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Abstract − The project COMET provides a multimedia 
training package for metrology and measurement. The pack-
age is developed by a consortium of 10 institutes from 7 
European countries. It consists of 31 modules, each dealing 
with a particular aspect of metrology, and is available in 
English, German, French and Slovak. Each module is subdi-
vided in three levels (introduction, fundamental, expert) and 
contains basic text, illustrations, animations and exercises 
for self-tuition. Special attention is paid to the lay-out of the 
web page and the navigation structure.. 
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1.  INTRODUCTION 
 
The role of measurement is crucial in almost any 

field: medical and health care, transport and trade, 
production and factory management, communication 
and navigation, just to mention a few. Correct meas-
urements (which implies correct interpretation of the 
results as well) are of paramount significance, since an 
incorrect measurement result can have a tremendous 
economical and societal impact. Execution of a meas-
urement not only requires proper skills of the operator 
of the instrument but also some knowledge about the 
underlying operation principles. Moreover, to be able 
to select the most appropriate instrument for a particu-
lar measurement task, the operator should have at least 
some knowledge about the various physical principles 
and measurement concepts over a wider range. This 
applies in particular to the many users of measurement 
equipment which are not (and need not necessarily be) 
experts in metrology to perform sound and reliable 
measurements. In modern society knowledge in me-
trology is necessary also for managers and executives, 
especially of small and medium size enterprises which 
have not employed their own metrologists. Neverthe-
less, these managers should consider metrological 
aspects too for their technological decisions and inno-
vation policy. 

 A tremendous amount of knowledge on metrology 
is available in text books, encyclopaedia, scientific 
and technical journals, documentation from manufac-
turers and educational material. The problem is to get 
easy and quick access to just the material required for 
the actual need. The books found in libraries often 

appear to be obsolete; manufacturer’s documentation 
rarely offers enough background information; and the 
Internet provides too much information that is un-
structured and often unreliable because not reviewed. 
Although almost all knowledge is (somewhere) avail-
able on the Internet, a non-specialist in metrology will 
not succeed in having quick access to the material 
hunted other than by pure chance. On the other hand, 
the use of Information and Communication Technolo-
gies (ICT) for educational purposes is rapidly increas-
ing, and this also applies for measurement science and 
technology. Many teachers have recognized the poten-
tial of this medium to improve the quality and acces-
sibility of educational material. This paper describes 
one of the initiatives in this field, the COMET project. 

 
2. THE COMET PROJECT 

 
In the course of 2001 a consortium of 10 institu-

tions from 7 European countries submitted a proposal 
for an international project “Computer Aided Voca-
tional Training in Measurement and Metrology” 
(COMET) within the Leonardo da Vinci framework. 
The acceptation of the project was confirmed, with a  
contracting period from 01.11.2001 to 31.10.2004. 
The main aim of the project is the development of a 
multimedia tool for education in measurement, to be 
made available as a WEB page. For marketing reasons 
it was decided to name the developed tool as 
Metromedia. 
 
The ten institutions that take part in the project are 
(with their responsibility): 
o Vienna University of Technology; University Ex-

tension Centre (Austria), coordination 
o Vienna University of Technology; Institute of 

Production Technology (Austria), expert texts 
o Austrian Standards Institute (Austria), expert texts 
o Steinbeis Transfer Centre (Germany), expert texts 
o Western Greece and Epirus U.E.T.P. (Greece), 

calculation programmes 
o Institut Méditerranéen de la Qualité (France), ex-

pert texts 
o University of Twente (Netherlands), expert texts 
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o Slovak University of Technology (Slovak Repub-
lic), expert texts and formatting 

o Mega&Loman, Ltd. (Slovak Republic), WEB page 
o Whitestone Business Communications (United 

Kingdom), English corrections 
The objectives of the project are to improve the 

skills and competences of people and to improve the 
quality of and access to continuing vocational training 
in the field of metrology, as well as to exploiting the 
potential of information and communication technolo-
gies in vocational training. 

The primary target group of the project includes 
staff working in metrology laboratories of industrial 
enterprises, calibration and testing laboratories. In 
addition, it is expected that this multimedia training 
package will be widely used also for the training of 
managers especially of small and medium enterprises 
(SMEs), testing and calibration laboratories as well as 
for students in their initial vocational training. The 
multimedia training package will be developed in four 
languages: English, German, French and Slovak. This 
will enable its direct use in local languages of many 
European countries. 

The final product consists of: 
(a) multimedia courseware including lectures (text 
blocks); exercises; tests; and supporting modules (cal-
culation tools, dictionary), all in hypertext form and 
supported by graphics (including full-colour pictures, 
computer animations and video sequences). The mul-
timedia courseware will be available on a WEB-site as 
well as on CD-ROM. 
(b) supporting teaching material in printed form (in-
cluding textbooks, working sheets for lectures and 
exercises, tables, tests, dictionary, etc.). 

Since the area of metrology and measurement is 
very wide, only particular topics have been selected. 
The whole content is organised and developed in so-
called modules; in total 31 modules are to be devel-
oped. The next section contains an overview of the 
modules and the general structure of a module. 

 
3. STRUCTURE OF THE MATERIAL 

 
3.1. Work packages and Modules  
The project covers a wide range of metrological 

aspects, spread over 10 work packages each contain-
ing a smaller number of modules. The work packages 
are listed in Table 1. 

 
TABLE 1. COMET work packages 

WP topic modules 

1 General introduction 1-4 
2 Measurement instruments and devices 5-7 
3 Measurement I 8-10 
4 Measurement II 11-12 
5 Measurement III 13-14 
6 Measurement IV 15-17 
7 Measurement V 18-21 
8 Measurement VI 22-24 

9 Utilisation of measurement data 25-28 
10 Legislative aspects 29-31 

 
The first two and last three work packages deal 

with general metrological aspects; in work packages 3 
to 7 the measurement of individual quantities (mass, 
temperature, etc.) are discussed. Table 2 lists the 31 
modules. 

TABLE 2. COMET modules 

Mod. topic 

1 History of metrology and measurement 
2 Quantities and units 
3 Measuring principles 
4 Measuring instruments 
5 Physical principles of measurement; sensors 
6 Design and manufacturing of meas. instruments 
7 Image and signal processing 
8 Temperature 
9 Pressure 
10 Flow and flow rate 
11 Material level 
12 Length, position, dimension 
13 Roughness 
14 Geometrical properties 
15 Angle 
16 Frequency of rotation 
17 Humidity 
18 Force 
19 Mass 
20 Torque 
21 Power 
22 Voltage 
23 Current 
24 Resistance 
25 Experiment design 
26 Models of measurement 
27 Uncertainty in measurement 
28 Measurement process control 
29 International organisations 
30 Metrological systems 
31 Accreditation and certification 

 
The material for the models is provided by experts 

in the respective fields. Some modules are multi-
authored, but each module has just one module coor-
dinator, responsible for the internal coherence and 
timely submission of the material. To facilitate ex-
change of documents a special web page has been 
created for up- and downloading of the material in raw 
format. 

Starting language is English: all contributors de-
liver their texts in English. These texts are, when writ-
ten by a non-native English speaker, corrected by the 
UK partner. Then it follows translation into Slovak, 
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French and German, by authors from the correspond-
ing countries. 

Each model is subdivided into three parts of dif-
ferent levels. Level 1 is an introduction to the subject, 
level 2 the fundamentals and level 3 is for the experts 
(Fig. 1). It was planned to have level 1 available for 
free, as a kind of appetizer for potential subscribers to 
the module. As was decided during the course of the 
project, level 3 could consist of specific material on 
the subject, for instance an overview of commercially 
available equipment, documentation about advanced 
instruments or scientific advances in the field. 

 
 

experts 

engineers 
technicians 
operators 

 
training students, 

informing managers 

guided reading 

fundamentals 
of the subject 

attractive introduction 
to the subject 

3 

2 

1 

 
Fig. 1. The three levels of a module 

 
To stimulate self-tuition, each module contains a 

number of tests (learning aid) and exercises (applica-
tion aid). Their evaluation is semi-automatic, which 
means that the proper answers appear after clicking 
the relevant button, but a comparison of the given 
answer with the correct one must be done by the user. 

Calculation programs should help the user in un-
derstanding the topic presented and assist him to solve 
some of the exercises provided. Calculation programs 
deal with different types of tasks: conversion among 
individual measurement units, calculation of simple 
formulas (e.g. angular velocity, barometric pressure, 
etc.), conversion from read-out units to units of the 
measurand, for instance resistivity-to-temperature 
conversion for resistive thermometers. 

The index contains important entries from all 
modules. Each entry comprises a definition of the 
entry as well as a number of the sub-chapter in the 
text, where more details can be found. This is an effi-
cient way to provide linked information without the 
necessity to link all modules to each other. 

The item further reading provides links to other 
information sources that deal with particular topics in 
more detail. When browsing the Internet, one can find 
an enormous number of interesting pages that provide 
full details on very specific topics. Only a few of the 
large number of web sites (mainly free information 
sources that do not require paid registration) are se-
lected and listed in the “further reading” section. 

 
3.2. Illustrations and animations 
Most illustrations in the final version of the soft-

ware are in full colour. A vast number of figures was 
originally drawn exclusively for this educational mate-

rial. Many of them are unique, describing several 
features presented in the text, at one place. Only a few 
figures have been adopted from other sources (defi-
nitely with quotation of the source). Where possible 
the illustrations are self-explaining: they try to clarify 
a process or principle of operation at a glance. Fig. 2 
shows an example of this approach, taken from the 
module “Humidity”, visualizing the principle of the 
psychrometer (or wet-and-dry bulb hygrometer). 

 

 
Fig. 17.4 Principle of the wet-and-dry bulb hygrometer 

a) two dry thermometers, b) wetting of the thermometer, c) wet and 
dry thermometers 

Fig. 2. Illustration of the principle of a psychrometer 
 
Animations represent an essential feature of the 

multimedia package. Over 200 animations have been 
developed, both 2D and 3D. Their main advantage is 
to introduce movement in the description of the rele-
vant topic. Many of them are based on the static pic-
tures shown in the text, so the animation starts in a 
similar way as the original figure. This approach 
avoids possible confusion caused by different visuali-
zations of the same problem. The animations are cre-
ated using Macromedia Flash technology. 

The multilingual approach of the project makes 
special requirements to the illustrations. Inscriptions 
consist only of numbers or individual characters, as in 
patent applications. A textual explanation is put in the 
figure’s caption. Fig. 3 shows an example from the 
same module “Humidity”: the LiCl dew-point hy-
grometer. 

 

 
 

Fig. 17.8 Principle of an LiCl hygrometer 
1 – wick with LiCl solution, 2 – bifilar winding, 3 – holder, 4 – 

temperature sensor 

Fig. 3. Numbered inscriptions for multilingual purposes 

 
Table 3 lists the number of text pages and other 

features according to the project application, illustrat-
ing the extent of the project. 
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TABLE 3. Module elements  

element number (pages)  

expert text 611 (pages) 
supporting material 611 (pages) 
figures 957 
2D animations 144 
3D animations 77 
video’s 25 
programmes 41 
tests and exercises 231 
 
3.3. Web page 
An important aspect of the project is the develop-

ment of a user-friendly web page. There is a number 
of aspects to be considered. First and most visible is 
the lay-out. Fig. 4 shows an example of the screen lay-
out with on the left pane the main menu and on top the 
navigation menu. In the work space the educational 
material is visible, with text, figures, animations 
(clickable from the figure), and buttons to activate 
tests and exercises. 

Most supporting features (full size illustrations, ta-
bles, exercises, tests, animations, calculation pro-
grammes) appear in a new window when clicking on 
the hyperlink. Except for figures and tables, this win-

dow is split in two halves. The left part shows a list of 
links to the other features of the same kind  (also from 
other modules); the right part presents the feature 
itself. In case of exercises and tests, a click on the 
“solutions” button replaces the left part by the solution 
of the exercise shown on the right side.  

The second and most time-consuming aspect of the 
web page is its technical implementation. Since ex-
perts write their educational texts in MS Word (all 
together about 700 pages), several problems occur 
when processing the material into hypertext form. The 
plain text can be converted quite easily, using defined 
text styles, but problems occur when a large number 
of equations and special characters is inserted in the 
text. Another complication is caused by the multilin-
gual nature of the whole package - one must provide 
links in four language mutations. Due to technical 
reasons it was decided to make all links within the 
module as well as those pointing outside the module 
directly in the MS Word document, followed by some 
post-processing of the whole material to the hypertext 
mode. 

 
4.  PROJECT DEVELOPMENT 

 
Obviously, the development of such a complex 

project does not go without encountering considerable 

 
Fig. 4. Example of the page layout, showing text information, preview figures and links to animations, exercises and self-

tests 
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problems, both technically (for instance the web site) 
and with respect to the organisation (for instance 
keeping track of all the text versions). Some of the 
typical troubles to overcome have been reported in [1]. 
By far the toughest problem is keeping the time 
schedule. At the end of the formal project period only 
a few of the English modules were completely fin-
ished (including all supporting material), about 80% 
of the English expert texts were completed, and a 
much smaller percentage of the translations. Illustra-
tions and animations are common to all four language 
versions, and the greater part of this time-consuming 
task has been accomplished. 

  Some texts have passed a large number of proc-
essing steps. For instance, a text originally written in 
Slovak is first translated into English by the Slovak 
author, reviewed by another partner with respect to 
scientific contents, corrected with respect to English 
grammar, and finally translated back into Slovak. 

 Video sequences represent another approach for 
visualization of the respective topic. The problem with 
video sequences is obviously the file size being in 
competition with video quality. Therefore they are 
used quite rarely in the teaching tool. A further aspect 
is the language of the accompanying spoken text. 
Should there be four different languages and four 
speakers? Or just one language (English) and subtitles 
in the other three languages? Or should spoken lan-
guage be avoided and only provide subtitles in four 
languages? This issue has not been solved satisfacto-
rily yet. 
 

5.  CONCLUSION 
 
At the end of the project (and the related budget) 

we can conclude that a lot of interesting educational 
material of high quality has been developed, worth to 
be further exploited for its originally intended use. 
Much of the material has already found its way to 
students at the universities and institutions of the con-
tributors. 

The state of development of the above described 
multimedia training tool for education in measurement 
and metrology can be observed at the free project web 
site www.metromedia-online.com. The English ver-
sion of the training package will soon be published in 
text book format and accompanying CDROM. 
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