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Abstract:

Project and Problem Based Learning has become a standard method of teaching at
Technikum Wien. In the course of Computer Science students used théiamap
Computers for all lessons. If students could not afford a laptop, one waslgutidwy

the department. The over all results of this experiment have begmpnanising. It

was possible to reduce the total costs of teaching, mainly becausepgsst for the
student laptops was needed. Even more important, most teaching obstacles lgrevious
caused by hardware/software problems disappeared completely. The majcoty-of
puter science students say, they prefer to use their own laptop andishatny moti-

vating to have all necessary prerequisites for the course on one computer system.

1 Introduction

Efficient use of computer resources is a basic need in angecoticomputer science and also
in courses in related fields. Today around 2500 students study at iverdity of Applied
Sciences Technikum Wien in some 25 degree programs. Although allgife® ggograms are
technical studies, the diversity is huge. The range covers spayalist areas e.g. sport
equipment technologies, robotics, electronics, computer science, just to meetion a

All courses do need computer equipment for use in the teaching pnoabBerent subjects.
Requirements between courses and even between different sobjgetssame course differ
a lot. At Technikum Wien most computer labs are a shared redoefmgeen all degree pro-
grams. On the one hand this is a big advantage in terms oéeffige of faculty equipment;
on the other hand it implies many demands onto the software and ontmtigei@tion man-
agement of the workstations.

2 Project and Problem Based Learning

Project and Problem Based Learning has become a standard teaching envirbieantia
kum Wien. For more than ten years these methods have been used in many courses.

2.1 Didactical Issues

One major task in developing a curriculum straight from the psmfieal field is to keep in
mind that students should be “fit for profession” at the end of theties. The decision
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which didactical means produces the best results for a spgeélds not always easy to an-
swer and in many cases a mix of methods is the best way.

Acquisition of organized Development of intellectual Enlarged understanding of

GOALS knowledge skills (learning skills) ideas and values

Coaching, exercises, supervisedSocratic questioning and ac-

MEANS | Didactic instruction practice tive participation

Speaking, listening, calculating, Discussion of books (not
problem solving, critical judg- | texts), managing groups of
ment people

math, natural science, “hard

AREAS facts” of a professional fielc

Table I;: Basic curricular needs

A point of great relevance for giving appointments to teachers is also: who shamlidvteat?

More clearly - at Technikum Wien a policy has been developed whigh that approxi-

mately 50% of the lectures students get (all types of irnging; coaching, seminar work,
projects, ...) should be given by full time university staff and the difét by external ex-
perts working in the specified professional field. That should leadlialanced mix of fun-
damental and practical skills and knowledge. These preconditionsxgeesfrom industry

and SMEs the status of brokers between two communities of pradtieeUniversity/FH and

the industry [1].

2.2 Communities of Practice

This approach views learning as an act of membership in a "community of pr§Ztice"

The main Assumptions taken from Markowitsch [1], Lave [3] are:
* Learning is fundamentally a social phenomenon.

* Knowledge is integrated in the life of communities that share values, beliefs, lan-
guages, and ways of doing thing$iey are calledommunities of practice Real

knowledge is integrated in the doing, social relations, and expertise of these communi-

ties.

* The processes of learning and membership in a community of practice are insepara-

ble.
» Knowledge is inseparable from practideis not possible tknow withoutdoing.

* Empowerment-or the ability to contribute to a community-creates the potential for
learning.

2.3 The basic Idea of Problem- and Project Based Learning

Problem Based Learning is basically student work in selftdiddearning groups following a
well defined process of problem solving [4]. The previous lecturers pamarily the func-

tion of coaches, watching the process of learning, not giving sehiade to the topic itself.
Asking the right questions to stimulate students to find theinilegrobjectives and later on
the solution of the given problem is the new main task of the lecturers, [5].
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Training in industry-related project work starts one year bef@@tactical training Semester
also Problem Based Learning methods. These methods are develepegeration with the
University of Maastricht/Netherlands and some other Universifiégpplied Science in Aus-
tria.

The setup of Problem Based Learning started as a further developmessgooaidactics in

the project work during the™and &' semester of the study year 2000/2001 and all of the
economic lectures. Goal was to give a broader view to the tethmmects inspired by the
interest of industry partners to become more involved with the psajeearly stages of the
education process. This fact brought also the need to see managethesbaomic topics
not in a separated way. And — last but not least — it was an oppyteistablish a learning
environment that comes close to the Community of Practice approach mentioned above.

Necessary steps are:
1. Informing the students about the curricular changes (methods)
2. Training of the lecturers
3. Establishing organizational rules

It was relatively easy to manage point (3) — organizing rdomthe team meetings, bringing
students and coaches together on a regular basis. Informisutients about the changes in
the first year - point (1) - in a pilot project has turned olte¢onore challenging. The group
of students in the pilot project often mentioned, they perceive they “do not learn enough”.
As a result the problems of how learning takes place and which araypossible are now
discussed more deeply with the students — an important step.

The training of the lecturers, point (2) was done in two stepst @y persons of our organi-
zation have been trained at the University of Maastricht, one gdattaer organizations of
Technikum Wien. Next step was the training of all Lectuwdrich are involved with the new
method in problem solving, coaching and leadership [5].

Besides discussions about whether Problem- or Project Basedriges the better approach,
main focus should be given to a maximum of involvement of students leatheng process.

One major fact is giving students possibilities to contribute thigir learning outcomes to a
group of students in a role close to that of a teacher. To becaraelet and to contribute to
a community of practice becomes a key factor for efficieatrling. Conditions for making
that possible may com from Problem- and Project Based Learning as well.

2.4 Project - Cooperation with Companies

Special emphasis is given to practical training at companies in AustrattzadEuropean
states immediately whenever possible tightly connected to the elanoséfa Bachelor- or
Master-thesis. Research projects arising from topics of the pracsirahg often end up in
the Bachelor- or Master- thesis. As a result students spend a considerably ainiouambf
education at the industry or at SMEs. This structure is currently seen asgpodmethod in
helping students to migrate from the study-phase of their life to the professiasa.

3 Difficulties to Provide Reasonable Shared ComputeResources

Sharing a computer lab between different courses on the firstegk®eems to be an appropri-
ate method to minimize costs. However during the last yedecame increasingly difficult
to provide students with reasonable shared computer resources. Bspeai@guration and
availability of needed software turns out to be a major problem in many cases.
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Project Based Learning counts for a significant part of tmecalum in Computer Science .
Projects start very small but increase rapidly in complexity size from the first to the sixth
semester (table 1). Around 50% of all projects do have real custoEspecially these pro-
jects often require a specific environment. In most cases it is simply iilgossprovide this
environment in a shared lab. The difficulty increases, becauseng ofahese projects a
workplace is not provided by the customer.

Semester ECTS Workload | Remark
Credits | per Student
[h]
1 3 75 First experiences with IT projects.
2 3 75 Software development process
3 4,5 1125 Standards and project management
4 4,5 112,5 Special issues of teamwork
5 6 150 Self-directed Learning
6 15 375 Internship (Company or University)

Table 1: Project Based Learning in Computer Science (Bachelor)

For statistical reasons the authors keeps track of different project types.

Type of project Number of projects in 2005/06
Semester

1 2 3 4 5
Students do a project they suggested 10 11 7 6 9
themselves
Students do a project for a company. The 7 5 6 6 3
idea and/or contact to company was pro-
vided by the students themselves.
Students do a project for the internal 2 1 5 2 1
needs of the faculty (teaching or re-
search)
Students do a project for a company 1 1 1 5 2
Total 20 18 19 19 15

Table 2: Number and type of projects in the academic year 2005/06

The needs of individual projects are extremely hard to satisBhbred computer recourses.
The main reasons for this are:

1. Many projects do need special development systems and configuratiomany
cases even the installation of a needed environment becomes @tisueming task.
Very often it is not clear if the actual configuration is working or not, untisthdents
actually do some real work.

2. It is extremely difficult to assign a shared computer lab for a ooatis period of
time to a specific projectMost computer labs are used 50% to 60% of a week for
teaching purposes. Usually the lab is reserved in units of some foowasspecific
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purpose. However, individual projects do have unforeseen periods of hedvand
require the use of the lab for a longer period.

4 Financial aspects of shared computer labs

In this project the impact of project based learning in combinatitm the usage of private
laptops has been investigated. The financial aspects cover costdwéieg maintenance and
rental fee.

4.1 Cost of hardware:

Per student the pure hardware cost is calculated with €100 eachThis assumes that a
group of 15 students uses a computer room for 1/3 of the available astec&mputer room
is equipped with 15 personal computers with initial cost of €900 each prmtuct life of 3
years.

4.2 Rental fee:

The 170 students use 11 computer rooms in groups of 15, each group 1/3 oildineaiae
per year. If the presence time is reduced by half, twopcden labs are needed instead of
four. This gives a cost reduction of €200 per student per year.

4.3 Cost of maintenance:

In this project the maintenance of the computers is done byutends themselves. By this
the personnel for computer maintenance can be reduced, the cost saving sdlc @25 per

student and year. This is possible in study programmes whichmtéatomputer science,
where the students are experienced computer users. If the progranextended groups of
other study programs the savings will be reduced.

5 The student’s point of view

To study computer science is not an easy task. Students havedoyledficient in planning
their time resources for being able to achieve good resultsaty cases, especially in com-
puter languages much practice is needed for reaching the cedewmed to pass an exam.
From the students point of view using their own laptop has a signifcanber of advan-
tages.

1. Most students in computer science already are in the possessianexfiam or high
end laptop computeindividuals who choose to study computer science like to work
with computers and most of them already use a laptop computdneiorpersonal
needs.

2. Students suggest using their own computer equipment for study purdlasssstu-
dents in the course of computer science argue, that faculty equigmeore difficult
to use in projects and also they argue being able to get betiéis iéthey can choose
to work on their own equipment.

3. Students wish to do significant parts of the work at horfeey often students want to
work in the evening or even during night time and would like to do that at home.
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4. Students do not know in advance when they will wbinke availability of time is sel-
dom known sufficiently prior to the actual period to allow a resevmatiVorking on a
project is more efficient, if you do not have a time limit. Matydents prefer to work
at evenings or even at weekends.

Because of the above reasons, the authors decided to start a trial in pggddebening with

all students in the degree of program computer science in the acagars 2004/2005 and
2005/2006 . Students have been officially allowed to use their own laptop &mpupro-

ject based learning and also in all other subjects. If studentsotlidzant to use their own
computer, a laptop computer had been provided by the faculty for theel perione year,

which usually is also the period of a project.

6 Results

One of the main questions which had to be answered during the eapewas, will students
prefer their own computer, or will students instead try to get a laptop compurtefaculty.

In general students prefer to use their own lap top computer.e@sers for this behaviour
are various, among the most important is the availability obwtre computer after the end of
the project.

Around 150 projects have been carried out by around 170 students in thenaatiened
time. The percentage of students who applied for a laptop wavebtdbw around 17%.
Only 30 laptops from faculty have been required.

The highest number was found in first year students with 24% andwstl number was
found in third year students with 4%. We expect these numbers to drop in the coming years.

Typically a laptop computer can be used for 3 years, this meansdaf O laptops per year
are needed. In terms of hardware the trial did not cause additosialHowever, no man
power for the maintenance of computer equipment for the involved studasteecessary,
thus resulting in a significant cut in over all costs. In numb@ssdan be estimated as fol-
lows.

6.1 Maintenance of the laptop computers

The laptop computer isot maintained by faculty staff. It is the individual student wheeis r
sponsible for the installation of all software and for the solvingngf problems. Most stu-
dents are very willing to do so. It also must be mentioned, theingaeffect by maintaining
the own computer also does have a positive influence.

6.2 Software licences

All necessary software licences are acquired by facultlyase being made available through
intranet or other media to the individual students. Although the coshdolicences is the
same, there was a significant drop in costs of distribution an installation otiresftieare.

6.3 Financial aspects

The present study indicates financial benefits. If only cost of hardwmareental fee is calcu-
lated a cost reduction of €300 per student can be assumed. On the othEd kegptdps have
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to be purchased each year to equip also these students with hardweads mot want to use

their own computer. In this project a cost saving of €51.000 and additiqmi@p laosts of
€10.000 results in about €40.000, which could be saved per year. These numbers depend on
the willingness of the students to work at home and to use their own computer.

6.4 Avoidance of teaching obstacles caused by malfunctions of computer re-
sources and motivation of students

The motivation to learn is a very important issue in teachirgqJ It seems that students are
better motivated to work, because there are fewer problems witbothputer equipment.
Shared computer labs always had been a source of troubles for cosgenee students. It
is nearly impossible to satisfy the needs of these students on essptiere they just have
limited rights to change the configuration. Now students thensealeeresponsible for main-
tenance of their laptop. Of course this is only possible in couksesdmputer science, be-
cause here students can be assumed to have the necessargakié students expressed that
they highly liked being able to configure the laptop exactly to tleeds. The maintenance of
the laptop also does have a positive side effect on teaching.ihgstaild configuring needed
software packages fosters valuable skills.

7 Conclusion

The usage of private laptop computers in project based learning raises sonoasjUes-

dents might not want, or might not being able to use their own laptop. The present study ind
cates that computer science students are willing to use their own laptop asmplkefew
students who do not own an adequate laptop are equipped with a laptop from faculty.

Compared to the usage of shared computer labs, the over all costs for the urtealdibe
significantly reduced. But more important, having all necessary softwasreeocomputer
system, they can carry with them does have a positive effect on learning.
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