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Abstract: An Internet-based e-learning platform 
has been developed and evaluated. It allows indi-
vidual remote teaching with password-controlled 
access.  Different measures have been established 
against misuse. The main components of the plat-
form are the body of learning content, the examina-
tion part, the glossary and the picture gallery. The 
learning content is sequentially structured in sec-
tions and subsections. Subsections consist of a learn-
ing module and an examination part and have com-
parable weight. Each learning module has to be 
completed successfully with a multiple-choice test 
before advancing to the next subsection is possible. 
This test together with other measures (e.g. re-
cording of time parameters) allows the monitoring 
of progress and the evaluation of individual learn-
ing performance. Evaluation of both the platform 
and a learning subject has been performed by stu-
dents in higher master courses. The learning subject 
has been the cardiac pacemaker with an introduc-
tion into cardiac functional anatomy and electro-
physiology. The students have used their private 
computers. The evaluation has revealed some defi-
cits, but also a high degree of acceptance by the stu-
dents.    
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Introduction 
 

Modern life style requires new educational meth-
ods with the special consideration of lifelong learning. 
These new methods may either supplement or replace 
the traditional mode of face-to-face or classroom teach-
ing. They should allow individually matched and self-
controlled progress with access at every time and from 
every place. Especially in those engineering disciplines 
including interdisciplinary fields like Medical and Bio-
logical Engineering with an actual knowledge lifetime 
of only about 5 years, lifelong learning is essential for 
both the updating and the extension of the personal 
knowledge. Lifelong learning is therefore one of the 
most essential demands of the Bologna Declaration [1], 

especially with regard to the labor market qualification 
and its rapidly changing demands. Another request of 
the Bologna Declaration is the harmonization of higher 
education within the signature states not later than 
2010. Remote teaching and tele-learning have a prom-
ising potential for providing independence from local 
restrictions and teaching deficits and hence may be-
come an essential component of this harmonization 
process. 

Presently available technologies offer different ap-
proaches for the realization of e-learning, e.g. based ei-
ther on data carrier (e.g. CD-ROM, DVD) technology 
or on Internet technology. Both approaches have their 
specific advantages, shortcomings and constraints. The 
data medium based approach provides an offline pro-
cedure and may require special user equipment. It al-
lows only restricted applications of interactive opera-
tion and no real evaluation of individual progress and 
performance. Knowledge updating or extension of the 
content requires the distribution of another data carrier 
with the revised version. There is no safety against the 
employment of outdated versions, comparable to the 
problem with textbook-based learning. The Internet-
based approach allows online access and extended pos-
sibilities for interactive operation. Knowledge updating 
and extension of the content as well as performance 
evaluation are rather simple if an organizational struc-
ture with centralized database management is em-
ployed. Applications are possible on usual PCs and do 
not require special equipment. Both approaches are 
sensitive against different kinds of misuse, e.g. misuse 
by users in order to affect the results of their perform-
ance evaluation, or the manipulation of knowledge with 
hidden integration of commercial information and ad-
vertising. The Internet technology, however, renders 
possible, in contrast to data carrier based technologies, 
different and more effective measures against misuse 
by the users, due to the online connection to a server. 

Taking into account all aspects and assessing the 
future potential of the different technologies, it was de-
cided to use the Internet technology. 

E-learning offers a challenging potential that can-
not be utilized completely if it is understood simply as 
the “electronic presentation” of textbooks or manu-
scripts which are prepared for classroom teaching. It 
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 requests new methods of knowledge presentation. For 
the adequate organization and presentation, different 
strategies are available, e.g. the linear or sequential 
mode or the “conceptual network” mode [2]. Both 
strategies offer different advantages, shortcomings and 
constraints. 

In case of the conceptual networks, the learning 
process is more or less an “intuitive exploration of the 
knowledge environment”. The process accords with 
surfing through a hypertext. It is started at one point in 
the network, e.g. a keyword. This point is linked with 
several other points, each of which is again linked with 
many other points. At each point the user can deter-
mine which of the links he wants to follow to another 
point. By this way, the user himself controls both the 
extent and the depth of the acquired knowledge. This 
exploration strategy can stimulate the curiosity and 
play instinct of users, especially if they are trained from 
the web to apply such methods. This kind of learning 
process may even help to support the memorizing of 
the acquired knowledge. However, the learning process 
is neither systematically executed nor does it allow the 
continuous monitoring of the user’s progress or per-
formance. This strategy seems therefore to be more 
suitable for postgraduate courses, when users want to 
compensate individual deficits in their knowledge. 

Another strategy is based on the linear or sequen-
tial mode of knowledge presentation in which depth 
and extent of knowledge are determined by the learning 
program that has to be gone through in the prescribed 
sequence. Obviously this strategy is not very different 
from the traditional style of classroom teaching where 
the student is rather a “passive consumer” than an “ac-
tive searcher”. The acquisition of knowledge can be  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

systematically and hierarchically organized, and the 
presentation can be optimized with proper regard of di-
dactic demands. However, the user has to follow 
strictly the sequential course independent of his actual 
level of knowledge in that field. Progress in learning 
can be easily monitored, and an evaluation of the per-
formance can be achieved, even if the execution of the 
learning process occurs on an individual time base. 
Feedback can be provided to the user that informs him 
about his current state of assessment. This strategy 
seems to be more convenient for users who prefer or 
need a complete and systematic introduction to a spe-
cial field, i.e. for students primarily in lower courses 
like bachelor and master courses. Evidently this strat-
egy is much better suited for the harmonization of 
higher education than the “conceptual network” strat-
egy. 

Taking into account these aspects and with regard 
to the concerned students it has been decided to employ 
the sequential or linear mode.  

 
Materials and Methods 

 
This chapter provides a brief survey on the system 

configuration, the shell, the content and organization of 
the learning material, and finally the evaluation proce-
dure. 

The system configuration  
The system configuration is realized by a three-

tier-architecture (fig. 1): 
- the database layer; 
- the application and business logic layer; 
- the presentation layer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: 3-tier system architecture of the developed e-learning platform 
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 The database layer is based on an Oracle 8i rela-
tional database. In the database layer the learning mate-
rial is presented by XML-documents. Furthermore the 
database layer contains the picture gallery (figures, il-
lustrations, tables etc.), the glossary, the questions and 
answers for the multiple-choice test, and also the user 
status information. The learning material, the picture 
gallery and the glossary can be opened by the user only 
in the learning mode, but not in the examination mode. 

The application and business logic layer is realized 
by an Oracle 10g application server. It is connected 
with the database using a high bandwidth connection 
and Java Database Connectivity (JDBC) access. The 
main tasks of the application server are: 
- control of the password restricted access to user 

status information and the learning content; 
- provision of dynamically created web pages using 

JavaServer Pages (JSP), including the dynamic 
linking of images and key words [3]; 

- flow control in dependence on the user’s individ-
ual progress in working through the learning mate-
rial; 

- error handling. 
The Java 2 Platform Enterprise Edition (J2EE) has 
been employed for the development [4].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The user interface is based on a HTML compliant 
client (Microsoft Internet Explorer). JavaScript is em-
ployed for the realization of input control routines, and 
a Java applet as protection measure to prevent 
downloading of the learning material. In order to avoid 
conflicts with intermediate firewalls, only the Hyper-
text Transfer Protocol (HTTP) is used for the connec-
tion with the application server. 

 The administrative interface is also based on a 
web browser and primarily responsible for XML up-
loading (learning content), image uploading, and con-
tent management. 

The shell 
The structure of the shell is independent of the 

learning content. It determines how this material is pre-
sented. Furthermore, the shell reflects the learning 
strategy since it controls all procedural steps. Basically 
the shell consists of 5 main parts (fig. 2): 
- A:  general user instructions; 
- B:  learning material, organized in sequential mode; 
- C:  examination, i.e. multiple-choice tests with 

questions and answers which can be varied in 
their order for repetitions; 

- D: glossary, i.e. key words with explanation; 
- E: picture gallery, i.e. figures, illustrations, tables. 
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 When a user is logging in, the system checks his 
authorization before access is permitted to part A. 
Downloading of the learning material and the multiple-
choice test are prohibited in order to exclude misuse. If 
the user nevertheless attempts downloading, he loses 
the password-based authorization. From part A the user 
can continue to the learning material in part B. He can 
start either with a survey on the whole learning mate-
rial or directly with working in the learning material. 
He begins with his work in the learning material either 
in the first subsection, or – if he has already success-
fully completed some subsections - with the next non-
completed subsection.  

The user can decide whether he will quit without 
examination or when he wants to continue to part C, 
i.e. the examination part of this subsection. Both the 
time for working through the learning module and for 
the examination can be limited. This is another meas-
ure against misuse by the users. If the preset time for 
the learning module is over, the user can either start 
with the examination part of this subsection or quit 
without examination. If the preset time for the exami-
nation part is over, the user will be set back to the 
learning module of this subsection. 

The user himself can quit at any time whether he is 
actually in the learning module or in the examination 
part. In all cases when the user has quitted a subsection 
without successful examination, the program controls 
that he starts at his next access again with the learning 
module of that subsection. 

When the user is working in the learning mode, he 
has free access to all pictures in the gallery and to all 
key words in the glossary. Pictures and key words with 
special relevance to the learning material in the actu-
ally opened subsection are indicated in the text with the 
pictures in thumbnail size. If the user clicks on a key-
word, the whole explanation is shown, and if he clicks 
on a thumbnail picture, that picture is presented in real 
size. Leaving the picture gallery or the glossary will 
bring the user back to that place in the subsection from 
where he had started to the picture gallery or the glos-
sary.  

All answers must be correct in order to pass suc-
cessfully through the examination part. If the user fails, 
it depends on the “weight of failure”, i.e. the number of 
false answers, whether repetition is required only of the 
respective subsection or the whole section. In case of 
repetition, the sequence of the questions and the an-
swers to each question is varied. For evaluation of the 
individual performance different data are recorded by 
the application server and stored in the database. Such 
data may be the total login time, the time required for 
the learning module and the examination part of each 
subsection, the surpassing of the preset time and the 
“false” answers, both given for regular runs and for 
repetition runs. 

The learning material 
Sequentially structured learning material requires 

the presetting and limitation of its extent. The body of 
knowledge may range from fundamentals up to ad-

vanced levels. The borders of the respective field 
against other fields should clearly be considered.  

Those requirements are well met by the knowledge 
about cardiac pacemakers. The understanding of car-
diac pacemakers requires broad basic knowledge in the 
medical-clinical as well as in the engineering area. The 
special knowledge in this field can be well separated 
from other fields in biomedical instrumentation. The 
high-level knowledge is related with rapidly advancing 
technology and growing fields of medical application.  

For the learning material that has been used for the 
evaluation of the developed system, the content has 
been matched with the available knowledge of students 
in the 4th year of a 5-years program for Diplom-
Ingenieur (equivalent with a master’s degree), i.e. with 
good knowledge in engineering courses (e.g. applied 
physics, electronics, circuitry, signal processing), but 
only basic knowledge in biomedical engineering as 
well as in medicine. The body of the learning material 
has been subdivided into 5 sections: 
A. Anatomy of the heart and cardiac mechanics; 
B. Electrophysiology of the heart including the gen-

eration and spreading of excitations; 
C. General functions, technology, pacemaker coding, 

classification and design of cardiac pacemakers; 
D. Special functions and advanced technological fea-

tures of cardiac pacemakers; 
E. Problems, failures, complications. 
 

Each section is again subdivided into 5 subsections 
of comparable length. The weight of each subsection 
with the learning module and the examination part was 
estimated to be approximately equivalent with 90 min-
utes or 2 academic hours in traditional classroom 
teaching. It was assumed that it should be possible for 
the user to complete a subsection with full concentra-
tion and without getting seriously tired. 

It is recommended that 1 ECTS (unit of the Euro-
pean Credit Transfer System) shall be equivalent to 15 
academic hours of regular lectures. For regular lec-
tures, however, the student needs additional time for 
the preparation of examinations. On contrary, in the 
presented e-learning program the examination is an in-
tegrated component and does not require extra time. 
Therefore the total time requirement for all 25 subsec-
tions was considered to be equivalent to 2 ECTS.  

The evaluation procedure 
10 engineering students have evaluated on volun-

tary basis the total system with special regard to usabil-
ity and educational relevance. The students were in the 
3rd or 4th year of the 5-years electrical engineering pro-
gram. Most of them had good knowledge in anatomy, 
physiology and biomedical engineering. Only some of 
them had already basic knowledge about cardiac pace-
makers. Nearly all of them had “average” expertise 
about using the Internet for information searching. 
Some students had excellent experience with the de-
velopment of software for different applications, 
whereas others had no real experience in that field. The 
students used their own PCs. The employment of dif-
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 ferent types of PCs should help to identify technical 
constraints and problems. Minimum requirements for 
the PCs have been an Intel PII-350 MHz (or equiva-
lent) processor, 64 Mbyte main memory capacity and 
the Microsoft Internet Explorer 6.0. The bandwidth of 
the Internet connection should be at least 56 kbit/s. 

 For the students this participation was recognized 
as working on a project. The students had been pro-
vided in advance with all background information in-
cluding the purpose of the evaluation. They could ob-
tain a mark comparable to that of a regular examination 
for a 3-hrs lecture. The mark was depending exclu-
sively on 2 demands: (1) that marks were given as an-
swers to certain questions concerning the system 
evaluation and (2) for free remarks, e.g. critics, sugges-
tions for improvement, comments on detected prob-
lems and description of failures. Of course the students 
had to complete successfully the whole learning pro-
gram, although the usual parameters for performance 
evaluation have not been considered for their mark. 
None of the students had solid experience in the an-
swering to multiple-choice questions. In case of opera-
tional or other problems, the students could contact the 
system administrator directly by phone or email. 
 
Results 
 

In this section the results of the evaluation will be 
presented. 

All 10 students have successfully completed the 
evaluation. They have given scaling marks to certain 
questions. Additionally most of them have supplied 
more or less extensive comments in free style. These 
comments have been both critical remarks, e.g. con-
cerning software problems, and suggestions for im-
provement, e.g. concerning the operability. 

10 features concerning the body of content and its 
presentation as well as the usability of the platform 
have been asked. Evaluation should be executed in a 
scaling mode using school marks, i.e. 1 = excellent, 2 = 
very good, 3 = good, 4 = poor, 5 = insufficient. The re-
sults are shown in tab. 1. The shown scaling mark is 
the calculated average for all 10 students. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The poorest scaling mark with 4.2 is given to the 
question No. 4 “Support provided by the figures in the 
picture gallery”. The explanation is that most of the 
students could not open the thumbnail sized figures to 
full-size figures on their PCs. Some students submitted 
proposals how this problem can be overcome by ap-
propriate software features (what in the meantime has 
been accomplished). There were more technical prob-
lems than expected due to the use of different types of 
private computers (and possibly non standardized soft-
ware) by the students. One of these problems was that 
return to the original position from where visits in the 
picture gallery or glossary were started was not directly 
possible. This explains the rather poor scaling mark of 
question No. 10 “Operability on the private computer”, 
but also of No. 6 “User friendliness of the operation of 
the e-learning program”. These problems together with 
the submitted free remarks underline the necessity to 
test such e-learning programs on a multitude of differ-
ent PCs as long as no technical standards for PCs and 
software are defined.  

A frequent suggestion by the students has been the 
request to permit again success to subsections which 
had already been completed successfully without hav-
ing to pass once more through the respective examina-
tion part (and the following already completed subsec-
tions) in order to return to the actual subsection. This 
request is comparable with the possibility to go back to 
a preceding chapter in books. Another suggestion has 
been to show the running time for the learning module 
and the examination, respectively. Both requests and 
more features concerning user friendliness have been 
installed in the meantime, too. Some few suggestions 
which would have limited the controlling capability, 
the recording of individual performance parameters, 
and the exclusion of misuse were not considered, e.g. 
to show the correct answer instead of requesting the 
repetition of the whole subsection or, in severe cases, 
the whole section, if a false answer had been chosen. 

There was another interesting finding: Those stu-
dents who have submitted extensive free comments, 
both critical remarks and suggestions for improvement, 
have given better scaling marks than students who have 
not supplied any free comments.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.  Comprehensibility of the introductory and operating instructions  1.8 
2. Didactic organization and presentation of the learning material  2.3 
3.  Relevance and completeness of the learning material  1.7 
4.  Support provided by the figures in the picture gallery  4.2 
5.  Support provided by the key words and their explanation in the glossary  2.6 
6. User friendliness of the operation of the e-learning program  2.5 
7.  Comprehensibility and fairness of the multiple-choice questions  3.0  
8.  Time budget availability for the learning part  2.0 
9.  Time budget availability for the examination part  2.0 
10. Operability on the private computer  3.1 

Table 1: Evaluation results (average scaling by 10 students)
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 Some students developed special and different 
strategies: In the one case they wrote a list of key 
words and statements from the learning module before 
they quitted without entering the examination part. Ob-
viously they used this list together with textbooks to 
prepare for the examination. At the next access they 
started in the learning module of the non-completed 
subsection, where they stayed only for a short time be-
fore they entered the examination part. Remarkably 
these students did not at all or not frequently visit the 
glossary (this observation together with a poor scaling 
of No. 5 “Support provided by the key words” was the 
reason for interviewing them). Another strategy has 
been: After entering the examination part, the students 
read (and possibly copied) the questions with the mul-
tiple-choice answers. They used this material to iden-
tify the correct answers, possibly using books or with 
the assistance of fellow students. This became evident 
because those students quitted the examination part af-
ter some time without attempting to answer the ques-
tions. At the next access these students, too, started 
again in the non-completed learning module, but stayed 
there only for a few seconds and then entered the ex-
amination part, but now it was the second visit. These 
different strategies demonstrate the tactical and crea-
tive imaginativeness of the students. Possibly they 
were uncertain how their efforts will be recognized. 
Based on this uncertainty, they have employed their 
special strategy to combine three aspects “safety”, 
“recognition” and “amount of additional work”, e.g. to 
accept a high risk combined with high recognition by 
starting the examination directly after the learning 
module, a medium risk combined with medium recog-
nition by quitting the learning module before entering 
the examination part, but with additional preparation 
using the own key word list, or a low risk combined 
with low recognition by quitting the examination part 
before attempting to answer, but after having copied 
the questions and answers for thorough preparation.  

 
Discussion 
 

There is no doubt that harmonization of higher 
education and lifelong learning with the aim to acquire 
a first or to continue the existing qualification for the 
labor market is a great challenge and requires new 
teaching and learning methods. One of the solutions 
might be e-learning, especially Internet-based remote 
teaching with special regard of self-control and indi-
vidual timing. In the connection with the described 
evaluation it was found that most work by the students 

(although they were regular university students without 
the necessity of regular daily work for their living ex-
penses) was accomplished late in the evening, during 
the weekends and especially during the holidays at the 
university. But until now only poor experience is avail-
able concerning the competitiveness of e-learning 
against traditional classroom teaching. 

The described e-learning platform contains a shell 
that allows sequential structuring of the learning mate-
rial, integration of examinations (e.g. multiple-choice 
tests), continuous progress monitoring, password-
controlled access, and centralized database manage-
ment. The shell can be filled with different learning 
contents which have to meet only few requirements. It 
must be taken into account, however, that the time 
which is necessary to prepare such learning material 
together with the questions and answers for the exami-
nation, the glossary and the picture gallery, can be 
about three to four times the time that is necessary to 
prepare the same material for a traditional classroom 
lecture.    

The resonance by the students who have partici-
pated in the evaluation was very positive. There was a 
frequent request to make this e-learning program about 
cardiac pacemakers available as regular educational 
course.  

Although different and complex safety measures 
have been considered in order to exclude misuse by the 
users, the students with creative imaginativeness have 
found tactical and surprising sideways which demon-
strate the misuse potential of such programs. 
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