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Abstract – The paper examines the requirements for new 

information technology tools for education and training in 

measurement and instrumentation, given the advances in 

capability of information technology.  A review is 

presented of the capabilities and limitations of educational 

tools. It is argued that the requirements are affected  by 

the widening global spread of the application of 

measurement and instrumentation technology, the 

increasing importance of the metrological perspective of 

the discipline, the need for education and training at all 

levels (not only at the advanced scientific level), and the 

importance of resource limitation. 
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I. INTRODUCTION 

The application of new information technology tools to 

education and training in measurement and 

instrumentation is a significant innovation, which presents 

prospects for important developments. There are two 

drivers of innovation: technology push and requirements 
pull. The first exploits technical possibilities, providing 

solutions in search of applications. The second identifies 

problems and seeks innovative technical solutions. 

Given the strong technology push, the authors examine 

the requirements pull for new information technology tools 

to be applied to education and training in measurement and 

instrumentation,.  They base the examination on their long-

term experiences in implementing interdisciplinary centres 

for education in measurement science in their own 

institutions [1-5] and on the results of a round table jointly 

coordinated during the IMEKO World Congress [6]. 
  

II. THE NATURE OF THE DISCIPLINE  

There is currently a lively interest in the definition of 

the name, nature and scope of measurement and 

instrumentation science and technology, as well as a wide 

range of views on the topic. Two different perspectives on 

the discipline are current. One is the systems and 

information view of the domain. It may be given the name 

as measurement and instrumentation science and 

technology. The other is described by the name metrology. 
The central basis of the first view is the consideration 

of measurement as an information process, and of 

measuring instrumentation as information machines [5].  

The discipline is seen as closely related to the sciences of 

systems and information. It shares with them the use of 

mathematical models of physical systems, the application 

of the concepts and methods of signal representation and 

processing, and the systems approach to the design of 

measuring systems. Its special problems are sensors, the 

interface between sensor and measured system, and error 

analysis. Units, standards and calibration were seen as an 
important, but not central, area of the discipline. 

The progress of science and technology reinforces that 

view of the discipline. To an increasing extent measuring 

instrumentation is implemented by standard information 

technology and relies on the underlying science. The 

technology of sensors is increasingly like that of the 

hardware elements of computing. New techniques, like 

sensor fusion, rely on the science and technology of 

information processing. The way forward, from this point 

of view, appears to be the treatment of measurement and 

instrumentation science and technology as a special sub-

discipline of the sciences of systems and information. This 
viewpoint appears very fruitful technically, particularly in 

the design of measuring systems and in the application of 

measuring instrumentation in automatic control. 

 However, recent developments have also made 

obvious the increasing importance of metrology, viewed as 

being concerned with standards, calibration, the 

measurement process and measurement uncertainty [7]. 

Two factors may be thought to be the cause of that 

importance. The first is the increased need for all 

industries to maintain high, verifiable, quality. Quality 

assurance is based on metrology. The second factor is the 
fact that while only a limited number of countries have a 

major effort in the design and development of measuring 

instruments and systems, all countries of the world require 

a sound base in metrology. This must form the focus of 

international co-operations. Since there is an established 

and accepted definition of the name Metrology as the 

science of measurement in general, it might be thought to 
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be the most appropriate name for this view of the 

discipline.  

Different approaches to education and training are 

appropriate to these two viewpoints. 

 

III. FORMATION 

Learned society discussions on education and training 

in measurement and instrumentation have in general 

concentrated on the professional academic education of 

scientists and engineers. This is a narrow perspective. It is 

proposed here to take the wider perspective of the 
formation of human beings [6, 7]. 

Formation is a process of three components: education, 

training and continuing development. It has formal and 

informal parts. The reflections here focus on formal 

education and training, inculcated through courses and the 

like. Informal experiential learning, wheatear or not 

recognised as relevant before the education community is 

left to another discussion.  

The components of formation may be defined as 

follows. Education inculcates knowledge, attitudes and 

intellectual skills. Training is concerned with the 
development of specific practical skills. Continuing 

development is a lifelong process of acquiring new 

knowledge and skills, as well as developing broader and 

more mature attitudes, as society changes, science and 

technology advance, and careers progress. 

Education and training in measurement and 

instrumentation have always concentrated on technical 

professionals and their preparation for their professional 

work. This is too narrow. The ability to measure and to 

apply measurement is a capability that all people must 

have so that they can function in modern society. It is also 

important to recognise that formation is not only intended 
to prepare learners for work, but also to fit them to 

function as individuals and as members of families and of 

society as a whole. As professionals they must be formed 

not only for their initial employment, but also future 

developments of technology and society, and for 

development of their career in which they may perform 

various functions. Ultimately they are also formed for their 

retirement. While learning, in a modern society, must be a 

process of lifelong continuing development, it must be 

recognised that the essential function of all education and 

training must be a preparation for further learning. 
Measurement is a key concept and enabling tool of all 

knowledge; its significance, while of primary importance 

in natural science and technology, is also central to all 

other knowledge. 

The ability to measure and apply measurement, and 

understand the uncertainties associated with measurements 

of all kinds, must be inculcated in all primary and 

secondary education. An understanding of the some of the 

principles of natural science and the methodology of 

science is an essential part of all education. This must be 

based on the understanding of the nature of measurement 

and experience of its practice. Actual measurement 

practice is a vital part of education. The processing and 

interpretation of measurement results, and the handling of 

measurement uncertainty, must form part of education in 

mathematics at all levels. The concepts of measurement 

and uncertainty should form part of education in social 

studies and to some extent in the humanities. 

To turn now to the education training and development 

of technical personnel it is necessary to distinguish 

different levels of expertise. Among them, one may 

distinguish: craftsmen, technicians, technician engineers, 
and scientific engineers. The names are not agreed in all 

languages and cultures, but the levels of competence are 

recognisable everywhere. Craftsmen are generally expert 

in good practice and in manual skills. Technicians have the 

practical expertise of craftsmen, but are educated to have 

an understanding of the basic principles underlying their 

work. Technician engineers are educated and trained in 

both the science and practice of their speciality and are 

able to apply established practice to problems of some size 

and complexity. Scientific engineers are educated in both 

science and practice to a level which enables them to 
advance knowledge, innovate and tackle problems that are 

new and complex. They are formed to provide technical 

leadership.  

In the education and training of all levels of scientific 

and technical personnel, we may distinguish the basic 

education in the ability to measure, which must be 

acquired by all natural scientists and engineers, and is 

generally provided by laboratory courses. A higher level of 

attainment in measurement and instrumentation, which we 

may call ancillary, is required by engineers in a number of 

specialisations, notably control engineering. The highest 

level of attainment is required by those who will engage in 
design of measurement instrumentation. 

It is important to recognise that all levels and types of 

expertise are important and must be considered in the 

development of supporting tools.  

An assessment aspects of formation in measurement 

performed by the authors in the proceedings of the IMEKO 

World Congress indicated that, in general they were being 

vigorously and diversely tackled. 

 

IV. NATURE OF THE CURRICULUM 

Traditionally, measurement and instrumentation is 
taught as a catalogue of methods, in particular those 

related to an area of application. General principles are 

inculcated by induction. This approach is common, and 

has much merit. Building up knowledge from the 

particular to the general is educationally more effective 

than a top-down approach from abstract general principles 

to specific methods and equipment. 

However there has been a growing view, though not 

universally accepted, that measurement and 

instrumentation are parts of a systematic science within a 

framework of general concepts and principles. A 
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significant number of curricula in the discipline are based 

on this approach [1, 2, 3, 8]. 

Broadly speaking, the approach of teaching systematic 

general principles is quite appropriate for the most 

advanced levels of education and specialisation in 

particular. In formation at lower levels and in training 

experience of particular methods and equipment this 

approach becomes more central.  However, even detailed 

and specialised training, and the most basic education, 

must be informed by general principles, and designed to 

inculcate them. 
The measurement science and technology perspective 

of the discipline is particularly appropriate for those being 

formed to design and develop measuring systems. The 

teaching requires the transfer of knowhow on the design 

of such systems. In this perspective, many basic principles 

are shared with general information technology. They are 

commonly taught in courses other than those on 

measurement and instrumentation. However, the 

technology of sensors, their placing in the system under 

measurement, and the processing of the acquired 

information are specific problems of measurement and 
instrumentation and the underlying principles of those 

aspects must be explicitly taught in the relevant curricula. 

The metrological perspective is particularly concerned 

with users of measuring systems. Experience of standards, 

traceability and the handling of measurement uncertainty 

are essential aspects of the discipline that must be 

provided in formation.   

The development of educational and training tools 

must be based on the approach to the curriculum chosen. 

 

V.  CAPABILITIES AND LIMITATIONS OF 

INFORMATION TECHNOLOGY TOOLS FOR 

EDUCATION AND TRAINING  

Development of innovative tools for education and 

training in measurement and instrumentation is strongly 

driven by advances in information technology. This is the 

result of the increasing capability of information 

technology hardware and software, and the increasing 

effectiveness of the technology for a given cost. The 

development of the net is also an important technology 

driver. Advances are predominantly the product of 

university laboratories, where expert personnel have the 

incentive and the opportunity to develop new methods for 
their own teaching. They also have the drive to publish 

their results. New tools are then concentrated in the area of 

advanced education. It must be commented, however, that 

there is little research on the educational effectiveness of 

the new tools. 

A wide range of knowledge on measurement and 

instrumentation methods and equipment is available on the 

web. It provides access to descriptions and specifications 

of equipment and the capability for visual demonstrations 

of measuring systems and the ability for their virtual 

functional operation. There is also access to teaching 

material, including access to virtual experiments and video 

recorded material. The capability of the net has the 

potential to transform education; and in fact this is already 

happening in many ways. The limitations of information 

available on the net must not be underestimated [8]. The 

very freedom of the net implies that there is no quality 

assurance. Commercial information is generally not 

designed to demonstrate principles of operation, which are 

a core educational interest. There is no consistency of 

concepts or terminology. There is no organisational 

framework for the material.   
In modern measuring systems the signal and 

information processing is implemented by information 

technology hardware and software. Virtual instrumentation 

consists of hardware and software systems that enable the 

simple building of complex information processing 

systems that emulate a variety of practical instrumentation. 

The functional performance and the configuration of such 

virtual instrumentation can be easily modified. The learner 

can thus explore the principles underlying a measuring 

instrument experimenting with it. Because virtual 

instrumentation is a development tool it can be used by 
students to study the design of the information processing 

components of measuring systems. Virtual instrumentation 

is thus one of the educational tools for measurement and 

instrumentation that is receiving the widest attention. 

However, the technical attractiveness of virtual 

instrumentation must not obscure the fact that virtual 

instrumentation does not provide means of data 

acquisition. Moreover, it is not a means of teaching sensor 

design and techniques for placing the sensor in the 

measured system. 

In connection with measured data processing much of 

it takes place off-line. The software for the analysis and 
display measured information is a powerful educational 

tool with great value in the teaching of important 

principles. Particularly, for teaching fundamentals of the 

evaluation of uncertainty and estimation of variable 

parameters.  

It has been stressed in this paper that the acquisition of 

information about the measurand is a central problem of 

the discipline, in both the measurement and 

instrumentation science and technology and the 

metrological perspective. It requires education and training 

in the principles, capabilities and limitations of sensors, the 
placing of sensors in a measured system and an 

understanding of the measured system. Traditionally they 

are taught by experimentation. However modern computer 

hardware and software provide the means of performing 

experiments on computer-implemented models of the 

measuring system. The models may be functional as they 

simulate the function of the sensor (static and dynamic 

responses).  They may also be embodiment models relating 

the function of the system to the geometry and material 

properties of the system components and the nature of the 

physical effects involved. Many computational tools 
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became available enabling physical systems to be easily 

modelled; the resultant equations easily solved and the 

results displayed. This offers substantial advantages over 

actual experimentation. It is cheap and safe, easily set up 

and modified by the variation of its structure and 

parameters. It is thus very convenient and attractive. 

However it has significant limitations. It operates by use of 

models and there is generally a difference between the 

behaviour of models and real physical systems that they 

purport to represent. Measurement is an operation that 

establishes this difference. Experiments on real systems 
cannot be replaced by simulation. The difference between 

model and reality is one of the important principles that 

education in measurement should always inculcate. In 

some way experiments on models are essentially no more 

than an automation of solving equations on paper. They 

have an important use, but they are not a substitute for 

actual observation, or experiment.  

Finally we must turn to intelligent teaching systems. 

They have for a considerable time been explored as a 

powerful teaching aid. Working on, say, a model of a 

system implemented on a computer, a problem can be 
posed to a learner, the response of the learner can be 

analysed, success or errors can be diagnosed, feedback 

given to the learner, and  an appropriate further exercise 

posed. There have been developments of such learning 

programs though the early promise of such systems has not 

yet been significantly realised. They have important 

limitations. The first is that they are no substitute for the 

teacher as a motivational agent and for the ability of the 

teacher to understand the difficulty of the learner and to 

recommend remedial action most likely to be effective. 

Such tools can provide support for teachers but they do not 

constitute a replacement for face-to-face human 
interaction. 

 

VI. REQUIREMENTS FOR INFORMATION 

TECHNOLOGY TOOLS FOR EDUCATION AND 

TRAINING 

Information technology tools for education and training 

are developing rapidly as a result of a strong technology 

push. They have powerful capabilities but also important 

limitations. The requirements for useful tools are to 

enhance their capabilities and decrease their limitations. In 

general the technology push must respond to a properly 
formulated requirements pull. 

It must be clearly recognised that educational tools are 

merely instruments to deliver a curriculum. Attention must 

continue to be paid to the development of appropriate 

curricula and the determination of the concepts and 

principles that they are designed to inculcate. The basic 

concepts and principles must be strongly linked to the 

concepts of information science and technology. The basis 

on which educational tools are developed must be a well 

defined curriculum. 

Educational tools should be rigorously evaluated. 

There is a significant lack of research on the effectiveness 

of methods and tools for teaching of measurement and 

instrumentation, using rigorous scientific methods. This 

must be remedied. 

The content analysis of the Proceedings of the IMEKO 

World Congress elucidates important trends affecting 

requirements for educational tools for measurement, 

instrumentation and training: the widening global spread of 

the application of measurement and instrumentation 

technology, the increasing importance of the metrological 
perspective of the discipline, the need for education and 

training at all levels (not only at the advanced scientific 

level), and the importance of resource limitations. 

The global spread of education and training in the 

discipline at all levels indicates a need for the global 

sharing of best knowledge and practice. The web offers the 

opportunity for such sharing. Its deficiencies in quality 

assurance and information organisation in respect of 

measurement and instrumentation teaching material must 

be addressed. 

There is a need for co-operative links between 
laboratories and the sharing of tools by remote working. 

The rising importance of metrology worldwide, and of 

the education and training appropriate to it, requires new 

educational tools. There is a need for attention to the 

development of tools in that area, complementing the drive 

that comes from the close connection of information 

technology with instrumentation principles. 

The development of information technology tools for 

education and training in measurement and 

instrumentation has been spearheaded by universities and 

tends to concentrate on the needs of the formation of 

scientific engineers. There is a demand for the education 
and training at all levels: craftsmen, technicians and 

technician engineers. Development of support tools for 

such formation must be undertaken and the problems 

should be addressed by learned societies.  

The growth of demand for education and training is 

accompanied by limitations of resources. There are 

limitations on the availability of expert teachers and 

supporting staff, equipment and laboratory space. 

Information technology tools offer the potential to 

economise in all these areas. There is a continuing 

requirement to enhance their capability in that respect. 
An important special requirement is for the further 

development of tools for the simulation of sensor 

principles and design and of the sensor interaction with the 

measured system. 

Concluding this review it is necessary to reiterate that 

the great potential of new tools for education and training 

is accompanied by some limitations that must not be 

forgotten. Automatic learning cannot replace the expert 

teacher as a motivating agent and role model, only partly 

as an instructor. Secondly experiments on models cannot 

replace measurement in the laboratory.  
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According to the French essayist Jacques P. de 

Brochard  “within a ten-year period we will be using 50% 

of goods and services that, today, had still not been 

invented ”. Very likely, the following decade will bring 

more technological changes than all those introduced in 

the 20th Century. It is not clear how society will adapt and 

if organisations providing formal education and specialised 

training will be able to cope with the demands that this will 

bring. It is important to keep in mind that each significant 

technological advance changes the vision by which 

humanity adapts to the new reality. Considering that we 
live in a continuously changing world, where the only 

certainty is uncertainty, modern educational institutions 

must adopt the “learn how to learn” approach, and aim at 

continuing lifelong education and development.  

One may add a philosophical note. The premonition of 

the renowned French poet and philosopher Paul Valerie 

(1871-1945) “Le futur n’est plus ce qu’il était”, has 

become a self-fulfilling prophecy! 

 

VII. A PERSONAL STATEMENT 

I recall to have spent hours on end with Ludwik on 
very pleasant and instigating discussions on philosophical 

aspects of teaching metrology. He persistently drew my 

attention to comprehend the metrology and new 

information tools in a broad sense. Finkelstein’s 

pioneering concept perceiving measurement as an 

information process and instruments as information 

machines has led him to conceive metrology as a key 

enabling technology of manufacture and trade  — a much 

praised vision of the discipline shared by many in the 

metrology community— rather than a science from a 

Popperian viewpoint.  Whether the status of empirical 

science is denied to metrology is immaterial. The 
controversy will eventually fade away. The Finkelstein’s 

legacy may stand the test of time. 

I owe a special debt of gratitude to Ludwik for sharing 

his modern view on pedagogical concepts and design-

oriented approach to instrumentation inspired on systems 

engineering, so useful during the implementation of the 

Metrology for Quality and Innovation Postgraduate 

Programme at Catholic University of Rio de Janeiro. 

To have Ludwik as a co-author (in memoriam) is more 

than a privilege, is a duty. He generously shared a common 

view on education in metrology and instrumentation whose 
ideas are expounded in this article. Blessed those who can 

evolve from a world of uncertainties to the certainties of 

the beyond. 
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