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Abstract Model-driven Engineering (MDE) has attained great importance in both the

Software Engineering industry and the research community, where it is now widely used to

provide a suitable approach with which to improve productivity when developing software

artefacts. In this scenario, measurement models (software artefacts) have become a fun-

damental point in improvement of productivity, where MDE and Software Measurement

can reap mutual benefits. MDE principles and techniques can be used in software mea-

surement to build more automatic and generic solutions, and to achieve this, it is funda-

mental to be able to develop software measurement models. To facilitate this task, a

domain-specific language named ‘‘Software Measurement Modelling Language’’ (SMML)

has been developed. This paper tackles the question of whether the use of SMML can assist

in the definition of software measurement models. An empirical study was conducted, with

the aim of verifying whether SMML makes it easier to construct measurement models

which are more usable and maintainable as regards textual notation. The results show that

models which do not use the language are more difficult—in terms of effort, correctness

and efficiency—to understand and modify than those represented with SMML. Additional

feedback was also obtained, to verify the suitability of the graphical representation of each

symbol (element or relationship) of SMML.
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1 Introduction

Measurement is a key aspect in the software life cycle, since it provides a support for the

planning, monitoring, control and evaluation of the quality of software processes (how)

and products (what) (Fenton and Pfleeger 1997). It is therefore highly advisable and

useful to define and carry out a measurement process in order to obtain quantitative

information.

Furthermore, in recent years, the new Model-driven Engineering (MDE) paradigm has

become widely used, achieving great importance in the research field and the Software

Engineering industry. This paradigm can be used by software companies to improve

productivity, because new software artefacts are (semi)automatically generated from

models (Bézivin 2004). The measurement of models in this scenario has become a

fundamental step in making it easier to improve them later on, and MDE and Software

Measurement can consequently benefit each other mutually, as has been analysed by

several authors (see Sect. 6). MDE can therefore take advantage of the benefits of

software measurement, because the importance of measuring models is greater when

applying MDE as a prior, fundamental step towards later improvement of the models. In

the opposite respect, the principles and techniques of MDE can be used in software

measurement, with the objective of building more generic and automatic solutions

(Garcı́a et al. 2003; Bézivin et al. 2005; Garcı́a et al. 2007; Mora et al. 2009). Addi-

tionally, a current problem when modelling software measurement is the absence of an

appropriate notation which makes it possible to have a more intuitive and easier defi-

nition of software measurement models, which are the most relevant type of artefact in

this context. To achieve this, it is fundamental to provide practitioners and researchers

with a suitable language, and MDE has two alternative means by which to define or to

develop languages: (i) General Purpose Languages (GPL) and (ii) Domain Specific

Languages (DSL). A GPL is a language that can be used to solve a wide variety of

problems such as, for example, UML (OMG 2005b). On the other hand, ‘‘a DSL is a

programming language or executable specification language that offers, through appro-

priate notations and abstractions, expressive power focused on, and usually restricted to,

a particular problem domain’’ (Deursen et al. 2000).

When designing DSLs, we must identify the source for the languages, that is, we need to

find what the DSL should express, and identify what the relevant abstraction and notations

in the DSL are (Völter 2009). The source for a language is often an existing framework,

library, architecture or architectural pattern. Besides, patterns exist to aid the DSL

developer in the decision, analysis, design and implementation phases of DSL development

(Mernik et al. 2005). In this sense, the use of a Domain Definition Metamodel (DDMM),

which is a specification of the domain’s conceptualization (Kurtev et al. 2006), can be

considered of interest in obtaining the abstraction language. Once the knowledge has been

identified, building the DSL is mainly about formalizing the knowledge: defining a

notation (graphical or textual), putting it into a formal language and building generators/

editors to generate parts of the implementation code (Völter 2009).

Both types of language commented on previously (GPL and DSL) can be used to apply

MDE in the context of software measurement, but the option of a DSL seems to be a more

appropriate choice for the following main reasons:

(a) A DSL has a clearly identified concrete problem domain (in contrast to a GPL which

covers multiple domains).
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(b) Thanks to the existence of the ‘‘Software Measurement Ontology’’ (SMO) (Garcı́a

et al. 2006) we have the conceptual and semantic foundations for the DSL.1

(c) The previously developed ‘‘Software Measurement Metamodel’’ (SMM) (Garcı́a

et al. 2007), derived from the SMO, can be used as the DDMM.

One important aspect which was raised in developing the Software Measurement DSL

was whether it was better to use a graphical notation or a textual representation to facilitate

the understanding and ease of maintenance of the models. The answer is not clear, as a

representation can perform better than the alternative, depending on the type of informa-

tion to be managed. To represent information which deals with relationships between

entities, for the timing/sequence of events or for some kind of signal/data flow, graphical

notation is better (Völter 2009). However, rendering expressions graphically is a bad

solution, so textual representation can perform better in this context. On the other hand, in

this context, it is interesting to consider the visual programming area, which tackles two

important issues in the Software Engineering field (Ahmad 1999): first, it allows users to

master the inherent complexity of the programming activity by means of a graphical

notation. The high level of visual abstraction makes program comprehension easier by

visualizing the semantic relationships between the program entities and it facilitates an

increase in the productivity of developers and users, due to the fact that the latter can

generally understand the beginning of the system design process.

The ‘‘Software Measurement Modelling Language’’ (SMML) (Mora et al. 2008b, c) has

therefore been developed for the reasons outlined earlier. SMML is a graphical DSL,

whose goal is to make it easier to write and read software measurement models. As stated

previously, a graphical notation can be a good option for representing domains in which

entities and relationships between them are involved. SMML is a core element of the

‘‘Software Measurement Framework’’ (SMF2) (Mora et al. 2008a) which includes all the

conceptual, architectural, methodological and technical tools to support the main aspects

and activities of the software measurement process in an MDE-based manner.

The aim of the work presented in this paper was to test the usability and maintainability

of the language by means of an empirical study, which focused on the understandability

and changeability sub-characteristics according to the ISO 9126 quality model (ISO/IEC

2001). Following the principle of replicability, basic to any empirical scientific research,

we provide detailed information on the empirical validation and how this was done,

including the planning, material, method and analysis and interpretation results (Basili

et al. 1999; Shull et al. 2008). The study was carried out with the collaboration of a group

of Software Engineering experts who worked with software measurement models defined

with both SMML and TEXTUAL notations, and with data in tables organized in a pre-

determined format, but with free text in cells. The intention of the empirical study was

therefore to test which type of representation (graphical or textual) can be most suitable for

representing software measurement models according to the SMM.

The remainder of the paper is organized as follows. Section 2 puts the SMML language

into context by summarizing the main characteristics and components of the Software

Measurement Framework (SMF). Section 3 then presents the main aspects of the SMML,

including the abstract syntax (based on the software measurement metamodel, SMM), the

concrete syntax (collection of icons that constitutes the graphical language), the constraints

1 In http://alarcos.inf-cr.uclm.es/ontologies/smo/—The Web Ontology Language (OWL) is a family of
knowledge representation languages for authoring ontologies endorsed by the World Wide Web
Consortium.
2 In http://alarcos.esi.uclm.es/smf/.
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on the abstract syntax and the semantics. Sections 4 and 5 explain the empirical study, with

the empirical validation and a discussion of the experimental validity, respectively. In Sect.

6, an overview of related work is provided, and conclusions and future work are outlined in

the final section. Appendix A includes an excerpt of the experimental material.

2 The Software measurement framework (SMF)

The SMF provides a reference framework for the measurement of any kind of MOF-

compliant model (Mora et al. 2008a, 2009). SMF follows the MDE principles in which

software measurement models (SMM) and domain models (models of the entities to be

measured) are the core artefacts of the measurement process. As a result, SMF ensures that

the measurement process is carried out in a consistent and more productive manner, by

providing companies with the necessary infrastructures and methodology. Figure 1 illus-

trates how the measurement of any kind of MOF-compliant model is supported by the SMF

framework. The architecture has been organized into the following conceptual Meta-

Object Facility (MOF)-based metadata levels: Meta-Metamodel Level (M3), Metamodel

Level (M2) and Model Level (M1).

As can be observed in Fig. 1, the measurement of models is carried out by following the

steps set out below:

1. Creation or incorporation of the domain metamodel: the measurement is done in a

specific domain and this domain must be defined according to its MOF-compliant

metamodel. For instance, if the model to be measured is a UML model, the UML

metamodel must be incorporated into the repository.

2. Creation or incorporation of the domain model: this must be defined according to its

corresponding domain metamodel which is MOF-compliant (created or included in the

first step).

3. Creation of measurement model: the measurement model is created according to the

Software Measurement Metamodel (SMM), a key integrated part of the SMF (see

Sect. 3) and which is MOF-compliant. This constitutes the source model and contains

all the information about the software measurement process.

4. Measurement execution: the automatic measurement execution is carried out through a

model transformation, in which the target measurement model is obtained from the

two source models (the measurement model and the domain model). The target

measurement model is obtained by extending the source measurement model with the

results of the measurements. As can observed in Fig. 1, the metamodel applied to

define the transformation is Query/View/Transformation (QVT) (OMG 2005a), whose

metamodel is MOF compliant too.

In addition to all said above, we should comment that by means of this framework any

software entity in any domain which has a MOF-compliant metamodel associated with

it (for example UML, E/R models, Relational schemas, Requirements models, etc.)

can be measured. This is achieved by using a common metamodel (SMM) to represent

software measurement models and by employing model transformations.

One of the main objectives of the SMF framework is to make it possible for the work of

the potential users (measurement engineers, measurement experts, etc.) to be done with

greater ease when they are aiming to define measurement models. The aim is also to apply

them to the measurement of software entity attributes. This is achieved through the

application of the Software Engineering black box principle, which implies that users are
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not required to have any knowledge of the internal workings of the SMF, owing to the

automatic model transformations of the MDE paradigm which are automated in the

framework.

Therefore, as is illustrated earlier, one of the key steps is the definition of software

measurement models. The Software Measurement Modelling Language has been devel-

oped to support this task as an alternative to textual notation, and the comparison between

these, by means of an empirical study, is the main focus of this paper. This language is

intended to play a fundamental role in the SMF, as it provides the user with the definition

of the measurement models by using a graphical notation, a task which, until now, had to

be done by directly instantiating the software measurement metamodel in a textual manner.

SMML incorporates all the constructors needed to represent software measurement models

of any type of entity, i.e. measurements of processes, projects and products.

MOF

Software 
Measurement 

Metamodel

Software 
Measurement 

Models

Domain
Model

Domain 
Metamodel

M3

QVT 
Relations 

Metamodel

QVT Relations 
Model

Measurement Modelling

conforms to conforms toconforms to

conforms to conforms toconforms to

Software 
Measurement 
Model (target)

M2

M1

Transformation

Domain Modelling and 
Measurement process

1. Incorporation of 
domain metamodel

3. Creation of software 
measurement model

2. Creation of domain 
model

4. Measurement 
Execution

Result of the 
measurement process

SMML

Fig. 1 Overview of SMF
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SMF is supported by SMTool,3 which automates the generic measurements of any

software domain. The tool is composed of two main components which have been

developed by using the Eclipse framework:

• A Model Transformation Engine, which supports the management and transformation

of the models by means of QVT (Mora et al. 2009). The models and metamodels

managed by the engine must be ECORE compliant.

• A Graphical Editor, which supports the SMML (see Sect. 3.4).

Due to the fact that the SMTool has been developed using the Eclipse framework, the

domain metamodel defined must be represented with ECORE, which is MOF compliant.

The following sections show details of SMML and the empirical research which was

conducted to provide a preliminary insight into its potential usefulness.

3 The Software measurement modelling language (SMML)

The SMML (Mora et al. 2008b) plays a fundamental role in the SMF, as it allows users to

define the measurement models which are the input for the software measurement process.

The visual representation of the measurement models aims to make SMF a more usable

and intuitive framework for the user. The set of icons which form a part of the language

have been created and/or selected in order to make it easier for software engineers to define

software measurement models. The use of general purpose languages to define domain

measurement models is thus avoided.

SMML is a DSL with a clear syntactic and semantic definitions, thanks to its ontological

foundation (Mernik et al. 2005). Moreover, the SMML has been created with the objective

of fulfilling the general requirements of a DSL: usability, conformability, orthogonality,

supportability and simplicity (Kolovos et al. 2006). The use of the SMML is illustrated

throughout the rest of the paper by means of examples. The difference between the use of

the SMML and a tabular textual representation is also shown (see Figs. 11, 12 and 13 in

Appendix A). The example provided is about a measurement model which aims to evaluate

the maintainability of relational database schemas. More examples of SMML usage can be

found in http://alarcos.esi.uclm.es/smf/smml.

The next subsections summarize how the SMML has been developed by following the

tasks defined by Feilkas (2006).

3.1 Definition of an abstract syntax (domain definition metamodel)

The SMML has been developed using the Software Measurement Metamodel (SMM). This

metamodel is derived from the Software Measurement Ontology (SMO) (Garcı́a et al.

2006) and defines the abstract syntax of SMML. Figure 2 shows the UML representation of

the SMO.

The SMM is aligned with the SMO sub-ontologies which tackle the definition phase of

software measures. As a result, the SMM is composed of the following packages (Fig. 3):

• Basic Package: this Basic Package identifies and establishes the general constructors

which are necessary to define any measurement model.

3 In http://alarcos.esi.uclm.es/smf/smtool/.
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Fig. 2 Software measurement ontology (Garcı́a et al. 2006)

Fig. 3 Software measurement metamodel: package structure and basic package
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• Characterization and Objectives Package: this package includes the constructors

required to establish the scope and objectives of the software measurement process.

• Software Measures Package: this package includes the constructors needed to establish

and to clarify the key elements in the definition of a software measure.

• Measurement Approaches Package: this package includes the constructors needed to

generalize the different ‘approaches’ used by the three kinds of measures (base, derived

and indicators) to obtain their respective measurement results.

The measurement action sub-ontology (see Fig. 2) is excluded from the SMM, as this

sub-ontology includes the terminology related to the act of measuring software by means

of obtaining measurements, which is a set of measurement results, for a given attribute of

an entity, using a measurement approach. This sub-ontology is therefore beyond the scope

of the software measurement definition step, which is intended to be supported by means of

the SMML.

According to the SMM basic constructors (Fig. 3), the SMML is composed of two types of

elements: measurement elements and measurement associations. The measurement elements

in the SMML are the elements which are defined in the SMM (Measure, Information need,

Measurable concept, etc.) on which the SMML language is based. With regard to the rela-

tionships between measurement elements, four types of measurement associations have been

identified: association, non-navigable association, aggregation and dependency. These rela-

tionships have been defined in the Basic Package (for further details see (Mora et al. 2008c)).

All of the SMM packages therefore maintain the original definition of (Garcı́a et al. 2007),

with the exception of the Basic Package, which was accordingly adapted so as to satisfy the

requirements of the SMML for representing the relationships between the modelling

constructors.

3.2 Definition of a concrete syntax

A concrete syntax was defined in order to make the language usable. All of the elements

are defined in the Basic Package: measurement elements and association elements.

Each of these elements of the language must be associated with a graphical icon which

represents the element of the abstract model, and these icons were designed bearing in

mind their usability when applied by users. As a result, some of the proposed icons were

extracted and/or adapted from well-known modelling languages such as Entity-Relation-

ship Diagrams to facilitate their use by software engineers. When no suitable source with

which to represent a constructor was found, it was built from scratch. Table 1 includes a

representative sample of the measurement elements. The complete concrete syntax can be

found in (Mora et al. 2008c).

Table 2 shows the relationships included in the ‘‘Software Measurement Character-

ization and Objectives’’ package. Note that each relationship in the SMO has been clas-

sified under one of the four types of associations of the SMML, which are defined in the

Basic Package. The complete set of associations is included in Mora et al. (2008c).

3.3 Abstract syntax constraints

Another key aspect of a DSL specification is the definition of constraints on the abstract

syntax, which describes in precise terms the way to structure the constructors of the language.

These constraints establish the cardinality and the participant elements of the associa-

tions, and they have been defined by using OCL (OMG 2003). An example of a constraint
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in OCL which verifies whether the Measurement Elements involved in the ‘‘Dependency’’

Association (source and target) are correct is shown in Table 3. All the SMML constraints

defined in OCL can be found in (Mora et al. 2008c).

3.4 Definition of semantics

The SMO and its derived metamodel (SMM) express the semantics of the SMML con-

cepts, whose syntax is defined by the metamodel. The static semantics in the SMML is

composed of the OCL constraints which have been on the abstract syntax or metamodel (to

see Sect. 3.3). Finally, the editor of the SMML (to see Sect. 3.5) and the QVT transfor-

mations which have been defined to execute the model measurements (to see Sect. 2)

provide the operational semantics of the language.

3.5 SMTool: the SMML editor

The SMML editor is part of SMTool and has been created by using the Eclipse Graphical

Modelling Framework (GMF), which provides a generative component and runtime

Table 1 A selection of the SMML elements

Information need Entity Base Measure Quality Model

____________
____________
____________
____________
____________
____________??

Information need

Name

Quality Model

Measurable Concept Attribute
Measurement

Function
Decision Criteria

Measurable 
Concept

C
Attribute

Table 2 A selection of the SMML associations

Relationships Description

Includes An entity class may include several other entity classes. An entity
class may be included in several other entity classes

Defined for A quality model is defined for a certain entity class. An entity
class may have several quality models associated

Relates A Measurable concept relates one or more attributes. An Attribute
is related to one or more measurable concepts

Has An entity class has one or more attributes. An attribute can only
belong to one entity class
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infrastructure for developing graphical editors based on EMF (Eclipse Modelling Frame-

work) and GEF (Graphical Editing Framework). This has facilitated the creation of the

SMML editor from the Software Measurement Metamodel (SMM) which was previously

defined in EMF. Figure 4 shows the environment of the SMML editor. Thanks to the

SMML editor, it is possible to define the software measurement MOF-compliant models

that will be used to execute the measurement process in a more friendly way. Otherwise,

these models would have to be textually defined by using EMF to directly instantiate the

SMM, which is a more laborious and error-prone task.

4 Empirical validation of the SMML

This section describes the experiment carried out to provide empirical evidence with regard

to the potential usefulness of the SMML in measurement modelling. The main goal of this

Table 3 OCL dependency constraints

Measurement association: dependency

(self.src.oclIsTypeOf (QualityModel) and self.tgt.oclIsTypeOf
(EntityClass)) or

(self.src.oclIsTypeOf (QualityModel) and self.tgt.oclIsTypeOf
(MeasurableConcept)) or

(self.src.oclIsTypeOf (MeasurableConcept) and self.tgt.oclIsTypeOf
(InformationNeed))

or (self.src.oclIsTypeOf (AnalysisModel) and self.tgt.oclIsTypeOf
(DecisionCriteria))

or(self.src.oclIsTypeOf (Indicator) and self.tgt.oclIsTypeOf
(InformationNeed)) or

(self.src.oclIsTypeOf (Measure) and self.tgt.oclIsTypeOf (Attribute))

Fig. 4 SMML editor
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experiment was to ascertain whether models represented with the SMML are easier to

understand and modify than models represented with a textual notation. Our research

question can be stated as: ‘‘Is the SMML more usable and does it facilitate the construction
of more maintainable software measurement models?’’

4.1 Experiment planning

The general goal of our empirical study is derived as follows:

To analyse measurement models represented with and without the SMML with the
purpose of comparing them, with regard to the usability and maintainability of the

models, from the point of view of software measurement analysts within the context
of Software Engineering modelling experts.

In order to test the proposed hypothesis, an experiment was designed and conducted.

This was achieved by following the templates and recommendations presented in Wohlin

et al. (2000; Juristo and Moreno (2001); Kitchenham et al. (2002); Jedlitschka and Ciol-

kowski (2005). Figure 5 shows an overview of the experimental plan. Each of the steps of

this experimental plan is explained in greater detail in the following sections.

4.1.1 Subjects

The subjects of the experiment were 20 members of the Department of Information

Technologies and Systems from the University of Castilla-La Mancha (UCLM, Ciudad

Real, Spain). The group of subjects was chosen for their strict compliance with the

following characteristics:

MATERIAL: subjects were divided into two groups

Modelling Exercises
- 2 models by using SMML.
- 2 models by using TEXTUAL notation.

Subjects

Software Engineer
(UCLM)

Independent Variables:

Notation: 
- SMML / TEXTUAL

Universe of Discurse:
- Relational Schema
- UML Class Diagram
- Web Portal
- E/R Diagram

Dependent Variables:

Understanbility
 Modifiability

Measures of dependent variables:
- Time
- Correctness
- Efficiency
- Subjective Rating of Difficulty

Qualitative Questionnaire

Subjective evaluation about 
SMML (icons and their 
relationships) 

Learning Documentation (40 minutes)

Contents:
- SMML language tutorial.
- Instructions to do experimental tasks.
- Solved examples about understandability and 
modifiability.

Study of Questionnaires:

Qualitative analysis of the  
usability of SMML icons and 
relationships

Experimental Task
For each model:
- To answer six questions about understandability.
- To carry out four modifications on the model.

For each type of exercise:
- To rate the difficulty according to a scale of five 
values.

Fig. 5 Overview of the experimental plan
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• lecturers or M.Sc (Master of Science) in computer science.

• their experience in modelling.

• their knowledge of software measurement (software measurement metamodel and

ontology).

• their lack of knowledge of the SMML.

4.1.2 Material

The material given to the subjects was composed of three parts, which are detailed in the

following subsections:

(a) Learning Documentation: this part of the material was prepared to provide subjects

with the information needed to learn about the SMML and to carry out the

experimental tasks. This documentation was planned to be read in about 40 min on

average and it was composed of the following parts:

• Introduction to the SMML language: in which the objective of the language and

the ontology from which it was defined were explained. The reason for including

this part was to balance the knowledge needed by all subjects to carry out the

experimental tasks, thereby avoiding differences due to different levels of

knowledge about the ontology.

• Structure of the SMML: A brief explanation of the 3 packages of which this

language is formed was given, and an example of a diagram of each package used

in the SMML was provided.

• Instructions, which had to be followed to carry out the tasks in the experiment.

• A solved example of the understandability exercise.

• A solved example of the modifiability exercise.

(b) Modelling exercises: the material given to each subject consisted of two types of

exercises: an exercise concerning the understandability of the model and an exercise

concerning its modifiability. Each type of exercise was related to one of four

Universes of Discourse (UoD), respectively. Special care was taken in the choice of

the UoD selected, and only those which would be familiar to Software Engineers

were chosen. These UoD were Relational Schema, UML Class Diagram, Web Portal

and E/R Diagram.

Two semantically equivalent software measurement models were prepared for each

UoD: one by using the SMML language, and the other with TEXTUAL notation (free

texts organized in tables). Hence, a total of eight software measurement models were

prepared for each subject. Table 4 shows the distribution of material per subject.

Each understandability exercise included a questionnaire composed of six questions

(with yes/no answers) about the measurement model, and at the end of the exercise, a

section was included in which subjects had to rate the level of difficulty of the model

according to a scale composed of five values (from very simple to very complex) (see

Fig. 11). Each modifiability exercise included four new requirements which involved

making certain modifications to the models, and a final part with the subjective

evaluation of the level of difficulty of the model (see Fig. 12 in Appendix A).

(c) Qualitative Questionnaire: another key aspect to be assessed was the subjects’

perception of the suitability of each symbol of the graphical language used to

represent each element of the metamodel. This was considered by including a final

questionnaire (see Fig. 6) in which the subjects rated each icon of the SMML on a
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scale from 1 (very suitable) to 5 (not very suitable) in accordance with their

perception of the suitability of the symbol assigned to the element. They could also

add comments, which would be taken into account to improve the language.

4.1.3 Variables

According to the standard ISO/IEC 9126, usability is a characteristic of software defined

by ‘‘a set of attributes that bear on the effort needed for use, and on the individual

assessment of such use, by a stated or implied set of users’’. Usability is structured in the

sub-characteristics of learnability, understandability and operability. Following this same

norm, the other software characteristic is maintainability, which is defined as ‘‘a set of

attributes that bear on the effort needed to make specified modifications’’ and whose sub-

characteristics are stability, analyzability, changeability (also named modifiability) and

testability. The dependent variables of our empirical study were the following sub-char-

acteristics of usability and maintainability, respectively:

• Understandability, which we measured by means of the time spent by the subjects in

answering the six questions, the number of correct answers (correctness), the efficiency,

i.e., the relationship between the number of correct answers and the time spent

answering them ([number of correct answers]/[task completion time]), and the

subjective evaluation of the models’ level of difficulty (valuation).

• Modifiability, which was measured by the time the subjects spent on carrying out the

necessary modifications (four new requirements), the score of the modifications

(correctness), the efficiency of those modifications and the subjective evaluation of the

models’ level of difficulty (valuation).

Our main independent variable was the use or non-use of the SMML (notation) to

represent the software measurement models. The UoD was also considered as an inde-

pendent variable in order to ensure a complete analysis of the experimental data.

4.1.4 Hypotheses

The experiment was planned with the purpose of testing the hypotheses stated in

Table 5 which, for each set of hypothesis, details the dependent and independent

variables, the measures of the dependent variables and the null and alternative

hypothesis formulation.

Table 4 Description of software
measurement models

N UoD Notation

1 Relational schema SMML

2 UML class diagram TEXTUAL

3 Web portal SMML

4 E/R diagram TEXTUAL

5 Relational schema TEXTUAL

6 UML class diagram SMML

7 Web portal TEXTUAL

8 E/R diagram SMML
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4.1.5 Experimental tasks and treatment

In accordance with the nature of the planned experiment, we applied an experimental

design of confounded factorial with interaction (see Table 6). The subjects were randomly

divided into two groups: Group A, whose members received material set A, and Group B,

who were given material set B. As can be observed in Table 6, the intention was that a

subject working with a UoD in the understandably exercise and using SMML, would work

with the same UoD in the modifiability exercise with TEXTUAL notation, so that all the

subjects would eventually have a set of 8 models distributed throughout the two types of

exercise (understandability and modifiability). Each subject was required to answer the

questionnaires, to carry out the modifications on each model and to rate the difficulty of

Fig. 6 Excerpt of final questionnaire concerning the suitability of the icons
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each model according to their opinion. Finally, each subject had to answer a qualitative

questionnaire related to the usability of the SMML. Table 7 shows the specific models each

subject received according to his/her group and the type of exercise.

To develop the understandability questionnaires, the same template was followed for

the SMML and textual representation. This was true for the case of modification requests

(see Table 7) too. As a consequence, the complexity of assignments was balanced in both

Table 5 Sets of hypotheses

ID Dependent
variable

Measures of
dependent
variables

Independent
variables

Null hypothesis—H0 Alternative
hypothesis—H1

SU Understandability Time
Correctness
Efficiency
Valuation

Notation H0Su

The use of SMML does
not improve the
understandability of
the software
measurement models

H1Su

The use of SMML
improves the
understandability of
the software
measurement models

SM Modifiability Time
Correctness
Efficiency
Valuation

Notation H0Sm

The use of SMML does
not improve the
modifiability of the
software
measurement models

H1Sm

The use of SMML
improves the
modifiability of the
software
measurement models

UoD Understandability
Modifiability

Time
Correctness
Efficiency
Valuation

UoD H0UoD

There are no differences
in understandability
or modifiability owing
to the universe of
discourse of the
model

H1UoD

There are differences in
understandability or
modifiability owing to
the universe of
discourse of the
model

SxUoD Understandability
Modifiability

Time
Correctness
Efficiency
Valuation

Notation
UoD

H0SxUoD

There are no differences
in understandability
or modifiability as a
result of the combined
effect of SMML
usage and universe of
discourse of the
model

H1SxUoD

There are differences in
understandability or
modifiability as a
result of the combined
effect of SMML
usage and universe of
discourse of the
model

Table 6 Experimental design

Type of exercise Notation Universe of discourse

Relational schema UML class diagram Web portal E/R diagram

Understandability SMML Group A Group A Group B Group B

TEXTUAL Group B Group B Group A Group A

Modifiability SMML Group B Group B Group A Group A

TEXTUAL Group A Group A Group B Group B
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the textual representation and graphical representation. To achieve this, a template was

designed and followed, to derive the questions and modification requests for inclusion in

each model, thus avoiding their having a possible influence on the results.

4.2 Execution of the experiment

The authors checked the material several times in order to guarantee that it contained no

mistakes. A pilot experiment was also run beforehand by a software engineer with a similar

background to that of the subjects who would be participating in the experiment and with

ten models. Once the pilot experiment had been completed, we verified that the average

time was appropriate if fatigue effects were to be avoided and that the learning material,

experimental models and tasks were understandable. The obtained results were as

expected, so no significant design changes were necessary.

The experimental run consisted of giving the material to the subjects, who had a strict

deadline by which the completed material had to be returned. The experiment was not,

therefore, directly supervised by experimenters. This was not considered necessary in the

context of this experiment, as the subjects had previous experience in experimentation and

they were committed to collaborating with this research by strictly following the

instructions they received.

4.3 Data analysis and interpretation

This section describes the data collection and further analysis and interpretation.

4.3.1 Descriptive statistics

Once the task had been carried out, we collected the forms filled in by the subjects,

ensuring that they were complete. As all the forms were indeed complete, the whole set of

subject results was considered. When the results were obtained, we first performed a

descriptive analysis of the data. Tables 8 and 9 show the main descriptive statistics for the

understandability and modifiability measures, respectively. Since the valuation measure

belongs to an ordinal scale, the median has been calculated for it. Graphical representation

of descriptive data by means of boxplots is shown in Figs. 7 and 8 for efficiency and time,

respectively (see Appendix B for the rest of the dependent variable measure boxplots).

The results of the experiment show that the time the subjects spent on understanding and

modifying the questions about the models which were defined with the SMML was shorter

than the results for the models which were not defined with the SMML (textual notation).

Subjects working with the SMML spent on average 12.525 fewer seconds (6.7% better) on

understanding tasks which was slightly shorter, and 89.77 s (1 m 29 s) less than on the textual

method when they worked on modifications (36.5% better). Moreover, the correctness of

Table 7 Specific material for each subject classified by groups and types of exercises

Group Type of exercise Models

A Understandability (6 questions) 1 2 3 4

A Modifiability (4 requirements) 5 6 7 8

B Understandability (6 questions) 5 6 7 8

B Modifiability (4 requirements) 1 2 3 4
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understandability answers was 5.66% better when using the SMML. Moreover, the cor-

rectness of modifiability answers was 47.21% better with use of the SMML in diagrams. The

efficiency was consequently improved using the SMML, the difference of efficiency in

understandability was on average 0.104 better (19.4%) in favour of the SMML, and this

positive difference in modifiability was 0.196 (an improvement of 68.5%). Finally, the

subjective valuation of the difficulty of the diagrams which were defined with the SMML was

better than the valuations of the models which were not defined with the SMML.

4.3.2 Hypotheses contrast and graphical interpretation

Once the descriptive data had been analysed, the following step was to obtain an insight into

whether these differences were statistically significant. We performed an ANOVA statistical

test (significance level a = 0.05), in order to analyse the interaction between the independent

variables under study when the measurement of the dependent variables was repeated. The

statistical results for the hypotheses testing in relation to the understandability measure and

modifiability measure of the dependent variables are summarized in Table 10.

As Table 10 shows, non-conclusive results were obtained to explain the differences in

understandability values, as statistical evidence was not found except in the subjective

valuation variable (p = 0.01 \ a); H0VT can be rejected and the use of the SMML is

therefore considered by the subjects to be easier than the use of textual notation in

understandability.

With regard to modifiability we obtained evidence that

• Non-SMML models were more difficult to modify than the SMML versions.

Significant differences were found with regard to the time, correctness, efficiency

(p = 0.000 \ a) and subjective valuation (p = 0.02 \ a), and H0Sm can therefore be

rejected.

Table 8 Understandability results: descriptive statistics

Understandability measures
(dependent variables)

SMML TEXTUAL

Mean Std dev Mean Std dev

Time (m, s) 3 m 4 s 1 m 35 s 3 m 16 s 1 m 23 s

Correctness (%) 93.33 9.091 88.33 16.537

Efficiency 0.639 0.32 0.535 0.24

Valuation (Median) Median = 2 0.868 Median = 3 0.992

Valuation: 1 = very simple, 2 = quite simple, 3 = normal, 4 = quite complex, 5 = very complex

Table 9 Modifiability results: descriptive statistics

Modifiability measures SMML TEXTUAL

Mean Std dev Mean Std dev

Time (m, s) 4 m 5 s 1 m 36 s 5 m 35 s 2 m 44 s

Efficiency 0.482 0.230 0.286 0.200

Correctness (%) 99.37 3.953 67.50 22.072

Valuation (Median) Median = 2 0.944 Median = 4 0.987

Valuation: 1 = very simple, 2 = quite simple, 3 = normal, 4 = quite complex, 5 = very complex
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• The UoD also had an influence on the modifiability time, efficiency, and subjective

valuation, i.e., subjects obtained different modifiability performances and opinions

when they worked with different UoDs (p = 0.000 \ a, H0 UoD can be rejected).

• The combined use of notation and UoD did not influence the results obtained.

On the other hand, as can be observed in column Group of Table 10, there were no

significant differences in any measure of the dependent variable between the subjects in the

two groups A and B. The group to which the subjects belonged consequently did not affect

the ease with which they understood or modified the software measurement models.

In addition to the numeric analysis, a graphical analysis was performed by means of

profile plots, which show whether there are interactions between the variables in the study.

Specifically, plots were obtained to show whether there are interactions between the UoD

(body of the plot) and the use or non-use of SMML (X axis) with regard to the under-

standability and modifiability time/efficiency/valuation/correctness (Y axis), respectively.

Figures 7, 8 and 9 show that the time and efficiency involved in carrying out the

modifiability exercises is better when using the SMML language than when not using it,

regardless of the UoD.

In relation to understandability, as stated earlier, the differences found were not sta-

tistically significant. Nevertheless, Fig. 10 shows that efficiency in understandability is

better when the SMML language is used than when it is not used, regardless of the UoD to

which it is applied. This profile shows that there is no interaction effect between the usage

or non-usage of the SMML and the UoD, and these plots demonstrate that the use of the

SMML produced better scores, irrespective of the UoD.

Fig. 7 Boxplots of modifiability/understandability efficiency
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In short, graphical analysis provided more insights into the potential usefulness of the

SMML for modifiability for all UoDs. It can also be deduced that different scores were

obtained for each UoD, which furthermore indicates that the application domain may also

affect the ease of modification. Moreover, as can be observed in the profile plots, there is

no interaction effect between the usage or non-usage of the SMML and the UoD as lines

are near to be parallel. On the other hand, although statistical evidence was not found, there

is good insight into the usefulness of the SMML with regard to understandability for all

UoDs. As different scores were obtained for each UoD, the application domain also seems

to affect the ease of understanding of the model.

Fig. 8 Boxplots of modifiability/understandability time

Table 10 ANOVA results (significance levels)

Variable dependent Type of exercise Notation UoD Notation 9 UoD Group

Time Understandability 0.539 0.366 0.830 0.254

Modifiability 0.002 0.000 0.423 0.212

Efficiency Understandability 0.110 0.100 0.987 0.338

Modifiability 0.000 0.000 0.747 0.324

Correctness Understandability 0.093 0.161 0.390 0.158

Modifiability 0.000 0.26 0.051 0.202

Valuation Understandability 0.01 0.235 0.348 0.236

Modifiability 0.02 0.000 0.096 0.110
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4.3.3 Valuation of the SMML elements

Finally, a descriptive analysis was made with the data obtained from the qualitative

questionnaire in order to detect whether any improvements could be made to the SMML

Type Exercise Modifiability
Estimated Marginal Means of time

Notation

Estimated Marginal Means of efficiency

Notation

UoD Portal Web UML Relational ER
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Fig. 9 Profile plot diagram of the interaction of UoD 9 usage of SMML in the experiment for modifiability
time and efficiency

Type Exercise Understandability
Estimated Marginal Means of efficiency

Notation
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UoD
Portal Web
UML
Relational
ER

Fig. 10 Profile plot diagram of the interaction of UoD 9 usage of SMML in the experiment for
understandability efficiency
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language. Tables 11 and 12 show, in ascending order, the median of the scores assigned by

the subjects to each entity and association of the SMML, respectively.

As Table 11 shows, the icons of eleven entities were considered as being suitable on

average, three as quite suitable and only one as normal. Table 12 shows that the graphical

interpretation of eight types of associations are considered as suitable and five as quite

suitable. These results are therefore considered to be encouraging and provide preliminary

feedback with regard to the usability of the concrete syntax of the SMML, according to the

opinion of software engineers.

5 Experimental validity: discussion

The various issues which might have threatened the validity of the results were analysed

during the planning process of the experiment.

Conclusion Validity. One issue which could affect the conclusion validity of this study

is the size of the sample data (160 values, 8 models per subject 9 20 subjects). We are

aware of this, so we will consider carrying out replications of this study with a larger

sample size, to reinforce the conclusion validity of the findings obtained.

Construct Validity. With regard to this aspect, the measures of the dependent variables

(time, correctness, efficiency) are commonly used in studies which involve cognitive tasks

Table 11 Valuations of language entities

Element Median Element Median Element Median

Information need 1 Description 2 Measurement function 2

Decision criteria 1 Unit of measurement 2 Measurement method 2

Base measure 1 Indicator 2 Quality model 2

Attribute 2 Analysis model 2 Scale 2

Derived measure 2 Measurable concept 2 Entity class 3

Median: 1 = very suitable, 2 = quite suitable, 3 = normal, 4 = quite unsuitable, 5 = very unsuitable

Table 12 Valuations of language associations

Element Median Element Median

Measurable concept (relates) attribute 1 Indicator (satisfies) information need 2

Measurable concept (includes) measurable
concept

1 Base measure (uses) measurement method 2

Derived measure (calculated with)
measurement function

1 Measurable concept (is associated with)
information need

2

Entity class (includes) entity class 1 Quality model (evaluates) measurable
concept

2

Indicator (calculated with) analysis model 1 Measure (defined for) attribute 2

Entity class (has) attribute 2 Quality model (defined for) entity class 2

Analysis model (uses) decision criteria 2

Median: 1 = very suitable, 2 = quite suitable, 3 = normal, 4 = quite unsuitable, 5 = very unsuitable
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(Eysenck and Keane 2005), which is the nature of the research presented here, and are

usually applied in empirical studies in which these dependent variables are evaluated

(Genero et al. 2005; Patig 2008). Since these measures were obtained from the data

collected from the forms filled in by the subjects, the measurements may have lacked

accuracy, i.e., the subjects may have failed to record the exact time at which they com-

pleted the task. To moderate this threat, subjects received detailed instructions about how

to use and fill in the questionnaires. Additionally, as stated in Sect. 4.2, the subjects were

committed to this empirical study, and this therefore facilitated the process of ensuring that

the values that they filled in were more accurate.

Internal Validity. The aspects that could have threatened the internal validity were

tackled in the following manner.

• Persistence Effects. The experiment was carried out with subjects who had never done

a similar experiment before, thus avoiding persistence effects.

• Learning Effects. The universe of discourse of each of the models included in the

material for each subject was different, and the subjects were given the models in

random order to alleviate this threat.

• Knowledge of the Universe of Discourse. The knowledge of the domain did not affect

internal validity, since the measurement models were from different UoDs (ER,

Relational, UML and Web), which were familiar to the subjects (software engineers).

• Fatigue Effects. The average duration of the experiments was one and half hours

(including learning about the documentation), so fatigue effects did not appear.

• Subject Motivation. The subjects were highly committed to this research, and the

results could be potentially beneficial to them, since they research and work on related

software engineering topics.

• Plagiarism and Influence Among and Between Subjects were not controlled, but we do

not believe that this aspect was decisive, given the profile of the subjects and their

commitment to empirical studies such as this.

• External Validity. The material and tasks used were designed bearing in mind the time

restrictions and the fact that the subjects were not professionals, as they belong to the

academic setting and research environment. Replication of this empirical research with

models representative of projects and with professionals as subjects will be considered

in the future. The complete study can be accessed from http://alarcos.esi.uclm.es/smf/

smml.

6 Related work

The nature of the present study means that it is of interest first of all to analyse existing

papers which have compared graphical versus other language representations.

As can be observed in the following related papers, the comparison between graphical

and textual languages is a problem which has always been present. Even today, we find a

great variety of graphic languages ‘‘versus’’ their corresponding textual languages. Some

examples are the following:

• In the end-user automation area, Automator (Apple 2010a) vs. AppleScript (Apple

2010b) on Mac OS X.

• In the scientific workflow area, Graphical languages such as Taverna (Hull et al. 2006;

Oinn et al. 2006) vs. scripting-based language such as Swift (Zhao et al. 2007).
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An early study performed by Shneiderman et al. (1977) describes previous research

on flowcharts and a series of controlled experiments to test the utility of detailed

flowcharts as an aid to program composition, comprehension, debugging and modifica-

tion. No statistically significant difference between flowchart and non-flowchart groups

has been shown.

Cunnif and Taylor have carried out several studies comparing visual and textual pro-

gramming languages and studying the graphical representation of programming. An

example of these works is the comparison of comprehension of Pascal and of an infor-

mationally equivalent visual notation, FPL (‘‘First programming language’’), both of which

were in use as teaching languages for novices. They found an advantage for FPL in

compression of micro-structure (Cunniff and Taylor 1987).

In the work by (Green et al. 1991), they analysed if graphical representations are

inherently superior to textual representations. The graphical representation selected was

LabView. LabView4 (together with Simulink5) is an example of the commercially suc-

cessful graphical programming (and modelling) tools in the end-user automation area. In

the study, they found that the LabView representations consistently required much longer

times for the subject to answer questions, whatever the structure involved was (circum-

stantial vs. sequential) or whatever the direction of the question was (forward vs. back-

ward). Inspired by this work, Moher et al. (1993) conducted a study where three forms of

petri net representations were tested against two textual program representations for

comprehensibility. In general, the results indicated that the efficacy of a graphical program

representation is not only task-specific but also highly sensitive to seemingly ancillary

issues such as layout and the degree of factoring.

Pandey and Burnett (1993), in their work, compared time, ease and errors in the con-

struction of code using visual and textual languages. They found that matrix and vector

manipulation programs constructed using visual programming had fewer errors.

Yoder and Black (2006) describe the preliminary developments of comparing the use of

LabVIEW (a graphical programming language) to MATLAB (a text-based language) in

teaching discrete-time signal processing (DSP). In this work, the authors do not expect this

study to answer the ‘‘which is better?’’ question. Rather, it will give experience in assessing

what the tradeoffs are in choosing between two very different types of programming

languages for teaching DSP.

On the other hand, as far as DSL development in Software Engineering is concerned,

diverse papers exist. A number of these publications present methodologies, proposals,

tools and patterns with which to facilitate the development of DSLs (Deursen et al. 2000;

Cook 2004; Mernik et al. 2005; Kolovos et al. 2006; Pelechano et al. 2006; Özgür 2007).

Other interesting papers can be useful in designing domain-specific languages thanks to the

guidelines presented (Karsai et al. 2009), as well as for avoiding the worst practices for

domain specific modelling (Kelly and Pohjonen 2009).

Numerous papers presenting DSL also exist: a QVT-like model transformation language

(OMG 2005a) and its execution environment which is based on the Eclipse framework;

4 LabVIEW (short for Laboratory Virtual Instrumentation Engineering Workbench) is a platform and
development environment for a visual programming language from National Instruments.
5 Simulink is an environment for multidomain simulation and Model-Based Design for dynamic and
embedded systems. It provides an interactive graphical environment and a customizable set of block
libraries that let you design, simulate, implement, and test a variety of time-varying systems, including
communications, controls, signal processing, video processing, and image processing.
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ATL (ATLAS Transformation Language) (Jouault et al. 2006); KM3 (Kernel MetaMeta-

Model) (Jouault and Bézivin 2006), which is a DSL for describing metamodels.

Finally, as regards existing DSLs for Software Measurement, Guerra et al. (2008)

present a framework for the creation of domain specific visual languages (DSVL), in which

a language called SLAMMER was developed as a case study to tackle measurement model

representation. This language is part of the suite of model management tools that Guerra

et al. have defined using graph grammars and graph transformations. Another interesting

work in this area (measurement) is a Measurement-Domain Specific Language (MDSL)

(Arpaia et al. 2009). This language tests procedure definition, measurement tasks syn-

chronization, and instrument configuration is proposed. MDSL is a formal language spe-

cially designed for a specific domain of measurement and test, which has been applied to

the specifications of superconducting magnet tests of the Large Hadron Collider at CERN.

The main contributions of the SMML are that it

• was developed specifically to support measurement modelling.

• is based on the SMO, which provides a solid conceptual base.

• gives initial insight, by means of an empirical study, into its potential for building more

usable and maintainable software measurement models, as compared with textual

representation..

• is integrated into the SMF for the automatic measurement of models.

As previously stated, there are other existing notations, but they use their own meta-

model and consequently their own constructors. For this reason, the comparison of the

SMML with respect to such notations was outside the scope of the present work.

7 Conclusions and future work

In this paper, the usability and maintainability (based on ISO/IEC 9126) of the SMML has

been tested by means of an empirical study. The study has been carried out with the

collaboration of a group of Software Engineering experts whose work consisted of defining

software measurement models both with the SMML and with textual notation. Once the

results of the experiment (graphical plots and the value of the significance levels for the

measures of the dependent variables) had been studied, the main conclusions obtained were

the following:

– The use of the SMML improves the modifiability of the software measurement models.

Understandability is slightly better for the SMML, although statistical evidence was not

obtained.

– The use of the SMML is considered easier (subjective valuation) than the use of textual

notation in understandability or modifiability.

– The icons and their relationships used in the language are considered suitable.

These results demonstrate that it is of benefit to have a suitable notation to define

software measurement models, elements which are a key factor in the SMF.

A case study applied in a real-world IT company (Mora et al. 2009) shows the potential

benefits of using the SMF (the synergic combination of MDE and measurement). The

company’s measurement process was supported by the SMF through the provision of a

homogenized framework into which the measurements of the different kinds of entities

considered (requirements and databases among others) were integrated. In this case study,
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the SMML has been used to define the source models (Software Measurement Models),

which are important elements in the SMF.

The existence of the Software Measurement Modelling Language also improves the

software measurement process carried out in the SMF.

Seeking to confirm the results obtained, one focus of future research will be the rep-

lication of this empirical study in new settings, particularly in those of industry, in which

more realistic material and tasks will be considered. Some of the improvements considered

are the following:

– An exercise that compares the difficulty in creating software measurement model by

using SMML vs TEXTUAL from software measurement specifications.

– To modify the present qualitative questionnaire for the evaluation of the specific

syntax, in which the icons are presented and the subjects must guess what they mean.

– Since the objective is to compare a set of software measurement models represented in

different notation (visual vs textual), we have considered a not very complex model to

speed up the execution—time of the exercises.

Within future work related to all we have presented here, one important effort will be

the performing of an experiment to validate the usability and level of acceptance of the

SMML editor integrated in the SMTool. Another important task to be undertaken will be to

consider the size of measurement models as an experimental factor. This is an important

point to address in prospective work, which will be done by enhancing the tool to support

packaging and different views, as well as to conduct new empirical studies.
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Appendix A: Example of definition of software measurement models

See Figs. 11, 12, 13.
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Fig. 11 Example of understandability exercise with SMML diagram
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Fig. 12 Example of modifiability exercise with a TEXTUAL notation
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Appendix B: Boxplots

See Figs. 14, 15, 16, 17, 18.

Fig. 13 Example of modifiability exercise with a TEXTUAL notation (cont.)

Fig. 14 Boxplot diagram of the interaction of UoD 9 usage of SMML in the experiment for modifiability/
understandability valuation
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Fig. 15 Boxplot diagram for the usage of SMML in the experiment for the efficiency

Fig. 16 Boxplot diagram for the use of SMML in the experiment for the time
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