
ÉTS © 2002 Software Engineering Management  Research Laboratory

1

Initial Modeling of the Measurement Initial Modeling of the Measurement 
Concepts in the ISO Vocabulary of Concepts in the ISO Vocabulary of 

Terms in MetrologyTerms in Metrology

Alain Alain AbranAbran, , ETS, Montreal, CanadaETS, Montreal, Canada

Asma SellamiAsma Sellami, , ETS, Montreal, CanadaETS, Montreal, Canada

International Workshop on Software MeasurementsInternational Workshop on Software Measurements
OctoberOctober 77--9, 2002, Magdeburg (9, 2002, Magdeburg (GermanyGermany))



ÉTS © 2002 Software Engineering Management  Research Laboratory

2

SummarySummary

¤Motivations and Objectives

¤ High Level Model of Metrology Concepts

¤ Detailed Models of each Category of Concepts

¤Metrology Concepts in SWEBOK

¤ Conclusions and Future Work



ÉTS © 2002 Software Engineering Management  Research Laboratory

3

Motivations Motivations andand ObjectivesObjectives

¤ The field of ‘software metrics’: often discussed from 
the  perspective referred to as ‘measurement theory’

¤ ‘Metrics’: designed based on the intuitions of 
researchers  and/or an empirical basis characterized 
by the ease of the counting of some entities of the 
development process

¤ Researchers: have used the concepts of ‘measurement 
theory’ as the foundation for their analytical 
investigation

¤ ‘Measurement theory’: deals with only a subset of the 
classical set of measurement concepts
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¤ Researchers have investigated mainly the representation 
conditions, the mathematical properties of the manipulation of 
numbers, and the proper conditions for such manipulations

¤ Our survey of the literature on software metrics has not come 
up with references to the classical concepts of metrology

¤ Other disciplines: the domain of knowledge of ‘Metrology’ is 
the foundation for the development and use of measurement 
instruments and processes

¤ ISO International Vocabulary of Basic and General Terms in 
Metrology (1993) contains the key metrology concepts

¤ This key ISO document is almost unknown in the 
‘software metrics’ community
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¤ Objective

Introduce the key set of metrology concepts to the 
software engineering community for the design of 
new software measurement instruments, the 
evaluation of current ‘metrics’ proposals, and the 
design of improvements to current software 'metrics’
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High Level Model High Level Model 
of Metrology Conceptsof Metrology Concepts

Input

Measuring instruments

Quantities

and units

Characteristics of

measuring instruments
Etalons

Measurement

Results
Measurements
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Detailed Models Detailed Models 
of each Related Conceptsof each Related Concepts

Quantities and unitsQuantities and units

Quantity

Systems of
quantities

Dimension
Unit of

measurement
Value
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Measurement foundationsMeasurement foundations

Metrology

Principle of Measurement

Method of Measurement

Measurement

Science of Measurement

Scientific Basis of a Measurement

Logical Sequence of Operations

Set of Operations
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Measurement procedureMeasurement procedure

Measurement Procedure

Measurand
Result of a

Measurement

Measurement
Signal

Transformed
Value

Operator

Measurement
Method

Influence
Quantity
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Measurement resultsMeasurement results
Types of 

measurement 
results

Modes of 
verification of 
measurement 

results

Uncertainty of 
measurement

Indication (of a 
measuring 
instrument)

Uncorrected result 

Corrected result

Accuracy of 
measurement

Repeatability (of 
results of 
measurements)

Reproducibility (of 
results of 
measurements)

Experimental 
standard deviation 

Error (of 
measurement)

Deviation

Relative error
Random error 
Systematic error 
Correction
Correction factor
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Measuring instru m entsMeasuring instru m ents

Detector /
Sensor

Measuring
Transducer

Measuring

Instrument

CorrespondanceRead
Stimulus Response

Measuring System

Material
Measure
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Characteristics of m e asuringCharacteristics of m e asuring
iinstrum e ntsnstrum e nts

Quantitative Qualitative Functionality test Measuring 
Range / 

Working 
RangeUse Control

Rated operating 
conditions 
Limiting 
conditions 
Reference 
conditions 
Instrument 
constant
Response 
characteristic 
Sensitivity
Discrimination 
(threshold)
Resolution (of a 
displaying 
device)
Dead band

Stability
Transparency
Drift
Response time 
Accuracy of a 
measuring 
instrument
Accuracy class 
(class index)
Freedom from 
bias (of a 
measuring 
instrument)
Repeatability (of 
a measuring 
instrument)

Error (of 
indication) of a 
measuring 
instrument
Maximum 
permissible 
errors / Limits 
of permissible 
error
Bias (of a 
measuring 
instrument)
Fiducial error 
(of a measuring 
instrument)

Datum error (of 
a measuring 
instrument)
Zero error (of a 
measuring 
instrument)
Intrinsic error 
(of a measuring 
instrument)

Nominal Range 
Span
Nominal Value
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Measurement Measurement SStandardtandard -- EtalonsEtalons

(Measurement) Standard
Etalon

Conservation of a 
(Measurement) Standard

International 
(Measurement) Standard
National (Measurement) 
Standard
Primary Standard
Secondary Standard
Reference Standard
Working Standard
Transfer Standard
Travelling Standard

Traceability
Calibration
Reference Material (RM)
Certified Reference 
Material (CRM)
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¤ Metrology concepts – should be used for:

Ä the evaluation of current proposals of ‘metrics’

Ä for improvements to current software ‘metrics’

Ä for the design of new software measurem e nt 
instruments

¤ Our models - to facilitate:

Ä Understanding of the metrology concepts

Ä Facilitate their use in software engineering

Ä Maturing of software  measurement within 
Software Eng.                                        

Use of Use of MetrologyMetrology ConceptsConcepts
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¤ We have proposed new models of the measurement 
concepts  based on ISO Vocabulary in Metrology at 
different levels of abstraction

Ä A high level model of the ISO vocabulary classification

Ä Detailed models of how the individual terms fits into 
this high level model, and within lower levels of 
abstraction

¤ Identify which of these concepts have been discussed 
in the software engineering ‘metrics’  literature

¤ H o w these metrology concepts can help understand 
the current maturity status of the field of software 
‘metrics’ and contribute to improvements

Conclusions and  Conclusions and  Future Future workwork
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Thank youThank you


