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ABSTRACTS

The purpose of this paper is to show how conceptual data modeling can enhance
current information retrieval (IR) systems. The conceptual database design provides for: 1)
data mining capability to discover new knowledge based on the relationships between entities:
and 2) integrating current separate databases into one IR system (e.g., integrating ISI Citation,
a thesaurus, and bibliographic databases into one retrieval system). Further, as new user
requirements are unfolded, modifications of IR systems based on conceptual data modeling will
be much easier to make than they were in the current IR systems because conceptual modeling
facilitates flexible modifications. The enhanced Entity-Relationship (ER) model was
employed in this study to develop conceptual schemas of IR data.

x =2

o] 8o BAL Fhdxe) Hoje) Rdzlo] 7124 AW AM(IR) A2HWS ofd 4o Hrh T4
4 F YeAE BT Aot A dolgulol A YRl 1)AIEZ ] dAld 7wkl M2 &
24& 2743 e dolg wlold 53 2)7|E] MEAH R Feld voledlo]AE shte] FrY
Alzd ko2 o] AFHS Y AM-RT (o ISI 94, A&, MA) doleHo] 28 3hte] HRAY A
29 <ol AJAF). © YorbA, MEAA R $HE Lol FEE, JZE oA 277t
7he1g duic), gl glojg] Rdgel sulet ARFM A2-E FASRE AL 71T RPN A&
¥ oM Rc E8 $983 5 2ok 2o 39 71A-27 (Entity-Relationship) 290] o] =FdA
02 AR dlolele] /Mdd A7|ulg sl AM-HAch

# Sam-Gyun Oh is an assistant professor in the Department of Library and Information Science at

SungKyunKwan University,
P94 19999 119 19




134 FFEAR B3R #3349 A43 1999

1. Introduction

Current IR systems are mainly
based on the flat file structure. This
creates difficulty in maintaining data
integrity in the database and makes it
hard to utilize the relationships that exist
among many entities associated with
text, image or multimedia retrieval
environments, Current IR systems as a
whole have been particularly inade-
quate in answering specific queries
and, except in the case of full-text
database systems, do not provide
users with the capability to search
factual and relationship information
expressed in the documents. Further-
more, what these full-text database
systems allow, i.e., the option of sear-
ching terms in the documents them-
selves, can be limiting because the
relationship between the terms have not
been defined.

One way to overcome these diffi-
culties is to employ conceptual data
modeling when designing a database of
any kind. The Entity-Relationship
(ER) model is a conceptual data
modeling technique that is widely
used in database design. This paper
explores the benefits of applying ER
modeling to IR data to represent

factual and relationship information

expressed in the documents and to
capture other entities and relation-

ships associated with documents,

2. The Entity-Relationship
(ER) Model

The ER model (Chen, 1976) is an
early semantic data model that
unifies features of the traditional
models (hierarchical, network and
relational) to facilitate the incor-
poration of semantic information. The
enhancement of the model has been
continued to date by several re-
searchers (Brachman & McGuinness,
1988; Bachman, 1996: Moody 1996,
Martin, Jacobson & Kendall 1997,
Muller 1999). As indicated by the
nam‘e, the two primary modeling
consfructs are the entity and the
relationship. The ER model forms the
basis of ER

represent

diagrams,  which
conceptual models of
databases based on the needs of end
users. These diagrams depict the ER
model’ s three main components:
entities, attributes, and relationships.
The ER  model

requirements of a good semantic data

possesses  the

model because it: 1) is expressive

enough to point out commonly
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occurring distinctions between types
of data,

straints; 2) is simple and its concepts

relationships, and con-
can be easily understood: 3) has a
small number of basic concepts that are
distinct and non-overlapping in
meaning: and 4) has a diagrammatic
notation for displaying a conceptual
easy to
(Elmasri & Navathe, 1994).

An entity is a “thing” in the real

schema that is interpret

world with an independent existence, An
entity may be an object with a
physical existence such as a parti-

cular person, car, house, or employee. It

conceptual existence such as a

company, a job, or a university

Each entity has particular

which

course,
properties, called attributes,
describe it. For example, an employee
may be described by the employee's
name, age, address, and salary. A
particular entity will have a value for
each of its attributes. A reiationship is
an association between entities. In
the original model described by Chen,
relationships do not have attributes.
However, a special case arises when
connectivity between two entities is

many-to-many, or when there is a

may also be an object with a need to keep track of transactions
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{Figure 2. 1> An Example of Entity-Relationship Diagram with Connec-tivity and Cardinality
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between the entities involved. A
recursive entity is one that consists
of a relationship existing between
occurrences of the same entity type.

The name of an entity is enclosed by
a double quote and the name of a
relationship is underlined. A “depart-
ment” hires one or many “employ-
ees , but each “employee” belongs to a
“department”. A ‘“department” also
supervises many ‘“projects”, but each
“project” belongs to a “department”.
Each “employee” can have many
“dependents”, but each “dependent”
belongs to an “employee”. Each “em-
ployee” can work on many “projects”
and each “project” can have many
“ employees’  participating in the
project,

Now that the basic concepts of the
ER model have been discussed, the
benefits of applying conceptual data
modeling techniques to IR data are

explained below,

3. Conceptual Modeling of
IR Data

Many authors in the past at-
tempted relational approaches to IR
(Macleod, 1981: Dobosz et al, 1981;
Rybinski & Szymanski, 1981; Crawford,

1981; Schek, 1982:
1983; Rybinsik et al, 1985; Blair,
1988, Green, 1996). They found that a

relational document retrieval system

Stonebraker,

does not just contain documents, but also
a great deal of valuable information of
an inferential or tacit nature. Blair
(1988), for example, contended that one
of the most important facilities of a good
document retrieval system is its
associative searching capability. This
permits the user to discover semantic
relationships between the subject
index terms that have been assigned to
documents on the database. The
primary use of associative searching
is to semantically broaden a user's
subject search. He further argued
that relational database management
systems (RDBMS) provides easy and
flexible access to data and also
facilitates managing database.
However, it is important to note
that the relational model is an
implementation model, which means
that it is tied to a particular technology.
The relational model also lacks ex-
pressive power in ferms of describing
relationships between entities. What
is proposed in this paper is a con-
ceptual data modeling approach to
IR, which is independent of imple-

mentation models. The conceptual
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modeling approach to IR has several
advantages:1) It helps us focus our
attention on entities, attributes and
relationships needed to meet the
users need before we get absorbed in
implementation details; 2) it allows
us to implement a conceptual model
using different implementation models so
we can compare them: and 3) it
helps us employ a user-centered
approach in designing IR systems
because the conceptual

enhances communicafion between
database designers, users, and system
designers,

The idea that conceptual models
can be beneficial to IR design is not
new. Agosti et al (1989) expressed
the need for a conceptual paradigm for
the design of advanced IR appli-
cations, and Ingwersen (1992) also
asserted that IR systems should
provide users with different ways to
access documents because users have
various cognitive views, To illustrate how
ER modeling can provide this
cognitive variety, this paper presents two
examples of conceptual schemas to
model documents, The first example is
a set of conceptual schemas to model
empirical facts, research results
reported in empirical journals. A

system constructed based on these

approach

schemas will allow users to search
information using empirical variables,
statistical relationships and the
strength and direction of those
relationships. The second example
included here is a proposal for
conceptual schema specific to journal
articles that shows how data
modeling can be applied to model the
relationships associated with docu-

ments, subjects, and authors,

4. Conceptual Modeling of
Empirical Facts: the
EFR System

Conventional IR systems that
employ isolated term assignments
seem inadequate for queries that are
specific and empirical in nature. If,
on the other hand, retrieval systems
provide a link to represent the
relationships between the variables of
interest as reported in the documents,
That is, precision might be enhanced for
specific and empirical queries when
the relationships between the index
terms were specified in retrieval
systems,

An empirical fact is defined here
as a statement of relationship be-

tween two variables, For example, a
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variable (contraceptive use) has a
moderate correlation with another
variable (religious conviction). This is an
empirical fact. One empirical fact can be
represented by three  attributes
(variable 1, variable 2 and correlation
value). This paper proposes a
conceptual model of empirical facts
as a way to model the contents of
document, Modeling of empirical
facts has not been done before. To
develop  conceptual schemas of
empirical facts, they are classified
into three groups based on the nature of
statistical tests and complexities.
Figures 4. 1 through 4. 3 are the
conceptual schemas that represent
the entities and relationships involved in
various statistical tests,
* The first schema (figure 4. 1)
represents a situation in which a
variable has a statistical rela-
tionship with another variable, In
other words, given an occurrence of
this type of statistical relation-
ship, there are only two variables
associated with that particular
instance (descriptive statistics or
correlation). The first schema
captures this relationship and
models statistical analyses such
as studies that investigate cor-

relation between variables,

» The second schema (figure 4. 2)
represents a situation in which a
variable has a statistical rela-
tionship with a set of wvariables.
Given an occurrence of this type of
statistical relationship, there can
be a  statistical relationship
between a dependent variable

and a set of independent wvari-
ables. Statistical tests such as

ANOVA and regression fall into this
category.

The third schema (figure 4. 3)

represents a situation in which a set

of wvariables has a statistical
relationship with another set of
variables. It means that given an
occurrence of this type of
statistical relationship, there are
two sets of variables: a set of
dependent variables and a set of
independent variables, The stati-
stical test such as multivariate
regression falls into this category.
The last schema (figure 4. 4)

combines and integrates all these

schemas into one conceptual
schema to represent a wide range of
statistical analyses.

Each of these schemas is discussed

below.
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{Figure 4. 1) A Conceptual Schema of Correlation Type Statistics

4, 1 A Conceptual Schema of Des-
criptive  and  Correlation  Type
Statistics

The ER diagram in Figure 4. 1 is a
conceptual schema to map empirical
facts that report either descriptive
statistics or correlation type studies.

To explain the above schema, we start
with the entity “document”. The
relationship type is specified either
below or above the line and the
entity type is enclosed within a
double quote. A “document” may
report more than one “experiment”.
The connectivity between them is
many-to-many because a “document”

may report more than one “experi-

ment” and an ‘“experiment” can be
reported in more than one “docu-
ment” . This type of connectivity
requires a composite entity (“docu-
ment-experiment’) to keep track of
where experiments are reported. An
“experiment” reports descriptive stati-
stics about many “variables” and a
“variable” can be reported in many
* experiments” . The connectivity
between them is many-to-many,
which requires a composite entity
("descriptive-statistics”) to keep track of
where the descriptive statistics of
“variables” are reported. A “variable” has
a correlation with other “variables .
This is a recursive relationship. The

connectivity in this relationship is
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many-to-many, which requires a
composite entity (‘“correlation”).

The “variable” entity also has three
recursive relationships with itself: 1) a
“variable” is related to other “vari-
ables”: a “variable” can be broader
than other

“variable” can be narrower than other

“ vyariables” : and a

“variables”. The connectivity between
them is many-to-many, which
requires a composite entity for each
relationship. Actual drawing of the
composite entity is omitted if the
relationship is recursive. A “variable” can
have many “synonyms  and each
“synonym” can also be associated
with more than one “variable”, Other
entities associated with the document
(e.g., “author”, “descriptor”) are
omitted here because the focus of
this conceptual schema is on
modeling empirical facts reported in
the document,

Logical Schema: The above con-
ceptual schema can be translated into
various logical schemas (relational,
hierarchical, network, or object-
oriented). An example of relational
logical schema is presented in this
paper. The following is the outline of an
algorithm that can map an ER
schema into the corresponding rela-

tional database schema (Elmasri &

Navathe, 1994).

* For each regular entity type E in
the ER schema, create a relation R
that includes all the simple attri~
butes of E. For a composite
atfribute, include only the simple
component attributes, Choose one of
the key attributes of E as
primary key for R, If the chosen
key of E is composite, then the set
of simple attributes that form it will

together form the primary key of R,

For each weak entity type W in the
ER schema with owner entity E,
create a relation R and include all
simple attributes {or simple com-
ponents of composite attributes)
of W as attributes of R. In
addition, include as foreign key
attributes of R the primary key
attribute(s) of the relation that
corresponds to the owner entity
type E. this takes care of the
identifying relationship type of
W. The primary key of R is the
combination of the primary key
of the owner and the partial key of

the weak entity type W,

For each binary 1:1 relationship
type R in the ER schema,
identify the relations S and T
that correspond to the entity
types participating in R. Choose
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one of the relations for example, S,
and include as the foreign key in S
the primary key of T. It is better to
choose an entity type with total
participation in R in the role of S,
We include all the

attributes (or simple components of

simple

a composite attribute) of the 1:1
relationship type R as attributes of
S.

For each regular (non-weak)
binary 1:N relationship type R,
identify the relation S that
represents the participating entity
N-side of the
type.
foreign key in S the primary key of

type at the
relationship Include as
the relation T that represents the
other entity type participating in R:
this is

instance on the N-side is related to

because each entity

at most one entity instance on
the 1-side of the

type.
For each binary M:N relationship

relationship

type R, create a new relation S to
represent R. Include as the
foreign key attributes in S the
primary keys of the relations that
attributes of the M:N relationship
type (or simple components of
attri-

composite attributes) as

butes of S.

oFor each multi-valued attribute
A, create a new relation R that
attribute
ponding to A plus the primary

includes an corres-
key attribute K of the relation
that represents the entity type or
relationship type that has A as
an attribute. The primary key of R
is then the combination of A and K,
If the multi-valued attribute is
simple

composite, include its

components,

]

For each n-ary relationship type R,
ny2, create a new relation S to
represent R. Include as foreign
key attributes in S the primary
keys of the relations that
represent the participating entity
types. Also include any simple
attributes of the n-ary relation-
ship type (or simple components of
composite attributes) as attri-
butes of S. The primary key of S is
usually a combination of all the
foreign keys that reference the
relations representing the partici-
pating entity types. However, if
the participation constraint (min,
max) of one of the entities type E
participating in R has max = 1,
then the primary key of S can be
the single foreign key attribute

that references the relation E’
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(Table 4. 1) A Logical Schema of Descriptive Statistics and Correlation Type
StatisticsLegend: Primary Key is Underlined

Relation Attributes
Document Dno, DocTitle, Year, PubType, Source, Language, Identifier, Abstract, HardData?
Experiment Eno, Experiment Purpose, Experiment Procedures, Research Design, Sample Size
Document Experiment | Dno, Eno
Variable Variable, Definition
Synonym Synonym
Variable Synonym Variable, Synonym
Related Variable, RelatedVariable
Broad Variable, BroadVariable
Narrow Variable, Narrow Variable

Descriptive Statistics Dno, Eno, Variable, Mean, Median, Standard Deviation

Statistics Typel

Dno, Eno, Variablel, Variable?, Statistical Test, Statistical Value, Significance Level

corresponding to E. this is
because in this case each entity e in
E will participate in at most one
relationship instance of R and
can hence uniquely identify that
relationship instance.

The logical schema that corre-
sponds to the above conceptual
schema in Figure 4. 1 presented in
Table 4. 1.

The attributes (RelatedVariable,
BroadVariable, Narrow Variable, Vari-
ablel, and Variable2) specified in
Table 4. 1 are foreign keys which get
their value from the “VARIABLE"
authority table.

The Empirical Fact Retrieval
(EFR)

system based on the above

system, a prototype IR

conceptual and logical schema, was

actually constructed, with an
experiment demonstrating its effi-
ciency and effectiveness. It can
provide the following type of search
capabilities:

studies  that

investigated a particular variable and

*One can find

further qualify the search by the

value of mean, median, or
standard deviation, if needed,

*One can also find all the
variables investigated in asso-
ciation with a particular variable and
further qualify the search by
either the direction of relationship or
the significance level, if needed.

* One can also find all documents that
investigated relationships between
two variables and further qualify the

search either by the direction of the
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relationship or the significance
level, if needed.

* One can also expand a search by
including variable synonyms or
related variables,

*One can also expand a search
using broader variables or restrict a

search using narrower variables,

4. 2 A Conceptual Schema of ANOVA or
Regression Type Statistics

The following ER diagram maps
empirical facts that are the results of

analyses of either variance or regression

analysis,

analysis, a dependent variable

associated with a set of independent

variables, In other words,

tests are carried out to see what

impacts the independent variables have on

a dependent variable,

The schema in Figure 4. 2 maps

ANOVA and regression type
statistics,. There are three new
entities introduced in the figure:
“STATISTICS-TYPE2", “IV-SET"
and “IV-MEMBER". A set

independent variables is grouped as
an “IV-SET". The composite entity

l—

DOCUMENT

has hierarchy

is related to

—1 EXPERIMENT

ATISTI ¢
> TYPE2

VARIABLE

SYNONYM

VARIABLF g
SYNONYM

1V-MEMBER

IV-SET

{Figure 4. 2) A Conceptual Schema of ANOVA or Regression Type Statistics

In ANOVA and regression

statistical
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*IV-MEMBER"
variables that belong to an “IV-
SET Another composite entity,
“STATISTICS-TYPE2,” stores stati-

variable (a

records individual

stics between one
dependent variable) and a set of
variables (independent variables). A
single variable recorded in the
“ STATISTICS-TYPE2” entity is
automatically considered as a
dependent wvariable. A ° dependent
variable is associated with one to
many independent variables, There is a
many-to-many connectivity between
the “VARIABLE" entity and the
“IV-SET"

entity “IV-MEMBER” records which

entity. The composite

variable is associated with which

“IV-SET” and the other composite

entity, “STATISTICS-TYPE?2,” keeps
track of each statistical test per-
formed between a particular depen-
dent variable and a set of inde-
pendent wvariables. In the ANOVA
statistics, a dependent wvariable is
associated with zero to many main
and interaction effects, treated as
independent variables, The main and
interaction effects are grouped as the
“IV-SET" entity. All other entities
and relationships in this figure are
the same as in the previous figure,

The logical schema that corre-
sponds to the above conceptual
schema (Figure 4. 2) is presented
below (Table 4. 2).

If an IR system is constructed

based on the above conceptual and

(Table 4. 2) A Logical Schema of ANOVA/Regression Type StatisticsLegend: Primary Key is

Underlined
Relation Attributes
Document Dno, DocTitle, Year, PubType, Source, Language, Identifier, Abstract, HardData?
Experiment Eno, Experiment Purpose, Experiment Procedures, Research Design, Sample Size

Document Experiment | Dno, Eno

Variable Variable, Definition
Synonym Synonym
VariableSynonym Variable, Synonym
Related Variable, RelatedVariable
Broad Variable, BroadVariable
Narrow Variable, Narrow Variable
IV-Set IvsetNo

IV-Member IvsetNo, Ivariable

Statistics Type2

Drno, Eno, Variable, [VsetNo, Statistical Test, Statistical Value, Significance Level




{Figure 4. 3) A Conceptual Schema
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ig refated to
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CUME VARIABLE
(PERIM
3
@MBER 1V-MEMBER
EXPERIMENT

y

ATISTI
TYPE3

[
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IV-SET

logical schema, the following types of

queries can be answered:

« Given

variable,

a

particular

one can find all

dependent
the

independent variables found to

have

impact

a

on that

statistically

variable,

significant
The

search can be specified further

by setting a significance level.

e Given

a

particular

dependent

variable, one can also find all the

main or interaction effects found to

have

impact

a

on

statistically
that

varlable.

significant
The

of Multivariate Type Statistics

search can be specified further

by setting a significance level.

Schema of Multi-

variate Type Statistics

4. 3 A Conceptual

The most complex type of
statistical analysis is to investigate
how a set of multiple dependent

variables is affected by multiple

independent variables. Multivariate

analysis fits into this category, and is
described in Figure 4. 3.
explained:

Conceptual schema
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(Table 4. 3) A Logical Schema of Multivariate Type StatisticsLegend: Primary Key is

Underlined
Relation Attributes
Document Dno, DocTitle, Year, PubType, Source, Language, Identifier, Abstract, HardData?
Experiment Eno, Experiment Purpose, Experiment Procedures, Research Design, Sample Size
DocumentExperiment | Dno, Eno
Variable Variable, Definition
Synonym Synonym
VariableSynonym Variable, Synonym
Related Variable, RelatedVariable
Broad Variable, BroadVariable
Narrow Variable, Narrow Variable
[V-Member IVsetNo, Ivariable
DV-Set DvsetNo
DV-Member DVsetNo, Dvariable
Statistics Type3 Dno, Eno, Variable, IvsetNo, DVsetNo, Statistical Test, Statistical Value, Significance
Level
gg’:;f . DOCUMENT @ < SYNONYM
has hierarchy
_ 15 related (G
“‘——~ VARIABLE
EXPERIMENT

y

y DV-MEMBER IV-MEMBER

Afﬁ% 3 5
> TYPE2

r———* DV-SET
- ATISTICS
TYPE3
3
1V-SET

(Figure 4. 4) An Integrated Conceptual Schema of Empirical Facts
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The schema in Figure 3. 3 maps all the
statistical tests that are similar to
multivariate regression analyses. With
complex statistics, there are relationships
between a set of dependent variables
and a set of independent wvariables.
To map this situation, each set of
dependent and independent variables is
grouped as a “DV-SET” and “IV-
SET" entity respectively. There is a
many-to-many connectivity between
these SET entities and the “VARI-
ABLE" entity, and the " IV-
MEMBER" and “DV-MEMBER"
entities keep track of all the variables
that belong to each SET entity. The
composite entity “ STATISTICS-
TYPE3" records all the statistical
values related to the occurrences of these
SET entities.

The logical schema that corre-
sponds to the above conceptual
schema (Figure 4, 3) is presented in
Table 4. 3.

If an IR system 1is constructed
based on the above conceptual and
logical schema, the following type of
queries can be answered:

*Given a set of dependent
variables, one can {find sets of
independent variables found to
have statistically significant

impact on those wvariables. The

search can further be specified

by setting a significance level,

4. 4 An Integrated Conceptual Schema
of Empirical Facts

The conceptual schema in Figure 4. 4
integrates the previous conceptual
schemata into one.

The logical schema that corre-
sponds to this integrated conceptual
schema is presented in Table 4. 4,

In summary, if an IR system is
constructed based on this conceptual and
logical schema, all the types of
queries mentioned above <can be
answered,

°eOne can find studies that
investigated a particular variable and
further qualify the search by the
value of mean, median, or

standard deviation, if needed.

°One can also find all the vari-
ables investigated in association
with a particular wvariable and
further qualify the search either by
the direction of relationship or
the significance level, if needed.

° One can also find all documents that
investigated relationships between
two variables and further qualify the
search either by the direction of the

relationship or the significance
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(Table 4. 4) An Integrated Logical Schema of Empirical FactsLegend: Primary Key is

Underlined

Relation Attributes
Document Dno, DocTitle, Year, PubType, Source, Language, Identifier, Abstract, HardData?
Experiment Eno, Experiment Purpose, Experiment Procedures, Research Design, Sample Size
DocumentExperiment | Dno, Eno
Variable Variable, Definition
Synonym Synonym
VariableSynonym Variable, Synonym
Related Variable, RelatedVariable
Broad Variable, BroadVariable
Narrow Variable, Narrow Variable
IV-Set IvsetNo
[V-Member IVsetNo, Ivariable
DV-Set DvsetNo
DV-MemberD VsetNo, Dvariable
Descriptive Statistics | Dno, Eno, Variable, Mean, Median, Standard Deviation
Statistics Type 1 Dno, Eno, Variablel, VariableZ, Statistical Test, Statistical Value, Significance Level
Statistics Type 2 Dno, Eno, Variable, IVsetNo, Statistical Test, Statistical Value, Significance Level
Statistics Type3 Dno, Eno, Variable, IVsetNo, DVsetNo, Statistical Test, Statistical Value, Significance

Level

level, if needed,

*One can also expand a search by
including variable synonyms or
related variables,

*One can also expand a search
using broader variables or restrict a

search using narrower variables,

*Given a

variable, one can also find all the

particular

*Given a particular
;\/ariable, one can also find all
main or interaction effects foun
have a statistically

impact on that wvariable,

by setting a significance level,

dependent «Given a set of

dependent

the
d to

significant

The

search can be specified further

dependent

variables, one can also find sets of

independent variables found to independent variables found to
have a statistically significant have a statistically significant
impact on that wvariable. The impact on those variables. The

search can be specified further

by setting a significance level,

by setting a significance level.

search can be specified further
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As mentioned in the previous

section, the main purpose of this
paper is to present and discuss the
benefits of conceptual modeling of IR
data. The first example is to develop a
conceptual schema of empirical facts,
research results reported in empirical
journals. The second example is to
develop a conceptual schema of
bibliographic relationships specific to
which shows how

journal articles,

data modeling can be applied to

So far, the discussion has been
focused on modeling statistical results
and benefits of modeling those data for
the retrieval effectiveness. However,
the following section describes how
data modeling can also be applied to
develop a conceptual schema of
bibliographic relationships in order to

improve retrieval effectiveness.

5. Conceptual Modeling of

model the relationships associated Bibliographic Relationships
with documents, subjects, and
authors, To show how the ER model can be
cory N COPY
. CENTER ERVIC
has advisee
Y
AUTHOR »<_CO-AUTHOR JOURNAL
}é has reference is related o é
AUTHOR N -
ALIAS DOCUMENT

SYNONYM

|| _—TOCUME!
—&| “BESCRIPTO

y

has hierarchical relationship

is related to

ESCRIPT
YNONY

DESCRIPTOR

{Figure 5. 1) A Conceptual Model of Bibliographic Relationships Manifested in Journal Articles
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used for other applications, a con-
ceptual schema of biographic rela-
tionships manifested in journal articles
(Figure 5, 1). This ER diagram depicts
the entities and relationships asso-
ciated with journal articles and their
authors,

The ER diagram in Figure 5. 1
maps the major attributes, entities and
relationships related to journal articles and
their authors. To explain the schema, we
again  discuss connec-tivity and
cardinality between enfities, and we
specify them from the perspective of the
entire life cycle of the database being
con-structed. Let's examine the entity
“AUTHOR" first. The entity “AUTH-
OR” has an advisee relationship with
itself. For example, an “AUTHOR"
may have many advisees, but an
advisee can have only one advisor,
This is a hierarchical recursive rela-
tionship. In hard sciences, valuable
information can be found by tracing
advisor - advisee relationships because an
advisee tends to work in the area that is
close to his or her advisor. This
conceptual model will allow one to
search that kind of information. This
model also keeps track of names that
“AUTHORs” have written under so
that a search can be expanded to

include all the author aliases with the

help of the entity “ AUTHOR-
ALIAS",

As for the entity 'DOCUMENT", a
“document” can be written by more
than one “author” and an “author” may
publish more than one “document” in the
life of the database, A “DOCUMENT" also
cites many “DOCUMENTs” and a
part-icular “DOCUMENT" can be cited by
many ‘DOCUMENTS". The Institute of
Scientific Information (ISI) currently
maintains this information, but it is not
incorporated with other types of value-
adding information (e.g., controlled
vocabulary, etc.) in  bibliographic
databases, which makes the ISI
database less effective, Using this
conceptual schema, a direct connection
between the ISI
bibliographic databases can be
established. The entity “ DOCU-
MENT” also has a relationship with
the entity “DESCRIPTOR”. A “DOCU-
MENT" is represented by one or more
“ DESCRIPTORSs” and a " DES-
CRIPTOR” can be assigned to many
“DOCUMENTSs". The entity “DOCU-
MENT” is related to the entity
“DESCRIPTOR” through the com-

“ DOCUMENT-DES-

databases and

posite  entity
CRIPTOR”.
The entity “DESCRIPTOR” has

many recursive relationships: 1) a
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{Table 5. 1) Logical Schema of IR Data Model of Journal Articles and its AuthorsLegend:
Primary Key is Underlined

Relation Attributes
Document Dno, Title, Year, PubType, Issn, Source, Language, Identifier, Abstract, HardData?
Reference Trace SourceDno, ReferencedDno
Author AuNo, Name, Email, Web, Phone, Fax, NameQualifier, AdvisorNo
Co-Author Dno, AuNo, Position
Author Alias AuNo, AliasName
Journal Issn, InTitle, JnStartYear
Related Journal Issn, Relatedlssn
Copy Center Centerld, Name, Emaﬂ, Phone, Fax, Web
Copy Service Centerld, Issn
Descriptor Descriptor
Related Descriptor, RelatedTerm
Broad Descriptor, BroadTerm
Narrow Descriptor, Narrow Term
Synonym Synonym
DescriptorSynonym Descriptor, Synonym
Document Descriptor Dno, Descriptor, Weight

“DESCRIPTOR” has many “SYNO-
NYMs" and a “SYNONYM" can also be
associated with many “DESCRIP-
TORs": 2) a “DESCRIPTOR" is
associated with many related terms: and
3) a "DESCRIPTOR”

with many broad and narrow terms,

is associated

The above is the logical schema
(Table 5. 1) that corresponds to the
presented in

conceptual schema

figure 5. 1.

5. 1 Added Search Capabilities by Modeling of
Bibliographic Relationships

If an IR system is implemented

based on the above conceptual and
following new
added to the

logical schema, the

capabilities can be
current IR systems:
A user can:
° broaden a search by including the
articles written by co-authors,
o broaden a search by including an
author's aliases.
cexpand a search by including the

works by the advisor and

advisees,
obroaden a search by including
synonyms associated with a
descriptor.
o broaden a search by including
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related terms associated with
descriptors.
*be assisted in broadening a

search by utilizing the recursive-
relationships among descriptors.

* be assisted in narrowing a search by
utilizing the recursive-relation-
ships among descriptors,

esearch the ISl database using
descriptors and expand the search
result using other entities related to
the descriptor entity.

e easily find where to order the

relevant

copy of articles if

citations are found.

Discussion and Conclusion

The advantages of ER modeling for

information

retrieval can be

summarized as follows:

« Expanding Search Function-

ality: Because an IR system
based on the ER schema can
integrate the functions of thesauri

and citation searching, users can

easily expand their search in
ways that were not available
before. Users can start with a

subject search, find an interesting
then

citation search to see who cited that

article, move on to a

work or whom it cited without
changing databases. It is also
easy to create either a subject or
that

instead of typing. This

keyword list users can

browse
kind

of access is particularly

useful when users have poorly
defined search requests.

Collocating Related Items: The
ER model can also enhance
One

cataloging is to relate and display

cataloging, objective  of

together (collocate) the editions
which a library has of a given
work and the works which it has of
a given author (Lubetzky, 1960).
Collocating different editions,
translations of the same work,
and different works based on the
same work becomes much easier if
a system is constructed based on
the ER schema because the main
strength of the ER model is the
capability of capturing the
relationships that exist between
entities in a succinct manner,
The relationship between a work
and all the different editions,

translations, and variations
(artistic renderings of the work,
etc.) can be internally captured
so that collocating or grouping
them to

satisfy the second
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purpose of cataloging (collocating
better
accommodated. The ER model is a
fulfill the
objectives of cataloging.

In addition, the EFR model can also

be used to model the contents of

related items) can be

good candidate to

documents, as the example in
this article has demonstrated, For
example, we all know that Milton
wrote ‘Paradise Lost’. This work
has many editions, many ftrans-
lations into other languages, and
many audio and video renditions. All
these can be collocated and
grouped by their characteristics if an
IR system is based on an ER
MARC

structure makes it difficult to

schema. The current
accommodate different groupings
for useful displays because of its
inadequacy in defining rela-
tionships between entities. If we
carefully define the relationships
between entities and implement
them, grouping and collocating
related items can be effectively
and efficiently accomplished.

Modul-

arity: The ER model increases the

* Flexibility and

flexibility of system updating and
maintenance because of its

modularity, If additional entities

o

identified

after a retrieval system is built,

or relationships are

those can be easily integrated
into the

schema and system. For example,

existing  conceptual
the EFR system described earlier
did not implement any controlled
vocabulary for empirical variables.
Considering that researchers may use
a variety of different expressions to
describe  the same  variable
concept, it could be important to
provide users with a controlled
list of empirical variables in each
empirical discipline, Provision of a
controlled vocabulary of empirical
likely to

retrieval. Including this kind of

variables is improve
new feature is relatively easy if a
system is developed using an ER
schema because you can add a
new table to include a controlled
vocabulary of variables and link
them with the

were already

variables that
entered in the
database.
Communication:
difficult
problems of database design is
the fact that
programmers, and users tend to
different

Different views of data are likely to

Enhancing

One of the most

designers,

see data in terms.



SZEPA I3 X A33Y A43 1999

lead to database designs that do not
reflect users’ information needs.

To solve these problems,

communication among database

designers, programmers, and
users should be as free of
ambiguities as possible, Data

modeling helps the process of
communication by reducing
difficult real world complexities

to more easily understood
abstractions that define entities
and the relations among them.
The ER model, the most common
and well-known data model, has
been considered the best tool in
designing industry databases. In

addition, ER modeling, if it is

applied to information retrieval
functions such as cataloging, will
enhance communication among

participants because it has rich

set of diagramming notations to
represent relationships that exist
in the bibliographic records.

In conclusion, the ER model is a
powerful tool to represent all the
entities and relationships related to
IR data: 1)
entities and relationships (documents and
and 2)
entities and relationships
facts). The ER model has sound and

modeling external

authors) ; modeling internal

(empirical

rigorous design principles, The use of
conceptual data modeling in IR will help
us to build user-centered IR systems and
effective IR

take
advantage of the efforts made by IR

systems
better

to design

because we can

researchers, There are numerous
advantages if we employ the ER
model in mapping IR data. More

rigorous research is highly recom-

mended,
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