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Abstract: Data models provide the foundation to organization’s activities since they
support the organization’s systems and data. Therefore, the quality of the data models is
foremost. We describe a methodology to measure the quality of conceptual data models created
using a fact oriented data modeling called Fully Communication Oriented Information
Modeling (FCO-IM). The measurement method is based on the framework to measure the
quality of conceptual model by Lindland et al. Four components are to be considered in the
measurement: domain, model, language, and audience interpretation. The quality are measured
on three aspects: syntactic quality (measured by syntax correctness), semantic quality
(measured by feasible validity and feasible completeness), and pragmatic quality (measured by
feasible comprehension). The method is then used to determine the quality of several FCO-IM
conceptual data models that were created using a pattern language of conceptual data models, a
new method in data modeling that we are currently researching. The method contributes in data
modeling area by providing a quantitative and instructive way of measuring the quality of
conceptual data models, especially in FCO-1M.
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1. Introduction

Information is one of the critical assets of a modern organization. Information is extracted
from data stored in database systems. An aspect of data management is the definition of the
structures of data. The structures of data are designed in an activity called data modeling and
the results are data models. Data models provide the foundation to organization’s activities
since they support the organization’s systems and data [20]. Therefore, the quality of the data
models is foremost.

Data model is a collection of conceptual tools for describing data, data relationships, data
semantics, and consistency constraints [16]. Three levels of data models are defined [19]:
conceptual, logical, and physical data model. Conceptual data model is a relatively technology-
independent specification of data structures and is close to business requirements [19]. We
focus on conceptual data model rather than the logical or physical data model because a
conceptual data model can be viewed as the translation of business requirements into technical
form of the structures of data (thus, it serves a “link” between human and machine) and
providing logical and physical data model is a matter of transforming the conceptual data
model using established algorithms. Thus, the challenge is how to provide high quality
conceptual data models.
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The quality of conceptual data model is subject to ongoing discussions. There is little
agreement on what constitutes a high quality conceptual data model. Nevertheless, a lot of
authors provide a list of properties of the so called high quality conceptual data model (see for
example: [12],[15],[18]-[20]). Unfortunately, only a few of them actually provide a way to
measure the properties. Thus, the quality of conceptual data model is most of the time
subjectively measured, depending upon the “taste” of the people who do the measurement. A
work by Husain et al. [12] provides a way to objectively measure the quality of an entity-
relationship (ER) conceptual data model (for ER model see [16]), but it is only on a property
called completeness and it does not provide a whole discussion on the aspects of the quality of
conceptual data model.

The objective of this paper is to describe a methodology to measure the quality of a
conceptual data model, especially FCO-IM conceptual data model. FCO-IM (Fully
Communication Oriented Information Modeling) [3],[7] is a conceptual data modeling method
which belongs to the fact oriented data modeling (FOM) approach. The use of FCO-IM in this
work is based on two reasons:

1. As a conceptual data modeling method, FCO-IM is known for its preciseness in modeling a
universe of discourse (UoD) because it is based exactly on how users communicate the
UoD [7] in comparison to other conceptual data modeling methods, although it is less
popular in comparison to ER modeling or object-oriented modeling [8] or even ORM [9],
another FOM method. It is even equipped with a way to regenerate the expressions used by
the users to communicate the UoD based on the conceptual data models (see section 2.1),
which provides a way for the domain experts to validate a model. We will use these
advantages to measure the quality of the conceptual data models.

2. We are conducting a research on pattern language of conceptual data model patterns based
on FCO-IM. The use of pattern language of conceptual data model patterns in a conceptual
data modeling activity is aimed at providing high quality conceptual data models [5],[6].
Thus, we need a way to measure the quality of the resulting conceptual data models that are
modeled using the pattern language.

The measurement of the quality of conceptual data model is based on the work by Lindland
et al. [14]. Lindland et al. provides a clear-cut framework to measure the quality of conceptual
model in general and it is based on an extensive study on all aspects of the quality of
conceptual models. Thus, it works also for conceptual data model. The problem is: since it is a
generic framework, it does not provide the details required to measure the quality properties.
This paper contributes in providing a quantitative method to measure the quality of FCO-IM
conceptual data model based on the general framework for measuring the quality of conceptual
models proposed by Lindland et al. We provide the details required in Lindland et al.’s
framework to measure the quality of an FCO-IM conceptual data model. Using the method, the
measurement of the quality of a conceptual data model can be carried out objectively and thus,
the results become more reliable.

2. Foundations and Related Works
A. FCO-IM

Fully Communication Oriented Information Modeling (FCO-IM) is a fact oriented
modeling method created based on NIAM (Nijssen’s Information Analysis Method) and can be
considered as an extended NIAM. In FCO-IM, information analysis is carried out on fact
expressions, i.e. sentences that express how users communicate concrete facts of a Universe of
Discourse (UoD). The final product of data modeling using FCO-IM s called an Information
Grammar (1G), which is considered as the conceptual data model. An IG stores the fact
expressions in type level. These are called the fact types. Fact types are accompanied by data
model constraints which are basically the rules that define valid fact expressions. Parts of a fact
type are called roles. Roles of a fact type can be played by either an object type
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(a representation of real world object) or a label type (a representation of a group of values).
Obiject type is considered as a nominalized fact type. To help user to understand an IG better,
an Information Grammar Diagram (IGD) is used. Further description of FCO-1M can be found

in [31,[71.

Consider the following examples of fact expressions:

The name of product PAP192 is Johnson paper.
"ot " PEN202 " Goldstein pen.
"ot DSK401" Jerry’s disk.

Suppose there are some rules that work on the facts as the following:

Product is uniquely identified by product code.
Every Product must have a name.

Every Product is assigned only one name.

An IG can be considered as an abstraction of concrete fact expressions. The abstraction is
carried out by taking into account only the common parts of fact expressions to form a fact
type. For example: from the fact expressions, we can create the following IG:

Name of Product

F2 : "The name of <Product : 02> is <product name>."
02  :'product <product code>'

UC3 :"Name of Product is uniquely identified by Product."
UC4 :"Product is uniquely identified by product code."”
TC2 :"Every Product must be present in Name of Product."

The IG consists of the followings:

- F2isafact type called Name of Product.

- F2 has two roles (the parts between < >). The first role is played by object type Product
(which is expressed using object type expression O2). The second role is played by a label
type product name.

- UC3 and UC4 are constraints involved in the 1G. Both are called uniqueness constraints. A
unigqueness constraint defines that the values that may be filled in particular role(s) must be
unique. UC3 ensures that every Product is assigned only one name, while UC4 ensures that
every Product is uniquely defined by product code.

- TC2 is a totality constraint which states that every Product must have a name. This
constraint ensures that every Product must have a product name.

The IGD for the example is shown in Figure 1. Roles are presented as rectangles with

unique number in them. The roles conceive fact types, for instance: F2 consists of role #5 and
#6. Object type, in this case: Product, is shown by a circle surrounding some roles. Label types,
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in this case: product name, are shown as dash-lined circles. Uniqueness constraints UC3 and
UC3 are presented as two-way arrows over roles. Totality constraint TC2 is represented as a
dot in the Product end of the connecting line between Product and role #5.

02\ product <7>' F2 : "The name of <5> is <6>." R
1: \RAP19 1: PAP192 Johnson paper

Figure 1. An example of IGD

A proper IG should be able to be used to regenerate the fact expressions from which the
modeling started. In this manner, an IG can be validated against the facts given by the domain
experts. For example: suppose we provide the value PAP192 for product code and Johnson
paper for product name we will have the following fact expression regenerated:

The name of product PAP192 is Johnson paper.

The capability to regenerate the fact expressions based on the conceptual model is used in this
paper to provide the details to measure the quality of an FCO-IM conceptual data model (1G).
An 1G must satisfy the 1G well-formedness rules (see [7]) which work as the syntax guideline
in creating an 1G. Some of them are:

1. Each label type or fact type, nominalized or not, must be given a name which is unique

throughout the 1G.

Each role must have a unique designation (for example: a role number).

Each role must be part of a fact type.

Each role must be played by exactly one label type or nominalized fact type.

Each label type and each nominalized fact type must play at least one role.

Each fact type that is not nominalized, must have at least one fact type expression, in

which the role designations (see rule 2) recur. These role designations replace the label

type names and the object type names with object type expression unique designations

(see rule 9).

7. An existence postulating fact type expression may be given to a hominalized fact type,
but this is not always required.

8. Each nominalized fact type must have at least one object type expression, in which the
role designations (see rule 2) recur.

9. Each fact type expression is given a unique designation (for example: F1, F2, and so on),
and each object type expression gets a unique designation (for example: O1, 02, and so
on).

10. A role must be connected to a nominalized fact type via at least one object type
expression.

o~ wN

B. Quality of a Conceptual Model

The quality of an FCO-IM conceptual data model is measured based on a framework on
quality of a conceptual model by Lindland et al. [14]. According to the framework, there are
four essential elements of a conceptual model (language, domain, model, and audience
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interpretation) and three connecting aspects (syntax, semantic, and pragmatic), as shown in
Figure 2.

Domain | semantics | Model syntax | Language
pragmatics
Audience

Interpretation

Figure 2. Elements and connecting aspects of conceptual model quality framework by
Lindland et al. [9]

The elements are described as the following [14]:

1.

Language (L)

Language (L) consists of all statements that can be made according to the syntax, which for
most languages is an infinite number. The alphabet contains a set of modeling constructs,
while the grammar contains rules to define how to legally combine the modeling constructs.
Domain (D)

Domain (D) consists of all possible statements that are correct and relevant for solving the
problem. Domain is the ideal knowledge of a particular problem.

Model (M)

Model (M) is a set of statements that is actually created. Two components of M are:

- Explicit model: the set of statements explicitly made.

- Implicit model: the set of statements that can be derived from explicit model according
to L’s deduction rules. This set usually contains infinite number of statements which are
generally redundant.

Audience Interpretation (A)

Audience interpretation (A) is a set of statements on what the audience thinks the model M
contains. Audience is every party who needs to understand the model including all
stakeholders in the development process (can be customers, domain experts, analysts,
designers, even computers which must understand the model to automatically manipulate
it).

Syntax

Syntax relates the model (M) to language (L) by describing relations among language
constructs without considering their meaning. Syntax is used to check whether a model is
according to the constructs and rules of the language.

Semantics

Semantics relates the model (M) to domain (D) by considering, not only syntax, but also
relations among statements and their meaning. Semantics is used to check whether the
model is according to the domain to be modelled.

Pragmatics

Pragmatics relates the model (M) to audience participation (A) by considering, not only
syntax and semantics, but also how the audience interprets the model. Pragmatics is used to
check whether the model is well comprehended by the audience.
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The framework proposes three quality aspects to be measured [14]:

1. Syntactic quality
The goal of syntactic quality is the syntactic correctness. This means that all statements in
M are according to the syntax in L, that is M\L = &.

2. Semantic quality
The goals of semantic quality are validity and completeness. Validity means that all
statements made by the model M about the domain D are correct and relevant, that is M\D
= (. Completeness means that the model M contains all statements about the domain D
that are correct and relevant or D\M = &. Nevertheless, it is almost impossible achieve total
validity and completeness. Thus, the framework introduces the concept of feasible validity
and feasible completeness.
Feasible validity is defined as M\D = E = &, in which there is no e in E (E is a set of invalid
statements in the model) such that the additional benefit to the model M from removing e is
greater than the drawbacks of eliminating the invalidity.
Feasible completeness is defined as D\M = F = & in which there is no statement f in F (F is
the set of correct and relevant statements not yet in the model M) such that the additional
benefit to the model M from including f exceeds the drawbacks of including it.

3. Pragmatic quality
The goal of pragmatic quality is audience comprehension. For this purpose, the framework
introduces the concept of model projections My, M,, ..., M, and a corresponding set of
audience projections A;, A, ..., A, The projections represent different group’s
interpretations. Comprehension means that all model projection have been understood by
their relevant audience, that is (V;)) (M; = Aj). It means that all audience members
completely understand the statements in the model that are relevant to them.
The framework argues that it is not realistic, especially in large models, to expect that every
member of audience to comprehend everything in the model completely. Thus, it introduces
the concept of feasible comprehension which is defined as (3;) (A\M;) U (MM\A) = G = .
It means there is no statement g in G such that the benefit of rooting out the
misunderstanding corresponding to g exceeds the drawbacks of taking that effort (G is the
set of statements in the model relevant to a particular audience group that has been
misunderstood by the group plus the statements the audience believes in the model but is
not).
Lindland et al. argue that although the framework seems to simplify a lot of criteria of the
quality conceptual model, it covers all of them [14]. For instance: correctness is covered by
validity, consistency is covered by validity and completeness, etc.

C. Related Works

A lot of authors present their ideas about what constitutes a high quality conceptual data
model. For instance: Simsion et al. provides 10 properties of a good conceptual data model,
such as: scope/coverage, non-redundancy, enforcement of business rules, etc. [18]-[19]. West
gives 7 criteria of a high quality data model, such as: meet data requirement, be clear and
unambiguous, etc. [20]. Reingruber et al. provides another list of the properties of high quality
data model [15]. None of these authors present exactly how to measure each of the properties.
Husain et al. described a way of measuring the completeness of an ER conceptual data model
using effort-based approach [12]. Nevertheless, the work gives only how to measure
completeness and does not discuss all aspects of the quality of conceptual data model.

3. Measuring the Quality of an FCO-IM Conceptual Data Model

It should be clear by now that there is a need to provide a way to measure quantitatively a
conceptual data model. In this paper, we focus on FCO-IM conceptual data model and the
measurement is based on the work by Lindland et al.
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The framework presented by Lindland et al. discusses all aspects of the quality of
conceptual model based on an extensive study on other works on quality conceptual models.
They compared various quality properties described by different authors and concluded that
there are 3 important aspects to measure the quality of a conceptual model: the syntactic
quality, the semantic quality, and the pragmatic quality (see further discussions). In our opinion,
this work provides a concise yet powerful means to measure the quality of a conceptual model
that can be extended to conceptual data model. Nevertheless, further details on how to use the
framework to measure a conceptual data model is required to be investigated. We combine this
with FCO-IM. In FCO-IM, currently there is no work that addresses formally the quality of the
resulting conceptual data model.

A. Elements of Measurement Model
We extend the framework of conceptual model proposed by Lindland et al. to measure the
quality of an FCO-1M conceptual data model, or the Information Grammar (IG). We define the
elements of the framework as the following:
1. Language (L)
L consists of all statements that can be made according to the syntax of FCO-IM. The
alphabet of the FCO-IM consists of the constructs of FCO-IM, such as fact type,
nominalized fact type (object type), label type, etc. The grammar is in general described by
IG well-formedness rules (see section 2 and further in [7]).
The set of the statements in 1G well-formedness rules is denoted with L and each statement
isdenoted as [y withi=1,2,..,n. Thus: L={ I, Iy, ..., I, }.
2. Domain (D)
D contains all possible statements that are correct and relevant to the modelled UoD. It is a
set of elementary fact expressions as well as business rule statements on the UoD that are
given by the domain experts. The example of such statements can be found in section 2.
The set of the statements in a domain is denoted with D and each statement is denoted as d;
withi=1,2,..,n Thus: D={d, d,, ..., d, }.
3. Model (M)
M consists of the statements of an FCO-IM conceptual data model that is used to model the
UoD. Two components of M are:
- Explicit model (Mg): a set of statements stated in an IG.
- Implicit model (M)): a set of statements that can be created based on the IG.

In our research, we define Mg in two forms which are equal (Mg; =Mg,) :
- Mg the IG itself.
Each statement in Mg, is denoted as mgy; with i = 1, 2, ..., n. Thus: Mgy = { Mgy,
Me12, ..., Me1n}
- Mg,: the sentences and business rules regenerated from the 1G.
Each statement in Mg, is denoted as mgy; with j = 1, 2, ..., m. Thus: Mg, = { Mgz,
Me22, ..., Meam}-

M, consists of other sentences and business rule statements that can be derived from the I1G. We
define M, also in two forms which are equal (M;; = M,,):
- My: derivable fact types and constraints.
Each statement in My, is denoted as myy with k = 1, 2, ..., p. Thus: My = { Mjyg, Mgy, ...,
My1p}
- M.Zp: the sentences and business rule statements that can be generated based on the fact
types and constraints in M;;.
Each statement in M, is denoted as myy with | = 1, 2, ..., q. Thus: Mj; = { My, My, ...,

Migg}.
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Thus, explicit or implicit model comes in two types:

4.

Myq: the actual model, stated in FCO-1M conceptual model syntax.
My.: the sentences and business rule statements that can be regenerated based on My;.

Audience interpretation (A)

Based on the type of model (My; and My,), we divided the audience into two groups:

Domain experts, i.e. the audience that concerns mainly to the meaning of the model (M)
without having to consider the notations used in the model. Their interests are to know
whether they can relate the knowledge they know about a UoD with the knowledge they
can get from the model (M).

The model relevant for this group of audience is Mg, and M,,, since they are in the form of
sentences that state the facts and business rule statements which are appropriate to
understand the meaning of the model. If the model is projected into several projections,
there will be several subgroups of domain experts; each corresponds to one model
projection.

Information analysts, i.e. the audience that concerns not only to the meaning of the model
(M), but also the syntax of the model (M). They can relate the model not only to the UoD,
but also to the modeling language (L).

The model relevant for this group is Mg; and My;. If the model is projected into several
projections, there will be several subgroups of information analysts; each corresponds to
one model projection.

The set consisting of the audience interpretations is denoted as A. Suppose there is a model

projection M; with i =1, 2, ..., n, then A, is the audience comprehension of M;. Thus: A = { A,
AL AT

5.

B.

Syntax

Syntax connects an IG (FCO-IM conceptual data model) with the constructs and grammar
of FCO-IM. The rules on FCO-IM constructs and grammar are summarized into I1G well-
formedness rules (see again section 2.1).

Semantics

Semantics relates the 1G with the statements on facts and business rules of a UoD.
Pragmatics

Pragmatics relates the 1G with audience interpretation from each group.

Measuring the Quality Aspects
To measure the quality aspects (syntactic, semantic, and pragmatic quality) of an FCO-IM

conceptual data model, each quality aspect, described in section 2.2 and further in [14], is
adapted as the following:

1.

Syntactic Quality

The goal of syntactic quality is the syntactic correctness. In our research, we check the
syntactic correctness of M using in particular the IG well-formedness rules (see section 2.1
for several examples and further in [7]). To check the syntax of a model, we consider only
Mg, and M,;. The statements of the IG well-formedness rules that are obeyed by a model M
is denoted as Ly. The syntax correctness (SyC) is calculated as the ratio between the
number of statements in L, and the number of statements in L, presented in percentage, as
the following formula:

(L)
H

SyC = 100 1)
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2. Semantic Quality
The goals of semantic quality are feasible validity and feasible completeness. In our
research, the validity is checked for every statement in Mg, and M, by finding in D a
statement which is the same or semantically the same as the statement in Mg, (denoted as
Mezp) or in My, (denoted as My,p) . Thus, the feasible validity (SeFV) is measured as ratio
between the number of statements in Mgyp and M,,p and the number of statements in Mg,
and M,, presented in percentage, as the following formula:

|ME2D|+|MI2D|

SeFV =
Mg | +[My|

* 100 2

The completeness will be checked for every statement in D by finding in Mg, or M, a
statement which is the same or semantically the same as the statement in D (denoted as Dy).
The feasible completeness (SeFC) is measured as the ratio between the number of
statements in Dy and the number of statements in D, presented in percentage, as the
following formula:

EMTx100 ®)

3. Pragmatic Quality
The goal of pragmatic quality is feasible comprehension. The audience comprehension of a
subject x for model projection M; is denoted as PFCi,. It is defined as the ratio between the
number of the statements in M; that are correctly comprehended (M) and the number of
the fact stated sentences and business rule statements in the model projection M;, presented
in percentage, as the following formula:

Ml 100 (4)

PFC;, = v
I

The total feasible comprehension of model projection M;, denoted as PFC;, is the average of
the audience feasible comprehension of m subjects is then:

PFC, =& ®)

The feasible comprehension of a model M, denoted is PFC, is thus the average of PFC; of n
model projections:

n

~ PFC,
PFC:% (6)

4. A Pattern Language of Data Model Patterns based on FCO-IM

The measurement methodology on the quality of conceptual data model is used to measure
the quality of the data models resulting from the use of a pattern language of data model
patterns based on FCO-IM. A data model pattern is defined as a relation between context,
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problem, and solution; each of which concerns data modeling [6] which is based on the
definition of pattern by Alexander [1],[2]. Other works on data model patterns include
[10],[21],[27].

A data model pattern can relate to one another; forming the so called pattern language of
data model patterns. The relationships among data model patterns are stated explicitly in a part
of solution of a data model pattern which is called the Information Grammar for Pattern (1Gp).
An IGp works as a template to create an FCO-IM conceptual data model, i.e. the Information
Grammar (1G).

An example of an IGp is as the following:

(attribute-of-object):

(F1):"[(expression-1)]<(G1#(1))>[(expression-2)]<(attribute's-
name)|(G1#(2))>[(expression-3)]."||
(F2):"[(expression-4)]<(G1#(2))>[(expression-5)]<(attribute's-
name)|(G1#(1))>[(expression-6)]."

(UCL):"(attribute-of-object) is uniquely identified by (G1#(1))."
[(UC2):"(attribute-of-object) is uniquely identified by (attribute’s-name)|(G1#(2))."]
[(TC1):"Every (G1#(1)) must be present in (attribute-of-object)."]

[(TC2):"Every (G1#(2)) must be present in (attribute-of-object)."]

The IGp is a part of the solution of a data model pattern called Attribute Pattern which is a
pattern that can be used when there are two objects in which one of the objects is an
attribute/property of the other [6]. In this example, the parts denoted with the text G1 are the
parts in which other patterns must be generated, in this case, patterns from category G1 [6]
which are patterns that are aimed at modeling the identification of an object. The example
shown in section 2.1 is created based on this IGp.

A further discussion on data model patterns and the pattern language can be found in [6].
So far, we have developed 15 data model patterns. Some of them are briefly described in
[5],[13]. The pattern language of conceptual data model patterns is aimed at providing high
quality [FCO-IM] conceptual data models. The conceptual data model patterns are created
based on context, problems, as well solutions of data modeling that are frequently found in
majority of cases. Because of this, specific aspects of a data modeling case may not be covered
by the data model patterns and must be handled specially by the data modelers.

The methodology described in this paper is used to test the results of the use of the pattern
language of data model patterns in several case studies. Note that this methodology works in
general for measuring the quality of FCO-IM conceptual data models, not only for the ones
created using the pattern language.

5. Tests on the Quality of FCO-IM Conceptual Data Models

Using the concepts of the quality of FCO-1M conceptual data model described in section 3,
we conducted tests on the quality of conceptual data models that were created using the pattern
language of conceptual data model patterns. The tests were carried out over 14 case studies
taken from [7].

A. Student’s Project Case Study

One of the test cases is a case on student’s project. Students of a particular school are given
a list of projects from which they have to choose 3 preferences. In the end they are assigned to
one of the projects based on their preferences.
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A sample of fact expressions based on the case is as the following:

"There is a student Peter Johnson."

"The mentor of student Peter Johnson is BLC."

"The school is offering project P101."

"Project P101 is supervised by BLC."

"Project P101 concerns developing a timekeeping system."
"The first preference of student Peter Johnson is project P101."
"Student Peter Johnson was allocated project P101."

There are 16 business rule statements to consider. Some of them are as the following:

1 "A student is identified by his/her first name and surname."

2 "Each student has a teacher as personal student adviser (mentor)."

3 "Each student will be assigned to one project."”

4 "Each student is assigned to one of the projects based on their preferences.”

The fact expressions and business rule statements conceive the set D.

A model, say M, aka. an IG was created for the case study using the first version of the
pattern language of conceptual data model patterns. Note that we consider only a model that
can be created entirely only by using the pattern language. Thus, specific aspects of the case
which cannot be provided by the use of the pattern language are not to be taken into account.
Because of the specific requirement of the patterns, most of the fact expressions are altered.
Nevertheless, we do not regard this as an important disadvantage, since the meaning of the
sentences is fully retained. A part of the IG containing the fact types, which is a part of Mg, is
as the following:

Student:

F1:"There is a student <firstname> <surname>."
O1:'student <firsthame> <surname>'

Mentor of Student:

F2:"The mentor of <Student:O1> is <Teacher:02>."
Teacher:

02:'<teacher id>'

Project:

F3:"There is a project <project code>."

0O3:'project <project code>'

Supervisor of Project:

F4:"The supervisor of <Project:03> is <Teacher:02>."
Student's Preference:

O4:'preference <ordinal no> of <Student:01>'
Description of Project:

F5:"The description of <Project:03> is <description>."
Project of Student's Preference:

F6:"The project of <Student's Preference:04> is <Project:03>."
Allocation of Project:

F7:"The allocation for <Student:01> is <Project:03>."
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The IGD is thus as shown in Figure 3.

firstnanie surname

Mentor of Student

F2 :'The mentor of <3> is <4>."
1: PeterJohns BLC

Allocation of Project Supervisor of Project
, 7 8
t's Preference F7 : "The allocation of <15> is\c16>." F4 : "The sfpenvisor of <7> is <8>."

1: PeterJohns P101 1: P1p1 BLC

prinject c:'bde

Project of Student's Preference

1 | 12 =
F6 : "The project of <11>is <12>." F3\'There is a prgject
1: first,(Peter,.  P101 03 : 5

1 Bip1

Description of [Project

9

F5 : "The description of <9> is <10>."
1: dewveloping P101

Figure 3. IGD for the student’s project case

Based on the IG, the sample of fact expressions, which are a part of Mg,, are regenerated as the

following:

"There is a student Peter Johnson."

“The mentor of student Peter Johnson is BLC."

"There is a project P101."

"The supervisor of project P101 is BLC."

"The description of project P101 is developing a timekeeping system."
"The project of preference 1 of student Peter Johnson is project P101."
"The allocation of student Peter Johnson is project P101."

Some constraints implemented within the model, also part of Mg,, are as the following:

a "Student is uniquely identified by firsthame, surname."
b "Every Student must have Mentor of Student."
¢ "The Allocation of Student is uniquely identified by Student.”
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Constraint #a is a uniqueness constraint which states that every student is identified by
his/her first name and surname, thus retaining rule #1. Constraint #b is a totality constraint
which states that every student must have a mentor, thus, retaining rule #2. Constraint #c is
another uniqueness constraint, which states that every student is allocated only to one project.
This constraint states that each student will be assigned to one project, thus, keeping rule #3.
There is no constraint in the model, however, which implements rule #4 which states that each
student is assigned to a project based on his/her preferences. It actually requires the use of a
subset constraint. This subset constraint is considered as a specific aspect of a case that none of
the patterns supports. In the actual modelling process, this kind of detail must be handled
directly by the modeller. But in this test, we want only to deal with everything that can be
generated by the pattern language. The consequence is that there are some specific rules of the
cases which are not covered by the models.

The quality of model M is calculated as the following:

1. Syntactic Quality
There are 18 IG well-formedness rules to consider (10 of them can be observed in section
2.1). Thus, |L| = 18. Based on the observation to the model M, all 18 rules stand. Thus, |Ly|
= 18. The syntactic correctness for the student’s project is calculated as the following:

SyC = 1wl + 10028 4100 — 100,00
|| 18

Thus, the syntactic correctness for the student’s project case is 100.00%.

2. Semantic Quality
To calculate the feasible validity and feasible completeness we consider the number of
statements in D dan M. In the student’s project, D consists of 7 groups of fact expressions
and 16 statements of business rules, thus |D| = 7+16 = 23. For the student’s case project, we
consider only the explicit model (Mg), especially the Mg,. Thus |M,| = 0. There are 7
groups of fact expressions that can be regenerated from Mg and there are 13 statements of
constraints that implement the business rules in Mg. Thus, [Mg,| = 7+13 = 20.
For feasible validity in student’s case project, all 13 statements in Mg, are relevant to
statements in D, thus [Mg,p| = 13. Because |M,| = 0, [My,p| = 0. The feasible validity for the
student’s project is calculated as the following:

sepy - Mezo|+[Mizo| o0 13+0

|MEZ|+|M|2| 13+0*1OO:100.00

Thus, the feasible validity of the student’s project case is 100.00%.

For the feasible completeness of the student’s case project, all 7 fact expressions in D can
be found in M. Nevertheless, from 16 business rule statements, only 13 of them can be
found in M. Thus |Dy| = 7+13 = 20. The feasible completeness is calculated as the
following:

[Pu| %100 = 22100 - 86.96
D] 23

Thus, the feasible completeness for the student’s project case is 86.96%.

SeFC =
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3.

B.

Pragmatic Quality

The model is provided to a group of 7 respondents with the domain expert qualification, say
group A (see section 3.1). They are asked to compare the statements in Mg, especially Mg,,
to the statements in D. A statement a in Mg, is said to be correctly comprehended by a
respondent when the respondent can find the proper match between o with a statement 3 in
D if such statement exists, or when he/she state that the statement cannot be found in D if
such statement does not exist. For each respondent, the feasible comprehension is
calculated based on the number of statements in Mg, that are correctly comprehended and
the actual number of statements in Mg,. Afterwards, the feasible comprehension of the
student’s case project of respondents in group A is calculated from the average of the
feasible comprehension of all respondents A, as the following:

" PFC
Zx:l AX
7

PFC, = =96.83

Because there is only one group of audience, PFC, is also the feasible comprehension of
the student’s project case which is 96.83%.

Test Results
The syntactic quality and semantic quality were tested on all 14 case studies which are

taken from [7], while the audience comprehension was tested only to 5 case studies and only to
one group of respondents (as explained in section 5.1). The list of the case studies and the test
results are presented in Table 1.

Table 1. Test results

Test Results (in %)
Case Study Syntax qty. Semantic qty. . Pragma.tic qty.

co?lyer::tt?;ss Feasible Validity Coane;ISeltt:r?ess COHI:SI?:;IZII'?SiOH
Student’s Project 100.00 100.00 86.96 96.83
Organization Chart 100.00 100.00 100.00 71.43
States 100.00 100.00 95.00 NA
Life Expectancy 100.00 100.00 66.67 NA
Furniture Emporium 100.00 100.00 87.50 NA
Health Care 100.00 100.00 89.29 NA
Education Institution 100.00 100.00 89.66 NA
Igt:rrr?;;?tr:grl] Wresting 100.00 100.00 66.67 NA
Butter Company 100.00 100.00 96.43 NA
Employee 100.00 100.00 95.00 NA
Celestial Body 100.00 100.00 95.31 NA
Town Council at Oss 100.00 100.00 94.12 94.05
Boutique The Shirt Store 100.00 100.00 90.00 100.00
Speed Skating Champ. 100.00 100.00 96.97 100.00
Average 100.00 100.00 88.04 92.46

NA = not available

For syntax correctness, the average score is 100.00%. It means that so far, the resulting

conceptual IGs are free from errors. For feasible validity, the average score is 100%. It means
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that so far, all statements in the resulting conceptual data models are correct and relevant to the

UoD.

For feasible completeness, the average score is 88.04%. It means that in average only
88.04% of the statements in the UoD can be modeled in the resulting IGs. Based on
examination on the test results, the statements that cannot be modeled are specific business rule
statements. All fact type expressions are modelled properly. As explained earlier, there are
specific aspects of data modeling cases that cannot be contained in the data model patterns.
Thus, the result is considered acceptable.

For feasible comprehension, the average score is 92.46%. It means that in average, the
audience comprehended 92.46% of the model properly. Based on examination on the test
results, all miscomprehensions of the model occur on the business rule statements. The
probable cause is that the regenerated business rule statements, in the form of model constraint
statements, are quiet different with the original statements of the business rules. Nevertheless,
considering that all regenerated fact expressions are correctly comprehended by the
respondents, it means that in general the models can be understood well.

Based on the test results, we can still consider that the resulting conceptual data models (i.e.
the 1Gs) that were created using the pattern language of data model patterns are of high quality.
There are two reasons to conclude this:

1. The numbers of the quality measurement parameters for all cases are above 50%. The
average numbers for the tests are even beyond 75% with syntax correctness and feasible
validity reaching 100%. We are not equipped with a limit value to state the boundary
between high and low quality. We use 50% as the limit between high and low quality. An
average number higher than 50% means that majority of the aspects in a data modeling case
are covered.

2. The variation in the average numbers of feasible completeness and feasible comprehension
is on the business rule statements which are translated into constraints in the model. In
reality, modelers deal most of the time with the fact expressions rather than with the
business rules. After all, the business rule statements are often not that specific. The case
studies are taken from an academic book [7] in which a lot of details are taken into account.
We believe that the pattern language of conceptual data model patterns can already be used
to deal with real life data modeling cases.

Based on the test results, we go on further to develop our pattern language of conceptual
data model patterns in order to improve the quality of the resulting conceptual data models
especially in the feasible completeness and feasible comprehension aspects. The test will be
run again to the results of the refinement.

Conclusions

According to Lindland et al. [14], the quality of a conceptual model can be measured on 3
quality aspects: syntactic quality, semantic quality, and pragmatic quality; based on 4
components: language, model, domain, and audience interpretation. The parameter of syntactic
quality is the syntactic correctness; while the parameters of semantic quality are the feasible
validity and feasible completeness; and the parameter of pragmatic quality is the feasible
comprehension.

We use this concept to measure the quality of an FCO-IM conceptual data model
(Information Grammar aka IG). We have defined ways to measure the syntactic correctness,
feasible validity, feasible completeness, and feasible comprehension of an FCO-1M conceptual
data model. The method was then used to measure the quality of FCO-IM conceptual data
models which were created using the pattern language of conceptual data model patterns, a
new method in data modeling that we are currently researching. The results of the tests lead to
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a conclusion that the FCO-IM conceptual data models are of high quality, although remarks
must be given to the values of feasible completeness and feasible comprehension.

The measurement method provides a quantitative way of measuring the quality of an FCO-
IM conceptual data model. It makes it possible to determine whether an FCO-IM conceptual
data model is of high or low quality in a more exact manner. This way of measurement is never
been discussed anywhere before. This method also provides an instructive way of measuring
the quality. We have defined what are the model, language, domain, as well as audience
interpretation in the case of FCO-IM conceptual data model and how to measure the syntactic,
semantic, and pragmatic quality. Users can just use the instruction to determine the quality of
their FCO-1M conceptual data models.

However, the method is specific to FCO-IM conceptual data models. To measure the
quality of conceptual data models which are created using ER or object-oriented modeling
techniques, major changes are required to be undertaken. For other FOM methods, however,
we expect that more little efforts are required since the nature of the modeling is similar.

The measurement method is expected to contribute in data modeling area, not only by
providing a means to measure the quality of FCO-IM conceptual data models, but also a
lesson-learned that the quality of a conceptual data model can be measured in an objective and
more reliable manner. Further studies can be carried out especially on Lindland et al.’s
framework to determine whether specific quality aspects of conceptual data models mentioned
by several authors, such as: redundancy-freeness, elegancy, stability, flexibility, etc., are
covered by this framework or not.
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