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Introduction

Engineering is the basis and the foundation on lwvhigman civilization relies in order to further
itself. Engineers have been the driving force afhtwlogical developments that literally
transformed our world. From the dark ages, we’'veedoon to the renaissance and the industrial
age. We have now crossed over to the informatioa. dgelecommunications advanced
computing, perfected transportations have formedatbrld in which we operate today. And the
rapid pace of technological evolution that wasddtrced to us during the 2@entury is far from
being exhausted. Indeed, experience so far teltbatsthis is merely the beginning. In the light
of these facts, we are forced to recognize the itapoe of responsible engineers. Engineering
scientists fully aware of their work and their @aeithin the whole. Engineering minds that are
able to efficiently cooperate within their field daoutside of it. Problem solvers, that can drive
technical difficulties to their practical solutians

While keeping these points in mind, we also ackeolge the importance of responsible,

efficient and developing engineering education. iHgvrecognized these, BEST, in the

framework of E4 Activity 5 once more gathered stutddrom all over Europe to discuss matters
of engineering education. In this report you wal &ble to find the conclusions of the discussion
group concerning Problem Based Learning (PBL),Rmject Work (PW).

Findings of discussions

The matter of interest in this discussion group thasexchange of ideas and practices, as well as
impressions and suggestions on Problem Based Ibgaini conjunction with the practice of
Project Works. The group decided that defining ¢htvgo concepts would be of benefit to the
sense of direction of the discussions. Followingpn@vide these descriptive definitions of PBL
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And PW. However it should be dearly noted thaséheéefinitions do not pose a final conclusion
on the nature of the practices. Nevertheless, teSritions are a valuable tool used in order to
make this report. There are several other typd3Bif and PW, but no emphasis is placed on
them in this report.
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Problem Based Learning

The group tried to define the idea of PBL indivilpaBased upon personal experiences
thoughts and ideas.

Problem based learning has been approached byrtlp @s an individual process. (Advise

relative figure.1 for reference). The approach a&edpon the basis of personal experiences
thoughts and ideas. A learning method that willvde the student the opportunity to learn for
him-self. An educational process that combines gegdi@al elements beneficial to the

development of the student’s way of thought andkwor

Problem Based Learning has been perceived ases s#rfinite modules along the duration of a
PBL enhanced course. Periodic exercises in a frexyuef perhaps a weekly or a fifteen-day
basis. A problem-minded assignment in the sendeetlech module will incorporate a specific
problem to be solved. A defined problem that reggia solid solution. The point is solving the
problem and in the meantime, learning and bettelerstanding the method used in order to
solve it. The specific real-life problem will gitbe student a tangible goal, and a firm grasp of
the reality behind the theory.

Beyond these abstracts, the group felt that it @idod important to identify some of the factors
that would ensure the successful application dBa &hhanced course.

Thetime scale. It has been commonly accepted that PBL would wiork more efficient way if

it were realized within the temporal parametertetisabove. Small-scale exercises that would
last up to 1-2 weeks. A narrowly defined, concrgteblem should be the core of the exercise.
The work cases used in PBL modules should not leglyehallenging, as the advantages of
PBL would turn into handicaps

The practical resources. It has been deemed necessary that the informageded to solve a
PBL problem will not be directly provided in the wrse textbook. The student will have to
enlarge his search in related bibliography. He gdther and analyze information beyond the
given way. In the end the accumulated informati@misined will lead the student to the
solution.

The final goal. In essence, the objective of a PBL enhanced cowmdd be the better
understanding and longer-lasting memory of the guaces and methods involved in the
solution. The main reason why PBL is preferabléhim achievement of this goal is the inherent
“learning by doing” approach of the method. Abstdfacmulae will receive real-life references,
and theoretical problems now solved will createusble associations needed in the better
understanding of future studies.

All'in all, PBL is considered a good way of buildithe basic knowledge in the early years of
technology education. It will help students improtreeir knowledge foundation, which is
necessary for a successful completion of theiristud
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Apart from it being a valuable teaching method Riin also be helpful in the more objective
evaluation of the student. A portfolio where aluyavork during the semester is gathered can be
assessed and taken into consideration on your edenpValuation. This could also be done in a
combination with an oral exam where the examinks ggiestions both from the curriculum and
the work the student presented during the semester.

It has also been important to us that these ideaseasily be applied in most technology
institutions. As a tangible example we indicate ¢barses called “Electronics and components”
from RUG in Belgium and “Material Strength” from TJ(Technical University of Crete) in
Greece. The success shows that it does not demactd taon start the path towards better learning
methods.

Project Works

Project works is also an invaluable educationalhoet However it serves a different goal than

that of PBL. The focus of PW stands on efficiemiugps conducting responsible teamwork on

original or extensive subjects. A group of expesesh students are encouraged to study the
subject in a researcher’s point of view with thatcibution of everyone on the team according to

task assignments.

One of the objectives of PW which will take it fuer away from PBL is that the students are
encouraged to come up with innovative ways to aggran old problem, or to produce original
research when working on an original problem.

In order for PW to meet this ambitious goal, itigical that the students have already acquired
the necessary basic scientific knowledge. It igmt$al to be able to apply prior knowledge from
the first years of study so that the team may #ffely explore new fields of engineering.

The Project Work is designated to be a large-seadecise both in time and context. In order for
PW to fulfil its goals it would be prudent that tR¥V course covers an entire semester. It should
not replace all other semester courses like a mti@Jdut it should be a significant part of the
particular semester's work so that the group cdly ftoncentrate on its work and achieve
maximum performance. It is also important that final definition of the project is laid on the
hands of the group. An important part of the edooal process in such a Project Work will be
the challenge for the members of the group to ifletiheir own expectations of what the
outcome and the problem should be. This researndediproject will probably demand a broad
field of knowledge and significant experimentatibefore the work can deliver its intended
purposes. Hence the scope of a semester-termed RWY unreasonable.

Ideas & Thoughts Around PBL/PW

Having so far given these descriptive, yet insigihdiefinitions, the group wished to share certain
general thoughts concerning PBL and PW. Sometlmnagttoubled the group was the fact that a
Group Problem Based Learning enhanced course wwaldde the kind of work that is crucial

for the preparation of students for more demangirggect works in their later studies. Due to
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the limited amount of time available to the groapt much focus was awarded on this type of
work. However the group felt obliged to emphasks® Group-PBL work is a formidable way of
joining the notional gap between PBL individual wawrith the fully group based PW that
students will meet in later years of study. In order students to understand how group
processes work, they need time to develop thesskdeded.

In another point of importance, it would be an ®igitt not to underline that according to the
group’s accordance, PW done individually is alreadplemented in technology education all
over Europe. The final project or the diploma ie #nding semester of ones studies are both
research based and demand individual guidance.efidier we believe that this part of the
education is not in demand of immediate change.

As a result the focus of this report can be trame@®BL work done individually and PW done in
groups.

How to use PBL/PW

When changing the teachings of a course to PBLVéitikere are some factors, which have to be
kept in mind:

1. Personal contact with a mentor is essential. Tuteed to be in contact with the groups
at least once a week. Scheduled classes shouldtadsoplace at least once a week.
Additionally it has been found to be a good pracfiom the supervisor’s point of view
to keep an e-mail address open for all sorts afimes concerning the work.

2. The tutors could be older students. If that isdase, then before students can take up this
responsibility they need to undertake some baslagegical seminars before the classes
begin. Contact with fellow students is also impottén the individual PBL. When
scheduled tutoring classes are offered it shouldl rmanst be imperative to encourage
students to work together and help each other.

3. Cooperation with the industry and other relevantpleyers for students with a
technology education is essential to make the probland project related to more than
books. One of the reasons PBL and PW will encoulaaming is that it will relate more
to real-life problems in the student’s eyes. Thdustry can contribute with essential
information and why not even problems suggestion.

Apart from the theoretical assumptions reached apihe group felt that it would be essential to
offer some working examples of PBL and PW. Follayviae have a working practice of PW in
the form of a semester course held at the NTNUarsity of technology in Trondheim, Norway.
The course is called “Experts in Team” or “EiT” fanort.

EiT is a course in the 8th semester of the studglicengineers at NTNU. In this course students
from different study programs (civil, mechanicaiemical etc.) are working in teams consisting
of three to four students. The course receivesnsite approval from the Norwegian industry,
which recognizes the importance of its use. Thatipesresponse has been one of enthusiasm
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because this kind of course provides invaluableeggpce to future engineers. By preparing
students for teamwork, graduates will be able teraje in a large variety of different research
related positions. Admittedly, a necessary skilheir later professional lives.

The purpose of EiT is to learn theory of team pssing and how to use this in a real life

situation. The teams are related to a “villagethvd professor as the leading figure. The villages
have a widely defined task, which the differenimesawill redefine and eventually solve. One of

the main and most important purposes of the coisrdbat students which come from very

different speciality backgrounds, such as chemiatny electrical engineering, learn how to join

their expertise and solve problems together.

The final grade is based on a weighted combinatiothe merits of the final project report, an
oral presentation of the report and a paper dasgrithe group process within the group. More
information available ohttp://www.eit.ntnu.no

When to use PBL/PW

One of the goals of PW is defined as producing kadge. In the first years of technology

education it is important that students learn basicwledge to use as a tool later on in both
education and work situations. This is why therlatears of education are easier to combine
with the PW. It is of course possible to introdwstadents in their first years to PW, but this

should preferably be more similar to group PBL.

First I.ater

yvears years
PBL X X
PW ~

Advantages of PBL

After defining what Problem Based Learning is, tieed for a justification for its use was
deemed necessary. PBL, as an educational practoéwpresent the following advantages in
the educational process as a whole.

More resources would be available to the studeutior§ able to help the student understand the
essentials of his studies. More personal contatit thie teaching staff would mean increased
motivation as the student feels the attention d&dresponsibility to return the attention and

confidence shown in him.
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The student, as afford mentioned, will also recameincreased sense of direction for his later
studies. He will be able to identify courses anct@s of work that are more interesting to him.
In addition the student will be able to discover thaches of his ability, and what he is best at.
Thus it will be easier for the student to choos#raction, or particular sector as he reaches the
final semesters. Further more, the student willehdivect responsibility for his own education.

Finally, a major advantage of PBL is a more baldraeluation system. As the semester’s work
receives credit for satisfactory performance, thkengnations pressure seems somehow lighter,
and the student is encouraged to work more dufiregsemester than just try to memorize

formulas 15 days before the examination day.

Advantages of PW

In the Project Works framework, students will ledow to cooperate efficiently. How to join
forces and pull all their resources in the scopa cdmmon objective. Reliable teamwork will be
the outcome, and the benefit for the students héle tremendous effect on their future
engineering careers.

Project works will provide a sense of directiontih@ student as far as his future employment
opportunities are concerned. The student will ble &b experience actual working conditions
that give him the chance to have an idea of whakpect after graduation.

Project Works also develop an increased sensespbnsibility, as you are no longer working

only for yourself. You are bearing an equal partha total workload. What you do, and what
you provide work-wise has a direct effect on theeotmembers of the group. The problem to be
solved is now a Project that involves equal pastnéroper communication and effective

cooperation, equals success.

An added bonus to the above is the fact that suojeds help the student to build his own
confidence in his skills, knowledge and abilitidhe undergraduate experiences the sense of
being the expert in one particular field, as evagyandertakes a different aspect of the work.

Motivation for Professors

The teaching professors will have a series of memgbat would justify the transition from a
traditional lecture-lab only course into a PBL/PWhanced course.

Primarily, financial resources would be accessibtge easily as the professor would now need
more facilities at his disposal and with a propezuse. The improvement of the course offered.
There have been examples around Europe, where fnhdee available for specific projects
such as course improvements, but since the uniyatspartments had not expressed interest in
newer techniques and practices, the funding wactéid elsewhere. On the other hand, it has
been proved that sometimes industry is more thgerea assist such efforts, as they recognise
the direct benefit towards them.
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PBL/PW enhanced courses would result in more dittemcourses. Professors would be able to
“recruit” students to their field as the coursenstiates the student and motivates him to work in
the same direction. Also, the professor would blke @b receive helpful feedback from the
students on what difficulties are encountered ftbenstudent’s point of view.

Additionally, the sometimes unusually heavy workldaid on the professor’s shoulders would
be eased, as tutors would assist him in his dailyimes.

Another important aspect that should be carefudgngined, is the fact that the use of such
enhanced courses would be a factor discouragingléeprospective engineers from dropping
out of technical university studies. A phenomenaiteqwidespread among countries all over
Europe.

Fundraising for PBL/PW courses

Undoubtedly, these courses would require signififi@mancial and material resources in order to
function as intended. Below, the group mentionew folutions to the adjacent economical
problem.

Government funding should always be sought forotPgrojects are often sponsored and
supported. Grants can be awarded for the followipgf the project in later phases. University
authorities should always be on the look-out fahsapportunities.

European Union funding can also be consideredhénfiamework of, educational programmes
and thematic networks of the EU, universities magksthe opportunity to receive finance for
their pioneering efforts.

Finally industrial partners can also be taken intmsideration. Specifically, associations of
companies are probably the best-suited candidaBEsistructions industry associations,
communications, electronics, chemical, information.

Along with the above it should also be mentioneat th critical issue is that the universities
remain independent research educational institsitignided by no one but it's one quest for the
further pursuit of knowledge and development.

Assessment

Finally, one important aspect of the discussionsiceming such enhanced courses was
surrounding the assessment of these courses. Hothiey supposed to be rated? After extensive
debates, the group came up with the following setiges/guidelines.
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1. PBL course assessment
The PBL part of the course should be receive agm¢age of the final grade that would
not surpass the 50% mark. The work done duringsémaester could be taken into
consideration anywhere within the range of 20%-5f%e overall grade in order to be
effective.

An oral exam could also be considered valid as ddeé way to assess one’s work.
Things that the student worked with during the ss&srewould pose no problem of being
part of a discussion between the professor-tutdrtiaa student.

Finally, there is portfolio assessment. During Wiele semester, the student would have
collected a portfolio of his work in a form of asder that could be handed over and
assessed.

2. PW course assessment
A practical solution to the PW assessment problemlavbe the following. Project Work
is assessed for three basic aspects. Group pré&tregsct report, Presentation.
Group process is the ability to cooperate effidienProject report is the final paper
produced by the group, and finally the presentatbrine project completed is self-
explained. Each one of these aspect can receiyaardc percentage of the final grade.
Below we have an example of percentages divisiathenafford mentioned “Experts in
Team” from NTNU in Norway.

Project Worl Theory EIT
Group X % 25%
Projec Y % 50%

Presentatio Z% 25%
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