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ABSTRACT
This paper reports on the experiences the institute made
with running an originally web-based teaching project
called SPURT. In its core, SPURT focuses on building
small to mid-size robots, which aim at managing a par-
ticular race track as fast as possible. The mediated con-
tent is from typical engineering disciplines, such as elec-
trical engineering, programming, mechanical engineer-
ing, mechatronics, robotics, and crafts-relevant background
skill. Based on five years of experiences, this paper hy-
pothesizes that teaching engineering material might signif-
icantly benefit from simultaneously incorporating both the-
ory and practice.
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1 Introduction

Without any doubt, web-based learning is been used very
successfully in numerous disciplines for quite some time.
The technological advances in the area of notebooks, per-
sonal digital assistants (PDAs), and wireless LAN networks
make web-based learning even more interesting, because
the end-users can learn virtually anywhere at anytime. In
addition to “traditional” e-learning, web-interfaces provide
a convenient way to interact with an online tutor, or allow to
communicate and discuss with other learners in simulated
classrooms. Because of its interactive nature, web-based
learning is of particular economical value: it might greatly
complement or even substitute the (physical) school, which
is of high value especially in sparse populated regions.

Due to its importance and wide applicability, the Ger-
man government is nation-wide fostering the development
and usage of both web-based and multimedia-based teach-
ing systems [9]. The government’s efforts aim at the devel-
opment of tools that can be rapidly incorporated in the uni-
versities’ regular education systems. Furthermore, the gov-
ernment’s efforts aim at transferring the results (i.e., tools
and the like) to other teaching environments, such as high
schools or adult further education.

Among other things, web-based learning is concerned
with the development of tools that allow for the efficient ac-
quisition of certain knowledge and/or competences. To this

end, web-based learning tools try to be comprehensive in
that they provide all the required material, such as the ac-
tual contents, various tools, and knowledge resources [9].
For the purpose of this paper, it might be worthwhile to
mention that web-based teaching offers tools that enable
the user to do both applying acquired knowledge and re-
ceiving feedback about his or her knowledge quality. Fur-
thermore, web-based learning tools provide a very conve-
nient way of choosing further explorative material, e.g.,
wikis.

E-learning in the 80s and web-based learning, driven
by the Internet hype in the 90s, has been successful in di-
verse areas, such as math, physics, chemistry, economics,
finances, and the like. Section 2 argues, however, that
engineering disciplines are different in that ‘pure virtual’
practice is not adequate. Rather, engineering disciplines
do need a significant amount of time physically working
with the actual physical objects. Furthermore, this practi-
cal work should be experienced in both typical contexts and
teamwork situations.

Based on the hypothesized requirements of engineer-
ing disciplines, the Institute of Applied Microelectronics
and Information Technology has set up the SPURT project
[10]. SPURT is an abbreviation and means1 school projects
on using robot technologies and focuses on the devel-
opment of physical autonomous robots of various sizes
and complexities. It thus involves electrical and mechan-
ical engineering, mechatronics, robotics, and general crafts
skills. Section 3 provides an overview of the actual project,
the provided resources, background material, contact ad-
dresses, annotated experiences, and so forth.

Over the last five years, the spurt project has been run-
ning its annual robot race. The race is a highlight where
many groups from all over the country meet; recently, even
a racing team from Iran was joining. Even though being
a highlight, the race competition was and is still serving as
an initiation of many follow-up projects, ranging from indi-
vidual course at high schools, over internships at the insti-
tute, to even summer schools, which are briefly presented
in Section 4.

Section 6 analyses the key factors that are responsible
for SPURT’s success. And Section 5 finally concludes with
a critical discussion.

1SPURT is German and reads as Schüler Projekte um Robotertechnik.
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2 Motivation: Engineering is Different

By using web-based learning, users can access teaching
software almost anywhere at anytime. Among other things,
users can read content material, can do exercises, or can get
in touch with an online tutor or other users in order to dis-
cuss matters. Even though an international study [11] has
indicated some room for improvements, especially in Ger-
many, web-based learning allows for learning disciplines,
such as math, physics, chemistry, economics, finances, and
the like. According to the same study [11], interactive (ex-
ercise) tools as well as background material are of partic-
ular value and are thus subject to steady improvements.
When learning computer science, for example, the user can
type in code fragments, can execute programs, can explore
optimizations, etc. From a rather abstract point of view, it
seems as if it is only a question of enough effort to achieve
further improvements.

However, the world does not exist only in a virtu-
ally reality. Other disciplines, such as electrical engineer-
ing, mechanical engineering, mechatronics, robotics, etc.,
deal with something physical, they exist as physical en-
tities in the real world. Some might argue that this does
not make any difference. Ohm’s law U = R × I, for in-
stance, would be a classical example for any e-learning sys-
tem. Similarly, a web-based system, would be able to teach
transistor characteristics, explore the various effects of mo-
tor constants, test the stability of closed control loops, and
so forth. But dealing with physical entities makes a signifi-
cant difference, as the following experiences2 illustrate:

• The students knew Ohm’s law and they could easily
calculate the resistors’ values. However, the students
had severe difficulties using a volt meter, determining
the various currents, finding the required parts in the
box of components, and so forth.

• A solder iron was an obscure piece of metal and fright-
ening hot at one of its ends. The students had previ-
ously learned that metal stores heat very well, but ob-
viously forgot this, because some were touching the
iron’s hot tip just a second after switching it off.

• Some tried to solder some pieces, but often they fell
apart or did not conduct the currents properly. Fur-
thermore, they were not aware that heat may destroy
electronic components, even though they were using
pliers to protect their fingers from too much heat.

• If a built system did not work correctly, they were
quite helpless when trying to figure out the reasons.
They had no experiences and ideas of how and where
to start their “error tracing”.

• Even if able to put together pre-manufactured pieces,
such as Lego mindstorms [8] or Fisher Technik, many
had no understanding of the internal operation, which

2These experiences were made during various projects the institute or-
ganized for both university and high-school students.

often generated some frustration. For example, many
students knew the principles of infrared communica-
tion very well. But when using the Lego tower, which
communicates with Lego’s robotics invention system
(R.I.S. for short), which comprises the logical com-
ponents, via infrared, some simply forgot to properly
adjust the infrared sender’s transmission range.

• Many had significant difficulties finding the appropri-
ate hardware tools, such as pliers, drills, glue, etc., or
handling them in a correct way.

In addition to the experiences mentioned above, web-
based learning cannot cover issues, such as working in
engineering teams, working in interdisciplinary groups,
craftsmanship, finding errors, etc. In other words, the me-
diation of content material by using web-based tools is
more than helpful but cannot exploit its full potential with-
out complementary physical work. Without the latter, the
learned material is not physically grounded in the learner’s
own experience; rather, it remains a series of virtual con-
cepts. Other research areas, such as cognitive science and
new artificial intelligence [2, 3], describe this gap as the
“symbol grounding problem” [5]. Research on new artifi-
cial intelligence, in particular, has acknowledged the need
to physically ground learned concepts and has identified the
lack of it as the main reason for failures of (classical) arti-
ficial intelligence systems when autonomously used in the
real world [2, 3]. Prominent examples are expert systems
and autonomous navigation of unmanned vehicles.

This section can be concluded by formulating the fol-
lowing hypothesis: When dealing with physical entities,
web-based learning can be supportive but does not cover
the full range on its own.

3 The SPURT Web-Site Approach

This section provides an overview of the SPURT [10]
project, its mission, and some selected “results”.

3.1 SPURT’s Unique Mission

SPURT’s initial mission was to fill high-school students
with enthusiasm for technique matters in general and elec-
trical engineering in particular. The main background
reason for this was that the education of most German
high schools is problematic in that classes, such as math,
physics, and chemistry, teach their content in isolation.
Other skill, such as collaboration as well as inter- and trans-
disciplinary working, are mostly not covered at all.

SPURT’s challenge was to find a suitable physical ob-
ject that is able to bridge the educative gap between high
school education and the requirements engineers have to
fulfill. SPURT has chosen to work with robots. Some of
the reasons were:

• Robotics is not covered by any of the traditional
school classes, but more than welcome by kids.
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Figure 1. This figure illustrates how SPURT is embedded
in nation-wide activities. (Labels are in German. “Ak-
tivitäten: Activities”)

• Mobile robots are very motivating and do cover many
of the requirements discussed above [6].

• The project can be easily adapted to the students’
skills.

Unfortunately, most of the schools are not able to pro-
vide the technical as well as teaching requirements. There-
fore, SPURT considers itself as an interface between the
university and schools by providing support in form of
talks, lending equipment, running courses, organizing kick-
off meetings and introductions, etc.

As an example, SPURT proposes several small and
low-cost models that consist of three to five active elec-
tronic components and recycling components, such as ball
bearings and motors, from in-line skater, walkman, etc.
Such models can be as cheap as 5 USD. (Examples are dis-
cussed below.)

From this very first idea, SPURT has matured to a
widely acknowledged project [12, 14], and is now well em-
bedded in nation-wide activities as Figure 1 shows. Some
key features of the current project are: the project idea is
open to give enough room for realizing new own ideas;
robots can be build at home; the complexity can be cho-
sen according to the student’s knowledge level.

The annual race competition (usually May) provides
a platform on which the students can show their results and
can compete with each other. The competitions indicate
that the students are indeed very motivated and that they do
get a fair understanding of what engineering is.

3.2 The Objective

SPURT focuses on the development of autonomous physi-
cal robots of various sizes and complexities with an annual
race competition being the highlight. The race track is of
approximate size 1600mm by 1300mm and is depicted in
Figure 2. The race track is formed by the contour of a black

Figure 2. This figure shows the race track, which is of ap-
proximate size 1600mm by 1300mm.

and white heart and is of about 4,60 meters in length. The
competition rules are:

1. No remote control is allowed.

2. The robots have to follow the black edge au-
tonomously without any human intervention.

3. The robots have to carry the energy (battery) on their
own, i.e., no power supply cable is allowed.

4. The robots must follow the line counter clockwise.

5. The race will begin with a jump start, and the time is
taken after one complete round.

6. The final time is taken from the best of two indepen-
dent runs.

In order to allow for a fair competition, SPURT distin-
guishes between the following three leagues:

Simple: Only a few active electronic components are al-
lowed. (Micro) Controllers must not be used. An ex-
ample is presented in Figures 3 (the controller) and 4
(left-hand-side).

Figure 3. The control architecture of a simple SPURT
model.

663



Figure 4. This figure shows examples of the three different SPURT classes: simple (left), Lego (middle), and controller (right).

Lego: The Lego class uses only Lego (or Fisher Tech-
nik) pre-produced components including the on-board
electronic controller, called robotics invention system.
Figure 4 (middle) shows one example.

Controller: This class allows whatever the students de-
sire. Normally, the robots are controlled by some mi-
cro controllers. For an example, please see Figures 5
and 4 (right-hand-side).

Since participation is open to everyone, the entire range
from young school kids to graduated university students at-
tend. In order to be fair, SPURT also forms subclasses by
age if the number of participants allow. Usually about 90
students of ages between 12 and 30 attend the competition.

3.3 Provided Material

The SPURT web-site provides its material on a total of al-
most 100 pages. The material can be classified as follows:

Robots: These pages provide various ideas of how to build
simple SPURT models. Besides the physical construc-
tion (i.e., the chassis), this also includes various con-
troller examples. It also discusses the pros and cons
of each one. Also, this page provides a list of distrib-
utors, who provide the required (electronic) compo-
nents.

Teachers: Here, (high-school) teachers find background
material. This includes technical content (way beyond
Ohm’s law, for example), detailed preparatory work
for school classes, handouts, links to further literature,
and experience reports of other teachers.

Competition: These pages provide all the material that
deals with the actual competition. It also presents past
events.

Contacts: Here, users find options to contact qualified per-
sonnel, if questions and/or problems cannot be solved.

Theory: The web-site provides a significant amount of
theoretical work that scientifically discusses SPURT’s
specific teaching approach.

Wiki: Recently, the web-site as been extended by a wiki.

Press: The web-site provides a large amount of photos and
videos taken at previous events.

The provided material is not strictly sorted by theory and
practice but rather mixed. A main design goal was that all
the provided material can be used without any further tool.

3.4 Technical Requirements

The SPURT web site does not have any particular require-
ments in order to allow for a broad usage. The following
equipment suffices: a simple ISDN or analog modem, a
regular web browser, and a standard text processor, such as
word or openoffice/star office. For viewing videos, a stan-
dard viewer is sufficient. It is recommended, however, to
download videos in case they are be view rather frequently.
In order to allow for a reasonable access, SPURT does not
use large images etc.

4 Results and Experiences (2000-2004)

Over the years, SPURT has become well known in Ger-
many and enjoys participants from all over the federation.
Most of the participants are high-school interest groups,
which are led by an interested teacher. However, SPURT
also attracts a significant number of university students do-
ing their studies in electrical engineering, computer sci-
ence, and mechanical engineering. Most recently, even an
interested group from Iran was participating.

Normally, about 90 students bringing a total of about
30 robots were participating in the annual race. On the
one hand, the robots have often shown new and astonishing
technical solutions. On the other hand, the students have
also shown that the fun part is of high importance for many.
This aspect became obvious, for example, when looking at
the robots’ chassis, their names, or coloring.

It is furthermore interesting to observe that about a
third of the teams has been attending for several years in
a row, each year with improved robots, of course. Also,
the technical improvements are reflected in the lap times:
in the first year, the best was about 18 seconds, this year
as fast as 5.71 seconds. Due to SPURT’s visibility, the
state’s Ministry of Education has awarded the winners dur-
ing the last two years. And consequently, SPURT is be-
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Figure 5. A complex microcontroller-based SPURT model.

ing announced on almost all of the official education web
servers [14] as an open race competition being open to ev-
eryone. In the year 2003, the world’s largest industrial fair,
known as Hannover Messe [12], has invited SPURT as a
platform for high-school kids. The latter two can be rated
as major achievements.

The experiences with the SPURT web site clearly
show that it helps promote the SPURT education idea. Dur-
ing the last years the number of competition participants is
increasing and the participants come from the entire na-
tion. Furthermore, the access protocols indicate that some
visitors download technical background material. Unfortu-
nately, the web site does not give any indication about the
extent to how the high-school students have acquired basic
engineering skills.

The continuous support of SPURT has lead to a
number of follow-up projects. Examples are: numerous
custom-made short courses for various schools and vari-
ous levels, presenting talks on introduction into artificial
intelligence, running two summer schools for high-school
students, and doing numerous internships at the institute.

The summer schools [4, 13] have been run during the
first week of the high-school students summer break. Each
summer school was giving a broad overview of what an
electrical engineer can expect to be working. The covered
topics have not only been fundamentals, such as soldering,
measuring, calculating the elements of simple circuits, but

also high-level Lego mindstorms programming, Bluetooth
programming, simulating Braitenberg vehicles [1], and in-
troduction into artificial intelligence. In addition, the sum-
mer school organizes an excursion to a typical laboratory.

5 Spurt’s Key Success Factors

In our opinion, SPURT’s success is due to the following
four critical key factors. Since they are partly direct conse-
quences of the material presented above, this section men-
tions them only very briefly.

First of all, the simple models require an investment
of about 5 USD, and are thus feasible for almost everyone.
Then, these models are that simple that feedback is given
almost immediately. Therefore, the user directly learns
something about the construction’s quality. This way, in
our opinion, learning is much more attractive than doing
exercises on paper or in simulation. The students can grasp
and hold the objects rather than just looking at them.

Second, the problem is formulated in an open form.
Rather than providing a detailed description that has to be
followed, the students can try different versions, explore
own ideas, and optimize solutions in their unique ways. In
other words, SPURT excites inspiration rather than requir-
ing simple copying.

Third, the students are not bound to particular ven-
dors (except the Lego class). Furthermore, they understand
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most components and their interplay, because they have to
build all of them by their own. This generates a much more
detailed and profound knowledge. In its consequence, this
“I have it under control” leads to more satisfaction. Fur-
thermore, by being directly involved in the typical “try-
test-rebuild” cycle, the students become able to even repair
broken parts and/or entire constructions.

Fourth, by choosing the initial (model) level, difficult
content can be taught step by step.

Besides the key factors discussed above, the follow-
ing points seem worth to be mentioned. Because of the
consequent personal involvement of young research assis-
tants and tutors, the gap between the university and high
schools becomes shorter. As a consequence, high-school
students swing by much more often in order to gather in-
formation about the potential studies.

Personal interviews with some of the attendees indi-
cate that the event’s (and thus the attendees’ results) pres-
ence on the web, on TV, in news papers, etc. is very mo-
tivating for further work, even besides regular classes. It
also make them feel being considered seriously.

In addition, it seems quite productive with respect
to education that the annual race event serves as an initi-
ation of further cooperations, which are not just a single
event in time but rather continue during the entire time be-
tween races. Informal evaluations of the two aforemen-
tioned summer schools support this indication.

6 Critical Discussion

SPURT originates from two observations. First, in Ger-
many, the quality of the education is degrading in some
disciplines, such as math and physics. Second, an increas-
ing number of high-school students is “desperately” look-
ing for personal contacts into the university.

These observations have led to the SPURT project.
This project is intended to complement the traditional ed-
ucation. Rather than providing only web-based material,
it also focuses on the option of establishing practical work
(including substantial tutoring, if desired). The chosen sub-
ject is of physical nature, which provide immediate feed-
back about the work’s “correctness”.

With respect to the students’ education, SPURT has
the following aims: First, SPURT’s education prefers team-
work and typical work contexts. Second, SPURT helps es-
tablish distant cooperative work by motivating and support-
ing distant groups. Third, SPURT does not merely initiate
project, it rather supports the projects from the very be-
ginning to the very end by actively running special classes
etc. on site. Fourth, the provided material covers all as-
pects, such that no further material is required (but helpful
though). Fifth, the interaction with the actual physical ob-
ject is the focus.

The SPURT approach differs from most of the avail-
able web-based learning tools in another aspect. Many
web-based learning tools to explore the effect of some of
the components. The pole of a bridge [15], for example,

can be moved to illustrate the user the various static ef-
fects. However, the user can only explore those things, the
designer has foreseen. SPURT, however, allows to explore
whatever the user imagines.

With the SPURT approach, students not only learn
technical content but also various soft and crafts skills. To
our understanding and observations, the latter two comple-
ment the traditional education and better prepare the stu-
dents to their future (engineering) jobs.
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