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Software measurement  
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How to Design a Measurement Method 
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Step 3 Step 2 

Measurement principle 

Measurement method 

Step 1 

Step 2 Step 3 

Step 4 



How to Design a Measurement Method 

Step 1: Determination of the measurement objectives 

• Before designing a software measurement method, it is important 

to know: 

what we want to measure (what kind of software, which 

attribute, etc.), 

what the measurement point of view will be (software user, 

software designer, etc.), and 

who the intended users are of the measurement results. 

 

• All these criteria have a strong influence on the design of the 

measurement method. 
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How to Design a Measurement Method 

Step 2: Characterization of the concept to be measured, 

 

       2 types of concepts need to be determined: 

 

1. the type of entity to be measured: 

 E.g. the entity/object on which to apply the measurement rules 

– Ex: code 

 

2. the attributes to be measured on this entity type: 

 E.g. the measurable concept/property itself 

• Ex: lines of code, as a representation of the size of the code 
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How to Design a Measurement Method 

Sub-step 3: Design (or selection) of the meta-model (e.g. 

measurable construct) 

• The set of characteristics selected to represent software or a piece 

of software, together with the set of their relationships, constitute the 

meta-model (e.g. measurable construct) of the software to which the 

proposed measurement method will be applied. 

– The meta-model should be described generically, that is, it should 

not be specific to a particular piece of a software and should be 

independent of the context of measurement while meeting the 

objective of the measurement. 

– The meta-model must also describe how to recognize the attributes 

to take into account to measure the entities involved in the 

measurement exercise. 

– The meta-model must also describe what role each sub- concept 

plays in the make-up of the concept measured, and how these 

sub-concepts are themselves defined. 
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How to Design a Measurement Method 

Sub-step 4: Definition of the numerical assignment rules 

• the numerical and mathematical one, consists in defining an 
empirical relational set[1]. 

• From a mathematical viewpoint, to characterize a concept is to 
define an empirical relational set. 

 This is achieved by defining numerical assignment rules. 

 This includes the selection (or design) of a measurement unit. 

[1] See also chapter 5. 
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Design of a measurement method 

Activities: 

1. Defining the measurement principle 

2. Determining the measurement method 

Post design: Measurement procedure 

Technical foundations 



1- Defining the Measurement Principle 

• 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). 

 

 

 

12 



1- Defining the Measurement Principle 

 

• 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: 

• The property/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. 
 

 A definition of an attribute delimits 

the description of that attribute by 

specifying: 

• what it means and 

• what it does not mean. 
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 Describing the numerical 

world:  

 It is important to define the 

numerical world to which the 

attribute description is to be 

mapped. 

Example: 

• Target set 

Naturals: N, or real numbers: R  

or subset of these 

• Operations on it (e.g. +, <,etc.)  

consensus 



1- Defining the Measurement Principle 

 Description of the empirical 

world (EW) involves: 

• Determining the entity under 

consideration 

• Determining the attribute to be 

measured 

• Building an adequate model to 

characterize that attribute 
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 Modelling techniques for 

describing EW:  

 Mathematical approaches 

 Conceptual modelling 

 Both 

Software products abstract products which 

 

• are sometime difficult to delimit clearly 

• can be changed from one form to another 

Representative elements: 

 

Ask experienced staff:  

 

• To determine a set of entities that 

is representative of the attribute to 

be measured and 

• To rank those entities according to 

the value they would assign to 

that attribute 



Describing the empirical world: Example 

Functional size 



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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Measuring Length 

•In the world  

–Rods:   r1, r2, … , rn          
 Rod labels 

–Relations:  

r1 (≤) r2     (≤) denotes comparison 

r1 © r2    © denotes composition by 

concatenation 

Transitivity: a < b, b < c  ->  a < c 

Symmetry : a < b, b > a  



1- Defining the Measurement Principle 

• Defining the numerical world is about: 

 the kind of numerical structures we seek as a target (e.g. a 

particular scale type), 

 the definition of units. 
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Measurement method design 

Measurement method design 

INPUT 

 
Step 1: Determination of the measurement Objectives 

What attribute/property is measured? (measurand) 

What is the entity to be measured?  (object) 

From what measurement viewpoint ?  

What is the intended use(s) of the measurement result? 
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Step 2: Characterization of the concept to be measured  

Definition of the entity to be measured  

Definition of the attribute/property to be measured     

Step 3: Design (or selection) of the meta-model 

Description of concepts  and relationships among them to characterize the concept to be measured  

Modelling empirical world  

Kind of numerical structure 

Scale type and measurement unit 



Measurement Context Model 
Design of the measurement method 

Design or selection of 

the meta-model 

(Measurable 

construect) 

Definition of the 

numerical 

assignment rules 

Software 

documentation 

gathering 

Application of 

the numerical 

assignment 

rules 

Measurement method 

application 

Determination 

of the 

objectives 

Result 

Characterization 

of the concept to 
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Construction 

of the 

software 
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Audit Estimation 

model 
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result (examples) 
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Quality 
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... 
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Step 3 Step 2 

Measurement principle 

Measurement method 



Break 
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Measurement Foundation 

Science of Measurement 
and its Application 

Basis of a Measurement 

Generic Description of Operations 
used in a measurement 

Detailed Description of a Measurement 

13 

 

              Metrology 

 
Measurement Principle 

 
Measurement Method 

 
Measurement Procedure 

The hierarchy of measurement-related concepts (in Figure) 

is referred to as the measurement foundation 



2- Determining the Measurement Method 

 It involves 

• General properties of the mapping  Declarative view 

• Example: Unit axiom (The mandatory association of the 

number 1 with an entity of the empirical set) 

• Collection of rules  Operational view   

• Example: how to map empirical objects to numerical values 

include:  

• identification rules,  

• aggregation rules,  

• procedural modelling of a measurement instrument family, 

•  usage rules, etc.  
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2- Determining the Measurement Method 

 An operational view:  

 
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, 

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. 
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Measurement method design 
Measurement method design 

INPUT 

 
Step 1: Determination of the measurement Objectives 

OUTPUT 
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 Step 2: Characterization of the concept to be measured  

Definition of the entity to be measured  

Definition of the attribute/property to be measured     

Step 3: Design (or selection) of the meta-model 

Description of concepts  and relationships among them to characterize the concept to be measured  

Modelling empirical world  

Kind of numerical structure 

Scale type and measurement unit 
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Step 4: Definition of the numerical assignment rules 

Definition of identification rules (how to recognize the concepts to take into account to measure the 

entities involved) 

Definition of numerical assignment rules 

Definition use rules 



Assignment 

• Analyse the design a method for measuring the functional size of 

requirements specifications 



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: 

o the purpose of the measurement process, and 

o 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, 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. 
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Summary 

This lecture has covered: 

 

The activities for the design of software measurement 

methods, including: 

• Defining the measurement principle: 

• Determining the measurement method 

 the practical operational view 

• Post design activities: the measurement procedures 
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