills observed through written tasks, workshop work, self-
assessment, peer assessment and the evaluation by the teachers as well as the representatives of on-

the-job learning. Some portfolios and learning protocols were also available.

The music education project in Oulu Conservatoire from 2003-2007 concentrated on
developing work life cooperation in the field of music with the help of the so-called music
workshop activities. A “musashop” means a functional model based on applied PBL learning with
the idea of the music institution members carrying out a performance (a concert / a gig) together
with students and music professionals. The starting point was the need to develop a model of
teaching, based on musicians” real work practices. The research question was: What could a
functional model be to realize work life cooperation in the field of music? The data collection from
the students (N=56), teachers and music professionals who participated in the musashops took place
during the project. The research included a qualitative analysis of the observations and collected
feedback as well as collected ideas for further development and carrying out the testing of

competence based skills.
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Figure 1. The framework of development in music education.

How should teachers apply the PBL in order to motivate students?

Step 1.The objectives of the lesson are first introduced and the importance of mastering a
certain skill is justified. The outlines of the lessons’ contents are explained as well as briefly
explaining the methods and various phases. If the topic is broad and difficult to outline, it must be
divided into parts and taught step by step. In the musashops, flexible action is connected to the
levels of professional skills in authentic work tasks. Also the choice of the responsible teacher and

the student group participating in the action is carried out in the beginning.

Step 2. Learning is an individual process. Thus in the learning of skills various guiding
methods are often needed due to the individual ways of learning. Teaching starts from the learner’s
situation. The event of teaching a skill is planned beforehand so that every student has a possibility
to work. The necessary equipment and material should be ready at hand. Attention is paid to
workplace safety and following the regulations. Choosing and using the right tools and protective
equipment are taught before the actual training. The workshop is kept clean, and tools and

apparatuses are cleaned according to the given advice.

Step 3. The teacher is to understand what is difficult and have an inquiring attitude towards
problems. Often mastery will be attained after a number of repetitions. On no occasion should a

teacher underrate a slow learner; he has to be given equal time to the others, but more time if
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needed. Brainstorming concerning choices of contents and methods can also be carried out in this

phase.

Step 4. Obstacles to learning will often be smaller, when after some training the student has a
sufficiently well established scheme or the principles of learning. The better the previously learned
schemes can be availed, the faster the learning will become automatic. In teaching skills the
direction should be towards deep learning and attaining a high level of know-how, as superficial
knowledge does not develop proficiencies. In music education signing contracts (musician, place of

performance, technique) will be dealt with here.

Step 5 is useful to be included in the form of combined self-study and tutorials/ seminars/
team sessions. Individual tasks and practices can be planned during this step. In music education
planning, advertising, information procedures and organizing the implementation as well as the

choice and preparation of the material for the practice period are carried out here.

Step 6 is mostly devoted to on-the-job learning. It can include also autonomous practicing
depending on the profession. In musashops instrumental and ensemble practices and performing

with the professionals are realized.

Step 7 includes written and skill-based tests and the overall evaluation and assessment of
learning and practice. In this phase the representatives of work life usually cooperate with teachers
and listen to the opinions of the students concerning on-the job learning periods. In short, reflection,

feedback and evaluation belong to this phase.

The professional way of working, educational goals and the students” professional growth are
naturally connected together. Learning takes place in a cooperative way in authentic contexts, also
including autonomous work. A project carried out together with a work place allows the essential
ways and styles of acting at work to become a part of the education, when students acquire concrete
experiences through the tasks and culture in the field. (Vuorivirta 2006.) “Musashop’s” themes can
be connected to a style in general, the production of a certain artist or the most important material
for some instrument, etc. They also include many other duties of a professional, e.g. responsibility

for composing or arranging the music or marketing and selling the performance.
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Findings

The teachers participating in the project were committed to following the principles and aims
of teaching described in the above chapters. The process was more loosely applicable than the
traditional PBL method.(cf Boud et al 1999; Nummenmaa et al 2001 ). Steps 1-3 are self-evident in

principle to trained teachers, but even they considered it necessary to pay more attention to them.

On-the-job learning was either a hinder or blessing depending on what kind of work place the
student went to. Models for collaboration between educational institutions and work life, especially
in music education, were constructed so that the learning environments could correspond to the
demands of work life. The work places were chosen and controlled whenever possible. The best
thing was when the school and the work place acted according to similar principles at work and had
the same kinds of aims and evaluation principles. Cooperation of the teachers and work place staff
was necessary. The students assessed the outcomes of their on-the-job learning themselves and

together with their supervisors. The following aspects were to guide their self-evaluation processes:

1. Specific vocational knowledge and skills, consisting of knowledge of work processes, expertise
in routines, the qualifications of vocational technology or production techniques, facilities for

planning and developing and specific skills of problem solving;

2. General competences and skills including adaptive expertise or ability to act in new situations,
progressive problem solving, interpersonal skills, communicative skills, ability to use ICT and
information services, critical thinking skills and innovative thinking;

3. Autonomy and self-initiative made use of planning one’s work and career, developing
vocational/professional identity, autonomy, reflexivity and self-assessment as well as internal

entrepreneurship. (cf. National board of education, 2006; Rékkoldinen& Stenvall, 2008.)

The students were not very advanced in their skills after the first and not even after the second
year of their education. Still, they were better than the students of the earlier cohorts. This is
apparently due to a new kind of approach to learning the skills. During the first on-the-job learning
period the progress of the skills was greatest in group 1 above and less developed in group 3. In
group 2 the progress showed the greatest variety, obviously depending on the personality of the

student. The previous year’s results were not available for this research.

Developing vocational identity is connected to the attitudes of the teachers and work place

colleagues and leaders. It is something that is learnt non-verbally by observing people at work.
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Their attitudes towards work and mastery of the skills had a great influence on developing self

image and the conception of oneself as a representative of the trade.

Reflection was emphasized throughout the learning process, especially in the tutorials. In the
beginning, the students found it difficult to verbalize their experiences. They became accustomed to
it by dividing the reflection process into different phases according to Kolb’s model of experiential
learning (1984). After the feeling phase, reflective observation was approached by simple questions:
1) How did you manage with the task? 2) What kind of result did you get? 3) What should be
improved? 4) Could you do something in another way? 5) What did you learn from the experience?
and 6) What should you know more about regarding the task or train more in? After answering the
questions, first a few questions and gradually being able to answer more and more questions, the
students were able to understand the work process as a whole. They were thus supported in the

process in which understanding and skills became strengthened.

The research question in project 1 was: How can vocational studies be constructed to be a
motivating experience for learners and inspire them to lifelong and life-wide learning as well as to
make them success stories in their work? The outcome revealed that the PBL is a good way to
construct motivating and meaningful learning experiences. According to it a teacher plans, prepares,
organizes and starts the learning events systematically and pays attention to the diversity of
learners. He/she also controls the situational factors of learning at school and on-the-job learning

not forgetting to teach reflective practices and self-assessment to the students.

In project 2 the research question was: What could a functional model be, to realize work life
cooperation in the field of music? The project was designed to correspond to the real work of a
musician, and skills gained from it were adaptable in the work life. The students experienced that
their professional identity was significantly strengthened when they were able to work together with
the professionals. Accordingly, the educational institutions got possibilities to develop new work

life- based teaching practices jointly with the professionals in the field of music.

A strong facilitator in the projects was observing experts and sharing their work. Beginning
students were more concentrated on doing practical work, following the example of professionals,
and their attitudes were observed unconsciously. The more the students gained skills, the more open
they were to consciously learning non-verbal, verbal and attitudinal issues. They need practice and
repetition, successes and failures, reflection and self-assessment as well as peer evaluation and

guidance of experts to grow into real professionals.
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The findings show that a new kind of approach, integrated experiential learning and PBL,
increase theoretical understanding and practical skills as well as strengthen the mastery of the
course entities. The best single observable feature was the increased motivation of all the students to
study the course entities. It also means that it is also the teacher’s responsibility to develop his/ her

practices.

Discussion

The demands concerning the know-how of vocational teachers will grow in the future. On-
the-job learning has become a normal part of education. How and where can teachers, filling the
requirements of the respective skills, both theoretical and practical, be recruited? Also the
awareness and evaluation of the learning conceptions guiding the events of work-based practices

must be emphasized. (Vertanen, 2002.)

A competent teacher is able to help the student study efficiently. For that reason it is
important to train vocational teachers pedagogically both in pre-service and in-service programs. It
is also important to acquaint the on-the-job learning staff with the aims, methods and evaluation of

the educational institutions.

Conditions created in the environment which combines theory and practice are linked to
subsequent retrieval and appropriate use of new information in the following way: 1) activation of
prior knowledge, 2) encoding of knowledge in a specific context and 3) opportunity to elaborate on
that information. Activating prior knowledge is a kind of cognitive structure that determines what is
understood from a new experience and what is learned. New knowledge is encoded in a context
modeled on practice. Knowledge is best remembered in the context it was originally learned. The
possibility to elaborate on learned information provides redundancy in memory. It, again, reduces
forgetting. (Bridges 1992.) Consequently, teaching theory and practice together, defining problems
and taking efforts to gain systematic problem solving skills as well as controlling and guiding work
experiences seem to be a motivating and meaningful way to acquiring the mastery of vocational

skills.
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ABSTRACT

An essential element in the development of any new educational programme is the
evaluation of its effectiveness; however, there is a lack of consensus on the process and focus
when evaluating the design of a problem-based learning (PBL) programme. This paper will
specifically detail the evaluation of the design of a new degree programme (the BSc in Small
Enterprise Management), acknowledging that the design of continuing education for
micro/small tourism enterprise owner/managers represents a particular challenge, however,
by utilising an action research (AR) approach, which facilitates interaction with the major

stakeholders, it is perceived that much of this challenge can be met. Further, this paper argues
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that an AR ethos allows the evaluation of a programme’s design to be “reflective, iterative

and progressive” (Maudsley, 2001, p. 320).

INTRODUCTION

This paper originates in the context of growing recognition that the success of the
global tourism industry will ultimately depend on the professionalism of its workforce
(Edgell et al., 2008). However, while a general consensus exists on the merits of higher levels
of professionalism, and education’s role as a key driver of the professionalisation process is
undisputed, continuing education for owner/managers of micro/small businesses is
problematic (Kelliher ef al., 2009). In light of the foregoing, Failte Ireland, the Irish national
tourism development authority, began a tendering process for the delivery of a degree-level
programme, specifically for owner/managers of micro/small business enterprises, and the
authors’ tertiary institute was successful in this process. A new three-year Bachelor of
Science in Small Enterprise Management (BSc), based on an andragogical philosophy and
problem-based learning approach (PBL), was developed during the 2008-2010 academic

years.

As distinct from the traditional didactic transmission approach to education, PBL as an
innovative teaching and learning approach has been utilised in medical education since the
1960s (first developed by McMasters University medical school in Canada); however, in the
business discipline, especially in Ireland, it is in its infancy. PBL is based on an action
learning ethos, with an emphasis on self-directed learning; it also utilises small student
‘network’ groups (of no more than five/six students) to develop responses to real-world
‘messy’ problems, thereby developing the students’ generic skills through the experiential
learning process. In this instance, the degree programme will be delivered through a blended
learning approach, combining an online community aspect with the mainly face-to-face PBL
element; inherent in this approach is the philosophy that the students themselves will take
‘ownership’ of the problem and, hence, their learning. However, PBL as a “complex mixture
of a general teaching philosophy, learning objectives and goals, and faculty attitudes and
values” (Vernon and Blake, 1993, p. 560), presents particular “unique challenges” for

evaluation which must be considered. Evaluation has been defined as “a systematic process
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that judges the worth of an educational programme via quantitative and/or qualitative data
analysis...and aims to improve students’ experience and achievements” (Maudsley, 2001, p.
313); in this case the focus is at a programme-level as to whether or not the programme
design will ultimately meet the needs of the stakeholders. This paper will argue that an action
research (AR) approach to programme design evaluation is required to provide an evidence-
base for design decision-making, especially as there is a lack of consensus regarding the
“best” process to follow, as the literature tends to focus on what educational evaluation finds
rather than the rationale for the approach taken. This paper seeks, in a major way, to address
this deficit; hence, it begins by detailing what action research entails, and the evidence-base it
provides in the emergent process of programme design, specifically by highlighting how
feedback from programme stakeholders was incorporated into the PBL contribution and its

associated evaluation.

Action research as an evaluation approach

Action research (AR) has previously been conceived as research in action and normally
consists of a four step cyclical process of: (1) constructing (identifying the pressing issue and
context), (2) planning for action (usually involving collaboration with stakeholders), (3)
taking action, and finally, (4) evaluating the action. Each iteration of the cyclical process
informs the next, as actions are taken to improve the practice, and evaluation results form the
basis for further planning prior to the next cycle commencing. In the case of the new degree,
the AR process has employed a range of different qualitative and quantitative data collection
tools, adapted to suit the context, including focus groups, round-table discussions, surveys
and telephone interviews; all focused on improving the future provision of the programme
and the PBL content. Indeed, employing an AR approach prevents the methodology
becoming “so disconnected from the reality it is designed to understand that it is no longer
useful” (Argyris et al., 1985, p. x). Further, AR is envisaged as a systematic research process
that occurs in on-going, changing environments, with the change processes, interventions and
products evaluated while the systems are in operation in the service of stakeholders (Bargal,
2008). Critically, by employing an AR approach, the programme design team were able to
gather detailed and rich information concerning the degree’s major design dimensions:
content, context, process and outcomes through various formal and informal interactions with

stakeholders. In many respects, each of these four dimensions of the BSc represented a ‘blank
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sheet’ and, as a consequence, the programme development began with a number of
consultations with stakeholders in order to promote a culture both inclusive and responsive in
terms of the BSc’s design and future implementation. This paper presents the first cycle,
which represents the BSc’s design stage. There are other cycles involved in the BSc’s
implementation but these are beyond the scope of this paper. In order to demonstrate the
value of the AR approach to programme design evaluation, the following section outlines this
process and its evidence-based outputs under the four cycle headings: constructing, planning

action, taking action and evaluating action.
Constructing

As previously indicated, AR focuses on problem-solving; the problem that was
identified was quite a broad issue, the need for enhanced professionalism across the tourism
industry, specifically involving micro and small tourism enterprises (MSE) (as identified by
Failte Ireland). The national tourism body identified education as a means of enhancing
tourism professionalism, and stressed that the degree programme should reflect the latest
educational thinking on design and delivery with nationwide coverage. Secondary to
enhancing professionalism, the agency also wanted to enhance the owner-managers of MSE’s
entrepreneurship and innovativeness. A further design complexity involved the nature of the
targeted student — previous research in both Irish and international settings had identified a
lack of engagement in higher education of micro and small enterprise (MSE) owner-
managers (Lawless et al., 2000; Storey, 2004; Devins et al., 2005; Fuller-Love, 2006), with a
growing body of research identifying that these MSE owner-managers had distinctive
characteristics when it came to their educational needs and barriers to their learning (Kelliher
et al., 2009). These issues informed the programme development team’s approach to the BSc,
which, in turn, led to several discourses with major stakeholders. The programme
development team also drew on their experience with the targeted cohort through their
involvement in another Failte Ireland initiative, the Tourism Learning Networks (TLNs);
indeed, feedback from both Failte Ireland and the TLN graduates (through a wide range of
research activities with this cohort), revealed a high level of demand for a bespoke degree,

crafted to meet their specific needs.

A particular feature of the AR approach is that it underscores the criticality of
participation in the research for change, and specifically, the collaboration between educators

and major stakeholders to ensure that higher education meets not only the knowledge needs
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of its targeted learners but also their generic skill needs. Not only does an AR ethos facilitate
an environment where there can be an ongoing dialogue, but it also ensures that stakeholders
are recognised for their contribution as co-researchers and the values that they bring to the

process are made explicit.

Planning Action

Initial discourse with executives from Failte Ireland prior to the awarding of the tender
for the BSc provided a ‘working theme’ (Coghlan and Brannick, 2010) to guide the planning
action stage; it was evident from these discussions that an innovative programme design was
required. Based on reflection, knowledge, experience, and a new PBL initiative in the
authors’ Institute, the programme development team crafted the tender, and ultimately the
programme, around two major approaches: PBL and blended learning. An andragogical
philosophy, which underlies PBL, was utilised due to its recognition of the value of the
accumulated experience of the students — as recommended by Augier and March (2007).
Indeed, a critical moment in the design stage was when the programme development team
identified PBL as a possible solution to the problem of how to deliver a programme which
would suit the needs of the MSE owner-managers, particularly their identified need for a
sense of involvement, relevance and flexibility both in content and delivery (Storey and
Westhead, 1997; Moon et al., 2005). The literature indicates that PBL has been identified as
conducive to achieving the high level skills, knowledge, and appropriate personal traits to
grow and transform enterprises (cf. Duch ef al., 2001; Burns and Chisholm, 2005) (in line
with both Fiilte Ireland as the funding body and the Institute’s strategic aim to enhance
tourism professionalism). PBL was combined with a blended learning approach, which
combines face-to-face facilitation and support with distance learning (Sharpe et al., 2006)
(utilising the Institute’s eLearning support website and Moodle). The blended learning
approach that will be utilised will combine the best features of the interaction between
student and instructor with the advantages of asynchronous learning. By its nature,
asynchronous learning offers the student participant the advantage of choice in time and pace
of study (Lawless et al., 2000), thereby responding to the call for flexibility in programme

delivery; this approach also meets the need for the programme to be available nationally.
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Taking Action

In line with the AR approach adopted, and in order to maximise the contribution of the
major stakeholders in the development of the programme, a number of interactions were
organised (see Table 1). As outlined in Table 1, through interaction with key personnel from
Failte Ireland, the programme team identified several content themes — these are detailed in
Table 2 (themes were confirmed in the later evaluation stage by practitioners in the round-

table discussions).

Stakeholders Interaction Methodology Key Outcomes/Implications

1. Programme design team  Review of the literature, reflection PBL & blended learning approaches.

and ongoing team discussions.
Various roundtable discussions.

2. Failte Ireland & Institute Industry needs analysis — leading to programme themes and generic

skills list.

3. Targeted student cohort
(MSE practitioners)

4.  All the major
stakeholders

5. Targeted student cohort
(MSE practitioners)

6. Failte Ireland, Institute
& programme design team
7. Targeted student cohort
(MSE practitioners)

Focus group

Pilot-study: observation

Pilot-study: quantitative survey

Post-pilot: discussions

Post-pilot: interviews

Confirmation of programme themes & further formulation of
generic skills list.

Confirmation of programme themes, PBL and blended learning.

Immediate feedback at the end of the pilot-study workshop — initial
reactions of the participants to the group interaction, blended
learning and PBL.

Confirmation of satisfaction with PBL and blended learning
elements.

Confirmation of key findings from observations and immediate
feedback from the pilot, in addition to details regarding potential

barriers to engagement (as detailed in a later section).

Table 1: Stakeholder interactions and outcomes

Programme Themes

o Market Engagement & Web Technology

o Network Development

o Sales & Strategic Market Development

e Environmental & Energy Management

o Tourism Business Processes
e Entrepreneurial Development

e Tourism Competitiveness & Innovation

Table 2: Programme Themes

Space issues do not allow the authors to discuss in detail each of the interactions with

stakeholders in the design of the programme; however, these data gathering interactions
culminated in the integration of the feedback into matching the targeted cohort’s needs
through a variety of approaches (such as the provision of recognition of prior learning (RPL)

and a tailored induction programme). Ultimately, the programme team decided to develop a
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pilot-study employing one of the programme themes, PBL and blended learning, to evaluate
the major design choices up to that point and determine if any further programme

modifications were required.

The pilot-study was designed to mirror closely a real PBL situation, with 18 tourism
owner—managers invited to participate in one full PBL cycle, that is, (1) Set the climate (roles
& rules), (2) Introduction of a trigger/ problem, (3) Brainstorm, (4) Identify learning issues,
(5) Independent study, and (6) Synthesis and discussion, culminating in the completion of a
written assessment in the form of a group report to be uploaded onto Moodle. The pilot study
and the follow-up interviews were crafted by the authors in order to gather information from
potential participants of the BSc concerning: (1) their response to PBL, (2) perceived
problems arising in connection with PBL, (3) particular challenges in connection with
working in an online environment (e.g., distance learning and technology), (4) barriers to
completing the assessment, and (5) any other issues/concerns arising. Although the
programme design team made every attempt to make the pilot realistic, there were limitations
to its ‘reality.” However, despite the foregoing, it is perceived by the authors that the pilot
study process accurately reflected that which occurs in an actual classroom context. In
addition, the design team had their own PBL experience to draw on, this is all the more
critical as "to create or improve PBL curricula, it is important to understand what kind of

instructional conditions result in effective problem-based learning" (Gijselaers, 1996, p. 13).

Evaluating Action

One of the key features of AR is the immediacy of the feedback it offers. As indicated
previously, AR involves an iterative process which generates knowledge that is both instantly
accessible to stakeholders, and generates ‘local theories’ for application (Brulin, 1998); this
allowed the programme team to reflect on progress and make adjustments to the proposed
learning environment based on the growing evidence-base. As highlighted in Table 1, the
emergent design process has involved multiple interactions with stakeholders, with evidence
gathered to support each design choice. In particular, the evaluation of the major features of
the BSc design involved: (1) Failte Ireland and design team observations of the pilot study,
(2) pilot study participants’ feedback on immediate reactions to the pilot, (3) post-pilot
discussions between the authors, and (4) post-pilot interviews with pilot participants to add

depth and detail to the statistical findings. As an example of the evaluation process
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undertaken by the authors, the results from point two above are presented here. In order to
capture immediate feedback from the participants on the pilot-study, a short, highly
structured questionnaire was prepared by the programme design team; the feedback form’s
design was based on PBL feedback forms which had been previously utilised by the authors.
The quantitative survey findings indicated that all the mean scores were at the high end of the
scale (where 1 represents ‘Strongly Disagree’ and 5 represents ‘Strongly Agree’) (see Table

3), with the participants’ enjoyment of the workshop scoring a mean of 4.50.

Pilot-study Participant Feedback Results Mean
e My first impressions of the BSc degree programme were positive. 4.22
e From what I have heard today, I believe the content of the BSc programme will suit my needs. 4.11
o | found the subject content of the BSc programme was relevant to me and my business. 4.22
o [ believe the online forum provided (Moodle) will make it easier for me to communicate with others in 435

my group.
e | enjoyed the chance to discuss the problem posed amongst our team. 4.50
o [ understand the role each team-member plays in problem-based learning. 4.39
o The role of the facilitator in problem-based learning was made clear. 4.39
e The problem presented to us as a trigger was of relevance to me. 4.33
o [ believe I have a fair understanding of what problem-based learning is all about. 4.28
o [ have a good idea of the steps involved in the process of problem-based learning. 4.11
o [ am interested in finding out about enrolling on the BSc degree programme. 4.39

n = 18 (Scale: 1=Strongly Disagree and 5 = Strongly Agree)

Table 3: Pilot-study participant feedback results

In addition, major findings from post-pilot discussions between the authors were: (1)
the practitioners quickly grasped the PBL process, (2) the participants saw the PBL process
and trigger as engaging and very relevant to them, (3) the time that they would need to devote
to their studies was a major concern (both in terms of time per week, as well as the degree’s
three year duration), (4) the financing of their fees was also a key concern, (5) the participants
distinguished the online forum as generally supportive of the face-to-face aspects of the PBL
process, and (6) obtaining exemptions for prior learning was another major issue for the
cohort. Finally, key findings regarding the programme design from the post-pilot interviews

completed with the pilot participants are listed below:

o Semester timing — some participants indicated that semester scheduling would need to
take into account that they take their holidays in September-October and, furthermore,
that there is a national movement to extend the tourism season, stating: “The problem

is we take our break in September-October and there’s probably quite a few others in
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the same boat” and another stating: “I’'m organizing a festival in late September, so I
won’t be available until October, really.”

Length of degree - six participants indicated that the necessary three year commitment
was daunting.

Group work — some concern was expressed in connection with working with others to
complete assignments such as an unequal burden of work. Five participants indicated
that they were accustomed to being self-sufficient and were concerned over having to
rely on the skills and abilities of others. For example, one interviewee commented:
“What we had to do was a very small thing...but some of the others took forever to do
it” while another participant stated: “you always get studiers, then others not so into
it.” However, others welcomed the added support from peers in completing
assignments, stating: “Gained a group with similar problems and needs” and “People
were willing to help each other”.

Distance learning — the issue of geographic spread of the group and the need for face-
to-face interactions between residential workshops was raised by two and four
interviewees, respectively.

Technology — several interviewees indicated concern in connection with using the
forum function in Moodle, their IT skills, and their lack of broadband (however, only
two indicated they didn’t have broadband) while others indicated technology “Will
make it a whole lot easier” and “Moodle side — a dream.”

Relevancy — the BSc needed to be relevant for their business and for them personally;
some indicated that they saw PBL as providing relevancy: “Rather than having a
lecture, everybody is involved in the problem...and rather than telling us the answer —
our experience is brought into it,” “PBL is brilliant!...a workman’s way of solving
problems,” and “One really is getting to grips with the material — you are learning as

you go along, going through the research.”

In particular, the pilot study evaluation confirmed that PBL offers the optimum balance

in terms of meeting the needs of the stakeholders regarding relevance, practice and theory

and also delivers a high level of participant engagement. The AR approach has brought to

light some vital information with regards to the development and implementation stages of

the BSc, and proved the value of employing this method of evaluation which provides

formative feedback for the stakeholders involved. As indicated previously, the evidence from

the literature suggests that in a PBL context an evaluation needs to be “reflective, iterative
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and progressive, highlighting the special features of the curriculum” (Maudsley, 2001, p.
320); these characteristics are certainly supported by employing an AR approach, as
demonstrated in this paper. Specifically, AR allowed for multiple perspectives to be engaged
within the development of new knowledge and sense-making, adding to our understanding of
what works and why (James and Denyer, 2009). Indeed, the pragmatic AR format has
allowed the authors to combine quantitative and qualitative findings in the evaluation of the
design choices and, furthermore, the close collaboration with stakeholders has ensured that
the design team has responded to the cohort’s needs (in particular, the programme themes,
content and expected generic skills) through adapting the programme design accordingly. For
instance, the programme design team have undertaken a review of the timing, fees, RPL and

induction required as a result of this evaluative feedback (see Hussey et al., 2010).

Conclusion

The design and development of continuing education for micro/small tourism enterprise
owner/managers represents a particular challenge, however, by utilising an AR approach,
which facilitated interaction with the major stakeholders, it is perceived that this challenge
has been met. The AR based evaluation of the design brought to light issues of stakeholders’

concerns, which required adaptations to the design of the programme as it developed.

The programme design team concluded that PBL (as well as the blended learning
approach) offered the optimum balance in terms of meeting the needs of the stakeholders in
terms of relevance, practice and theory; this was concluded based on the evidence arising
from the analysis of the interactions — results were overwhelmingly positive. The interactions
confirmed the appropriateness of specific subject themes as well as relevant generic skills,
which ultimately informed the crafting of the programme’s modules, specifically, in the

design of PBL triggers which replicate the real-life problems faced by the owner/managers.

The authors’ ongoing longitudinal study seeks to evaluate whether or not the new
degree programme enhances the tourism sector’s professionalism. Hence, this paper
represents a key stage in the development of an evaluation mechanism into this educational
initiative. Although the AR approach to evaluating a programme’s design as described here
has been crafted for one particular programme, targeted at a particular sector, it is perceived

that it should provide guidelines to other educators who are responsible for the evaluation of
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the design of higher education for adult learners who are owner/managers of micro/small
enterprises. For instance, the paper highlights the centrality of the learner and the criticality of
the interaction and collaboration between major stakeholders in programme design and how

AR facilitates this process and its evaluation.
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ABSTRACT

Problem based learning is claimed to be one of the best methods for interactive
learning, and more effective than traditional methods. However, there is still a limited
empirical evidence of the effectiveness of PBL across various courses and learning
disciplines. The aim of this study was to identify students’ perceptions of learning

environment and motivation in Effective Communication classes using a PBL approach.
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Twenty five students participated in this single case study. Students were given four
treatments and answered questionnaires in gauging their perception and motivation on the
PBL approach to learning. Results indicated that these students who attended PBL classes
have a positive perception of learning environment after attending the course. However, there
is no significant difference on students’ motivation at the begining and at the end of the

course.

INTRODUCTION

The shift of paradigm from teacher-centered to student-centered is essential to make
students become active and acquire additional skills which are valuable and cannot be gained
through book learning. Currently, in Malaysia, there is a movement to shift the paradigm to
student-centered in line with changes in industry and global trends (Ministry of Higher
Education, 2005). Industry claimed that many graduates are lacking in many skills needed by
industry such as planning and organizing, problem solving, decision making, communication,
leadership, creativity, critical thinking, conceptual and networking skills (The Star, 21

August, 2005). Thus, a change of instructional approach is needed to overcome this problem.

Hill (2007) mentioned that there are advantages in the use of a student-centered
approach; one of them is that students play an active role in the class. A student-centered
approach encourages communication among the students. Students interact with peers and the
facilitator in class. With this environment, where students are being active in class, it is seen
that a student-centered approach is one of the ways to address students’ problem such as
being passive and less functional in the workplace when they graduate (Ministry of Higher

Education, 2005).

One of the most popular student-centered approaches is Problem Based Learning
(PBL). Previous studies have proved that PBL has a positive effect on higher education
students in various disciplines (Chapman, 2002, Kim & Kwon, 2003, Goodnough & Woei,
2008, Selcuk & Caliskan, 2010) such as engineering, law, and even in high schools (Selcuk
& Caliskan, 2010). Students not only acquire content knowledge but also develop their
problem solving skills, critical and creative thinking skills, cooperative and communication

skills, as well as learning how to adapt to changes (Albanese & Mitchell, 1993).
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Although there are various ways of implementing PBL, they share the same goals such
as having flexible knowledge, self-directed learning, effective problem-solving skills, and
intrinsic motivation (Hmelo-Silver, 2004). Other than that, PBL offers students the
opportunity to develop their life-long learning skills and flexible understanding. PBL requires
the learners to be active and work in groups and changes the role of teachers (Hmelo-Silver,

2004).

Although PBL has generally been accepted as a valuable instructional option, there are
several issues regarding the effectiveness of PBL. Among the issues are what do students
learn and how they do it (Hmelo-Silver, 2004), students’ perception towards PBL (Selcuk
and Caliskan (2010), the issue of motivation - whether the students are motivated or not in
PBL classes (Hmelo-Silver, 2004), the type of self-directed learners that students become
(Hmelo-Silver, 2004; Berkson, 1993 in Gijbels et.al., 2005), the issue of collaboration among
the students (Gijbels et.al., 2005; Hmelo-Silver), how do students construct an extensive and
flexible knowledge based and have increased content knowlege (Gijbels et.al. 2005; Colliver,
(2000) in Norman & Schmidt (2000), Hmelo-Silver, (2004), the cost, time and commitment
of implementing PBL (Albanese & Mitchell, 1993), and the issue of whether the students are
become better problem-solvers after attending PBL classes (Berkson, 1993 in Gijbels et.al.
2005; Hmelo-Silver, 2004).

Few studies have been conducted in Malaysia regarding the students’ perception of
PBL (Nur Izzati, 2010; and Neo & Neo, 2005). Both studies agree that various design
variables of PBL are able to enhance students’ learning as students enjoy the learning
process, creating positive perceptions towards group work and the learning experience, and
enhancing students’ involvement in learning. However, Nur Izzati (2010) conducted the
study among secondary school students, while Neo & Neo (2005) did the study among

private university students.

Therefore, this study focuses on two significant issues: the perception of the learning
environment and motivation of first degree students. Do first degree students have positive
perceptions of this learning approach? The literature shows that many students prefer to have
PBL as their learning approach rather than traditional methods (Albanese & Mitchell, 1993;
Selcuk & Caliskan, 2010). Furthermore, PBL is designed to enhance students’ motivation
(Hmelo- Silver, 2004), thus, it is believed that there will be significant difference in the

motivation of students after attending PBL classes.
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The implementation of PBL in UTHM, Malaysia

In Universiti Tun Hussein Onn Malaysia (UTHM), PBL was introduced in 2005. At the
beginning of its implementation, complaints were received from both the students and the
lecturers. The lecturers complained that they have to prepare large amounts of work and
spend much time in crafting the problems. For the students part, they have to put in extra time
to get materials and prepare for presentations. Furthermore, they need to spend time meeting

with group members as the tasks given should be completed or solved by groups.

In addition, management needs to allocate some funding to conduct training for
lecturers, prepare the facilities to suit a PBL environment (such as new rooms in the new
buildings which are designed to fulfill the needs of PBL), a new library with small rooms for
PBL group discussions, campus television (the University Campus Interactive Television

(UCiTV)), and Blackboard, the Learning Management System (Berhannudin, 2011).

The implementation of PBL is process oriented. Groups which consist of four to five
members are formed and a leader is selected to manage the group. The leader’s role may be
passed amongst the group members based on the tasks given. Once the leader receives the
problem/ task from the lecturer, he/she needs to conduct discussion to understand the
problem, prepare FILA table and delegate the tasks. Discussions are conducted outside the
classroom, since there is not enough time available in class. The students need to discuss
problems which occur while completing the tasks. They also need to find ways to solve the
problems, read materials on the tasks assigned, prepare presentations and produce the

portfolio to be submitted at the end of the semester (Berhannudin, 2011) .

The course in Effective Communication is delivered in English. The syllabus covers
three major topics: meetings, tools of advertisement and interviews. Each topic has several
sub-topics. For example, for “meetings” the students need to know how to prepare memos,
take minutes of meetings, conduct the meetings, and understand the roles of chairperson and
members of meeting. Students were given a scenario of a meeting as a problem, and they
needed to discuss in theri group, starting by identifying the problem and completing the FILA
table. There were three formal meetings in class. The agenda of the meetings depended on the
main objective of the course, that is, towards the end of the semester, students need to sell

their products in order to gain profit. The best group with the highest profit wins the
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competition. All the activities conducted were inter-related; these were starting from the
establishment of the company, products of the business, interviews to obtain information on
running a business from those who involved in business, advertising the products and finally,
selling the product. In addition, students need to prepare the presentations, reflective writings
and a portfolio of the business, which had to be submitted during the last class of the

semester.

Perceptions of the Learning Environment

Albanese and Mitchell (1993) claimed that students found PBL more nurturing and
enjoyable, compared to conventional instruction. Furthermore, students in PBL settings
performed as well and sometimes better on clinical examinations and faculty evaluations than

those in conventional settings.

Ali, et al. (2005) conducted a study on the implementation of PBL in a local setting and
point out several challenges to its implementation. The most challenging is the readiness of
both lecturers and students to adapt these new formats of PBL in the process of teaching and
learning. It is quite hard to convince them to shift the paradigm and this is common in the
early stage of the implementation. Ahlfedlt & Overland (2002) share similar experience when
they found that not all students and lecturers are in favour with the shift from teacher to

student-centered.

Selcuk & Caliskan (2010) conducted a study of 25 first year students, where the
students were divided into experimental and control groups. They were comparing the effects
of problem based learning and traditional methods on students’ and teachers’ satisfaction
with an introductory physics course. Results revealed that PBL students showed a more
positive attitude towards the course in terms of quality of instruction and teaching methods/
activities. However, the traditional instruction group did not demonstrate any substantial

progress in any of the satisfaction dimensions.

Motivation in Problem Based Learning
Motivation is associated with learning and performance. Motivation can influence
what, when, and how we learn (Schunk et.al. 2008). Students are motivated to learn about a

topic and to engage themselves with learning activities where they believe that, by involving
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themselves with these activities, these may help them with the learning process. Students
focus on the instruction given, the preparation of materials, discussion with peers and

lecturers and taking notes during lectures (Schunk et.al. 2008).

Song & Grabowski (2006) stated that intrinsic motivation is one important factor
related to ill-structured problem solving success, where students are willing to engage in with
goal-oriented and students work in groups in handling tasks given by the facilitator. It is
believed that the design of the tasks and study activities can increase intrinsic motivation

(Wijnia et.al. 2010).

One of the main goals of implementing problem-based learning is to enhance the
intrinsic motivation of the students (Hmelo-Silver, 2004; Wijnia et.al. 2010). This is
supported by a number of studies, for instance those conducted by Hmelo-Silver (2004),
Norman & Schmidt (1992 in Wijnia et.al. 2010) and Berkson (1993 in Gijbels et.al.2005).
Hmelo (2004) mentions that there are other studies which investigate directly intrinsic

motivation. The findings from these studies show that PBL can influence intrinsic motivation.

Several quasi-experimental studies were conducted in comparing PBL and non-PBL
approaches to learning. One example, a study by Sungur & Tekkaya (2006), found that the
PBL group scored significantly higher on intrinsic goal orientation and task value compared

to the control group.

Based on the literature on students’ perception towards PBL and motivation to learn, it
can be hypothesized that there is a significant change on perceptions of students of the
learning environment with the application of PBL approach in their learning process. There is

also a significant difference on students’ motivation to learn in PBL and non PBL classes.

Methodology

This is a single case study using questionnaires to provide rich descriptions for
measuring students’ perception of the learning environment and their motivation towards the
implementation of PBL. The participants of this study were twenty-five first year second
semester students of the management program at Universiti Tun Hussein Onn Malaysia.
After the briefing on PBL, the participants of the PBL group were given the questionnaire to
obtain their view of the learning environment and motivation about the course. This was to

get their views and motivation before experiencing the PBL approach.
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The questionnaire was adapted from established questionnaires: Motivated Strategies
for Learning Questionnaire by Pintrich, & DeGroot (1990) and PBL Learning Environment
by Senocak (2009). The researchers adapted these questionnaires since the validity and
reliability of these questionnaires had already been established. Four questions from the
Motivated Strategies for Learning Questionnaire, specifically on the intrinsic motivation,
were used. The researcher selected questions which were suitable for the objectives of the
research. The Motivated Strategies for Learning Questionnaire (MSLQ) has been used widely
in research to measure motivation in learning. As for the learning environment, although
there are many inventories of the learning environment, such as the inventory by Fraser and
Walberg (1991 in Senocak, 2009), there has been limited focus on PBL. Therefore, the
Senocak inventory of the learning environment was chosen as this inventory claims to be one
of the first inventories of the PBL learning environment (Senocak, 2009). The perception
towards the PBL learning environment is measured on three aspects: teacher support,

commitment towards learning, and perception of collaborative work.

The data were analysed using Wilcoxon tests. This test was selected to compare the two
related samples in assessing whether there is any significant difference in perception of the
learning environment and motivation to learn at the beginning and at the end of the course.
Furthermore, the number of respondents is 25, thus it can be concluded that this test is the

most appropriate test to be used.

Results

The first objective of this study is to determine the students’ perception of the learning
environment and the application of a PBL approach in their learning process. Elaboration on
this subject is illustrated based on the analysis of the questions on the learning environment

among students after attending the PBL class.

Learning pre- -3.517 0.001

Learning post

Table 1: Wilcoxon Test of Students’ Perception on Learning Environment — before and after Treatments (n=25)

Table 1 further shows the students’ perception of the learning environment based on the

questionnaire given to students at the beginning and at the end of semester. Results reveal
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that students showed a positive perception of the PBL learning environment since there was a
significant difference between early in the semester and after attending PBL treatments (z=

3.517, p=0.001).

Motivation pre- -0.652 0.515

Motivation post

Table 2: Wilcoxon Test of Students’ Motivation — before and after Treatments (n=25)

The Wilcoxon test was used to measure the difference in students’ motivation at the
beginning and at the end of the semester. Based on the results, unfortunately, there was no
difference in students’ motivation as the z and p values were 0.652 and 0.515 respectively.
Therefore, it can be concluded that PBL approach did not help students to boost their intrinsic

motivation in class.

Discussion

PBL did give positive perceptions on its implementation. This is supported by
responses given to the questionnaire. Other than that, the researcher conducted informal
interviews to get the students’ opinion of the implementation of PBL for “Effective
Communication”. Students also submitted reflective writing, telling the facilitator what they

gained from two treatments of PBL.

Findings from this study showed positive perspectives of the implementation of PBL as
students’ learning approach. These findings are consistent with research done by Albanese
and Mitchell (1993), where they proved that students found PBL to be an approach which is
more nurturing and enjoyable, compared to conventional instruction. Selcuk and Caliskan
(2010) found that students showed a more positive attitude towards the course in two

dimensions: quality of instruction and teaching methods/ activities.

Students experienced PBL for the first time, and it was a good sign that students
seemed to accept PBL as one way of learning. Students still experience the non-PBL
approach in other subjects, and if they can get more benefit using PBL in class, this method

can be applied to other subjects later. Other than getting students’ perception towards the
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implementation of PBL, other aspects should be taken into consideration, such as motivation

of students while going through the process of learning.

This study found that students had a positive perception towards the implementation of
PBL. However, in terms of students’ motivation to learn, findings showed that the motivation
did not change after students attended the PBL class. From the trend of the tasks score, it is
believed that the students felt overwhelmed with the tasks (treatments). The score on the task
was slightly decreased on task 4. Furthermore, the questionnaire, which was given at the end
of the course, was distributed after the completion of task 4. In addition, based on the
informal interviews, the students responded that they faced difficulties in completing the task
as attention was also needed in other subjects. Thus, it can be said that the task made the

student less motivated at the end of the course.

Other than that, the students experienced PBL for only one semester; therefore, they
might not be expert enough with the system. One semester is not enough for them to become
accustomed to the new approach of learning (Hmelo-Silver, 2004). Zimmerman & Campillo
(2003 in Loyens, Rikers and Schmidt, 2006) stated that although discovery learning such as
PBL can lead to effective solutions, students may face failure in the process of solving the

problem and this may affect their motivation.

It is seen that the implementation of PBL in one semester could be treated as a
limitation in studying motivation as Effective Communication subject is only a part of degree
course. In addition, the Effective Communication subject is regarded as a “service” subject or
“university compulsory subjects”, where students might not engage fully since this subject is
not the main subject of their course. Students might be motivated to complete the course,
whereas “Effective Communication” is only a part of course completion. Therefore, it could
be said that motivation for one subject was not so obvious, since motivation needs to last for

some time for degree completion purposes.

In summary, students showed positive perceptions of the PBL learning environment.
Thus, it can be concluded that students preferred to have PBL as their learning approach.
However, in taking the aspect of motivation to learn, students did not show improvement in
their motivation, or it could be said that PBL did not help the students to boost their intrinsic

motivation.
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ABSTRACT

Problem based learning (PBL) has long been used as a means to foster critical thinking
and student autonomy. However, few studies have investigated the effectiveness of PBL in
Sports Therapy. The aim of this study was to examine first year Sports Therapy students’
perceptions of PBL. Forty-five first year Sports Therapy students were randomly assigned
into groups of five and case scenarios were presented where there was no specific right
answer. The groups arranged their own meetings working towards a presentation
demonstrating their solution to the scenario. Group tutorials were held during the module, one
set of which was observed by a researcher who subsequently distributed questionnaires to
each student. During the module, six students participated in a focus group interview which
was analysed using thematic analysis. Results revealed that students perceived PBL as
vocationally relevant, by enabling them to work in and across groups, whilst also engaging

with a wider range and depth of information compared to more traditional methods of
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curriculum delivery. A further account of how these results impact on the future of student

learning in ST will be discussed.

INTRODUCTION

The UK National Student Survey revealed an area in Sports Therapy education which
could be improved. This related to coursework not being stimulating, beside some general
student comments that there was not enough specific Sports Therapy content in the course.
The Sports Therapy programme is not up for review until next year so an alternative mode to
assist student engagement in the course was considered. PBL is an approach to learning,
rather than a teaching method, which is being increasingly promoted and utilised in higher
education. Students are enabled to understand their own situations and frameworks enabling
them to perceive how they learn, and how they see themselves as future professionals (Savin-
Badin 2006). Problem-based learning is ‘designed to help students develop competencies that
will serve them throughout their professional lives’ (Krishnan et al 2009:117) and have ‘an
apprenticeship for real-life problem-solving’ (Dunlap 2005:1). Sports Therapy is an aspect of
healthcare concerned with prevention and rehabilitation of clients to an optimal, functional
and occupational fitness level. Sports Therapists are autonomous practitioners. But they can
work in multi-disciplinary teams, where sharing ideas is an essential part of professional
practice. Therefore, as PBL has been successfully employed in medical therapy education and
is currently successfully utilised in Coventry University Sports Science department (where
Sports Therapy is taught), but not specifically in the Sports Therapy course, it was considered
to use PBL in one of the Sports Therapy modules.

By integrating PBL into the first year of a Sports Therapy course professional practice
skills such as communication, team working, leadership and problem-solving could
potentially be developed. We argue that these skills were not easily learnt in the traditional
methods of teaching, for example through a curriculum that relies heavily on lecture-based
delivery with a narrow set of defined competencies. Students might benefit considerably
more with a PBL approach which supports independent enquiry and promotes real meaning
and understanding into the case scenarios. In the context of Sports Therapy, there has been
limited investigation on student perceptions and evaluation of PBL (O’Donoghue et a/ 2011).

Therefore, the aim of this paper is to evaluate the PBL module in a first year Sports Therapy
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undergraduate degree course and to report and evaluate students’ perceptions and experience

of this module.

The development and use of problem-bases learning

The impact of PBL on students’ learning experience was examined in the context of a
single module approach (Savin-Baden, 2003) in a first year module titled ‘Health and Fitness
for Sport and Exercise” within the institution’s BSc Sports Therapy Course. The module was
designed using the McMaster model (Savin-Baden, 2003) where the students engage with one
problem at a time and meet two or three times with the tutor over the course of each topic
(Savin-Baden, 2003). Congruent with guidelines suggested by Savin-Baden (2003), the
module was implemented to enhance understanding of the principles of the clinical practice of
Sports Therapy. Tutorials were designed to support the groups at appropriate times. Practical
skill sessions, subject-based knowledge, related to the problems presented had previously
been taught in another module in the style of most traditional undergraduate modes of
delivery. A wide variety of problems have been previously used within PBL delivery,
although these have not tended to be based within the sports domain, and limited attention has
been given to design of problems (Savin-Baden and Howell Major, 2004). This potentially
made the development of problem scenarios for this module problematic. However, Schmidt
and Moust (2002) outlined taxonomy of problems used within PBL which involve four types
of knowledge: explanatory knowledge, descriptive knowledge, procedural knowledge and
personal knowledge. The problem scenarios encouraged students to acquire these different
categories of knowledge in order to answer the problems, which were centred around themes
relevant to Sports Therapy: knowledge of the co-morbid condition, approaches to treatment of
a presenting client, understanding the rationale behind the written requests from general
practitioners for exercise therapy and direct client requests for massage/treatment. They were
all based on real patients and clinical scenarios as experienced by Sports Therapy colleagues

(Wood 2003).

In the first session, the students were introduced to the theory of learning styles and
problem based learning, including the concept of collaborative learning groups. Concurrently,
they were given the VARK questionnaires to evaluate their learning preference and an
information sheet on PBL. Following this introduction, 45 students were randomly assigned

into 9 groups of 5 (Krishnan et al/ 2009). The groups were given a different case study each,
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written in the format expected of a Sports Therapist. The remainder of this first session
enabled the formulation of their group and planning their investigation into the problem.
During this period, the tutor was available as a resource in accordance with suggestions made
by Savin-Baden and Howell Major (2004). This initial period typically involved developing a
number of skills including literature searching, computer/internet use, discussion among
group members, and formulation of investigative strategies. Seminars and tutorial sessions
followed depending on the lecturers’ perceived requirement of the students, with the aim of
encouraging students’ development of a critical independent stance. In the final session each
student group presented their solutions to the problem scenarios to the other groups, supported

with an overview of relevant theory associated with the topic provided by the tutor.

The examination component of the module was designed with reference to examination
procedures previously used successfully within PBL (see Macdonald and Savin-Baden (2003)
for a review). However, this module was constrained by the module exam guide so as a result
the assessment tasks developed for this module were unable to fully integrate these
guidelines. A marked written exam was utilised to comply with module guidelines, plus an
unmarked group presentation by each group who were subsequently provided with feedback.
The written exam questions involved the series of problem-based scenarios that were
anchored to the main themes of the module. It required students to reapply concepts,
arguments and theory that had been previously used to solve the problems given to the
groups. The answers required small word count reports as these promote succinct, critical
pieces of work (Macdonald and Savin-Baden, 2003). Therefore, the assessment was based in
a practice context i.e. what they would do to solve the problem, and assessed the process-
based activity i.e. how they used particular protocols, treatments and the procedures they
employed. However it did not consider the actual ‘hands-on’ working with clients or peers as
this was assessed in another module. The exam did not simply assess the students’ ability to
provide knowledge, but rather assessed the students’ understanding and application of
practical skills previously learnt and their ability to evaluate their solution. It sought to
examine the students’ integration of their knowledge into practice by the application to
authentic situations. Therefore, they needed to demonstrate competence in clinical reasoning

behind their solution to each problem scenario question.
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Methodology

Problem-based learning is an innovative approach to learning, and non-customary for
the Sports Therapy course at Coventry University. So a pragmatic approach of action research
was undertaken into students perception and experiences of PBL, in order to understand and
improve educational practice for STs. Action research was chosen because PBL utilises this
mode of approach, acknowledging that people learn in different ways which allows for
students to make choices about the direction for their learning (McConnell 2002). This
research is therefore a ‘work in progress’ (Brydon-Miller et a/ 2003:4) as knowledge of the
students’ attitude to PBL is developed through action and reflection. The tools used for this

evaluation were: a focus group, observation and questionnaire.

Methods

The data collection involved observations of the 9 group tutorials. The evaluator was an
independent researcher who notated the tutorials, appearing on the edge of the event, listening

but not involved.

The questionnaires required 3 short answers to open questions asking the students what
they felt they would be able to achieve after the PBL, what more did they require, and what
they would like to do or change. These were handed out to each student at the end of their

tutorials. On completion were returned on a pile at the end of the room.

The focus group was held midway through the module using 6 volunteers from different
groups. The group comprised of 3 males and 3 females, age range 18-21 with no previous
experience of PBL. The focus group interview was held at a mutually convenient, time being
led by an independent lecturer on the Sports Science course. A focus group interview was
chosen as it provides a more naturalistic data collection method compared to interviews
(Wilkinson, 2004). Focus groups also allow respondents to build upon the responses of other
group members and the relatively free flow of talk which can provide an excellent opportunity
for hearing the language and experiences of the respondents (Wilkinson, 2004). The focus

group was recorded on tape and the transcript was subsequently typed.

96



Findings

The results from the focus group interview were evaluated using thematic content
analysis (Wilkinson, 2004). This revealed a number of themes within the student experience
of PBL. These included the delivery of the module sessions, module content, skill
development and module timing. It was quite clear that the students who had taken this
module had not experienced the type of delivery involved with PBL previously but although
many found this a challenge to begin with, the delivery of the module was perceived to be

more enjoyable and effective.

Module Delivery
Students felt PBL was not delivered like other modules but related more to what they
were ultimately wishing to become professionally and that they were encouraged more to

engage in the learning process. For example, female students 3 and 2 reported:

“instead of just being told things, we were busy finding out different things, so we

learnt a lot more I think, than say if we had just had lectures”

....... I put more effort into this than I did for other modules, it made me feel more

involved ... This was different, you really had to do it, not just know it”

Module Content

Problem based scenarios: students reported they felt the scenarios were realistic and
allowed them more autonomy to explore problems in the way they wanted to. It was clear
from a number of student comments that simply presenting a problem and asking them to
work through it can provide a stimulus for greater independent thought. For example, male

student 2 noted:

“....everyone finds different ways of doing it, you know if someone comes and listens to
a lecture they will just listen, but with the scenarios if someone comes in with a
condition or co-morbidity people will do different things. So what I would do someone
else would do something different so it makes everyone come at it from their own start

point.”

Male student 1 agreed with this stating:
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“I think it’s good ‘cos it causes you to set things out how we will in real life, you get a
scenario that you don’t know, like a new patient, you don’t know all their
contraindications so you have to look them up and then figure out what you would do

about that person”

Likewise female student 1 added:

“veah this gives us the skills we will need when we are out in clinic working with real

people”

Similarly, male student 1 appeared to be relating his experiences to his future employability

stating that:

“it’s[employment] going to be more like this than what we have got in the other

modules”

The experience of group work was discussed as facilitating communication skills and building
confidence, although dependent on the contributions of the individual. Some students
perceived this to be unfair.

Male student 1 and subsequently male student 2:

“.....50 pretty much it’s resulted in all of us working together
“yeah so I know everyone enough to say hello and like know who they are but that
wouldn’t have happened if we hadn’t have had to work with everyone on the different

scenarios”’

However, male student 1 said that:

“one bad part is though if you are in a group and you are quite happy to sit there and

do nothing you won't get anything out of it for yourself but you can still pass”

With another problem highlighted from male student 3:
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“it’s very dependent on the group though, like last week one girl turned up from her
group and the other people didn’t turn up so she was the only one there and obviously

you can’t do group work without a group”

Presenting work, even though it can be difficult and challenging, was accepted as being
important.

Female student 1:

“it’s good too because as part of it we have to talk to each other and also present so if
you don'’t like speaking you just have to learn to like it because you have to do it so it

makes you more confident than lectures”

Male student 1:

“It’s a good way to build self-confidence in yourself” and continued : “.....so pretty

much it’s resulted in all of us working together”

Organisation of the group work appeared to follow the process outlined in Williams (2004).

Female student 1 stated:

‘

“well first we look at the information and then allocate jobs so someone would find out

what the problem is and what the issues around it are”

Male student 1 added:

“and you know we would split it up and look at different bits, you wouldn’t get it all
done in time if we did the same thing so you have to coordinate and work with each
other then you go away do your bit then come back to feed into the group and look at

what they 've done so you then build on each other’s work”

However, there were some perceived difficulties. Although students were starting to make
links with the learning outcomes of other modules enabling an understanding of how the
degree could develop them into Sports therapist’s, they acknowledged that they would not
like every module taught as PBL as female student 2 stated:

“I wouldn’t want to do it every week though, or in every module”
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Overall, the student experience of this PBL module was positive although female student 2

“..wanted a final answer”

This was in agreement with the commonly held belief expressed by female student 1:

“so you know what’s right though”.

However this was quickly challenged by male student 2:

“but you know there probably isn’t one so it’s hard to know what to do”.

Male student 2 continued to perhaps express what a commonly held belief that in reality the

students still want to know

“how to make sure you get a good mark”’.

Acknowledgement followed from female student 1 that:

“you need the feedback from the teacher though”

This perhaps validated the input from the lecturer!

Questionnaires from the observed session of the tutorial groups were designed for short
answers to give insight into where the students were in their thinking about their experience.
They were given to all students by the observer as an easy method to obtain student feedback
for the session. Students were informed they were to help the observer understand what the
students’ perceptions of PBL are for this module. 40 questionnaires were returned to the

observer, but group 9 did not return any questionnaires.

Question 1 asked the students what they felt they would be able to achieve after the
session. The answers were all positive comments relating to the presentation the students were
about to deliver on the problem scenario given to their group. Students reported they would be
able to deliver an ‘effective presentation’, ‘with confidence’ and know what they were doing.

Other students reported positive things they would know or understand better, for example to
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be able to research more effectively and understand what appropriate exercises to recommend.

Two students commented on their being able to work in a group more effectively.

Question 2 related to what the students felt they needed more about. The majority of
responses related to time: more time to research, to meet in with the group or time to prepare
the presentation. One wanted ‘more sessions like today’. Several reported the desire to
improve their confidence. Several students wanted more specific knowledge and information

to answer and solve the problem.

Question 3 asked the students what they would do if they could. Most comments had
similar themes to the question 1 and 2, with requests for more time in the groups. Question 3
responses contained the only negative slants towards the experience of PBL. A few students
did not want to do the presentation because they did not like ‘talking in front of people’ or

they felt ‘uncomfortable’ working with a group they did not know.

In a feedback session with the tutor the observer commented that not all students were
necessarily very familiar with group work and that learning to carry out group or team work
was a learning outcome in itself. However she observed that every student got the
opportunity to say something during the tutorial and that listening to each student appeared to
be important to the tutor as she observed her body language demonstrating attentiveness and
interest to students and their work. The observer also observed that after their tutorial the

students did not leave, but voluntarily stayed with their groups to continue their discussions.

Discussion

Based on student responses from feedback of the focus group and questionnaires it
would appear that the student expectations and responses were generally positive. The focus
group of 6 volunteers may not be a true representative of the group; however it did enable
students to develop their thinking by building on each other’s responses. The questionnaires
were anonymous, enabled everyone to respond and provided further understanding of student
perceptions and experience of PBL. The negative comments possibly reflected students’ lack
of confidence in their ability or their personal stance towards group work or possibly

indicating their preference to be a passive recipient in learning.

Assessment drives most students learning and influences our learning, our identity and

assists us in construction of our society. To develop life-long learners Boud (2000) argues that
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we must integrate “sustainable assessment” into our lives focusing on learning rather than
performance. This may be reflected in the exam results which demonstrated a bimodal curve
with the majority of students appearing to engage in the process and have a deep
understanding resulting in very good/excellent marks and the minority who possible did not
connect with the process so easily, and failed. Those who failed were also the poor attendees
for the group work, which contrasts with the belief of the student in the focus group that

believed those who did not attend or engage in the group work could still pass.

Reflecting on the action research experience it would be helpful to identify those
students who are less likely to engage in this form of leaning and therefore may initially
require extra support. Some students commented on the difficulty of engaging in group
activities, the time allotted for the process, and the desire to want to know ‘what to do’. In
PBL the responsibility for learning is on the student which might not be their preferred
learning style, although it could be argued that the profession of Sports Therapy demands the
qualities developed by PBL to be an effective practitioner. Only one module utilised PBL and
although appeared to be valued by the majority as a positive experience, was not desired by
students to be integrated across all modules. Students reported to the tutor that whilst PBL
was enjoyable ‘more effort’” was required. On further discussion they were possibly being

challenged into deeper engagement in their cognitive process being active learners.

Other problems were the complexity of the problems, as the students were asking for
more information, knowledge and time. However, this could be lack of experience in group
work or student confidence in their ability to explore the problem. The number in each group
was chosen so that the group would not be too large for everyone to feel comfortable
participating yet not too small to make it viable. Problems did occur with attendance which
made some groups difficult to sustain. Personal communication with a student faced with this
problem revealed a frustration and envy at those groups she perceived to be working. Perhaps
more time to develop the group into a team before engaging in problem scenarios could be
effective. Different modes of feedback could be considered, not just the presentations or

exams, to more effectively illustrate how each student is relating and learning in the group.

Based on this study, the advantages of PBL for these first year sports therapists could be
summarised by the following: fostering interactive learning, improved understanding and
development of lifelong learning skills, allowing students to develop generic skills and

attitudes relevant to their future practice. The style of PBL learning appears to have placed

102



some students in a state of disjunction, as they were challenged to shift from a passive
recipient role, with the didactic customary lectures into more active participatory learners.
However, the negatives could be summarised: students may be unsure how much self directed
study to do and what information to collect or use and that students may feel the process is
unfair because of the grouping they are assigned to and the individuality of the students

contributions.

Concluding thoughts

The spirit of PBL was well summed up by Savin-Baden (2000) who reported that: it is
an approach to learning that is characterised by flexibility and diversity in the sense that it can
be implemented in a variety of ways in and across different subjects and disciplines in diverse
contexts. As such it can therefore look very different to different people at different times
depending on the staff and students involved in the programmes utilising it. However, what
will be similar will be the locus of learning around problem scenarios rather than discrete

subjects.

In this specific instance, the use of a PBL approach appears to offer advantages in terms
of student enjoyment, engagement and development of criticality compared to traditional
lecture-led delivery in Sports Therapy. However, care is needed in terms of initial delivery,
particularly with groups who have no experience of PBL and who are new to university
education. Future work examining the lived experience of PBL within Sports Therapy and its
integration into the whole year and course is needed to really identify key elements that could

be used to structure future curricula including an appropriate assessment.
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ABSTRACT

Aim: This study investigated the approaches and conceptions toward learning of
undergraduate Physiotherapy students in a PBL module in order to inform curriculum
development and enhance facilitation of learning at the Stellenbosch University Division of
Physiotherapy in South Africa.

Methods: The mixed-method, descriptive study, utilised the R-SPQ-2F to determine the deep
and surface approach toward learning of participants. Students also participated in focus
group discussions to evaluate their conceptions of learning in the module.

Results: There was no significant shift from surface to deep approaches toward learning in
the study population. Students conception of the module is that it has an effect on their
approach toward learning as well as their personal and professional skills.

Conclusion: The Applied Physiotherapy module had no significant effect on students’
approach toward learning. Further research is needed to determine the long-term changes in

approach toward learning and the possible determinants of these changes.
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INTRODUCTION

Problem Based Learning (PBL) lends itself to a self-directed, deep approach toward
learning. This instructional approach requires a higher cognitive level of engagement by
students such as is not required with lecture-based modules (Loyens, Magda and Rikers,
2008). Thus, knowledge of their conceptions of learning and the approaches they adopt could
be of benefit to an educational institution as a means to inform curriculum innovation or

evaluate a new curricular approach.

The use of PBL is a viable instructional approach in the training of physiotherapists.
Research regarding approaches and conception of learning in PBL is however not as prevalent
in physiotherapy as in medicine and nursing (MacKinnon, 1999; Prince and Felder, 2006;
Kirschner, Sweller and Clark, 2006; Ellis, Goodyear, Brilliant and Prosser, 2007; Loyens
et.al, 2008; Lewis, Menezes, McDermott, Hibbert, Brennan, Ross and Jones, 2009; Saalu,
Abraham and Aina, 2010). In these medical fields students often change their approach
toward learning depending on the environment in which they find themselves (Groves, 2005;
Greasley and Ashworth, 2007; Kember, Biggs and Leung, 2004; Dolmans, Wolfhagen and
Ginn, 2010). We conducted research into the influence of a PBL module on undergraduate
physiotherapy students. Our research question was therefore, does a PBL module have an
effect on undergraduate physiotherapy students approaches toward and conceptions of

learning?

Context of the Study

The first and second year of the B.Sc. Physiotherapy degree at Stellenbosch University
(SU) (South Africa) are comprised of a predominantly, though not exclusive, lecture-based
pedagogy. One of the modules, namely, Physiotherapy Science (PTS), aims to equip students
with the theoretical knowledge as well as technical skills which they are to use in their third
and fourth year in the Clinical Physiotherapy module (CPT) and the Applied Physiotherapy
(APT) module. In the CPT module, students are required to provide physiotherapeutic care to
patients. The APT module was developed utilising a PBL approach in order to bridge the gap
which is left between the basic module, that is PTS and the CPT module where these theories
and techniques need to be applied. Students are thus exposed to entirely new forms of
learning opportunities through this module. This could lead to frustration and dissatisfaction

as they are required to make the transition from a traditional module based approach, where
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lecturing is the core mode of instruction, to a new approach half-way through their course
(Choi, Lee and Kang, 2009). This blended curriculum is illustrated in the following table,

identifying how the various modules overlap and in turn lead into each other.

Phase 1 Phase 2 Phase 3 Phase 4
Scientific Intermediary | Application Professional
Basis Entry

Interdisciplinary Phase

Psychology

Anatomy

Physiology

Pathology

Physiotherapy  Science
(PTS)

Clinical

(CPT)

Physiotherapy

Research Methodology
(RM)

Applied Physiotherapy
(APT)

Physiotherapy Practice
(PTP)

Table 1: Schematic representation of the 4 Phases of the Physiotherapy Curriculum at
Stellenbosch University

In keeping with the SU teaching and learning policy which requires a student centered
approach to teaching (SU Policy on Teaching and Learning, 2007), the Division of
Physiotherapy adopts a hybrid-PBL approach. The hybrid approach used at SU refers to the
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fact that unlike pure PBL curricula, students in the APT are given guidance through practical
classes and the provision of background learning resources by the academic staff (Savery and
Dufty, 2001; Moust, Bouhuijs and Schmidt, 2007). This is preceded by a tutorial session in
which students are presented with various cases/problems relative to clinical situations and
building on subject matter learnt in their previous years. Students are required to submit and
present their summarized information on the learning outcomes relevant to the case, as their
learning material during a feedback session. Students also formulate multiple choice questions

based on everything they have learnt.

The students enrolled in the APT module should benefit in their academic and clinical
domains from adopting a deep approach toward learning. This study aimed to identify if this

was the case, as it had not yet been determined in this environment.

Literature

Theories such as constructivism, in which students learn through creating meaning from
things and/or situations which they have been exposed to previously, and social learning,
which learners gather information for learning based on soical experiences, provide a stable
basis for these types of learning environments (Schunk 2004; Torre, Daley, Sebastian and
Elnicki, 2006). One of the main characteristics of PBL is that it emphasizes self-directed
learning which “demands discipline on the part of the students” (Moust et.al, 2007). These
environments allow students to construct an extensive and flexible knowledge base and, by
becoming effective collaborative leaders, they are able to develop the afore-mentioned self-
directed learning skills (Loyens, et.al, 2006). This quality of PBL can therefore be seen as a

product of the APT module and yet, is not without its own advantages and disadvantages.

As an approach, PBL is said to have a positive effect on students (clinical) skills,
learning styles, retention of knowledge, enhanced integration and application of basic science
concepts into clinical contexts, to name a few (Vernon and Blake, 1993; Duke, et.al, 1998;
Krueger, Neutens, Bienstock, Cox, Erickson, Goepfert, Hommoud, Hartmann, Puscheck and
Metheny, 2004; Groves, 2005; Moust, Berkel, Schmidt, 2005; Loyens, et.al, 2006; Norman,
2008; Statham, Inglis-Jassiem and Hanekom, 2008). Conversely, disadvantages of PBL
include the fact that students may be unaccustomed to the high levels of responsibility, the

effect on transfer between problem situations in a course and similar ones in real life, the
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assessment methods and the lack of expert facilitators (Hoffman and Ritchie, 1997; Colliver,

2000; Gijbels, Dochy, Van den Bossche and Segers, 2005; Prince et.al, 2006).

Approaches and Conceptions toward learning

Students in any environment can and should have conceptions of their own learning.
This differs from perception in that the perception of learning in the APT module refers to the
students’ awareness of various aspects of the module. Conception however, is the analysis by
students of the subject matter, and their ability to challenge basic assumptions of how learning
occurs in the module and question these ideas (Pawan, Paulus, Yalcin and Chang; 2003).
Once they are able to have a conception of their environment, measures can be taken to ensure

that they understand how this relates to their approach toward learning in that situation.

A deep approach toward learning is characterized by studying for meaning and aiming
at understanding (Greasley et.al, 2007). Students adopting this approach toward learning are
said to engage with subject matter in a way which promotes understanding (Ellis, et.al, 2008).
This is contrasted by a surface approach toward learning in which students study by means of
reading to remember disjointed facts (Greasley et.al, 2007). The students adopting this
approach rely on external regulation and concentrate on the surface features of the work they

are required to engage with within their learning environment (Papinczak, 2009).

Research regarding this subject matter ranges from attempting to establish a relationship
between learning approaches and academic achievement (Groves, 2005), to trying to
determine the conception of learning and learning approaches in relation to on-line activities
(Ellis et.al, 2008). Duke et.al (1998) investigated the relationship between approaches to and
conceptions of PBL and found that further research is needed into the relationship between

conceptions of learning in PBL and approaches toward learning.

The premise on which previous research was based, on varying levels, was that the
concept of studying approaches toward learning can guide the assessment and teaching styles
in a direction to encourage students to adopt more effective approaches (Greasley et.al, 2007).
The possible impact which research into learning approaches can have is necessary for

curriculum development in a fairly new module such as APT.

Methods

Though primarily a descriptive qualitative study, the research lent itself to a
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phenomenographical and statistical approach in its analysis of the data. In this study, we
attempted to describe the approach toward learning as experienced by the 3™ year students in
the APT module and classify these experiences in a logical and hierarchical manner in order
to illustrate their interrelation with each other (Greasley et.al, 2007). Previous studies using
this methodology have also addressed students approaches toward learning with illuminating
results (Ashworth and Lucas, 2000). The data collection period started at the beginning of the
academic year in 2010 after the 3" year students started with the APT module. The final data
collection was conducted once the 3™ year students had completed their first semester in the
APT module. The aim was to investigate their approach toward learning at the inception of
their involvement in a PBL learning environment and then again at a later date once they had
become accustomed to the instructional approach. Data regarding their conception of learning

in the module was also gathered during this time period.

The students were invited to participate in the study by means of purposive sampling.
The study population was the 3rd year class in 2010 at the Division of Physiotherapy. The
participants completed the Revised Study Process Questionnaire (R-SPQ-2F) (Biggs, et.al,
2001) which is a validated tool for determining whether or not a student has a deep or surface
approach toward learning. The outcome of the 20-item R-SPQ-2F allows the researcher to
determine each students approach to learning and the motive and strategy for learning, with

regard to that particular approach (Biggs et.al, 2001 and Groves, 2005).

Two randomly selected semi-structured focus group interviews were conducted by the
researcher following the second adminstration of the R-SPQ-2F questionnaire and transcribed
verbatim in order to categorize the students’ conceptions of learning for the
phenomenographical analysis. By conducting a second focus group with a different group of
students, the statements made in the second interview served as a basis for further
confirmation of findings from the first focus group interview. Focus group interviews as a
data collection method is reported to have been used in other studies adopting a
phenomenographical approach to the data collection, though the individual interview is the

preferred method (Marton, 1994).

A portion of this study, not discussed here, focussed on the students perception of
learning. This portion of the study addressed students perceptions of the advantages and
disadvantages of learning in the APT module as well as identified the students preference for

PBL versus lecture-based classes.
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Results

This investigation sought to determine if the initial approach which students have
toward learning in the APT PBL module will favour a deep approach toward learning, as is
the intention of the Physiotherapy Division. Ultimately determining if students in the APT
module learnt to apply themselves in such a way as to adopt a deep approach toward learning

as a result of this instructional approach.

The responses of the R-SPQ-2F were scored as required by the questionnaire and
identified those students who could be classified as having a deep or surface approach to

learning. Table 2 identifies the percentage scores at the two time periods.

Approach to learning R-SPQ-2F February R-SPQ-2F July

Number Percent Number Percent
Surface Approach 12 31.58 10 26.32
Deep Approach 26 68.42 27 71.05
Equal scores 0 0 1 2.63

Table 2: Approaches toward learning at the beginning (February) and middle of the year(July)

Equal scores indicate that one student did not show any change in scores at the two data
collection time intervals. A response rate of 100% (n=38) was achieved for the R-SPQ-2F for
both the beginning and end of the semester administration of the questionnaire. The Cronbach
alpha for the deep and surface approach were 0.85 and 0.79 respectively, indicating an
acceptable reliability for this instrument’s ability to measure a student’s overall approach
toward learning with regard to deep or surface strategies and motives. This however was not
the case for the individual sub-categories of the questionnaire, with regard to the inter-item
reliability. It should be noted that this data instrument has been proven to be both reliable and
valid in other studies (Biggs et.al, 2001; Leung and Chan, 2001; Kember, Biggs and Leung,
2004; Groves, 2005) and it could therefore be seen as specific to this group of study
participants. Kember et.al, (2004) also highlights the fact that the arbitrary figure, or common
agreement, that reliability is acceptable if the Cronbach alpha is 0.7 or above, can be

questioned when analyzing questionnaires of this nature.
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The learning environment is likely determine a student’s approach toward learning more
than the inherent traits of that student (Groves, 2005). Students completed the self-reporting
likert-type R-SPQ-2F in February and July of the academic year in 2010. At the first
administration of the questionnaire there was a statistically significant difference in the
number of students scoring higher in favour of the deep approach toward learning (p-
value:<0.0078). The results of the questionnaire in July continued to classify more students as
having a deep approach toward learning than a surface approach (p-value: <0.01). However,
the comparison of the participants’ scores at these two time intervals reveal no significant
change in overall approach toward learning by the students from the start of their PBL
environment experience to mid-way through that year. Figure 1 illustrates the comparative
analysis of deep versus surface approach toward learning over the time period described

above, with a no shift over time (p-value: 0.75).

This confirms the findings of similar studies (Groves, 2005; Kember et.al, 2004;
Dolmans, Wolfthagen and Ginns, 2010) in that students participating in PBL modules do not
necessarily show a significant change in their approach toward learning, simply because that
is the intention of the instructional approach. Rather, students are influenced by various
factors, including the facilitators, learning outcomes, a student’s willingness to accept
responsibility for their learning, and possibly even assessment (Papinczak, 2008; Scouller,

1998), or their previous learning environment (PTS).
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Figure 1: Deep versus Surface Approach over time

The R-SPQ-2F identifies motives behind students approaches to learning. A student
who has an intrinsic interest in the learning environment and materials is said to have a deep
motive. Those who have a surface motive influencing their approach to learning are said to
have a fear of failure (Kember et.al, 2004). These motives cannot, however, be viewed on a
solely independent basis as the specific structure of the R-SPQ-2F requires a concurrent
analyses of the strategies employed by students along with their motives. The strategies either
related to a student’s tendency to have a narrow target approach to learning materials and rote
learning, or those who tend to approach a learning environment with a need to maximize
meaning in that environment (Kember et.al, 2004). The analyses of the results showed a trend
toward a deep strategy being adopted by students participating in the study over the time
period during which the study was conducted (Figure 2). This trend was, however, not
significant, with a p-value of 0.05. This trend was not seen in the results pertaining to the
Deep versus Surface motives, with no shift seen at either the first or second administration of
the R-SPQ-2F for both deep and surface motives (Figure 3). Deep motive, however, measured

significantly higher than surface motive, p-value <0.1.

time*strategy; LS Means
Current effect: F(1, 37)=3.9535, p=.05421
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Vertical bars denote 0.95 confidence intervals
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Semi-structured focus group interviews sought to determine the students’ conceptions
of learning in the APT module. This was done because an understanding of the student
conceptions of engaging with the APT module is necessary for understanding the process and
outcomes of this PBL-based learning environment (Ellis et.al, 2008). The focus group
interviews were transcribed and analyzed to determine common themes within the responses.
There were ultimately five categories into which the responses could be organized. These

categories, along with illuminating quotations by the students are illustrated below:

APT has an effect on approach | "I can put things into perspective now...I'm adapting

toward learning what I know to specific cases”

Learning occurs in a variety of | “ I think...if you get in on the discussion in the
ways in APT feedback session it also helps, it helps to get other
people’s perspectives, an when you’re in the hospital
with a patient with that diagnosis, you can think, oh,

but that one said this or that” (i.e. social learning)
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Translated

APT has an effect on personal & | "You have already started to use clinical reasoning”

profesional skills Translated

APT has positive aspects for | "I think it's (APT vs PTS) actually better because you
learning can't teach the base knowledge that we have in PBL,

but the application thereof can be taught in PBL."

APT has negative aspects for | “That is, one is more unsure about quality than in PTS

learning (lecture-based theory class)” Translated

Table 3: Student conceptions of PBL as presented in the APT 373 module

The effect of the APT module on approach toward learning specifically deals with
situations in which the students are reportedly learning either in a manner in which they are
able to gain a deeper understanding of the learning material by relating it to previous
knowledge and personal experiences or to learn by simply identifying important facts and
memorizing them, regardless of structure or principles embedded in the cases (Newble and
Entwistle, 1986). The second category identifies specific studying or learning methods used
as described by students in order to learn or apply the knowledge presented in APT. The last
three categories deal with the conceptions of students regarding how the APT module has
influenced their personal and professional (clinical) lives. It begins to identify their barriers to
and advantages for learning. That is, the negative and positive effects of this module on the

other aspects of their studies, such as social and clinical interaction.

The implication of this categorization of the conceptions of PBL is that in the APT
module, physiotherapy students can expect to develop a deeper understanding of their
previous knowledge and its application in clinical practice through modules such as APT. The
necessary adaptation to the workload, time constraints and levels of confidence in researching
skills can be made and with time, the transition to an alternative learning environment are
likely to be accepted and understood through a concerted effort by staff in facilitating a

smooth transition process to this module.

Discussion
The assumption that an instructional approach used in a module which incorporates and

is built on the foundations of self-directed learning and constructivist theories, will
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automatically motivate students to adopt a deep, self-directed approach toward learning is one
that should not be made (Duke et.al, 1998). This assumption was not necessarily made by this
study. However it was the intention of the study to investigate the approaches toward learning
of 3" year students at a relatively early stage in their transition to a learning environment
which forced them to take a greater responsibility for their own learning. This investigation

would then allow academic staff to use the information for facilitation of learning.

The findings of this study indicate that students responded to the learning environment
by starting to shift their focus from having a narrow target approach, or focusing on lists of
facts, in an attempt to maximize meaning of their experiences and learning in the module.
The inclination toward their motive being driven by a fear of failure as opposed to an intrinsic
interest in the learning material at the middle of the year, is cause for concern. The inherent
approach to learning that students have at the beginning of the module, should however
encourage staff to ensure that these students are maintaining their deep approach throughout
the module. It is necessary to remember that students easily change from deep to surface or
surface to deep approach depending on the assessment, learning outcomes or facilitator,
among others (Kember et.al, 2004;Groves, 2005; Greasley et.al, 2007; Dolmans et.al, 2010).
The same can be said for students’ conceptions of learning which develops over time (Duke
et.al, 1998). The results of this study are in keeping with similar studies in other academic
arenas (MacKinnon, 1999; Prince et.al, 2006; Kirschner et.al, 2006; Ellis et.al, 2007; Loyens
et.al, 2008; Lewis, et.al, 2009; and Saalu et.al, 2010). These conceptions of learning by the
students should stimulate discussions on possible changes to this specific module in the
Physiotherapy course. The Physiotherapy Division aims to uphold student-centred learning,

as outlined by the Stellenbosch University Policy on Teaching and Learning.

Using the results optimally for the facilitation of student learning, will require the
academic staff to make changes to the curriculum. It will also be necessary to conduct further
research to ensure that these results are not specific to this particular cohort of students, but

rather, transferrable to other groups of students in PBL environments.

To ensure that students continue to internalize information they come into contact with
through the PBL sessions, in-depth discussion during feedback sessions should be encouraged
and facilitated by staff members involved in cases. A recommendation for improving the
feedback sessions is to change the format in a way where videos can be used in combination

with written descriptions allowing for role-playing with associated self-reflection on
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information formulated by students. This in turn could potentially facilitate a shift toward a
deep approach to learning, as opposed to PBL cases in which students are simply reliant on

group members to provide them with the information.

Understanding why and how students can have an inclination toward a deep approach
toward learning and yet not significantly change their approach from surface to deep, could be
clarified if a questionnaire such as the PBL-R-SPQ (a modified verson) could be used
(Dolmans et.al. 2010) . This will be useful for module refinement and curriculum planning.
An addition to the current study, for future research, could be to investigate the assessment
outcomes with the approaches and conceptions of students in the APT module in order to
identify any correlation between these factors and academic achievement. The results of

which, over an extended period of time, would ensure enhanced facilitation of learning.

Conclusion

Within the profession of Physiotherapy, PBL remains a viable curricular option which
needs to be further studied and debated (Solomon, 2005). As the Physiotherapy Division of
SU decided on this approach for the APT module in 2007 as one which would help to develop
the skills needed by students to be competent when working in the community (Statham et.al,
2008), the need to evaluate the module on various levels remains pertinent to the continued
refinement of the module. The concept of studying approaches to learning can guide the
assessment and teaching styles in a direction to encourage students to adopt more effective

approaches (Greasley et.al, 2007).

Though there was no significant change in approach toward learning in these students,
alignment of assessment, learning outcomes, and teaching and learning activities is important
to positively influence approaches toward learning in a PBL environment (Dolmans et.al,
2010). Therefore, further research in this environment is needed to ensure this alignment.
Approaches toward learning are not necessarily a static phenomenon; rather, it varies as the
learner is faced with different situations and expectations in a module. With this in mind, the
Physiotherapy Division at SU are now able to build on this research to inform further

curriculum refinement and development.

118



REFERENCES

Ashworth, P., Lucas, U. (2000). Achieving empathy and engagement: A practical approach to
design, conduct and reporting of phenomenographic research, Studies in Higher

Education, 25, 295-308

Biggs, J., Kember, D., Leung, DYP. 2001, The revised two-factor study process
questionnaire: R-SPQ-2F,. British Journal of Educational Psychology, 71, 133-149

Choti, 1., Lee, SJ., Kang, J. 2009, Implementing a case-based e-learning environment in a
lecture-oriented anesthesiology class: Do learning styles matter in complex problem

solving over time?, British Journal of Educational Technology, 40, 5, 933-9479-70

Dolmans, DHIM., Wolfhagen, IHAP., Ginns, P. 2010, Measuring approaches to learning in

a problem based learning context. International Journal of Medical Education, 1, 55-60

Duke, M., Forbes, H., Hunter, S., Prosser, M. 1998, Problem-Based Learning (PBL):
Conceptions and Approaches of Undergraduate Students of Nursing., Advances in
Health Sciences Education, 3, 59-70

Ellis, RA., Goodyear, P., Brilliant, M., Prosser, M. 2008, Student experiences of problem-
based learning in pharmacy: conceptions of learning, approaches to learning and the

integration of face-to-face and on-line activities., Advances in Health Sciences

Education, 13, 675-692

Gijbels, D., Dochy, F., van den Bossche, P., Segers, M. 2005, Effects of Problem-Based
Learning: A Meta-Analysis From the Angle of Assessment., Review of Educational

Research, 75,1, 27-61

Greasley, K., Ashworth, P. 2007, The phenomenology of ‘approach to studying’: The

university student’s studies within the lifeworld., British Educational Research Journal,

33,6, 819 -843

119



Groves, M. 2005, Problem-Based Learning and Learning Approach: Is There a
Relationship?, Advances in Health Sciences Education, 10, 315-326

Kember, D., Biggs, J., Leung, DYP. 2004, Examining the multidimensionality of approaches
to learning through the development of a revised version of the learning process

questionnaire, British Journal of Educational Psychology, 74, 261-280

Kirschner, PA., Sweller, J., Clark, RE. 2006, Why minimal guidance during instruction does
not work: an analysis of the failure of constructivist, discovery, problem-based,

experiential, and inquiry-based teaching, Educational Psychologist, 41, 2, 75-86

Leung, M., Chan, K. 2001, Construct Validity and Psychometric Properties of the Revised
Two-factor Study Process Questionnaire (R-SPQ-2F) in the Hong Kong Context.
Australian Association for Research in Education, Perth, Australia. Available at

http://www.aare.edu.au/O1pap/cha01708.htm  [Accessed 24 August 2010]

Lewis, AD., Menezes, DAB., McDermott, HE., Hibbert, LJ., Brennan, SL., Ross, EE., Jones,
LA. 2009, A comparison of course-related stressors in undergraduate problem-based

learning (PBL) versus non-PBL in medical programmes, BMC Medical Education, 9,
60 Available at http://www.biomedcentral.com/1472-6920/9/60 [ Accessed May 2010]

Loyens, SMM., Magda, J., Rikers, RMIJP. 2008, Self-directed learning in problem-based
learning and it's relationships with self-regulated learning. Educational Psychology

Review, 20,411-427

MacKinnon, MM. 1999, CORE Elements of student motivation in Problem-based learning,
New Directions for Teaching and Learning, 78, 49-58

Moust, JHC., Van Berkel, HIM., Schmidt, HG. 2005, Signs of erosion: Reflections on three
decades of problem-based learning at Maastricht University, Higher Education, 50,
665-683

Moust, JHC., Bouhuijs, PAJ., Schmidt, HG. 2007. Introduction to Problem-based learning. A
guide for students. (Netherlands: Wolters-Noordhoff Publishers)

120



Newble, DI., Entwistle, NJ. 1986, Learning styles and approaches: implications for medical
education, Medical Education. 20,162-175

Papinczak, T. 2009, Are deep strategic learners better suited to PBL? A preliminary study,
Advances in Health Sciences Education, 14, 337-353

Pawan, F., Paulus, TM., Yalcin, S., Chang, C. 2003, Online learning: Patterns of engagement
and interaction among in-service teachers, Language, Learning & Technology. 7, 3,

119-140

Prince, MJ., Felder, RM. 2006, Inductive teaching and learning methods: Definitions,

comparisons, and research bases, Journal of Engineering Education, 95, 2, 123-138

Saalu, LC., Abraham, AA., Aina, WO. 2010, Quantitative evaluation of third year medical
students’ perception and satisfaction from problem based learning in anatomy: A pilot
study of the introduction of problem based learning into the traditional didactic medical
curriculum in Nigeria, Educational Research and Reviews, 5, 4, 193-200, Available

online at http://www.academicjournals.org/ERR [Accessed July 2010]

Schunk, DH. 2004. Learning theories. An educational perspective. 4™ Edition. (New Jersey:

Pearson Education Inc.)

Scouller, K. 1998, Influence of assessment method on students’ learning approaches:

Multiple choice examination versus assignment essay., Higher Education, 35, 453-472

Solomon, P. 2005. Problem-based learning: a review of current issues relevant to

physiotherapy education., Physiotherapy theory and practice, 21, 1, 37-49

Statham, SB., Inglis-Jassiem, G., Hanekom,S. 2008, Do students and lecturers agree on the
barriers and benefits of Problem based learning? SAAHE Conference poster
presentation, Cape Town, South Africa Stellenbosch University Teaching and Learning

Policy. 2007. Avaliable online at

121



http://sun025.sun.ac.za/portal/page/portal/Administrative Divisions/SOL/sharing/LO p
olicy for Council.pdf [Accessed April 2009]

Torre, DM., Daley, BJ., Sebastian, JL., Elnicki, M. 2006, Overview of current learning

theories for medical educators., American Journal of Medicine, 119,10, 903-907

122



THE IRON RANGE ENGINEERING PBL CURRICULUM: HOW
STUDENTS ADAPT TO AND FUNCTION WITHIN PBL

Rose M. Marra
University of Missouri, USA

Rmarra@missouri.edu

Betsy Palmer
Montana State University, USA

bpalmer(@montana.edu

Ronald Ulseth
Iron Range Engineering, USA

rulseth@itascacc.edu

Bart Johnson
Itasca Community College, USA

Bart.johnson@itascacc.edu

ABSTRACT

Iron Range Engineering is a unique complete-PBL curriculum for upper division
students. Rather than studying about engineering in traditional engineering courses, IRE
students solve complex and ill-structured industry problems. To support students’ transition
to PBL and to facilitate deep approaches to learning technical and professional competencies
required for the engineers of the future, faculty have created a variety of structures. Findings
indicate that both students and faculty are continuing to adapt to the challenges of this non-
traditional approach, and that students perceive they are developing engineering skills that

will be directly transferable to their future employment.
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INTRODUCTION

Engineering education in the United States is a domain where the application of PBL is
gradually growing (Litzinger et al, 2011). Although many implementations are for single
courses, or portions of a course, one program -- The Iron Range Engineering program -- has
recently implemented an entire upper division engineering curriculum using semester-long
industry-based PBL. Iron Range Engineering (IRE) represents a unique model for an
undergraduate problem-based learning (PBL) engineering program. Rather than studying
about engineering in traditional engineering courses, IRE students solve complex and ill-
structured industry problems in mining, milling, and manufacturing industries. A majority of

their learning activities are organized and indexed by these industry projects.

This paper describes IRE’s PBL implementation and reports the results of a qualitative
study of their students; we examine their perceptions of the pedagogical activities that aid in
their adapting to and succeeding in the PBL curriculum as well as what they see as the
primary barriers. We then analyze these data for the primary emergent themes and discuss

how these relate to the literature to help inform future PBL implementations in engineering.

Background literature

PBL and Its Use in Engineering Education: PBL is an instructional methodology
with the following characteristics (Hung, Jonassen, & Liu, 2008): problem-focused, where
students learn by addressing authentic, ill-structured problems; content and skills are indexed
by the problems, rather than as a list of topics; reciprocal relationship between knowledge
and the problem; student-centered, where what is learned is determined by student intention
rather than faculty objectives; self-directed, where students assume responsibility for
generating learning issues and processes through self- and peer assessment; self-reflective,

where learners monitor their understanding and learn to adjust strategies for learning.

According to the U.S. engineering degree accreditation organization, ABET, learning to
identify, formulate, and solve engineering problems is an essential outcome for engineering
graduates (ABET, 2010). Engineers are hired and succeed for their ability to solve problems.
In addition, due to extensive globalization and rapid changes in engineering and

technological know-how, engineering students must demonstrate life-long learning skills in
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applying new knowledge and continue to develop their problem solving skills. (Adams &
Felder, 2008).

Several engineering degree programs have implemented PBL for all or part of their
curricula.  The first full implementation was the Chemical Engineering program at
McMasters University in Canada, followed by Aalborg Linkiping, Rosilde and Maastricht
Universities in Europe and numerous engineering programs in Australia (e.g. Monash
University,). In the U.S., Worcester Polytechnic Institute requires all undergraduates
including engineering majors to complete at least two synthesizing projects (Litzinger et al,

2010).

Student reactions to PBL: Although all learners new to PBL face challenges, there
may be specific challenges for engineering students. When Nasr and Ramadan (2008)
implemented PBL in an Engineering Thermodynamics course they noted that, .. students are
formulae-driven. Effective methods need to be employed to discourage students from
reaching out for quick equations to plug and chug in” (p. 22). Engineering students may also
have difficulty applying prior knowledge from earlier coursework to PBL problems. Students
in an engineering communications course spent more time than instructors anticipated trying
“to find new information to find a solution to a problem . . . and much less in contemplating
how what they were being asked built on previous knowledge and experience” (Mitchell &
Smith, 2008, p. 136). Johnson (1999) reported that students in a PBL hydraulic engineering
course complained that the projects were vague, suggesting a discomfort with ill-structured
problems. Engineering students develop learning strategies that help them to succeed in
traditional courses. Those strategies often conflict with the intellectual requirements of PBL

activities (Yadav, Lundeberg, Bunting,& Raj Subedi, 2011).

Engineering students are not alone in their resistance to PBL. Authors have noted that
PBL experiences must be planned carefully if they are to avoid common learning pitfalls.
Researchers have studied PBL group dynamics (Wilkerson, 1996), peer leadership in groups
(Palmer & Major, 2004), and the role of tutors/instructors in facilitating PBL learning (Savin-
Baden, 2000). In PBL settings, students may feel disempowered by assessment methods that
do not match their PBL experiences (Savin-Baden, 2004). In addition, the PBL problems
must be 1) intrinsically motivating, 2) provide adequate structure to match the level of
student experience with ill-structured problem-solving, and 3) provide adequate challenge to

encourage a deep approach to learning (Mauffette, Kandlbinder, & Soucisse, 2004).
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Methods

Institutional Context: The IRE program resides in Virginia Minnesota and is a collaboration
between the Itasca Community College (ICC) and Minnesota State University Mankato. IRE
is an upper division, team oriented, PBL program organized by industry-mentored design
projects, rather than topic-based courses. In a recent semester, an IRE student team designed
and implemented a condenser performance test to be applied to a power plant’s power
generation condenser. To solve the problem, students learned cycle analysis, conduction heat
transfer, convection heat transfer, heat exchanger design, engineering economics, and studied
the environmental implications, all in the context of a real deliverable for a major client. The

IRE program formally started its PBL program with a cohort of 14 students in January 2010.

Each problem is comprised of several stages: scoping the problem, selecting
competencies appropriate to the project, (chosen from 16 core technical competencies in
mechanical or electrical engineering or student-proposed advanced competencies that
students must complete in order to matriculate), developing learning plans to acquire
competencies, developing design plans to solve the problem, implementing and documenting
both learning and design activities, completing oral exams to demonstrate competency
attainment, and a series of design presentations throughout the cycle. As with all PBL
programs, IRE students assume a large degree of responsibility for their own learning. At the
beginning of each project cycle (Figure 1), students identify which learning outcomes or
competencies will be addressed during the project. Each outcome is classified using the
newer version of Bloom’s taxonomy of cognitive outcomes (Anderson & Krathwohl, 2001).
Working with faculty, students then determine what learning activities to employ and what
types of evidence are needed to demonstrate outcome attainment. Learning activities include
self- or peer-directed learning, one-on-one faculty directed learning, or industry engineer-

mentored learning.
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Figure 1. IRE Learning Cycle

Throughout the semester, students engage in a variety of assessment experiences
including problem sets, laboratory experiments, written exams and oral exams in which they
demonstrate their understanding of technical engineering knowledge on core and advanced
competencies. The student also provides evidence, via independent or group projects of their
ability to apply technical knowledge to a real problem. Problem solutions can also be used by
students to demonstrate higher order analytic, evaluation and creative cognitive skills. Each
problem cycle concludes with the presentation of two reports: a design report for the
deliverable to the industry client, and a learning report that reflects on the learning process
and provides evidence of outcome attainment. In addition to written reports, student teams
present a final design review to their faculty and peers that is formally evaluated. They then

present their final design to the external clients.

IRE Students: To date, students have been recruited predominantly from a nearby two-
year college as well as from other two-year colleges in the Minneapolis — St. Paul, MN
metropolitan area. The first cohort of 14 students will graduate in December 2011 with a B.S.
in General Engineering with joint emphases in mechanical engineering and electrical
engineering. A second cohort (10 students) began in September. Demographically, IRE
students are 16% female, 4% non-Caucasian, 60% first generation college, and 72% qualified

for U.S. federal aid. Students function as cohorts, going through the program together.

Data Collection and Analysis: Data for this analysis are from semi-structured
interviews with thirteen IRE students. The majority of the sample (n = 10) were purposefully
selected so as to ensure representation of both student cohorts, women and under-represented
minority students, and students who completed their first two years at varying institutions.

The remaining interviews (3) were with student volunteers.
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Over a two day site visit, Authors Marra and Palmer conducted individual recorded
interviews with students that lasted approximately 45 minutes each. We used a semi-
structured interview protocol that probed student experiences on choosing IRE, their previous
postsecondary educational experiences, their perceptions of the PBL curriculum and their
plans for future work and education. We triangulated student interview data with: students
comments from a publically available blog; observations of students working in their project
teams and in faculty-led learning conversations; and interviews with faculty and one industry
partner. We conducted the faculty interviews by telephone prior to and after the site visit and

reviewed the student blog after coding interviews.

We analyzed these multiple sources of data in stages. First, the two primary
researchers coded the 13 student interviews individually. We then consulted on our separate
coding and created a collaborative coding structure. From the 13 interviews we developed
the major themes outlined in our results section below. We clarified and further elaborated
the themes by reviewing the student blog entries and by triangulating results with the faculty
and industry partner interviews. At the last stage, we reconfirmed and documented the main
themes by returning to the student interviews to find supportive quotations. Due to the small

number of females and minorities in the program we use non-gendered labels for quotations.

Results

One of the struggles in implementing PBL curricula is helping students to transition
from traditional pedagogies to this new way of learning. The IRE faculty recognize that this
is a challenge students may face and have built in structures that may help students with this

adjustment.

Industry Project Scaffolds: Students are initially assigned to industry project teams
based upon their strengths and learning needs. Students found that peer teams functioned in
both positive and negative ways. For instance, this student clearly reported learning from
peers in the context of the teams. “Once that step was done, we went back and explained ..
like I explained to the group how I did my portion then someone else would explain how they
did their portion.. we kind of taught each other ...”. But in other cases teams didn’t function
as effectively. Although teams create a contract that outlines expectations for participation,
some students still experience being “stuck™ in a particular role multiple times over several

team experiences — and in some cases a gender bias emerged as female students took on the
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majority of report writing responsibilities. Others reported that the perceived intensity of the
industry project led them to each do his or her own part and then combine the pieces to meet

the deadline, limiting truly meaningful collaboration.

Teamwork is one component of the strong sense of community amongst IRE students.
Another aspect is the community building activities -- such as group camping trips --- that are
scheduled throughout the year to help students engage with each other in multiple roles and
contexts. Although this is no longer the case, students in the first cohort were required to live
on campus in close proximity of one another. Overall, students experience an intense and
intimate relationship with one another and with faculty. As such they can be susceptible to
some of the negative aspects of highly cohesive groups such as “group-think”. The benefits,
however, include a very open environment where students willingly give and accept

constructive feedback without the barriers often seen in student interactions.

Learning Scaffolds: Student-developed learning plans help them to both take
ownership of their learning and to realistically manage their time. For core competencies, an
initial set of content areas provide students with an outline of learning expectations that
match their outcomes to traditional engineering degree programs. This helps students to be
confident that, in the end, their technical expertise will be competitive with student from
other institutions. Learning plans for advanced competencies are negotiated over a period of
time between the student and the faculty. These learning plans are often tailored very
specifically to address a technical issue in their industry problem and are also used by

students to develop expertise in an area of personal interest.

Students and faculty discuss and reflect upon the metacognitive aspects of learning
primarily through examining Bloom’s taxonomy. While students may initially only mimic
the outlines of the taxonomy as they describe levels of learning, eventually students grow to
appreciate the importance of reflecting on not only what they know, but how deeply they

have learned it. As one student wrote in their student blog:

“To understand anything of course, begins with factual knowledge ... What is important
though... is that we understand the concept of metacognitive learning and the role it
plays in this program. ... only now am [ starting to see how reflection on learning
activities truly plays a key role in retaining learned material and dealing with the

unknown through relation.”
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Students are also able to tailor their learning activities to take advantage of a variety of
resources. While some students still rely on traditional learning strategies such as textbook
content, other students use peer discussions, internet resources, faculty learning
conversations, workshop-style learning events, and industry expert mentors to actively
engage with technical content. For example, students in one team we observed discussed
their conceptual understanding of a technical equation with their faculty advisor prior to a
scheduled meeting with an industry mentor to present their work in progress. The faculty
member was able, in real-time, to help students develop alternative pathways for constructing

a mathematical model of the real-world problem.

Assessments of Learning: Faculty generally require two or three assessment measures
to triangulate the student’s understanding of technical material. Some students found the oral
examination assessment method to be helpful, noting that this type of assessment was in
alignment with PBL pedagogical activities. This student describes how orals require you to

more deeply understand the tested content.

“When you are talking about it, you have to know what’s going on... it’s not just
memorization and learning most of what you need to learn right before a test and then

’

probably forgetting it a week after...’

These same oral exams, however, were described as an impediment by others. Several
interviewees remarked that students “crammed” for orals — invoking memorization learning
strategies to reach what the program describes as “level 2” (conceptual) learning. This level

must be demonstrated in order to earn a minimal grade in the program —a “C”.

Some said their strategy was to make sure to pass the oral exam for their competencies
to guarantee that minimal grade, and then if time permitted move on to the more meaningful
leering outcomes associated with levels 3 and 4. Students additionally remarked that this
most commonly occurred for competencies not associated with industry projects, and that

students’ lack of time management skills may also play into this phenomenon.

Self-selection into PBL: Although pedagogical factors are clearly significant in terms
of helping students to adapt and be successful in their PBL studies, the IRE students are

somewhat unique as they have self-selected this non-traditional engineering program. Nine of
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interviewees had attended a two-year college at which one of the founding IRE faculty has
taught pre-engineering courses using open-ended problems for many years. These students
consistently mentioned positive prior experiences with these problems as a factor in their

decision to attend IRE.

“There’s the lecture learning and there’s project-based learning and 1I'd put ICC
somewhere in between... I've always been a fairly independent student....I learn at my

own pace, so the opportunity to do that here was great...”

These open-ended problems were clearly not as ill structured nor as extensive as the
industry problems students encounter at IRE, however they did serve to provide students with

a taste of doing “real engineering” and of learning in student-centered ways.

Student Predispositions: Our conversations with students revealed that student pre-
dispositions combined with their past experiences with traditional educational activities may
both help them to choose to attend and adapt and succeed in an PBL curriculum. For instance
several students indicated their preference for “hands-on” learning and desire to avoid typical
lecture-based classroom settings. At a surface level these comments may seem not terribly
remarkable — after all, many students will express a dislike of lectures -- but they may also be
an indication that they have some awareness of themselves as learners that accelerates their

adjustment to IRE and makes the PBL method a good fit for them.

Students’ previous educational and life experiences will color the way they react to
PBL. For one IRE student, prior family and work experiences were an important part of his
transitioning to and succeeding with PBL. This student described working in the family
construction company and was coached by his dad to listen to more experienced co-workers
and ask “a lot of questions”. This student explained that those skills have serve IRE learners

well where it is necessary for students to take charge of their own learning.

Access to Faculty: As our discussion of scaffolds illustrates, faculty interactions with
students are a critical. We note that the IRE program does not employ “tutors” that are often
used in PBL programs. Students rely on access to IRE faculty and project managers (adjunct
faculty who have industry experiences) for the “tutoring”, coaching and guidance that are
critical for their success in a PBL curriculum. Students are on campus at a minimum five

days a week for eight or more hours a day; they work individually and in teams to make
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progress on their learning competencies. When they get stuck, they turn to faculty for

guidance.

“As far as individual learning goes [faculty] have been a great help. I like to do alot of
individual work but I'll run into just bumps in the road that I can’t quite make it past
easily, so to have them to fill in those holes a little bit, make them a bit shallower makes

’

it a bit easier to get over the top of them and move on...’

However, because students’ learning is not structured in “class time”, students need for
faculty time and attention are detached from a daily schedule and arise unpredictably, based
on the pace of their learning and their individual problem-solving processes. Students
commented consistently on their desire for more and more frequent faculty interaction. IRE
faculty are aware of this issue and taking steps to address it. One strategy currently being

employed is the use of Smartboard and Skype technologies to provide increased access.

Discussion and implications

After twelve or more years of practice at learning in traditional formats, tertiary-level
students may have mixed reactions to a PBL pedagogical. Although there is certainly a
strong potential connection between theory and practice in engineering, students may have
even more difficulty with the transition than students in other disciplines because their
foundational courses in math and science have rewarded them for rote memorization and
focus on solving equations that lack connection to real world contexts. The IRE program
successfully addresses many of the typical forms of student resistance through thoughtful

curricular design and implementation.

As a complete implementation of PBL, students continuously engage in PBL rather
than encountering it in a single course in the midst of traditional teaching methods. Students
select the program because they are motivated to engage in PBL for the entirety of their upper
division learning. Faculty have formulated multiple ways to scaffold students immersion in
the semester problems while also supporting students to engage in deep approaches to
learning the technical material that is the hallmark of quality engineering programs.
Promotion of multiple modes of learning, encouragement to engage in metacognitive
reflection, assessments that match their PBL experience, and a deliberate focus on building

community were some of the many aspects of this program that facilitated student success.
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Necessarily in a PBL curriculum, the industry problems are a major focus of students’
learning, and as the literature suggests, the nature of that problem is significant both in terms
of students’ motivation and their success. Students affirmed the importance of the quality of
their industry problems in their discussions of the IRE program. As might be expected, the
degree to which problems were aligned with required technical competencies and student
interest varied. When problem were strongly aligned, students found that they were more

deeply engaged in learning and that their ability to manage their time was improved.

The IRE program continues to battle aspects of the traditional tertiary level education
system that constrain how PBL is implemented. The architects of this program must still
work within a curriculum approval system that favors pedagogies that align with traditional
approaches. Additionally, students still predominantly focus on learning within a semester
calendar that does not necessarily coincide with the realities of industry needs. Faculty are
also limited by a reward system that places demands on their time that compete with full

attention to the students’ emerging problem-solving needs.

Conclusions

The IRE program is uniquely designed to immerse upper division engineering students
in a completely problem-based curriculum. Although both students and faculty are
continuing to adapt to the challenges inherent in this non-traditional approach, our study
indicates that both are fully engaged in the process and — most importantly — students
perceive they are developing engineering skills that will be directly transferable to their

future employment.
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ABSTRACT

The Kanazawa Institute of Technology (hereafter KIT) began incorporating intellectual
property (hereafter IP) education into Project-Based Learning (hereafter PBL) engineering
design courses in 2003. At the same time, KIT embarked on a joint international design
project with institutions from Singapore and Taiwan. In 2009 KIT developed an internal IP
digital library, named KIT-IPDL. The content for this system comes from completed student
design projects. The KIT-IPDL system has now accumulated approximately 3750 design
solutions developed by KIT, Asia University of Taiwan, and Singapore Polytechnic
(hereafter SP) students. Students can log in and inspect the design solutions of previous

students to help them develop better ideas. It was found that IP education using the KIT-
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IPDL system enables students to acquire knowledge and skills necessary for IP asset
management. This paper discusses details of the international IP education carried out with

Asia University and SP.

INTRODUCTION

The increasing internationalisation of corporate activities and the borderlessness of
trade and technology offer new challenges and new opportunities (Alikhan et al. 2004).
Maskus laid stress on emerging needs for including intellectual property education and
research in university curricula (Maskus 2005). In recent years, the engineering education
community has shown increasing interest in PBL. With PBL, students are encouraged to
assume responsibility for their learning experience and to shift from passive to more active
learning patterns. The pedagogical methods and benefits of PBL are illustrated by
considerable literature, e.g., (Boud 1985), (Boud et al. 1991), (Bouhuijs et al. 1993), (Chen et
al. 1994), (Woods. 1994), (Dym et al. 2000), and (Prince ef al. 2006).

KIT places strong emphasis on providing excellent education to develop self-directed,
innovative, and productive engineers. In order to achieve its educational purposes, KIT began
offering PBL engineering design courses for all freshmen, sophomores, and seniors,
regardless of major (Matsuishi et al. 2002) and established an innovative facility

“Yumekobo” or “The Factory for Dreams & Ideas” (Hattori, 2003).

KIT incorporated IP education into the PBL courses in 2003 (Matsuishi et al. 2010).
The IP education content includes lectures and exercises. In 2009 KIT decided to develop an
internal online digital IP library, KIT-IPDL, that would be easier for students to use as they
encounter technical problems during the patent survey exercises using the onlone IP Library

of the Japan Patent Office.

KIT, Asia University, and SP incorporated IP education into their international design
project using the KIT-IPDL (Matsuishi et al. 2006). The content for the KIT-IPDL is
provided by uploading completed student design projects. Students can log in and survey the
design solutions of other students to help them develop better ideas. By the end of each PBL
engineering design course all student teams have acted as inventors and produced innovative

design solutions, which they then upload to the KIT-IPDL. The KIT-IDPL system has now
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accumulated approximately 3750 design solutions, all developed by students of KIT, Asia

University and SP, since the database was created.

Project-based learning engineering design courses

Outline of Engineering Design Courses

KIT developed three compulsory PBL engineering design courses: namely ED I, ED II,
and ED III. The three courses are offered to all freshman, sophomore, and senior engineering
students, respectively. ED I and ED II are PBL courses. ED III is a capstone design project or

a research project as shown in Table 1.

Course Name Students Period (Credits) Type
Engineering Design [ Freshman One semester (2) Project-Based Learning
Engineering Design II Sophomore One semester (2) Project-Based Learning

Research Project

Engineering Design III Senior One year (8) Capstone Design

Table 1. Engineering Design Courses

Procedures covered in the PBL courses are:
* To identify design opportunities
* To characterize the design project
* To generate design concepts
* To evaluate the design concepts and to select the most promising one
* To design in detail

* To presents results

Mechanism to Help Students Learn Autonomously

The educational goals of KIT are to develop self-directed, productive, and innovative
engineers. Therefore, KIT developed the following three mechanisms to be used in

engineering design courses to achieve the educational goals.

(1) Learning style
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Students tackle problems independently, not by directions given by an instructor. An
instructor is a facilitator who advises, identifies technical resources, and gives tutorials as

needed.
(2) Self-evaluation of the course objectives

Engineering design course objectives are classified into 28 elements and shown to
students. Eighteen objectives are related to the ability to be a professional engineer. The
remaining 10 are related to understanding and following the engineering design process.
Students are advised to evaluate their performance and progress three times during the term:
at the beginning, the middle, and the end of the course. Students are able to recognize the
current level of their achievements and try to attain the higher levels. This process is referred

to as the PDCA cycle of self-learning.
(3) Facilities for extracurricular activities

KIT established an innovative factory “Yumekobo” in 1993. The mission of Yumekobo
is to enhance students’ motivation and creativity through extracurricular activities.
Yumekobo is staffed with highly skilled full-time technicians to support students’
extracurricular activities. Students are able to learn the skills needed to build models and
prototypes to test and improve their design solutions. Students are encouraged to build
models and prototypes at Yumekobo to see if their designs, which are generated in

engineering design courses, are feasible and useful, or find out what needs to be improved.

International Collaborative Design Project

International collaborative design projects are carried out between KIT, Asia University,
and SP. Before starting the collaboration, discussions were held to determine the optimal
method for carrying out the project. Due to the differences in time, academic calendar and

grading system among participating institutions, the following program was selected:

Students from each institution, who stay in their own institution, form one independent
team, select one project theme which is related to the main theme, and practise design
activities separately. Each team independently works on their project theme focusing on their
themes of interest. Progress reports and final achievements are exchanged among

participating institutions through e-mail, website and/or video conference, and are exhibited
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in each class. Students of each institution developed their design solutions, while exchanging

their progress reports by using ITC technologies.

International IP education in PBL courses

Outline of IP Education

KIT's PBL engineering design courses were selected to host IP education efforts
because it was believed that PBL classes would help students better understand and employ
IP strategies and capabilities in a manner similar to the increases in learning of idea
generation techniques, e.g., Brainstorming, TRIZ, Osborn's Checklist, etc. The IP education
content in the PBL courses includes lectures and exercises. Students are given an overview of

basic IP concepts as shown below:

* Intellectual property rights (hereafter IPR)

* The outlines of patent law, copyright law, trademark law, and trade secret law
* The patent application process

* Licensing intellectual property rights

* Infringement of intellectual property rights

Students are also given an overview of the practice of surveying patents through the
online IP library of each country. They are required to search for relevant patents and use
information they find to improve their designs while also avoiding infringement of IP rights.
An IP search is composed of the following steps: developing a search strategy, conducting a
patent search, understanding search results, and utilizing the search results into improvement
of design solutions. Figure 1 shows the process of developing creative and original design
solutions based upon patent surveys. Problems encountered by students during the patent

survey exercises are as follows:

* Primary technologies of most patents are advanced and surpass students’ technological
levels.

* Patent papers are too sophisticated for easy understanding by students.
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Figure 1. Developing Creative and Original Design Solutions Using Patent Searches

Therefore, KIT decided to develop an internal online IP digital library, named KIT-

IPDL, which will be discussed in the subsequent section.

Outline of the Digital Library

The online KIT-IPDL is composed of a search engine, an indexer, an index database,
and an [PR database as shown in Figure 2. The content for this system is provided by
uploading completed student design projects. The indexer periodically searches the IPR
database, finds indexes of the uploaded design solutions, and stores them into the index

database. Therefore, the index database is periodically updated.

Index D/B
Search 3
Search 2 w,
S\
Search System Update ~
N
/ N
Search Engine Indexer  J|= = ~¥| IPR/DB
Indexing
a A
Search 1 Upload Search 4

Design Teams

Figure 2. Configuration of KIT Digital IP Library
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International IP Education in PBL Classes

Students of the three institutions are required to develop their original and innovative
design solutions and condense them into Idea Summary Sheets as shown in Figure 3.
Instructors of the engineering design courses examine the design solutions. If the design
solutions pass the examination, students are allowed to upload Idea Summary Sheets, design

reports, final presentation slides, and posters to the KIT-IPDL.

Design Solution Name: Sketch of Design Solutions

Problems To Be Solved: Draw illustrations below to show the whole

structure and details of a design solution
Expected Effect of the Design Solution:

Details of the Design Solution:

Scientific Principle Employed by the Design Solution: if any

Did you confirm if the design solution works?

Name of existing product(s) and the difference: if any

Is the design solution feasible?

Advantages and Disadvantages of the Design Solution:
Advantage:
Disadvantage:

Is the design solution ethical?

Figure 3. Idea Summary Sheet

Students’ Achievement

First they log in to the KIT-IPDL and search for relevant design solutions. If they find
design solutions similar to their own, they develop new solutions. If they find their design
solutions are inferior to those in the database they improve their design solutions (refer to
Figure 1). Thus they develop original and innovative design solutions. Some of the typical

design solutions are shown below.

(a) Design team of KIT

One civil engineering EDII design team selected a project theme “Design of Drought-
Resistant Green Roof”. Their design goal was to develop a green roof which can prevent an
urban heat island from forming and protect plant life in a roof-top garden from dying due to
lack of water. They found nine relevant design solutions in the KIT-IPDL. Their design
solution was quite similar to one in the database. Therefore, they tried to develop a new

design solution. Their final design solution is composed of plant life on a roof, a water-
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absorbing substance, and photovoltaic modules. The water-absorbing substance in the ground
prevents the plant life from drying out. The photovoltaic modules cast shadow over plant life

and may block out excessive sunlight. Their idea summary sheet is shown in Figure 4

Design Solution Name: Green roof with solar panel and high water-holding
ground

Problems to be Solved:
1. Preventing an urban heat island
2. Protecting plant life in a roof-top garden from dying due to lack of water

Expected Effect of the Design Solution:

1. Preventing an urban heat island

2. Protecting vegetation in a roof-top garden from dying due to lack of water
3. Generating photovoltaic power

Details of the Design Solution:

Green roof preventing an urban heat island

Inserting water-absorbing substance in ground to prevent dying of plant life
Photovoltaic modules installed on a roof cast shadow over plat life and may
block out excessive sunlight

Scientific Principle Employed by the Design Solution: if any
Photovoltaic power generation

Did you confirm if the design solution works? No.

Name of existing product(s) and the difference: if any
Green roof
Photovoltaic power generation system

Is the design solution feasible? Yes, our design solution is feasible

Advantages and Disadvantages of the Design Solution:

Advantages: Preventing an urban heat island, Protecting plant life in a roof-
top garden from dying due to lack of water, Generating electric
power

Disadvantages: No serious disadvantages

Is the design solution ethical? Yes, it is. The design solution may
contribute to prevent an urban heat island

Figure 4. Example Idea Summary Sheet from KIT Student Team
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(b) Design team of Asia University

5 EnATTE

—

W R RGN

BAEWR B 005115 BE . SMf A% He AV S 6305 B4 RAR A8 BE

(a) Plant Information Learning System (b) Description of Leaves

Figure 5. Ubiquitous Campus Plant Information Learning System Images (Asia University)

One computer science design team of Asia University selected a project theme
“Building a Ubiquitous Learning System for the Instruction of Natural and Life Sciences”.
Their design goal was to design a simple ubiquitous campus plant information learning
system “SUCPLS” to let the students access adaptive learning materials and obtain
appropriate learning sheets at specific locations. The SUCPLS can provide adaptive learning
materials and learning sheets to the students. The students can obtain better understanding
and learning performance relating to knowledge of plant life. They did not find any relevant

design solutions in the KIT-IPDL. Some of the pages of the website are shown in Figure 5.

(c) Design team of SP

One civil engineering design team of SP selected a project theme “Rainwater Generator”.
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Rain is very common in Singapore, and the basis of the idea is to obtain kinetic energy
from rain. Presently in Singapore, there are two funnel shaped rainwater catchments at
Sungei Tampines. The rainwater collected is currently only stored and treated to supply water
to nearby estates such as Tampines and Pasir Ris. The students suggested that before it is
treated, the rainwater should turn a turbine and generate electricity. They did not find any
relevant design solutions in the KIT-IPDL. Their idea summary sheet is shown in Figure 6.

Figure 6. Idea Summary Sheet from SP Students

Design Solution Name: Develop a rainwater generator

Problems To Be Solved: To harness the rainwater to convert into electricity

Expected Effect of the Design Solution:
The new idea in this project is to make good use of rainwater to turn the turbine. Thus, kinetic energy is produced
to generate the electricity.

Details of the Design Solution:

In this rainwater generator, rainwater is being used to generate electricity. During heavy rain, rainwater is
collected. The collected rainwater will be controlled by a valve. The water pressure increases as the rainwater
flows through the valve. The flow of water turns the turbine as it enters the turbine box. The kinetic energy is then
generated by the flowing water and this energy is transferred to the generator through the gears and belts. In the
generator, the kinetic energy is then being converted into the electrical energy.

Scientific Principle Employed by the Design Solution: Physics concepts on kinetic energy, heat and electricity.

Did you confirm if the design solution works? No, we did not.

Name of existing product(s) and the difference: Turbine of a generator

Is the design solution feasible?
Yes, it is feasible. It uses kinetic energy to run the generator which does not produce any harmful gases to the
environment. Hence it will be a more environmental friendly choice.

Advantages and Disadvantages of the Design Solution:
Advantage:
e Energy saving.
e Rainwater that could be collected and stored
Disadvantage:
o Slow process
¢ The velocity in the pipe is not fast enough to turn a turbine of a generator

Is the design solution ethical? Ethical because it can save energy and it is also an environmental friend product.

Evaluation of Students’ Performance and Progress regarding IP

KIT has been interested in developing an instrument to assess the learning and skills

growth in PBL courses on a university-wide basis in order to understand the impact of our
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educational efforts in the engineering, personal, and interpersonal skills and improve upon
them. During the 2011 academic year, preliminary administration of a series of surveys
featuring new methods and materials were undertaken (Rynearson et al. 2011). The classes
selected to host the surveys were ED I and ED II. The question format is behaviourally
anchored multiple choice. The survey contains 10 inquiry areas and 56 questions. One of the
inquiry areas is Engineering Ethics. The survey is administered at the beginning and end of

the first semester of 2011.

4007

300

uno))

200

1007

Change in answer category

Figure 7. Change in Students’ Engineering Ethics Abilities

Our IPR education is a subset of our broader engineering ethics education, and a rise in
reported engineering ethics skill and knowledge would be a strong indicator of a rise in skills
and abilities relating more specifically to IP education. Students were asked “How would
you evaluate your understanding of engineering ethics and your skill in its use?” Note that the

text here has been translated from the Japanese of the survey materials.

Figure 7 shows a change in students’ ability to use engineering ethics during ED 1,
including IPR. The mean reported rise in engineering ethics ability was 0.48 behaviourally
anchored levels of ability. This change was found to be statistically significant. Therefore,
there are strong indications that the ethics and IP education of KIT is effective in improving
students’ skills and abilities. The data for ED II have not yet been collected, and it is expected
that the upward trend in students’ skills and abilities will continue with the further ethics and

IP education offered in that class in the second semester of 2011.

146



Conclusion
The following important information was obtained as shown below:

(1) KIT has developed an internal online IP digital library (KIT-IPDL), which has now
accumulated approximately 3750 design solutions. KIT-IPDL enables students to
improve design activities and to prevent duplicate design activity by referencing design

solutions stored there.

(2) Students of the PBL engineering design courses search for relevant design solutions in the
KIT-IDPL and use information they find to improve their designs while also avoiding
infringement of IP rights of other students. If they find that their design solutions are
similar, they develop new solutions. If they find that their design solutions are inferior,
they improve their design solutions. Therefore, they can develop original and innovative

design solutions.

(3) A survey using behaviourally anchored multiple choice questions was employed to study
if the incorporation of IP education into PBL engineering design courses is effective in
increasing the IPR ability of students. It was found that the mean level of the IP skills

and abilities rises in this case.
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ABSTRACT

Problem solving is the primary intellectual activity of mechanical engineers. Enhancing
problem-solving skills is essential for preparing mechanical engineering students for the
workplace. A potentially effective approach to preparing students to solve authentic problems is
problem-based learning (PBL), an instructional methodology that focuses student learning on
relevant problems. This paper presents an initial implementation of a PBL-based course in
materials science in the third year of a mechanical engineering program as a case study.
Implementing PBL into engineering courses has been shown to be problematic. The challenges
we faced are considered, including self-regulation skills, study strategies, and examinations for

students and assessment and facilitation issues for the faculty members.

INTRODUCTION

Practicing engineers are hired, retained, and rewarded for solving problems (Jonassen,
Strobel, & Lee, 2006). Therefore, enhancing problem-solving skills is essential for preparing
mechanical engineering students for the workplace. Workplace engineering problems are
substantively different from the kinds of problems that engineering students most often solve
in the classroom. Workplace problems are ill structured and complex. They possess
conflicting goals, multiple solution methods, non-engineering success standards, non-
engineering constraints, unanticipated problems, distributed knowledge, collaborative activity
systems, the importance of experience, and multiple forms of problem representation.
Although many forms of PBL have been reported, most engage students in solving authentic

problems rather than memorizing content. This paper reports on the initial implementation of
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a PBL version of a materials science course in the mechanical engineering curriculum at a

U.S. university.

How to Implement PBL

One of the major differences in PBL implementations is the extent of the problem-based
program, which is a measure of an institution’s commitment to problem-based learning. At
one end of the implementation continuum, several researchers have described the
development and implementation of course modules (a portion of a single course) in
numerous engineering programs. A number of PBL implementations, including the one
described here, have sought to convert entire semester-long courses into PBL. Final year,
capstone engineering courses are often implemented as a form of PBL. They typically require
students to solve a single, complex and ill-structured design problem, such as the 16-week
capstone course in software engineering (Dunlap, 2005). Such course-level implementations
present multiple challenges for both students and faculty members, including expectations,
study strategies, and work effort. Changing expectations of students who have rehearsed

strategies for studying for and succeeding in traditional courses is very demanding of them.

The most effective implementations of PBL are at the curriculum level. For example,
medical education programs, such as the University of Missouri (Blake, Hosokawa, & Riley,
2000), replace the entire basic sciences curriculum with week-long diagnostic problems that
address all of the content formerly addressed in stand-alone courses in anatomy, physiology,
immunology, and so on. Students solve diagnostic problems while teaching each other the

basic science content necessary for understanding what they are doing.

Very few such curricular level implementations have been attempted in engineering.
PBL has been implemented as a partial strategy for Mechanical Engineering and Biomedical
Engineering at Technische Universiteit Eindhoven (Perrenet, Bouhuijs, & Smits 2000). The
oldest curricular implementation of PBL in engineering is offered by Aalborg University in
Denmark (Mills & Tregust, 2003). Faculty members meet with industry partners to solicit
everyday problems, which they redact for the students. Based on those problems, the students
determine the project’s content and structure with approval of the faculty supervisors. A

significant benefit of this method is the very high retention rates among students.

Another significant challenge for students is learning to solve authentic problems that

do not necessarily have correct answers. Well-structured problems, such as those commonly
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solved in science and engineering classes, have accepted solutions, solution criteria, solution
methods, and a constrained set of concepts and principles included in the chapter prior to the
problem. Workplace engineering problems, on the other hand, are ill-structured. They have
conflicting goals, multiple solution methods, non-engineering success standards,
unanticipated constraints and problems, distributed knowledge, and collaborative activity
systems (Jonassen, Strobel, & Lee, 2006). Because of the uncertainty in outcomes, ill-
structured problems tend to be more difficult to solve, especially for students who have
learned in school that problems have correct answers. Problem difficulty is a function of
problem complexity, the skill and knowledge levels required to solve the problem, and the
degree of nonlinearity of the relations among the variables within the problem space

(Jonassen & Hung, 2009).

In addition to the challenges faced by new problem-based learners in general, there may
be specific challenges for engineering students when adapting to a PBL approach. For
example, Nasr and Ramadan (2008) list a variety of challenges they faced when
implementing PBL in an Engineering Thermodynamics course. They noted that, “The
majority of students are formulae-driven. Effective methods need to be employed to
discourage students from reaching out for quick equations to plug and chug in” (p. 22).
Johnson (1999) reported that students in a PBL version of a hydraulic engineering course
complained that the projects were “too vague and needed additional clarification” (p. 11),
suggesting a discomfort with ill-structured problems. Mitchell and Smith (2008) noted that
engineering students had difficulty relating prior knowledge from earlier coursework to the
problems provided in a third year PBL course in communications systems. Students spent
more time than instructors anticipated trying “to find new information to find a solution to a
problem, as if it were just one discrete task, and much less in contemplating how what they
were being asked built on previous knowledge and experience” (p. 136). This study clarifies
one of the significant advantages of PBL, that ideas that are learned in the context of solving
problems is better retained and more transferable. Students also found difficulty in the
practical nature of the assignments as compared with the more academic assignments they
had done in the past; their written reports showed a tendency toward “replicating rather than
applying theory” (p. 138). Engineering students develop learning strategies that afford them
success in traditional engineering courses. Those strategies often conflict with the intellectual
requirements of PBL courses and curricula. PBL represents an instructional paradigm shift for

students, who have developed effective scripts for traditional learning.
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This study reports on the challenges occurring during the initial implementation of a
materials science course in the mechanical engineering curriculum. In this first PBL
implementation of this course, we sought to identify student and faculty difficulties that may
compromise the effectiveness of the course. These finding would help us to determine
improvements in the course. Our research questions included:

. How well will students adapt to a PBL curriculum? What problems will they
experience?
. What changes in teaching must engineering faculty accommodate in order to help

students achieve?

In order to answer these questions, three data sources were collected. The engineering
faculty members were interviewed weekly throughout the semester. During classes, students
and faculty members were observed as they worked on solving the problem modules. At the
conclusion of the semester, research staff conducted extensive, semi-structured interviews

with 15 students.

Method

Students were randomly assigned to ten groups initially consisting of six students each.
With the exception of moving one student to another group to address shortages due to
students who had dropped the course, students remained in their assigned groups throughout
the course. An initial lecture introduced students to the structure of the course, the principles
and methods of PBL, and the supporting materials available to them for solving the problems.
Students then worked in their teams to solve a series of seven problem modules and
collaboratively produce a written technical report detailing their group’s solution to each.
Each module was allocated two weeks (6 contact hours) over a 15-week semester. The whole
course consisted of seven problem modules (see list below). In order to ensure that important
content elements are not missed, we list the subject categories normally covered in the

traditional version of the course in Table 1 that each problem addresses.

Module 1. Improved Design of Cassette Plates — Y ou have been asked to redesign x-ray film
cassettes so that they are lighter but retain the same stiffness to bending loads. Compare

various materials that are compatible with the application to produce an improved cassette.

Addresses: (d, j, k, 1).
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Module 2. Silicon Wafer Orientation — Write a letter to a confused customer explaining the
difference between 100, 111, and 110 silicon wafers and the orientation of the flats on the
sides of the wafers. Provide a drawing illustrating the orientation of the crystal in the wafer.

Addresses: (a).

Module 3. Variation of Single Crystal Strength — A bulk single crystal of aluminum is
provided to students. Each student cuts a prescribed rectangular cross section sample from
any portion of the bulk material, for tensile testing up to failure. However, on testing they find
that each student obtains a different value for the elastic modulus and the yield stress. Explain

the possible reasons for the apparent discrepancy. Addresses: (d, e).

Module 4. Failing Brackets — In an attempt to improve the strength of mounting brackets,
2024-T3 aluminum is replaced with 7075-T6 aluminum, which is stronger. It is then found
that the brackets fail at a higher rate. Determine the reason for this and find another suitable

metal alloy that will fix the problem. Addresses: (d1, f1, g, il).

Module 5. Design Improved Automotive Springs — A hypoeutectoid alloy steel wire
containing Cr and V is used for manufacturing coil springs for automobiles suspension
systems. These steel springs can be heat treated to obtain excellent toughness and also have
high UTS and hardness. This spring wire, purchased from a wire manufacturer, is coiled into
springs and heat treated by appropriate quenching and tempering before installation.
However, the springs begin to fail prematurely by fatigue failure. What could be the causes

for such failures and how could it be remedied? Addresses: (c, d, d1, d2, f, f1, £2, i2).

Module 6. Creating Copper Contacts — Select a beryllium-copper alloy for cell phone battery
contacts. They need good conductivity and high strength. If applicable, design a heat

treatment for the contacts. Discuss any safety aspects of beryllium. Addresses: (d2, g, i1).

Module 7. Design Dies for Forging Ti-6Al-4V Alloy Connecting Rods — You want to make
forged automotive connecting rods from Ti-6Al-4V titanium alloy. Select a tool steel from
which to construct the dies and design the proper heat treatment for the dies. Addresses: (d,

d2,e, g, 12, 13).

For each problem module, students were provided with a contextualized case scenario
introducing them to the details of the problem and their role in solving it, a guide to the
module listing the learning objectives, related reading material, and, for the early problems,
suggested strategies for approaching the problem; and a variety of supplemental reading

materials affording more detailed information from research and practice related to the
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engineering materials concepts involved in the problem. Because students had no prior
exposure to PBL, the module guides were used as a form of scaffolding or epistemic scripts
((Weinberger, Ertl, Fischer, & Mandl, 2005) to help them understand both what was expected
of them and how to meet those expectations. Instructors provided a detailed task list that
modeled how they would approach solving the problem along with conceptual diagrams
illustrating the relationships of various material properties to the expected performance of the
materials in the implementation. Flowcharts were also provided illustrating the decision-
making processes for materials selection and processing. Further, early on in the semester the
students were instructed on the way a team in practice might approach the problem and
collaborate on its solution. In subsequent problem modules, these supports were gradually
reduced so that, by the end of the course, problem scenarios stopped short of describing team
problem-solving approaches and problem guides listed only the objectives and requirements

for their respective modules.

(a) Crystal structures, naming planes and directions
(b) Imperfections in solids
(c) Diffusion
(d) Mechanical properties
(d1) Tensile Testing
(d2) Hardness
(e) Dislocations and strengthening
(el) Grain size and strength
(e2) Solid solution hardening
(e3) Cold work and annealing
Failure
(f1) Fracture
(f2) Fatigue
(f3) Creep
(g2) Phase Diagrams
(h) Phase Transformations
Heat treatment of alloys
@i1) Precipitation hardening
(12) Quenching and tempering of steels
(i3) Hardenability of steels
Ceramics
(k) Polymers
Composites

Table 1. Materials related topics to be covered in MAE3200 Engineering Materials course. Topics are listed in
the order that they are currently covered in the existing course.

Materials Science is designated as a writing-intensive course in the Mechanical

Engineering program, which requires that student assignments take the form of written
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artifacts similar to the types of writing they might be expected to produce as practicing
engineers. Thus, each team was required to produce a written report for each problem module
detailing the group’s solution to the problem and providing justification for that solution as
well as explicating their understanding of the engineering materials concepts related to that
problem module. For the first problem module, extra writing support was provided by
returning the reports with detailed feedback. Students were provided with the opportunity to

revise their reports based upon the feedback.

Results and discussion

The following section describes the challenges encountered in this initial
implementation and suggested design changes to improve upon both student and instructor
experiences for a subsequent implementation planned for the spring semester of the 2010-

2011 academic year.

Challenges for Students

It is expected that learners experiencing PBL for the first time will find it challenging,
not only because it represents a shift from their prior classroom experiences, but also because
much of the benefit from learning how to solve problems within a discipline comes from
mistakes made along the path toward mastery (Barrows & Tamblyn, 1980). Participants in
this study expressed difficulty with the overall structure of the course, and, to a lesser degree,
with working in teams. Additionally, the course instructors identified performance challenges

for students that should be addressed in the subsequent design.

Course Structure. Participants expressed considerable confusion about the way the course
was structured around problems rather than topics. Students perceived the course as

29 <¢

effectively lacking structure, describing it as “jumping around on different subjects,” “going
backwards,” and “having the test first [before learning the material].” Participants also had
difficulty relating their work on the problem modules to the types of questions asked on the

course €xams.

Students most commonly suggested that more lectures would best address these
challenges. Organizing the course around problems rather than topics, however, is a central
characteristic of PBL (Barrows, 1996), and students’ desired solution of incorporating more

lectures is not desirable. In fact, their impression of “test first, lecture after” based on a lecture
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that was given during the first problem module suggests that fewer lectures may actually
improve the design! However, providing supplemental information to help frame particularly
challenging topics for students, such as brief, single-topic recorded lectures or other
multimedia materials, that students may access on a just-in-time, as-needed basis may help
them better appreciate the structure of the course content as it applies to the problem and to
the exams. Exams should be rewritten to more clearly assess the skills and knowledge that
students would be expected to obtain from their work on the problem modules. Module
guides should explicitly state learning objectives and required reading from the textbook
related to the problems so that students can more readily make the connection between the
problem modules and the key concepts that those problems are intended to cover. Debriefing
sessions after each problem could also help reinforce the relationship between key course
concepts and their application in solving the problems, however this strategy would require
careful planning so as not to significantly increase instructor workload (discussed further in

the instructor challenges section below).

Working in Teams. Most of the students interviewed described their interpersonal
experiences with team members as positive and their team roles and structure as informative.
Only two of the groups reported particular problems with group dynamics, and the instructors
reported that only one student came to them with a request to address interpersonal issues
within his group. A brief presentation on working in teams was provided during their work on
the first module, but it did not help the two teams experiencing problems with their group
functioning to improve their group processes during the module. Given that most participants
had little experience working in teams before the course and minimal guidance was provided
to students about teamwork strategies, there may be a need for facilitators to be more attentive
to group dynamics early in the semester and to provide more direct mentoring to

underperforming teams proactively.

Performance Issues. Instructors were generally dissatisfied with the quality of the
group collaboration as demonstrated by the submitted reports. Instructors perceived that very
little collaborative writing was occurring. Instead, they observed that students would tend to
divide the report into sections and write those sections individually, then simply combine
those sections with little or no attention to how well the sections fit together. While this
improved to some degree over the course of the semester based on feedback from the

instructors, students interviewed at the end of the semester expressed that they rarely read
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their respective teams’ full reports prior to turning them in, though a few mentioned that they
used the reports to help them study for exams. One possible remedy for this challenge might
be to require each student to individually prepare and submit an abstract for the “executive
summary” section of the paper rather than including it in the group report and modeling that
task as the last step to be completed prior to turning in the report. Since individual students
would have direct impact on their own grades with such an assignment, such a strategy could
provide greater incentive for each team member to understand the report holistically and thus
to contribute to ensuring that the overall report is appropriately edited to reflect that holistic

understanding.

Instructors also perceived exam performance to be lower for the PBL students than
students who had participated in prior traditional, lecture-based versions of the course, though
the data analysis comparing the PBL and non-PBL versions of the course has not yet been
completed. Given that participants themselves identified a lack of understanding how the
exams related to their work on the problem modules, however, refinement of the exams is

warranted as noted above.

Instructors were also concerned that students were often not making productive use of
class time allocated to working together in teams on the problem modules. The PBL model
intends for team members to bring their individual research together for discussion so as to
teach each other and construct a shared understanding of the meaning of the concepts they are
learning (Hmelo-Silver, 2004). While it may not be desirable for the instructors-as-facilitators
to police the students during class time (i.e. penalize them for off-task behavior), the initial
introductory lecture could be enhanced to recommend how to make effective use of class time
and facilitators could reinforce these ideas by guiding students back on task when off-task
behaviors are observed. However, specific strategies for providing this guidance should also

take into account the facilitation issues discussed in the instructor challenges section below.

Instructor Challenges

Students face many challenges when making the transition from lecture-based courses
to PBL, but the transition is also challenging for instructors. There are two main areas of
difficulty for instructors transforming their traditional lecture-based courses to PBL: the

transition to the role of facilitator and assessment workload.
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Facilitation Issues. In PBL, it is no longer the role of the instructor to provide didactic
instruction on key concepts. The PBL model makes use of facilitators rather than instructors
to guide student work on problems, provides a single facilitator for each student team, and
often employs facilitators who do not have prior experience as instructors in the discipline. In
situations where this is not possible, instructors and teaching assistants must adjust to guiding
the students to find their own answers rather than providing direct answers to student
questions and resist the temptation to resort to lectures when students are struggling to

understand new material.

In the first implementation, the two instructors alone served as facilitators for all ten
groups. They were not provided with significant training in how to facilitate PBL groups prior
to the implementation, though as primary members of the research and design teams, they
were introduced to the concept of facilitation in this context. Instructors were, as previously
mentioned, not readily able to identify issues in group dynamics, primarily because they were

spread too thin trying to facilitate all ten groups.

There are two opportunities for design improvements to address the facilitation
challenges identified in the first implementation of PBL in MAE 3200. The two teaching
assistants, who were used solely to provide outside demonstration labs for this
implementation, could be employed as additional facilitators to reduce the facilitation load of
the instructors. A graduate student from the College of Education can also be trained to serve
as a fifth facilitator. While this would not provide the optimum solution of one facilitator per
group, it would come considerably closer to that ideal. In addition, all facilitators should be
provided with more formal training prior to the start of the course so that everyone would be
better prepared for the facilitation role and the instructors could more effectively address the

transition issues inherent in their shifting roles.

Assessment Workload. The two instructors performed all of the grading work
associated with the course. In the traditional version of the course, students were responsible
for individually submitting three written reports as well as taking the two exams. While there
were fewer reports at each submission for the PBL students because they were submitted by
team rather than individually, there were reports due for all seven problem modules and they
were more incoherent, representing an increase in workload for the faculty. The increased

workload made it difficult to return student reports in a timely fashion, which in turn affected
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students’ ability to adjust their strategies and improve their performance on subsequent

problems.

Because timely feedback is important to promote continued improvement in student
performance, some way to alleviate the workload is perhaps the most critical concern for
subsequent implementations. It is possible that the additional facilitators could be trained to
give general feedback on report structure and cohesiveness, but they will not be qualified to
fully assess the student reports. One possible remedy is to have fewer full solution reports
due. Instead, early problem modules could focus on shorter assignments that represent
portions of what would be a full report and only require full reports for 2-3 of the problem
modules. Such a strategy could also provide the opportunity to get students to learn specific
strategies for addressing particular aspects of the overall report, such as the science section,
that instructors identify as being particularly important to the success of the report. Students
could also be asked to give presentations rather than full reports for some of the problem
modules. However, this could increase the time they will need to spend outside of class to
work on the problem modules since in-class time would need to be allocated for the

presentations.

Changes for the Second Implementation

In order to facilitate collaboration, students in the second implementation will be
required to construct wikis that that are organized by both epistemic and social scripts
(Weinberger et al, 2005). Students will collaboratively address and comment on conceptual
as well as procedural issues that arise in each problem by answering questions. During the
first three problems, student groups will construct wikis based on the scripts. For the
remaining problems, question prompts will be faded and students allowed to organize their
wikis in order to assess transfer effects from the scripts. Students will be pretested and post-
tested with an engineering adaptation of the Problem-Solving Inventory (Heppner & Peterson,
1982) and the Materials Concept Inventory (Krause, Decker, & Griffin, 2003) n order to
determine conceptual gains and self-perceptions of themselves as problem solvers. At the end

of the semester, instructors and students in the PBL treatment will be interviewed.

Conclusion
As the Accreditation Board for Engineering Technology (ABET, 2008) has stated,

graduates of engineering programs must demonstrate an ability to identify, formulate, and
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solve engineering problems and to function on multi-disciplinary teams. PBL represents a
challenging transition for both instructors and students. However, problem-based approaches
to engineering courses may better prepare engineers for the types of work they will actually
perform upon graduation and entry into professional practice making the work of
implementation worthwhile. Curriculum-wide PBL is more likely to be successful than

implementation of PBL into individual semester-long courses.
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ABSTRACT

A series of interventions to the style of teaching on the first year curriculum of courses
in the broad area of electronic engineering in an attempt to activate the experience of students
are described. These include induction group projects, an integrated approach to delivery of
professional skills and personal tutor work, more computer simulation and laboratory work,
audience response systems, and a combined experience across related technical modules. The
interventions have been evaluated through a combination of staff and student feedback and
the monitoring of statistical data. Results show a significant improvement in student
satisfaction but there remains room for improvement in achievement on formal examination

assessments.
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INTRODUCTION

Project, group and design based learning have featured in the delivery of the electronic
engineering curriculum at Coventry for at least 25 years (Griffiths et al 1993, Jinks 1996,
Poole 1994). Over that time their delivery has changed from projects which ran
predominantly at the end of the academic year when traditional module delivery had finished,
through core design modules running through the academic year, to the current scheme

(Medhurst-Wilson et al 2008) entitled Activity Led Learning (ALL).

In 2009, in-line with the introduction of activity led learning across the first year of all
undergraduate programmes, students experienced a 6-week practical challenge designed to
introduce them to their chosen field of study and prepare them for life at the university. This
proved valuable in demonstrating the potential of the approach but also high-lighted a
number of issues that needed to be addressed. Subsequently, the 2010 academic year
introduced a series of refinements to the approach addressing better integration of the projects
with the academic content of the curriculum, delivery of transferrable skills, and relationships
between students and their personal tutors. The effectiveness of the developments was
evaluated through the existing mechanisms of satisfaction, completion and progression
statistics combined with purpose designed student evaluation questionnaires and staff focus
groups. The main interventions applied to activate the first year curriculum are described

below.

An activity led approach to delivery
Group Projects

Adopting a very practical approach, the ‘Group Project’ module aims to provide
transferable and technical skills associated with group project execution and management. To
facilitate learning the student groups are mentored by academic staff and supported by
teaching assistants and technical staff. It was decided to tap into creativity and to accentuate
fun with team work using a theme that is universally popular: music. Why choose music as a
platform for ALL in the areas of electronics and communications? Quite simply massive
synergies and motivators exist in the teaching and delivery of engineering (Lehrman and
Ryan 2005). Music ranks highly on the list of what students like to do (van Kollenberg and
van Schenk Brill 2009); it was perceived that the project would appeal to students in terms of

making music (the creative element). Synergies - plenty in the world of communications and
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electronics, for instance tuning and resonant circuits, notes and frequencies, distortion linked
to harmonics plus a whole host of others such as attenuation and noise. The challenge: ‘Select
a small piece of music and convert its notes to frequencies. Develop a suitable electronic

instrument to produce these frequencies, build and test.’

Initially most student groups got into the ‘ask more and/or then deliberate or defer
mode’. With the structure of the project lasting over a six week period it was imperative to
monitor and assist groups and if necessary give a large nudge if initial inertia looked to be a
problem. Once work began the phases of the project were in logical order with the music
segment being looked at first. Some groups choose a popular ring tone whilst others went for
a basic melody such as ‘Three Blind Mice’. In some cases the musical segment was made
simpler, whilst in a few cases groups went for more complex arrangements. A set of
oscillator types where simultaneously evaluated for feasibility. Of these the front runner in
the student choice was a 555 based astable oscillator. Clearly the disadvantage of the 555
astable was the non sinusoidal nature, but the tones generated gave a distorted sound and this
usefully prompted discussion on harmonics and harmonic content. From the point at which
the 555 timer approach was established many groups refined and developed the design to
produce a keyboard using push button switches. This induced some thought on the layout of
the switches and progressed into the area of the ergonomics. All groups produced a design
which gave some form of electronic sound and 20% achieved good fidelity. Group dynamics
and sociability was evident in the enjoyment in which the tasks where reported at the
presentation. Did the module enhance the student experience? Yes, part of the assessment
involved writing a report which was marked as the first coursework in the module. Feedback
relating to accomplishment was given which strongly influenced the scope of the 2010-11
activity. The experience suggested the plan had to change to distribute work amongst more
academic staff. Additionally, the ‘go out and do it approach’ had to be toned down, the model

needed to be more supported and structured.

Professional Skills and Personal Tutorial

The ‘Professional Skills’ half-module was introduced to provide a regular opportunity
for students to meet with their personal tutor as a group while addressing transferable skills
content. In the first term, students work in groups to produce a technical report. In the second

term, they begin to reflect on the capabilities that they will need in their intended career by
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way of producing a personal development portfolio. This paper focuses on the activity
carried out in the first term in order to produce a technical report. During the academic year
2009-10, students met their personal tutor every week for an hour. Students were grouped

according to the ‘theme’ being studied.

The six-week group project exercise was used as the basis of a presentation and a
technical report. As shown in Table 1 (weeks 6 and 7), students were required to present
details of their practical work at the end of the six weeks. This was assessed as ‘Assignment
I’. A ‘presentation skills’ lecture was given in week 4 and there was an opportunity to
develop and practice presentations during the weekly sessions before the presentation weeks.
The second assignment, submitted in week 10, was the technical report. Students were

required to write this review of the practical work as a group.

Week ! wi/c Tutor session Lecture work
1 5 Oct To be covered during weeks 1 - 6. Module organisation
2 12 Oct The role of the personal tutor
3 19 Oct Studying in HE .
- - ALL d
4 {260ct Group work Presentation skills b
. S ass1&2 out
Time mgt & prioritisation
5 2 Nov Learning styles
Presentation practice
6 9 Nov Group Presentations . ass 1 in
7 16 Nov Info retrieval (week 7, or 6)
8 {23 Nov Academic writing and research. exercises
9 :30Nov Report writing & referencing exercises
10 7 Dec Developing a reflective approach. ass 2 in

Table 1. Content of the first ten weeks in 2009-10

The six-week group project activity and the Professional Skills module were reviewed
before the 2010-11 academic year. It was felt that the assessment could be simplified by
requiring only a technical report. Also, more integration was needed between the group
project work and the writing of the report. As personal tutors were meeting weekly with their
groups, this integration would be clearer to students if personal tutors were directly involved
with the practical exercise. Also, this would provide a more natural environment in which
students could become acquainted with their personal tutor. It was therefore decided to
arrange that the first six weeks of ‘Professional Skills’ be incorporated into the group project
activity — personal tutors being the main point of contact for advice throughout the six weeks

(Table 2).

166



Week w/c Tutor session Lecture work

1 4 Oct To be covered during weeks 1-6:
2 11 Oct (suggested content)
3 18 Oct The role of the personal tutor ALL period
4 25 Oct Studying in HE Ass 1 out
5 1 Nov Group work
6 8 Nov Time management & prioritisation
7 15 Nov No session, but tutor available Info retrieval / library
8 22 Nov Academic writing and research. exercises
9 29 Nov Report writing & referencing exercises

. . Ass 1in 10
10 6 Dec Developing a reflective approach Dec in

Table 2. Content of the first ten weeks in 2010-11

The ALL period was staffed by personal tutors for a two-hour session every week. The
personal tutors introduced the practical exercise and were available to advise students during
each session. A detail that is not apparent from the timetable is that personal tutors met their
tutees during the induction week. In the previous year, students had been allocated to
personal tutors after the induction week. It was intended that, from 2010-11, students would

meet their personal tutor as early as possible during the induction week.

Integration of Electronics Teaching

One of the key modules in the first year curriculum was 101CDE covering analogue
and digital electronics. This module includes an introduction to diodes, transistors,
operational amplifiers, logic gates, Boolean algebra, combinational design and sequential
storage elements. With the advent of activity led learning through the course it was necessary
to rethink the delivery of this module (Poole et al 2010). The first pre-requisite was a decision
on the theme of the 6-week activity led group project. This was a difficult decision and a
number of options were considered: musical instruments, microprocessors, audio amplifiers,
burglar alarms and computer interfaces included. Eventually it was decided that an electronic
musical instrument provided the best opportunity to enthuse students and communicate the
essence of their courses during the first few weeks of their higher education experience. The
main opportunity for integration with 101CDE would be in the design of signal processing
circuits employing operational amplifiers so these were scheduled to be the first topic

delivered on the module in parallel with the project work.

The plan for activating the 101CDE module after the 6-week activity led projects
completed was to make extensive use of the National Instruments™ Multisim circuit

simulator. Consequently, these were introduced during induction week as a topic that could
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be readily tackled by new student groups with very little introduction on a self-paced basis.
The subsequent delivery of the operational amplifier topic emphasised the use of the
simulation software through tutorial exercises requiring students to design and evaluate
operational amplifier applications on the computer simulator. To maintain enthusiasm after
the 6-week projects drew to a close the first module coursework was also centred on the
design of an operational amplifier application circuit. Each student received a unique
specification for an amplifier where the configuration, input impedance, and gain were

derived from their student identification number. The three parts of the assignment required:

o The design of an amplifier stage compliant with the unique specification.
o Simulation of the resultant circuit to confirm that the specification was met.

o Research into the practical issues associated with physical implementation.

It was also decided to make extensive use of the University’s virtual learning
environment. In addition to providing a repository for all the learning materials of the
module, the environment was used for distribution of the coursework, on-line submission of
the student work, electronic marking by annotating the student’s work in Adobe Acrobat™
and return of grades and feedback in response files. A particularly useful feature was the use
of a discussion forum related to the assignment. Students were encouraged to use this if they
had any queries or problems on the task. Initially the forum was a little slow to gain
momentum but, as the submission deadline drew close, it was good to see students directly

responding to queries from their peers.

Activating Electrical Circuits Teaching

The first year electrical engineering module is a mandatory module for many
programmes. The total number of students in the module is generally between 140 and 200.
However during the academic year, 2010-11, the total number of students increased to 270.
The main challenge associated with the teaching and learning process is to deliver the
material for the large, mixed cohort. The large number of students come with a range of
different experience and abilities. Prior to the 2008-09 academic year the module was
delivered using a traditional lecture, one-to-many, approach. The course team felt that the
formal lecture method for a large mixed cohort was not effective in improving students’
engagement, satisfaction and pass rate. The team decided to exploit the drive by the Faculty

to develop ALL strategies, to provide a better learning experience for the students and
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improve engagement and participation. The new method of delivery involved three types of
session: namely a formal lecture, a tutorial session with use of an Audience Response System
(ARS) and a laboratory session, see Table 3. The same pattern was repeated for each run of

the module through the academic year.

Session Teaching Methods

First session Formal Lecture to present key definitions, concepts and applications (2 Hours)

Second Session | Tutorials to develop analytical and numeracy skills associated with circuit theory and
electronic circuit analysis (second hour with Audience Response System (ARS))

Third Session Laboratory sessions using Multisim software, based on the topics that students learned in the
previous two sessions

Table 3. First year electric circuits module delivery pattern

Every third teaching week a laboratory session was planned. These laboratory sessions
were based on simulating electrical circuits using National Instruments™ Multisim software.
Multisim enables the students to simulate electrical circuits and analyse or investigate the
behaviour of electrical circuits. The laboratory sessions enable the student to carry out both
simulation work as well as theoretical calculation. The pedagogy involved in this approach is
that laboratory sessions will help students to relate the materials that have been covered in the
lecture and tutorials. They offer a good opportunity for students to identify and then find the

information they need within their lecture notes to apply to the laboratory work.

To increase the students’ engagement and participation in the tutorial sessions an
Audience Response System (ARS) has been introduced (Nicol and Boyle 2003). Students
were divided into small groups of three each with one clicker (hardware through which
students can provide their response). When a concept question was asked, students were
asked to discuss among other members in the group and provide their answers through the
clickers. Once all the groups submitted their answers (or time elapsed), ARS will provide
immediate feedback to the students. The Interwrite® Personal Response System (PRS), a
type of ARS, was used for this activity.

Because of the changes in the approach, the method of assessment has also been
modified to fit the method of delivery. Different assessment methods were adopted:
laboratory based work including on-line assessment and assignment, in-class test and final
examination. All these assessment methods were designed to meet the intended learning
outcomes of the module. Most of the laboratory sessions were designed to be part of the

coursework assessment. There were in total 6 such small laboratory sessions and 4 laboratory
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sessions which contributed to the coursework mark. The large number of scripts to be
corrected and moderated in a very short period (the University allows 4 working weeks for
large modules) meant that it was difficult to provide effective feedback for the laboratory
work. To overcome these issues the use of on-line assessment was adopted. Another main
concern in setting up the coursework, in a large group, is to avoid the chance of plagiarism.
For this purpose also an on-line assessment method was designed to produce a unique

coursework task for each student.

The pedagogy approach in using alaboratory session as a part of the course work was to
provide feedback to students before the next laboratory session. Hence, students are made
aware of the areas where they need to improve. On-line assessment based on Respondus
(2010) was therefore introduced as it enables immediate or timed feedback. Another
significant advantage of using Respondus is the ability to create unique questions for each

student reducing the likelihood of plagiarism.

Evaluation and discussion
Tutors were asked for their views on their direct involvement with students during the

group project exercise. Three questions were posed:

. Did the students benefit from your direct involvement with them? If so, how?
o Were there any other positive or negative aspects with your tutor groups?

o Is there anything you would do differently? If so, what?

Tutors who gave a view were generally positive about the experience of being involved
with the group project work. They all felt that students had benefitted from this. The students
were more confident in communicating with their personal tutor and felt more secure in
voicing any concerns that they had. Students continued to keep in contact with the personal
tutor, seeking guidance on academic matters. It was felt that this allowed a better relationship
to develop than that of the traditional personal tutor role. Opportunities were available to ask

‘How is it going?’ etc during the practical sessions.

Sadly some students did not take the activity as seriously as they could and did not
attend fully. Those who did attend regularly benefited from the interaction with their tutor
and their marks reflected this. One tutor felt that the laboratory was not the best environment

for a discussion and found it sometimes difficult to move from being a lecturer to being a
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facilitator of a discussion. There may be a case for additional break out rooms for discussions
and further training for tutors. A tutor who taught the electronics module was able to relate

the lectures to the practical work that was taking place.

There are various improvements that are being considered in the light of comments
from personal tutors and students. Students could be shown a good example of a previous
project before they begin. Measurements on this project circuit could introduce them to items
of test equipment. One tutor felt that some kind of ‘ice breaker’ activity would be helpful
before launching into group work. Timing was another issue, with large student numbers
resulting in some enthusiastic students running over into the next session. A more radical
proposal is that the personal tutor’s role is placed entirely within the group project module.
This would allow contact throughout the year with the ‘Professional Skills’ content delivered

throughout the year in small groups at the most appropriate time.
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Figure 1. Selected module statistics

Figure 1 shows some selected operational statistics on two of the key technical modules
involved with the intervention: 101CDE Analogue and Digital Electronics and 102CDE
Electrical Engineering. Only two years of data are shown as there was a significant change in
course structure before the 2009-10 period. They show a significant improvement in overall
satisfaction (SAT) for both modules. This is thought to be due to improvements in using the
virtual learning environment in addition to the integrated group projects. Completion
(COMP), the number of students submitting assignments on time has also increased although

this is likely due to removal of a late submission facility in the University regulations. Raw
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pass rate (PASS), before resit attempts, has improved slightly on 101CDE but dropped by 2%
on 102CDE. The individual coursework assignments were generally well done but formal
examinations have proven more challenging. There is clearly more to be done here. A more

detailed analysis of the 102CDE module follows.

In order to evaluate the effectiveness of the new method of delivery in the electrical
engineering module direct feedback was obtained from students (Ramachandran and Haas
2010). From the students’ feedback it is evident that ARS sessions provided a positive impact
on students’ learning experience. ARS sessions improved the students’ participation in
discussions and encouraged team work. Students also mentioned that ARS provided
immediate feedback and hence they were able to identify the subjects that they need to revise.
The immediate feedback provided by the ARS system is very helpful for staff as well. It
helps the course team to adopt the changes required in delivering materials. However, the
main challenge with ARS sessions is that the time required for both preparation and delivery
is significant. Due to the significant increase in the student numbers and also due to limited

resources, ARS sessions have not been used for this academic year.

For the 2008-09 academic year module evaluation survey, most of the elements scored
‘satisfactory’ to ‘very satisfactory’ except the on-line assessments that scored ‘adequate’. The
introduction of on-line assessment initially raised a number of issues, such as software
crashes, material availability and the formatting of answers - number of decimal points and
units for electrical quantities. These issues had a negative impact on the students learning
experience. The course team addressed these issues by introducing strict and consistent

formatting and allowing several attempts to avoid issues with software crashing.

In the 2010-11 academic year module evaluation survey, students were asked to rate the
overall module satisfaction with scores from 1 to 5, from ‘very dissatisfied’ to ‘very
satisfied’. The average score for the academic year 2009-10 was 3.53, rating ‘satisfactory’. In
2010-11 the module overall satisfaction increased to 4, rating at ‘very satisfactory’, an
increase of 13.3%. This is the first time this module achieved an overall result of ‘very
satisfactory’. The improvements in the delivery of laboratory sessions and on-line quizzes
were the main contributors for the increase in the module satisfaction. This factor is reflected
in the module survey results that the average score for the effectiveness of the virtual learning
environment scored 4.2, compared with 3.25 for the previous academic year. Some of the

feedback comments from students are:
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o Mix of laboratory session and lecture is good
o Laboratory sessions help you learn what was covered in the lecture

. Regular online tests are useful

Once again there is very positive feedback on the assessment method, the different
types of assessments and their regular pattern. This academic year, 94.59% of students
completed all elements of the coursework, indicating that this approach increased the
students’ participation in the module. The average coursework mark achieved was 71%, a 3%

increase compared with the previous year’s result.

Conclusions

A series of interventions has been introduced to the first year programme over the last
two academic years that have significantly improved the experience for students. This is most
clearly evidenced through improved scores in student satisfaction surveys. However,
improved satisfaction has not automatically led to significantly better academic performance

and there are still challenges in improving the pass rate in formal examinations.

The involvement of personal tutors with the operation of the activity led learning
projects has been most beneficial and is an approach that may well have potential for wider
application. The more thoughtful selection of technical material and a low intensity approach
to assessment has also brought improvements. Further integration is planned between the first
year group project module and the professional skills — personal tutorial activity. This should
see personal tutors involved with group practical work through the full academic year and the
creation of a new 30 credit module. Transferable skills topics like ethics will be introduced at
the most opportune time in conjunction with project work. This will assist the programme to

transit from a discrete set of study modules towards a more holistic course experience.
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ABSTRACT

This paper will introduce two different case studies showing how Helsinki Metropolia
University of Applied Sciences has tried to increase the attractiveness of engineering studies
and thus diminish the drop-out rate during undergraduate studies. The motivation for the
studies arises from an interest in the education, learning methods, expectations of professional
life and appreciation of the meaning and status of being an engineer. As tuition fees are not
collected from students they do not self-evidently feel, nor are they treated, like customers.
These two examples show how the first year students and the 3" year students are using

problem based learning as a part of their education.

INTRODUCTION

The dropout rate of the students at Metropolia University of Applied Sciences is
unnecessarily large and is influenced by many factors. One of the attempts to lower the
dropout rate is to try to establish a stronger connection between theory and practice. In this
way students may be more motivated even to study the necessary natural science and

mathematics, as they understand its importance. Additionally they become ‘charmed’ by the
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engineering profession as they notice how exiting challenges can be solved and how
important engineering solutions are for the sustainable development of both industry and
society. Helsinki Metropolia University of Applied Sciences joined the CDIO (Conceive —
Design — Implement — Operate), (Crawley et al., 2007), consortium a couple of years ago. Our
adaptation is covering all of our engineering degree programs, (Schrey-Niemenmaa et al.,
2010). In implementing this initiative the curricula will include PBL, (Kolmos et al., 2010),
learning that is organised around problems, which will be undertaken though projects, at least
during the first and third years. The teaching methods of other than project courses should
also be active ones and provide students readiness to be actors instead of consumers (Eugéne
2006). Use of integrative and innovative teaching methods is well in line with the global

trends of engineering education (Sunthonkanokpong 2011).

The two cases were very different both in their contents and the number of participants.
In the first case the PBL methodology was applied to the first year introduction course, which
also includes project methodology and in the second case the PBL method was used to
replace a traditional lecture course. The planning of the courses was thus done separately.
Although in this paper two very different ways of using PBL are introduced, the different
theories of PBL are not deeply analysed or considered, as this article is concentrating on the
practical experiences and outcomes of these case studies towards the attractiveness of

engineering education.

In our experiment the drop our rate of these courses was very low, but only later will it

be seen whether this leads to higher number of graduates.

Case 1: Introductory project course the bachelor programme for electrical engineering

in the 157 year

This was an introductory course for 1% year students of electrical engineering. The
course was held first time during the spring 2011.There were 94 students’ registered on the
course. The students were divided into 3 groups according to their background and main
subject (electronics or power engineering). The aim of the course was to give students an
understanding of the basic elements of electrical engineering, hands on experience of how to
get something done and learn how to report the whole process; progress as well as results.

The course, which had 72 contact hours per group, was assessed as being of 6 ECTS. In each
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contact hour at least two teachers were available. All the groups were divided in teams of 3 to

4 students.

The background of the students was varied; some of them had graduated from the
secondary high with long courses of mathematics, whereas others had taken only shorter
courses in mathematics. Additionally there were students who had entered university via the
professional route, i.e. through the school for technicians. That last group had studied
previously very little mathematics, but had quite a good understanding about the work of an

engineer.

The structure of the course

In the beginning of the course there was a lecture concerning engineering as a
profession (what kind of jobs are typical and what kind of skills and competences should be
mastered by the time of graduation), sustainable development, ethics and responsibility for

continuous self-improvement.

From the very beginning of the course each team started to create a ‘learning diary’ -
and they were taught how that should be developed into the project report during the course.
Each week teams were able to submit a new version of their diary, although the diaries were
evaluated for the first time only two weeks prior to the end of the course. In that evaluation
teams were told what they should do to reach the grade for which they aimed in the final

report.

At the beginning of the course teams went through 10 laboratory exercises just to get
used to the technologies used in the project work. Different teams used very different amounts
of time for these exercises, according to their pre-knowledge. Some used only 4 hours,

whereas others used up to 25 hours.

After the laboratory exercises teams had to define their own problem for a project —
there was a list of possible subjects, but suggestions for their own topics were strongly
supported. The idea of the projects was that they should include both the building of a simple
electrical structure and the accompanying program to control it. In this way the students were

encouraged to understand a basic electrical engineering system.

The course evaluation was completed in three different sections:
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1.  How challenging was the project work that the team had undertaken, how well had they
succeeded in their own aims — how well had they explained the changes to plans as the
realities became understood.

2. How good and well-structured was the final report, had the team shown evidence of
understanding the meaning of the engineering profession, had they been able to explain
clearly the steps they had taken and how constructively critical had they been while
evaluating the outcomes of the course. (Also the expectations of their own studies
during the coming 3 years had to be included in the report.)

3.  How actively had they participated in the different actions of the course, how had the
team worked, how capable and active they were they in asking for help when needed?

Was the team proactive or just doing what it was told?

The results were surprisingly encouraging — in the beginning the students did not really
know each other, and they were confused by the tasks — but in the end they were happy to
have done together “the impossible” — solved problems and had “something working”. Good

teams and teamwork with different roles were created.

The drop out rate from the course is shown in table 1. In each subgroup there were 2
students who never came to the lecture. When asking them why that was, all of them reported

that they had registered by mistake, so this cannot be counted as drop out.

group registered did not drop out in passed on
start the middle time

A 23 2 0 21

electronics

mixed

B 35 2 5 28

power eng,

high school

C 29 2 1 26

power eng

mixed

Table 1 Course drop-out rate by different subgroups.

Interesting is that the group that had the most theoretical background, had the most drop
outs — two teams failed. The only one from other groups had personal excuses why he stopped
although the team continued and got the highest score as the outcome. The two teams that

dropped out had joined the course until they were in the phase of really starting their own
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project — one explanation could be that in high school they had very little experience on self-

regulated teams.

There was only one student who failed although the rest of his team continued. In one

other a student case left his team and passed the course by doing his own project

Conclusions

It was found that guided, clearly structured and controlled, but, from the content
perspective, a freely chosen problem based learning course, works well for these first year
students. The evaluation criteria should be clear and guidance continuously available. This
kind of course helped the students to strengthen their weak areas and showed the benefits of
those with prior learning. All the students seemed to have understood that there are several
parts to engineering systems: for example the mechanical structure, the power supply for it,
the information supply for it and the programming to make the system work; An individual
engineer might need to master just one part of this as her/his job, but learnt to understand that

all the parts needed to be there.

By asking about the development of motivation during the course the students that had
passed it unanimously reported that it really opened-up their thoughts and improved their
motivation towards engineering education and profession. The ones who dropped out were
very mixed on their motivation, wondering why should a power engineer need electronics and

control system knowledge.

Case 2: Planning of coatings for constructions, a 3RP year course

An application of PBL was planned for third year students to develop their problem
solving skills. The students will have a CDIO project during this following period. Another
aim is to develop the teaching methods of materials and coating technology in the engineering

programme.

A course that deals with building site practices of coating work was chosen as a pilot.
Ten students were participating in this course. The five credit course addressed site practices
from work safety issues to engineering methods, scheduling and calculation of costs. The first

half of the course was carried out with traditional methods, i.e. lectures and an exam. The

180



PBL method was applied to the second half of the course, which deals with technical plans of
interior and exterior coatings for buildings and responses to the call for tenders, by planning

resources, calculating costs and making schedules.

Method

The introduction of the objectives, contents, methods, and evaluation was presented for
the students using a mind-map, see Fig. 1. Also a brief description of the PBL method was
presented as it was new for the students. The application was done using three different
problems areas i.e. building projects. The principal variation factor between the different
problems was the size of a building project. The instructor’s intention was to make tasks from
the easy to more difficult ones by adopting small projects that would be easier than larger

ones.

The first project was to plan and calculate the interior coatings for a small school
building. A layout of the school was given to students as initial data. The school was an
existing one and some additional information could also be found through internet. The task
included all different areas of the latter part of the course i.e. making a request to bid and
answering it by resource planning, cost calculation, scheduling and finally making a formal

tender.

The second project was to undertake similar work for the exterior coatings of the same

building. Students were given the facade drawings as a starting point.

The third project was to prepare a tender according to a real request to bid for interior
coatings for a four floor block of flats. The starting information package included drawings,

coatings plans made by an architect’s office and an invitation to tender.

The course arrangements included seven meetings. During these meetings students were
introduced to the problems, and then used PBL methods to solve them. Between the meetings
students continued to prepare the work, which they then presented during the following

meeting.

Learning diaries, group discussion and a course feedback questionnaire were used to

make an evaluation of the results.
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Fig. 1. The introduction to the course

Results and discussion

The two groups selected a different approach to work between meetings: one group
selected to have face-to-face meetings in the premises of the school and another to keep
contact through Google Docs. Both groups made progress quite well, although the latter
group suffered a little bit more from absences. However, they reported that without network

surroundings they wouldn’t have made any progress.

Both groups appeared to have been confused about the method at the start of the first
task. It was recognized that the groups did not follow the methodology to solve the problem,
but jumped directly to sketch their solution for the problem. The reason may be that the
students already had good background information on the theme, based on the lecture section.
The problems were also more or less straightforward. During the course the use of the method
was enhanced by writing the steps on blackboard and indicating when each step should have
been applied. Even that didn’t help greatly, with the conclusion that the PBL method in this

context was not the best problem solving tool.
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However, the method helped with the discovery of practical tools i.e. work and cost
calculation tables and information about material and labour input amount and costs. The

information about sources was effectively spread among students thanks to the method.

Learning diaries revealed that the size of the building project was not actually the
determining factor in the level of difficulty, but rather the number of tasks to be done. When a
construction process was simulated and students were asked to form a bid, which they found
difficult, although the project was small-sized. One possible reason may be that there were too
many degrees of freedom at that point. However, this is where the problem solving method

was required most.

According to the learning diaries and the course feedback questionnaire the students
were very satisfied with the method and course arrangements. Although no statistical relevant
result of measurements can be presented, due to the small number of answers (<10), the mean
overall satisfaction number was 4.7 out of maximum five, these results being in line with
some other case studies (Harris et. al 2008). Every student was very satisfied with the PBL
method. They felt that the method was excellent to support their learning and wished to have

it applied on other courses as well.

The first task took about two meetings before it was completely solved. The second,
with comparable contents, took only one PBL cycle to be finished, as well as did the last, a
more arduous task. Clear development was noticeable as students became more experienced
with the working method. From previous experience it can be said that tasks this large would
not have been ready at the end of the course with conventional teaching methods. Some of
this can be explained by the time that the method allowed the students to use during the
course, but it seems that it is more efficient than the traditional lecture course. The result is
consistent with the work of Eugéne (Eugéne 2006). Another notable matter is that much less
absence was recorded, compared to a traditional lecture course. The pass rate will be also
higher, which is consistent with the results of Ruiz-Gallardo et. al. (Ruiz-Gallardo et. al.
2011). Thus it can be stated that the PBL method proved more effective at delivering learning

results than a traditional lecture method would have done.
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Conclusions

According to their learning diaries every student was very satisfied with the PBL
method. As one student stated, “learning happened as if by itself.” They were at first a little
confused about what to do, but after a while they found out that they learnt by solving tasks
and also learnt from processing problems as a group. Compared to the traditional way where
students would have solved problems on their own, the work as a group proved to be more
effective. Thus the students were able to undertake larger tasks at the given time and in this

way were able to have a better picture of the overall planning process.

Based on these experiences the method could be applied to the whole course at the next
iteration. The problem setting could be a slightly different one, for example using trigger
stories to start the subject matter. The order of tasks could also be a different one, not
considering the size of the project as a level of difficulty. Regrouping the curriculum of

interior and exterior coating courses should also be considered.

Reflections

These two cases were very different from each other, but were aiming at the same
result, keeping the students involved and avoiding drop outs. In the first year mass-course the
drop out was about 7% and the small 3 year course 0%. In the 31 year course the teacher
could know and follow each of the students, and also the students knew already more about
problem solving, knowledge searching and doing projects. Nobody registered to the course
just by mistake. From both of these cases the clear outcome was that doing by themselves is
motivating, encouraging and fun. The joy of learning seems to be a key element in the
continuous development for both the students and the teachers. Still within Finnish culture
there remains a residual emphasise encapsulated in the saying “life is hard and then you die”.
How can we change that? How can the learning experiences become so full of fun that people
want to learn more and more all the time? How can we develop our own university so that all

students and staff feel like staying in a learning society, a learning organisation?
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ABSTRACT

A new model for engineering education was launched in January 2010 in northeastern
Minnesota. The Iron Range Engineering (IRE) model is a project-based-learning (PBL)
methodology that focuses on producing graduates with integrated technical and professional
knowledge and competencies. A unique and important element of the IRE model has 100% of
IRE student learning taking place in the context of industry projects. Students at IRE are
upper-division engineering students who transferred from Minnesota community college
lower-division engineering programs. To understand the impact that IRE methodology may
have on preparing engineers with the competencies needed for the future workplace, a
comparison study has been developed to investigate the extent to which students in integrated
applied models are affected. The curriculum model and comparison study are described within

this paper, along with preliminary results on student development and engagement.
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INTRODUCTION

The Iron Range Engineering (IRE) program and this project are a collaborative effort
between Itasca Community College and Minnesota State University, Mankato (MSU). The
investigators are evaluating the effects of project-based-learning (PBL) in engineering
education. The evaluation is approached from four different perspectives: the cognitive
development of the student, the technical competency of the student, the professional

competency of the student, and the motivation of students to learn.

The study focuses on the IRE students enrolled in the newly established Iron Range
Engineering program in northeastern Minnesota. This program is a project-based-learning
model in which students work with industry on design projects while developing integrated
technical and professional knowledge and competencies. Students typically begin their
education at one of Minnesota’s community colleges for introductory engineering, math, and
science courses and then continue their studies at IRE for the final four semesters of the
students’ upper-division engineering education. In the IRE program, students do not take
classes. Instead, they spend their upper-division years working on industry-driven projects
and obtaining core engineering knowledge through a guided independent study model.
Graduates earn a bachelors degree in general engineering with an emphasis in mechanical,
electrical, chemical, or biomedical engineering based on their project focuses and interests.
The first cohort of 13 IRE students will graduate in December 2011, 9 more will graduate in
Spring 2012, and the third cohort of 23 students began the curriculum in August 2011. Given
the preliminary success of the first students, the developers, industry partners, faculty,
students, and academic advisory board of the IRE program believe this new teaching and

learning design is revolutionary for engineering education in the United States.

This paper describes the background information supporting the model, the IRE
approach, the assessment strategy, and preliminary results addressing cognitive development
and student engagement. The investigators on this project have developed a strategy that uses
a wide variety of proven tools to gauge the extent of student development of knowledge and
competencies. The results of this study will provide useful evidence to engineering programs
wishing to establish project-based-learning cohorts and to engineering programs that have
strong industry-based contextual co-op or internship emphases. In addition, the study will lend
information regarding “best practices” to academia in general, supporting the notion of

learning engineering design and practice in a contextual environment.
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Supporting background
The calls for a new model of engineering education and the evidence for its need are

extensive. These calls for a new engineer have come from a wide variety of sources, such as:

The National Academies of Engineering (NAE) in "The Engineer of 2020":

‘It is our aspiration that engineering educators and practicing engineers together
undertake a proactive effort to prepare engineering education to address the
technology and societal challenges and opportunities of the future. With
appropriate thought and consideration, and using new strategic planning tools, we
should reconstitute engineering curricula and related educational programs to
prepare today’s engineers for the careers of the future, with due recognition of the
rapid pace of change in the world and its intrinsic lack of predictability’ (NAE,
2004, p. 51).

Leaders in engineering education through American Society for Engineering Education

(ASEE) Journal of Engineering Education (JEE) articles, for example:

‘In view of the broadening and rapidly shifting scope of the engineering profession, it
is imperative to shift the focus of engineering curricula from transmission of content
to development of skills that support engineering thinking and professional judgment.
Future engineers will need to adapt to rapidly changing work environments and
technology, direct their own learning, broaden an understanding of impact, work
across different perspectives, and continually revisit what it means to be an engineer.
Traditional approaches to engineering education (chalk-and-talk lectures, individual
homework, three years of ‘“fundamentals” before an introduction to engineering
practice) is incompatible with what we know from decades of cognitive and classroom

research’ (Adams and Felder, 2008).

The need for change is not new and should be considered part of the continuum of change our
society is going through. The same need existed in the middle of the 20th century in the
United States as summarized in “Educating the Engineer of 2020” (NAE, 2005):

‘Some 50 years ago, such debate led to the introduction of the engineering science
model of engineering education. It produced engineers who “practiced” differently,

and that led to many new products and technologies that were developed more
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rapidly and were of higher quality than those developed by the semi-empirical
methods that were then the norm for engineering practice. Today, the practice of
engineering needs to change further because of demands for technologies and
products that exceed existing knowledge bases and because of the changing

professional environment in which engineers need to operate’ (NAE, 2005, p. 13).

The same sources that have called for a change in engineering education have also given
directions for this change. The student-driven IRE model focusing on the development of
technical and professional knowledge and competencies in the context of industry sponsored
project-based learning is one response. The call for engineering education to be driven by
empowered students in their development of competencies is summarized in the National
Science Board's report "Moving Forward to Improve Engineering Education". This report
suggests that the best approaches to engineering education are "Using student involvement in
the design of the curriculum" (NSB, 2007, p. 15). In addition, “Educating the Engineer of

2020” focuses on the need for a focus on students in curriculum development:

‘Pursue student-centered education - One should address how students learn as well
as what they learn in order to ensure that student learning outcomes focus on the
performance characteristics needed in future engineers. Two major tasks define this
focus: (1) better alignment of engineering curricula and the nature of academic
experiences with the challenges and opportunities graduates will face in the
workplace and (2) better alignment of faculty skill sets with those needed to deliver
the desired curriculum in light of the different learning styles of students.” (NAE,
2005, p. 24)

The iron range engineering education model
The IRE model in the United States addresses the calls for change in engineering

education. The primary emphasis is on the development of learning outcomes, contrasted with
primary emphasis on coverage of topical material that characterizes many of the engineering
programs throughout the world.The learning in the IRE model is 100% project based and 