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Agenda

This chapter covers:

 Linking software measurement & software metrology:
• What is measured in software: the ‘measurand’ or a model of it?
• The measurement foundation in metrology

 The activities for the design (& evaluation) of software 
measurement methods:

1. Defining the measurement principle
2. Determining the measurement method
3. Post design activities: the measurement procedures



3© 2010 Alain Abran - Software Metrics & Software Metrology

Agenda

This chapter covers:
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 The activities for the design (& evaluation) of software 
measurement methods:

1. Defining the measurement principle
2. Determining the measurement method
3. Post design activities: the measurement procedures
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Introduction
 This chapter presents the detailed the activities and related 

products required for the design (+ analysis & verification) of 
measurement methods. 

 The approach integrates the concepts and vocabulary of 
metrology presented in chapter 3: 

• It provides definitions of the concepts as applied to the 
measurement of software, as well as 

• the activities and products related to the design of a measurement 
method.

 It gives an integrated view, involving both the practical side & 
the theoretical side of software measurement. 
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Linking Software Measurement and Metrology
 The measurand: A physical object or a model?

 Although software products are most often viewed as intellectual 
artifacts, they are also representations (through models) of physical 
phenomena occurring inside a computer which can be comprehended 
(e.g. sensed) by the human eye.

 The idea of making a distinction between software entities and 
engineering and scientific entities oversimplifies the nature of both 
software objects and engineering and scientific objects: 

• by no means all modern scientific entities are physical and tangible, and 
capable of being comprehended through direct perception.

• Many more scientific entities than one might expect are related to the 
models scientists build to explain the physical world (e.g. modern physics 
models and laws related to light, atoms, electricity, etc.)

– and these scientific entities are usually comprehended through instruments since 
they cannot be seen or sensed by a human! 
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Linking Software Measurement and Metrology
 Therefore, a central notion at the core of any measurement 

activity is the following:
The model represents the entity for which a given attribute is to 

be measured. 
• The choice of model for highlighting the target attribute is a determinant for 

the whole measurement life cycle, and this seems to be true for any 
engineering discipline, including software engineering. 

• Generally speaking, it appears that an attribute to be measured is 
comprehended through models that, at times, can vary from very simple to 
quite complex. 

• It is worth investigating such models: it is particularly important in the software domain 
because of the lack of consensual views about the models of software artifacts.
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Linking Software Measurement and Metrology
What is measured: the measurand or a model of it?

• In the physical sciences, is it the measurand that is measured 
directly, or one of its models?  
 In practice: it is often not the measurand itself that is measured, but 

one of its model. 
 In the VIM 2007, this is referred to as an ‘input quantity in a 

measurement model – see Figure below:
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Linking Software Measurement and Metrology

• When, then, is the software the measurand?
Can it be measured directly? 
Can it be measured indirectly through a measurement signal and a 

transformed value?  

• If the answer to either question is yes, how can this be integrated 
into the design of a measurement method? 
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Linking Software Measurement and Metrology
 How to measure software

• The measurement context model, which was presented in chapter 
2, is reproduced in Figure below. 

Measurement design Exploitation of 
measurement result

Measurement 
application

Figure: Measurement Context Model
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Linking Software Measurement and Metrology

• To recap: the design step consists of a set of design activities & 
sub-steps, from the definition of what we are measuring to an 
operational description of the procedure(s) to be used. 

 Of course, if a measurement method already exists, this design step is skipped 
or considerably abbreviated. This is what happens in mature disciplines. 

 But, if a measurement method does not exist at all, as is frequently the case in 
the software domain, then this step must be performed prior to specifying a 
measurement procedure for a particular measurement context.
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Linking Software Measurement and Metrology
 In practice: 

• viewing measurement as a mapping between 2 structures (real 
world & numerical world) does not give sufficient information about 
how to measure and how to have a sufficient degree of confidence 
in the measurement results. 

 To obtain that information, it is necessary to move beyond the 
theoretical definition of the mapping to an operational procedure. 

• The VIM describes this as the transition through 3 levels – see figure 
in next slide: 

1. measurement principle
2. measurement method
3. measurement through a measurement procedure 
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Linking Software Measurement and Metrology
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Figure: The levels in the measurement foundation in the VIM 
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Linking Software Measurement and Metrology
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1- Defining the Measurement Principle 
 Context

• In the ISO metrology vocabulary, the measurement principle is 
defined as the phenomenon serving as the basis of a 
measurement. 
 In mature disciplines, the output of this phase is the information 

obtained experimentally and referenced to well-established theories 
and laws, on top of which measurement methods have to be designed.
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1- Defining the Measurement Principle
The question: How to determine what a measurement principle 

would look like in the software engineering domain? 

• Classical works in software measurement generally follow the 
representational measurement theory [Fenton 1994, 1997; Zuse 1998], 
where measurement is viewed as a mapping between:
 an empirical world (i.e. what we are going to measure) and 
 a numerical world (i.e. the world of numbers from which we expect the 

measurement results). 

• This representational view is not sufficient, by itself, as a theory: 
 It does not impose any particular way of characterizing these 3 parts: 

the empirical world, the numerical world, and the mapping.
• such a characterization is a fundamental part of the measurement 

principle and must be well specified.
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1- Defining the Measurement Principle
 Describing the empirical world: characterization and 

modeling
• The attribute to be measured should be defined in a clear and 

precise way so that it is characterized sufficiently clearly and 
unambiguously. This characterization is referred to as the 
attribute model.
 The definition activity determines what is really about to be measured. 

 In other sciences & in engineering: 
• the attributes to be measured have long been defined, and methods 

to measure them have long been established on the basis of 
precise and widely accepted definitions. 

 A definition of an attribute delimits the description of that attribute by 
specifying:

• what it means and 
• what it does not mean. 



19© 2010 Alain Abran - Software Metrics & Software Metrology

1- Defining the Measurement Principle

• Another very important aspect of measurement is the development 
of consensus:
 such a consensus widens progressively, ultimately to universal 

adoption of its object as an international standard. 
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1- Defining the Measurement Principle
• According to Fenton [1994], models come in many different 

forms: 
• equations, 
• mappings, and 
• diagrams. 

• These models lead to an understanding not only of how the 
measurement results are obtained, but also how to interpret 
them.

• To summarize, description of the empirical world involves: 
1. determining the entity under consideration, 
2. determining the attribute to be measured, and 
3. building an adequate model to characterize that attribute. 
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1- Defining the Measurement Principle
• Many technical and theoretical difficulties related to that modeling 

activity arise:
 the choice of an adequate modeling language and/or technique, 
 the model’s precision and completeness, 
 the model’s adequacy with respect to the measurement goal, 
 the extraction of practitioners’ knowledge about the entity and the 

attribute, 
 the selection of representative practitioners, and perhaps dealing with 

their conflicting viewpoints, 
 etc.
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1- Defining the Measurement Principle
 Modeling techniques for describing the empirical world

• Many modeling techniques can be used to characterize aspects 
of the empirical world, such as: 
A. Mathematical: these approaches use equations, or, more generally, 

logical axioms to characterize the attribute concerned [Whitmire 1997; 
Zuse 1997]

B. Conceptual modeling: these approaches are based mainly on 
graphics-based modeling languages. 

 The mathematical approaches derive from the formal view of 
software.

 The conceptual approaches derive from conceptual modeling 
techniques (e.g. UML), which are very frequently used in software 
engineering. 
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1- Defining the Measurement Principle
A- Mathematical techniques.
• The empirical world can be modeled as a mathematical structure, 

including: 
 a set of entities, say A, 
 a collection of binary ordering relations, say R--1,…Rn, representing 

the order according to the different attributes of the entity considered, 
and
 a collection of operations, say O--1,…Om, representing different 

possible compositions of entities from the universe of A. 
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1- Defining the Measurement Principle
• Mathematical axioms describe some properties of entities:

 in particular, they express properties of the order induced by the 
attribute being measured, like transitivity or symmetry. 
Mathematical axioms also express the properties of some composition 

operation(s), like, for example, the additivity of operations on the 
entities. 

• The advantage of mathematical axioms lies in their potential use as a 
basis for a formal reasoning about the attribute being measured, and 
hence about the measurement method based on that model. 
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1- Defining the Measurement Principle
• More precisely, the representational view requires correspondence 

between:
 the empirical world structure, as defined here, and 
 the numerical world structure.

• This correspondence could be expressed mathematically as the 
homomorphism of the mapping. 
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1- Defining the Measurement Principle

• However, such a mathematical description is not sufficient for the 
whole of the measurement life cycle. 
 In particular, it does not provide, by itself, a practical way to 

determine the entities to be measured, to identify them, etc. 
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1- Defining the Measurement Principle
B- Conceptual modeling techniques 
• Conceptual modeling techniques are used frequently in software 

engineering, to model:
 (initially) data and data-centric systems (e.g. the basic entity-

relationship diagrams [Chen 1976]),

 (lagter) objects and object-based systems (e.g. UML diagrams), and, 
 (more recently) generically, to model the so-called ontology (i.e. any 

structural knowledge about a domain [Gruber 1993]). 

• Roughly speaking, the idea is to identify a few basic concepts and 
a few possible relationships between them, and to build a 
representation of the system/domain/knowledge/etc. on the basis 
of those concepts and relationships. 
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1- Defining the Measurement Principle
• Graphical representations are used extensively:

 as a practical way to model the knowledge we have about an entity 
type for which 1 (or more) attribute is to be measured; and 
 as a structural representation of the knowledge, in particular with a 

graphical view, which makes it easy understand the concept under 
consideration. 

• Consequently, graphical representations can facilitate the reaching 
of that consensus, clearly identifying the building tools, as well as 
the concept under consideration. 

 Though some popular modeling techniques are limited to ad hoc 
graphical notation, conceptual modeling techniques could also have 
precise semantics associated with them, bringing them to the same 
level of precision as mathematical descriptions 

• – see [Harel 2000] for a discussion on the semantics of graphical notations.
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1- Defining the Measurement Principle



30© 2010 Alain Abran - Software Metrics & Software Metrology

1- Defining the Measurement Principle
• Characterizing the empirical world can be achieved using different 

kinds of modeling approaches in a complementary way to take into 
account theoretical and practical needs.  

• The characterization of the empirical world makes it possible to 
combine knowledge expressed by means of various techniques, 
typically:
 representing the attributes to be measured by a conceptual model, 

obtained by consensus, which includes base definitions of the concept 
under consideration, as well as the characteristics that must, or must 
not, be taken into account; 
 the properties of the ordering relation induced by the attribute(s) to be 

measured and of the possible composition operations are described 
mathematically; and 
 using a representative ordered set as complementary knowledge for 

verification.
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1- Defining the Measurement Principle
 Describing the numerical world: scale types and units 

• Measurement is also viewed as a mapping of the empirical world 
to the numerical world:
 It is important to define the numerical world to which the attribute 

description is to be mapped. 
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1- Defining the Measurement Principle
• Describing the numerical world is related to the concept of scale 

type used in the classical measurement literature [Fenton 1997]. 

 It is to be noted that the scale type indicates the type of admissible 
operations to be accomplished: 

• A scale type corresponds to 1 category of mathematical structures, the 
individuals in which can be mapped to one another by a homomorphic 
transformation 

– e.g. transforming a length scale in centimeters into a length scale in 
inches. 
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1- Defining the Measurement Principle
• Scale types are closely dependent on measurement units. 
• In software engineering, the scale types currently used are:

 “nominal”, 
 “ordinal”, 
 “interval”, 
 “ratio”, and 
 “absolute”.

• Some arithmetic operations are clearly inappropriate in some 
scales:
For example: it is inappropriate to add 2 values on an interval 

scale because the result is not significant.
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1- Defining the Measurement Principle
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1- Defining the Measurement Principle

• Defining the numerical world is:
 not only about the kind of numerical structures we seek as a target 

(e.g. a particular scale type), 
 but also about the choice of the actual quantity values to be used, 

which also include the underlying units. 
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Linking Software Measurement and Metrology
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2- Determining the Measurement Method
 An operational view: the numerical assignment rules

• According to the ISO metrology vocabulary of the VIM, a 
measurement method is defined as a generic description of a 
logical sequence of operations used in a measurement. 

• Therefore: it should give a first operational definition of the 
mapping described above, that is, an operational description:
 of how to map a given empirical entity to its corresponding value; 

• corresponding to the numerical assignment rules in the 
measurement context model presented in chapter 2. 
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2- Determining the Measurement Method
• More precisely, these rules define how to find, in practice, the 

values associated with a particular attribute of an empirical entity 
(remember that a value is a number with a reference). 
 At this level, the description of the method should be given as a set of 

operations.

• The declarative properties of the level above (e.g. the 
measurement principle) characterize the mapping from empirical 
entities to numerical entities; but, in concrete terms, an operational 
process, such as counting, calculating, etc., should be performed 
to find the value corresponding to an entity attribute. 
 In other words, this part corresponds to the design of the 

operationalizable method according to which the measurement should 
be achieved. 
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2- Determining the Measurement Method
• If the measurement method involves some operations, then it 

describes the rules that should precisely determine:
 how to distinguish the entities to be measured, 
what should be disregarded, 
 how to perform the measurement, etc. 

• If the measurement is to be performed through calculation from 
other values, such as other attribute measurement values, then 
the description of the method involves the rules that determine 
such a calculation. 

• If the measurement process is to be carried out with a measuring 
device, a measurement method influences the kind of measuring 
instruments that can be considered, but does not necessarily call 
for a single kind of instrument. 
 In other words, at this level, general requirements as to the kind of 

measuring device that can be used are involved. 



41© 2010 Alain Abran - Software Metrics & Software Metrology

2- Determining the Measurement Method
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Linking Software Measurement and Metrology
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3- Post Design Activity: Determining a Measurement Procedure

• An important aspect in measurement is to precisely describe the 
context in which the measurement procedure will take place. At a 
minimum, the parameters that should be taken into account are: 
 the purpose of the measurement process, and 
 the constraints under which the measurement will be performed. 

 Some constraints are related to a particular application of the 
measurement method:

• e.g. existing measuring devices, the possibility of experimentation, 
available representative sets, etc. 

Other constraints are related to the maturity of our knowledge of the 
attribute to be measured:

• e.g. the quality of the models taken as the measurement principle. 
• As the maturity of software engineering measurement is far from that of the 

maturity of other disciplines, it can be expected that making such constraints 
explicit will allow practitioners to accept measurement method designs 
which can evolve with our knowledge of the domain



45© 2010 Alain Abran - Software Metrics & Software Metrology

Summary
This chapter has covered:

 Linking software measurement & software metrology:
• What is measured in software: the ‘measurand’ or a model of it?
• The measurement foundation in metrology

 The activities for the design (& evaluation) of software 
measurement methods, including:

• Defining the measurement principle: 
 through models of software
 the numerical view
 the mathematical view

• Determining the measurement method
 the practical operational view

• Post design activities: the measurement procedures
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 Additional material
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Linking Software Measurement and Metrology
1. The definition of the measurement principle

• The measurement principle should embody our knowledge or 
our understanding of the concept to be measured, that is: the 
entity & the attribute under consideration. 

• In other words, this activity gives the precise description of what
we are going to measure. 

For software entities (products), the measurement principle involves 
the model(s) used as a basis on which to describe the entity for 
which a given attribute is intended to be measured.

• modeling, as a central notion in software products, is at the same 
level as scientific principles in other sciences and in engineering. 

– the modeling activity (e.g. the activity that consists of describing the 
entity under consideration to highlight the attribute to be measured) 
corresponds to the activity of defining the measurement principle. 
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Linking Software Measurement and Metrology
2. The measurement method is defined on the basis of that 

principle. 
 It is a generic operational description, i.e. a description of a logical 

sequence of operations, of the way to perform a measurement activity 
(that is, to move from the attribute of an entity to be measured to the 
number representing the measurement result). 
• This activity gives a general description of how we are going to 

measure.

3. A measurement method should, in turn, be implemented 
concretely by a measurement procedure to describe a 
measurement according to one or more measurement principles 
and to a given measurement method.  
 It consists of concrete operations performed by means of measuring 

instruments and/or practical actions such as selection, calculation, 
comparison, etc. 

 It is more specific, more detailed, and more closely related to the 
environment and to the measuring instruments (e.g. tools) than the 
method, which is more generic. 
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1- Defining the Measurement Principle
• In the software domain, the need to understand and characterize 

the attribute to be measured leads to the necessity of precisely 
determining the entity under consideration. 
One of the main distinctive features of software products is that they 

are initially perceived as abstract products, which: 
• are sometimes difficult to delimit clearly; and
• can be changed from one form to another. 
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1- Defining the Measurement Principle
 Representative elements 

• Further complementary knowledge about the attribute to be 
measured can be given through a representative set of entities, 
such knowledge being useful mainly for verification purposes. 
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1- Defining the Measurement Principle
• The implicit hypothesis is that the order on the infinite set of 

entities could be approximated by an ordering on the equivalence 
classes represented by the representative set:
Of course, this complementary knowledge is not sufficient by itself, but 

it can be helpful in quickly detecting problems arising during the design 
phase.
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1- Defining the Measurement Principle
• Note:  conceptual modeling is aimed at describing the attribute to 

be measured, and the model built represents a particular 
abstraction of the entity under consideration. 

• So, even though we have to take into account the entity, we should 
keep in mind the goal of the modeling, i.e. to make the abstraction 
that is to represent the attribute to be measured. 

• In the design of a measurement method, it is important to keep in 
mind what is going to be measured (i.e. which attribute of which 
entity).
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2- Determining the Measurement Method
 According to the representational view, measurement is, by 

definition, considered to be a mapping between the empirical 
world and the numerical world. A precise definition of those 2 
worlds has been referred to as the measurement principle. 

 A measurement method corresponds to a mapping between 
those 2 worlds.  

• So, after precisely determining both the numerical and the 
empirical world with their properties, what information about the 
mapping should be considered in terms of the measurement 
method? 
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2- Determining the Measurement Method
 A mathematical view of the mapping

• Mathematically, a minimum of information about the mapping is 
the property ensuring that the mapping preserves the structure of 
the empirical world in the numerical world. This corresponds to the 
requirement that the mapping be a homomorphism. 

• At the other extreme, a maximum of (very hypothetical) information 
about the mapping would involve having a complete, extensive 
definition of the mapping (i.e. as a list of couples, each empirical 
element along with one number representing its measurement 
result). Of course, this is not practicable, as the set of empirical 
elements, i.e. the entity population, is usually infinite.

• On a more practical level, some other properties about the 
mapping can be given as a complement to the minimal 
requirement that the mapping be a homomorphism. 
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2- Determining the Measurement Method

• The simplest way to give such reference information is to assert 
that one particular entity, (i.e. the etalon in the restricted sense, as 
defined in the VIM) should have (by definition) the number 1 as the 
value of its measurement result. 
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2- Determining the Measurement Method
• The challenge is to produce measurement results which are 

consistent with both the scale and the etalon.
• For the sake of clarity, measurement scales are defined, by 

convention, with regard to the circumstances in which the 
measurement is carried out. 

• Determining a measurement scale type is important, in order to 
highlight arithmetic operations applicable on the values of that 
scale, if a scale is associated with multiple and sub-multiple units 
(to give more precision to the measurement operation).
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2- Products of the Measurement Design Phase

 The products associated with the design phase are 
summarized next.
1. The measurement principle is a precise definition of:

 the entities concerned, and 
 the attribute to be measured. 

• According to the representational approach of measurement, the 
measurement principle involves a description of the empirical 
world and the numerical world to which the entities are to be 
mapped.
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2- Products of the Measurement Design Phase
a. The empirical world can be described through conceptual modeling 

techniques or through mathematical axioms, or both. 
b. The numerical world can, in the general case, be any mathematical set, 

along with the operations performed on it. 
• It can also be defined through the selection of one scale type (ordinal, 

interval, or ratio). 
– This also includes the definition of units [VIM 2007], and
– other permitted composition operations on the mathematical 

structure.

2. The measurement method is a description of the mapping that makes it 
possible to obtain a value for a given entity. It involves some general 
properties of the mapping (declarative view), along with a collection of 
assignment rules (operational description). 
a. Declarative mapping properties can include a description of other mapping 

properties, in addition to the homomorphism of the mapping. For instance:
• a unit axiom (the mandatory association of the number 1 with an entity of 

the empirical set); 
• or, more generally, an adequate selection of a small finite representative 

set of elements ranked by domain practitioners.
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2- Products of the Measurement Design Phase
b. The numerical assignment rules correspond to an operational 

description of the mapping, i.e. how to map empirical objects to 
numerical values, and include:
• identification rules, 
• aggregation rules, 
• procedural modeling of a measurement instrument family, 
• usage rules, etc.

• The products of the design of a measurement method are then 
used to specify a measurement procedure, which corresponds 
to:
 a complete technical description of the modus operandi of the 

measurement method in a particular context (goal, precision, 
constraints, etc.) and with a particular measuring instrument.
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3- Post Design Activity: Determining a Measurement Procedure

 According to the ISO metrology vocabulary of the VIM, a 
measurement procedure is defined as a detailed description of 
a measurement according to one or more measurement 
principles and to a given measurement method:

• This level of description corresponds to a yet more operational and 
more practical definition of how to map an empirical entity to its 
corresponding number. 

• For practical purposes, a measurement procedure corresponds to 
a measurement report which gives a precise implementation of a 
given method for a specific context or set of contexts. 

• Moreover, if the measurement process goes through a measuring 
device, this level involves a precise description of that instrument, 
its calibration, and the documentation of its metrological 
properties, such as accuracy (VIM).
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