Wu, Baugh, and Harvey Fri, Nov 3, 8:30 - 8:55, Normandy B

Self-paced Learning and On-line Teaching of
Entity-Relationship Modeling

Peter Y. Wu
wu@mail.rmu.edu

Jeanne M. Baugh
baugh@mail.rmu.edu

Valerie J. Harvey
harvey@mail.rmu.edu

Department of Computer & Information Systems
Robert Morris University
Moon Township, Pennsylvania, USA

Abstract

We present a detailed plan to teach Entity-Relationship modeling in an undergraduate course
in Database Systems. The course syllabus fulfills the requirements of a first database course in
the IS 2002 model curriculum. It is designed to be offered on-line for self-paced learning
within the 15 weeks of a regular term. Our goal is to ensure the scope of coverage and the
quality of delivery, and at the same time provide sufficient flexibility for student learning. Our
teaching plan comprises 19 modules: from the introduction to Extended ER modeling covering
specialization and generalization, including two optional modules for alternative ER diagram
notations. The teaching plan is complete and yet very compact. The dependency graph gov-
erns the flow of the learning modules. Students will then have the flexibility to work out their
schedules for their effective use of time and materials on-line. The critical design factor in
each module is in the selected ER modeling features to cover, and very specific learning objec-
tives. We believe our design will engender effective self-paced learning. The plan also prepares
very well for on-line delivery. We are eager to further develop the plan by gathering a very
large collection of illustrative examples, together with exercises and test questions.
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1. INTRODUCTION provide the greatest flexibility for students in

self-paced learning. Not all subject areas will

In the era of much needed on-going IS/IT
training, curriculum design must attempt to
accommodate the schedules of working
adults. While the need for training is particu-
larly acute for working adults already in the
IS/IT industry (Barker 1994), it is also very
desirable in curriculum and program design
to allow greater flexibility for the students
(Learmonth 2001). Granted the wide acces-
sibility of the internet, it becomes imperative
to re-design teaching plans and delivery
methods to work with the internet and to
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lend themselves nicely to be offered on-line
with self-paced learning. This project is mo-
tivated by the intention to bring much of the
courses in the IS curriculum to be offered
on-line.

To begin working on the curriculum and pro-
gram re-design, it is essential to address the
core area of database topics (Robbert 2000,
Springsteel 2000). The prevailing standards
and model curricula evidently see the data-
base systems course as part of the core in
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the IS curriculum (SIGCSE 2001, 1S2002
2002). There has been much considerable
effort in the design and review pertaining to
the teaching of database systems (Baugh
2004, Lenox and Woratschek 2005), primar-
ily in the traditional format of course offering
through lectures and lab sessions. This pa-
per represents our attempt to re-design a
practicable teaching plan to offer the course
on-line for self-paced learning. Our previous
paper focused on teaching SQL (Wu, Baugh
and Harvey 2005). This paper focuses on
teaching Entity-Relationship modeling, which
is not only an important topic in the course,
but it is also the essential tool to support
information system analysis and design, a
skill known to be highly desirable in IS/IT
professionals today (Caputo et al 2004).

We first present the syllabus for the cover-
age of topics in the next section, and then
we will present the teaching plan, discussing
each teaching module in further details. We
also present the dependency graph to illus-
trate the prerequisite requirements between
each module in the teaching plan. In further
discussion, we describe our development
effort toward offering the database systems
course on-line.

2. COURSE SYLLABUS

The context of our ER Modeling teaching
plan is a first course is Database Systems for
undergraduates. The course fulfills the re-
quirements of coverage for database topics
in the IS 2002 Model Curriculum (IS2002
2002). The following states the primary goal
and lists the detailed topics under the objec-
tives of the course syllabus. There are two
textbooks currently adopted: Riccardi (2003)
and Bordoloi and Bock (2004).

Primary Goal:

The primary goal is to introduce the con-
cepts of relational database systems to
the students, and to enable them in the
use, management, and the design and
implementation of databases.

Objectives:

At the completion of the course, the stu-
dent is expected to be able to:

Topic 1. Database Terminology
¢ Define the components and terms used
in database management system
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e Define and discuss the types and roles
of the users of a DBMS

e Define and discuss logical vs physical
views of the data

Topic 2. Relational Database

e Create a relational database and its
components

e Define the tables

e Define attributes and their domains

e Define keys, primary keys and foreign
keys

e Create relationships among the data in
the database implementation

¢ Define referential integrity constraints
and resolution upon violation.

e Create reports from the database im-
plementation

e Create forms for interactive use of da-
tabase

Topic 3. SQL Language
e Create database schema using Data
Definition Language (DDL) with SQL.

e Manipulate data using Data Manipula-
tion Language (DML) with SQL

e Query the database using multiple ta-
bles and criteria with SQL: such as se-
lect with join operations and various se-
lection criteria.

e Use sub-queries in SQL

Topic 4. Normalization

¢ Understand anomalies and redundancy
based on the concept of functional de-
pendencies

« Recognize normal forms (up to 3™) and
how they are relevant to good design

e Use the process of normalization to im-
prove schema design

Topic 5. Database Design

e Define and discuss the problems of data
redundancy, and data inconsistency

e Define the 4 main data models used in
DBMS and describe their main features

e Describe the major concepts in the
analysis and design of a database.

¢ Utilize software to create a database
design.

¢ Practice Entity-Relationship (ER) model-
ing for analysis and design

¢ Understand entities and the concepts of
attributes, uniqueness, and key

¢ Identify relationships, and the concepts
of structural constraints

e Use the concept of weak entities, spe-
cialization and generalization, in design
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e Define constraints on the data, including
semantic constraints

e Evaluate a given data base design for a
specific application.

e Use of Bachman Diagram for ER model-
ing and database design

e Translate of a conceptual schema in ER
model to a relational schema for data-
base implementation

Topic 6. Database Systems Administration
e Define and discuss responsibilities of the
database manager and administrator.

e Define and discuss relevance of the data

dictionary.

e Define and discuss critical elements for
implementing and maintaining a data-
base.

e Define and discuss laws governing in-
formation practices in the United States
and their application to database sys-
tems.

e Discuss security issues in the imple-
mentation of a database.

e Define and discuss the terms, pro-
gramming aspects, hardware and soft-
ware requirements, and the various
views for each of the major models of
databases.

e Define and discuss the architecture and
the components of a database system,
and the various interfaces.

To summarize, the course covers the rela-
tional data model, use of SQL, normal forms
and normalization, Entity-Relationship mod-
eling (ER modeling) for the design and im-
plementation of databases, and then the
administration and management of database
systems. Evidently, the requirements for
database topics in the IS 2002 model cur-
riculum (IS2002 2002) are sufficiently ful-
filled. The following table illustrates the time
frame to cover these topics in the full 15
weeks term.

Week(s) Topic
1 to 6 | Relational Data Model and Use

of SQL

7 and 8 | Normal Forms and Normaliza-
tion (for design evaluation)

9 to 14 | Entity-Relationship Modeling
and database design

15 | Database Systems: administra-

tion and management
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The aim of our project does not dictate the
order one must follow to cover the topics.
Traditional approach favors beginning with
ER modeling, followed by Relational Model
and use of SQL. McMaster (2005) surveyed
a number of current database textbooks to
compare and contrast different approaches.
In conclusion after discussing the pros and
cons, they favored their “reverse approach”.
Our teaching plan presented in this paper
follows their approach. One benefit is that
we can introduce translation into relational
schema in ER modeling to demonstrate its
application in database design.

To offer the course on-line for self-paced
learning, we need a teaching plan with small
learning modules each of which has a set of
highly focused objectives. Each module has
its own on-line presentation examples, along
with a large set of exercises and a discussion
forum. This will facilitate for self-paced
learning, requiring as well as enticing stu-
dents to exercise discipline in their own
learning. The following section will iterate
through the details in each of the modules
comprising the teaching plan.

3. THE LEARNING MODULES

ER modeling is an important topic in the
course. In the regular pace, students should
plan to spend about 7 weeks on the topic.
Students may or may not be adept in the
use of SQL, but should have been exposed
to the relational model and the use of tables
in relational DBMS for an introduction.

On the topic of ER Modeling, we have 19
learning modules altogether: starting with
Module 0 serving as an introduction to ER
model, to Modules 17 and 18 which are op-
tional, covering alternative notations for ER
diagrams, namely, the Bachman notation,
and the Unified Modeling Language (UML).
In the following, we briefly describe each
module and note the specific teaching points
in each.

Module 0: Introduction to ER Modeling

ER modeling is a tool for the analysis and
design of database systems. For analysis, it
is a tool to understand and express how
business works with data. For design, it be-
comes a tool to work out the appropriate
schema, that is, the way in which a database
system can facilitate for the use of data.
The introduction uses a simple case study to
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highlight how the ER diagram captures the
schema design of relational tables for a da-
tabase system.

Module 0: Introduction to
ER Modeling

Tool for database system analysis and
design
2 | Simple case study as an example
ER model captures the way business
works with data
ER diagram expresses the model, ie,
the schema.

4

Module 1: Entities and Attributes

We introduce the basics of ER diagram to
present the concept of modeling things as
entities, represented by a set of attributes.
Students should recognize attribute names
and attribute values as data types and data
values. Deeper thinking is in identifying an
entity to be some specific thing while an at-
tribute is a non-specific value.

Module 1: Entities and Attributes

Modeling things as entities and their

attributes

Attribute names and attribute values
Entity as something specific, physical
or conceptual

Entities and entity set

1
2
3
4

Module 2: Types of Attributes

We present and discuss the different types
of attributes, namely, simple and composite
attributes, stored and derived attributes,
single-valued and multi-valued attributes,
and optional attributes, each illustrated with
examples.

Module 2: Types of Attributes
Simple and composite attributes
Stored and derived attributes
Single and multiple valued attributes
Optional attributes

Module 3: Key and Key Attributes

DRIWIN ([~

Since entities are specific, each entity is to
be uniquely identified. The choice of attrib-
utes for modeling the entities is relevant. A
key is defined as a collection of attributes
such that the attribute values in the collec-
tion uniquely identify an entity. We then
introduce the concepts of key, super key,
and candidate key. Students should learn to
count and determine the candidate keys.
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Module 3: Key and Key Attributes
1 | Unigueness constraint for each entity
2 | Key as a collection of attributes
Concepts of key, super key, and can-
didate key
Different candidate keys in the same

4

entity set
Module 4: Tables for Entity Sets

To illustrate that the ER diagram captures
the schema, we show how to translate the
ER model into tables in the relational data
model: one table for each entity set. An
attribute generally results in a column in the
table, yet some types of attributes may re-
quire some special handling. An optional
attribute results in a column that allows the
null value, for instance. Multi-valued attrib-
utes are not desirable, but can be resolved
by an additional table.

Module 4: Tables for Entity Sets
Relational table for an entity set
Primary key and secondary keys
Optional attribute as a column allowing
the null value

Table for multi-valued attribute

Module 5: The Index Card Analogy

Al W |N|F

To visualize ER modeling, we introduce the
analogy of index cards: one entity per card.
The deck of index cards is each printed with
the entity set name and attribute names.
Each entity, being specific and uniquely
identifiable, is represented by an index card
with the proper attribute values filled in. It
is @ model of the entity, physical as well as
conceptual.

Module 5: The Index Card Analogy
Entity set as a deck of index cards
Entity set name and attribute names
are printed

A card with the values filled in repre-
sents the entity

2

3

Figure 1 (next page) illustrates the ER model
and the deck of index cards modeling the
entity set of courses offered by the IS de-
partment.

Module 6: Relationship and Relationship
Instances

Specific entities may relate to one another,
similar to relationships in real life. We intro-
duce the diamond to model relationships,
each associating two entity sets. We need
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Figure 1. The Index Card Analogy of Entities

to justify the use of only binary relationships
in our ER modeling. It will be sufficient for
most business use.

We then introduce the notion of relationship
instance to identify each case of associating
two specific entities in a relationship. Each
diamond therefore represents a relationship
set, for the entire collection of relationship
instances. Relationship thus may have at-
tributes as entity may have attributes, but
there will be no key attribute since the rela-
tionship instance is uniquely identified when
the two associated entities are uniquely
identified. We extend the index card analogy
to visualize a relationship instance. Figure 2
(next page) illustrates our extended index
card analogy to visualize the relationship
instances in the relationship set, and how
each is linked to a pair of specific entities.

Module 6: Relationship and
Relationship Instances
Binary relationship in ER modeling
Relationship set, relationship instances
Relationship attributes
Relationship has no key attributes

DIWIN |

Module 7: Participation Constraint

An entity set involved in a relationship may
participate partially or totally in the relation-
ship. We introduce the symbolic adornment
for the two respective cases of participation
in the ER diagram.

Module 7: Participation Constraint
1 | Total participation
2 | Partial participation
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Module 8: Cardinality Constraint

The other constraint adorning the relation-
ship is the cardinality constraint, expressed
as the cardinality ratio to indicate how one
entity may be associated with one or many
entities. The cardinality ratio must be one of
these: one-to-one, one-to-many, many-to-
one, or many-to-many. The cardinality con-
straint is independent of, but also works in
concert with the participation constraint to
model the relationship. Students must learn
to properly interpret the constraints.

Module 8: Cardinality Constraint

1 | 1-to-1 cardinality ratio

2 1-to-many and many-to-1 cardinality
ratios

3 | Many-to-many cardinality ratio

4 Cardinality ratio working with partici-

pation constraints

Properly interpreting cardinality and

participation

5

Module 9: Design Rules and Tips

Students completed with Module 8 should be
able to properly interpret ER diagrams in
general. ER diagram interpretation is easier
than design. Module 9 is intended to help
students to construct the ER model in de-
sign. The design rules are simple statements
pointing to common mistakes students may
make. The intricate touch is in sorting out
the intention of the designer when there are
mistakes, and to provide appropriate guide
to synthesize the proper ER model solution.
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Figure 2. The Extended Index Card Analogy for Relationship Instances

each case accordingly. We note how the
tables, or table extensions, make use of for-
eign keys, and then because of partial par-

Module 9: Design Rules and Tips
1 Two entity sets can connect only thru

a relationship

ticipation, columns in the table extensions

2 Attribute values should never imply a
relationship

3 Relationship cannot connect with an-

other relationship

Module 10: Tables for Relationship Sets

Students now learn to translate the ER
model into tables for a relational database,
when the ER model involves relationships.
Each entity set is translated into a relational
table, but a relationship may of may not
need to be translated into a table. The car-
dinality ratio becomes critical. We consider
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may need to allow the null value.

Module 10: Tables for Relationship
Sets

Additional table is needed for M-to-M
relationship

2 M-to-1 relationship: extend table on
the “one” side

1-to-1 relationship: can extend either
or both tables

4 | Use of foreign Keys in these tables

Allowing null values for partial partici-
pation
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Module 11: Weak Entities and Dependence
Relationship

A weak entity is also specific, and should still
be uniquely identified. Its attributes are not
sufficient to identify each entity in the set,
and it must be related to another entity for it
to be properly identified. The weak entity
set must participate totally in a dependence
relationship. We introduce the symbols for
the weak entity set, and for the dependence
relationship. When multiple weak entities are
related to the same entity in the dependence
relationship for identity, a partial is therefore
necessary. The values for the partial key
attributes must be sufficient to identify each
weak entity among those associated with the
same strong entity.

Module 11: Weak Entities and
Dependence Relationship

1 Entities dependent on it relationships
for identity

2 Symbol for weak entity set / depend-
ence relationship

3 Total participation in the dependence
relationship

4 Partial key needed for the M-to-1 rela-
tionship

Module 12: Tables for Weak Entity Sets

For a weak entity set in the ER model, the
table for a relational database should incor-
porate the key attributes from the strong
entity set it depends on, along with its par-
tial key attributes, to form the primary key.
The dependence relationship can be trans-
lated in the same way as a relationship.

Module 12: Tables for
Weak Entity Sets

Weak entity set translates into table in
the same way
Combine key from strong entity with
partial key, if any
Extend the table for dependence rela-
tionship

1

2

3

Module 13: Creating Entity Sets in Design

We address a few design issues in creating
ER diagram. When it is necessary to see an
attribute as an entity, it becomes an attribu-
tive entity. When there seems to be a need
to relate one relationship to another, we
should view the relationship instances as
entities, creating an associate entity, which
is usually a weak entity. Quite often, an
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associate entity is a weak entity with multi-
ple dependence relationships.

Module 13: Creating Entity Sets in
Design

1 Entity versus attribute: an attributive
entity

2 Relationship versus entity: an associa-
tive weak entity

3 Weak entity with multiple dependence
relationships

After completing this module, we expect the
students to be capable of properly interpret-
ing ER diagrams.

Module 14: Specialization and
Generalization

This module introduces extended ER model-
ing, covering superclass and subclasses for
entity sets. Specialization of an entity set
forms a subclass - a subset of the entity set.
The subclass inherits the attributes and rela-
tionships from its superclass. Specialization
of the superclass entity set may be total or
partial; when there are multiple subclasses,
they may be overlap or disjoint. The ER
diagram is extended with new symbols.
Generalization is understood to be simply
specialization in reverse.

Module 14: Specialization and
Generalization

Specialization and subset of an entity
set
Superclass and subclasses with inheri-
tance
Total and partial specialization
Disjoint and overlap specialization
Generalization as the reverse of spe-
cialization

Module 15: Tables for Extended ER Model

v (AW N

For the extended ER model, the superclass is
translated to a table in the relational data-
base just like any entity set. For a subclass,
the table should have the primary key from
the key attributes of the superclass, and the
primary key also serves as a foreign key to
the superclass table. For total and disjoint
specialization, we may not need the super-
class table if have the attributes as columns
in all its subclass tables, but the relational
database system may have to support for-
eign key referencing multiple tables.
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Module 15: Tables for Extended ER

Model
1 Table for superclass: same for an en-
tity set
2 Table for subclass: primary key from

superclass table

Note foreign key in subclass tables
Special case in total and disjoint spe-
cialization

Module 16:

4

(min,max) notation for
Structural Constraints

We introduce the use of the (min,max) nota-
tion to adorn the ER diagram with structural
constraints. Students should learn how to
interpret the (min,max) notation to under-
stand the ER model in terms of its structural
constraints - that is, the participation con-
straint and the cardinality ratio.

Module 16: (min,max) Structural
Constraints

Definition for (min,max) notation

Interpreting (min,max) into structural

constraints

2

Module 17: Bachman Notation

This is an optional module to cover use of
the Bachman notation for ER diagrams.

Module 17: Bachman Notation

1 Entity sets - attributes listed inside (or
pop-up)

2 A line connecting entity sets indicates
relationship

3 Adornment for the structural con-
straints

4 Notes on associative and attributive
entities

Module 18: ER Diagram using UML

This is an optional module to cover a subset
of UML for ER model.

Module 18: ER Diagram using UML
Basic UML: classes and objects
Public, private, and protected attrib-
utes
Connection and multiplicities
ER model in UML

WWI N =

4. MODULE DEPENDENCY GRAPH

The teaching modules have prerequisite re-
lationships between them. While they gener-
ally progress in sequential order, there are
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two optional modules as well as other
choices in the required sequence to cover
them. Figure 3 in the following page depicts
the dependency graph to illustrate the pre-
requisite relationships between the teaching
modules.

5. FURTHER DISCUSSION

To provide the flexibility for self-paced learn-
ing when teaching a course on-line, we be-
lieve the teaching plan should consist of
small teaching modules of highly focused
objectives. In our previous paper (Wu,
Baugh and Harvey 2005), we focused on
teaching SQL in the context of an under-
graduate Database Systems course. Here
we have chosen to work on teaching Entity-
Relationship modeling. It is an important
topic in the Database Systems course, but it
is also an essential tool for information sys-
tem analysis and design, a skill highly
sought after among IS professionals, and
thus also a highly desirable topic in IS edu-
cation (Caputo et al, 2004).

Students engaged in self-paced learning
need discipline to make progress in their
learning. A good teaching plan must help to
entice the students to the next step follow-
ing each in the learning process. The highly
focused small teaching modules are précised
designed with that in mind. Each module
presents the student with only a few clear
objectives. Therefore, the examples used
must also be tactfully designed to avoid un-
necessarily complicating the issues involved.
Each module consists of several illustrative
examples focused on the learning objectives,
followed by many practice problems. An on-
line discussion forum for each module allows
students to raise questions, seek help, or
make comments.

Good examples and relevant practice prob-
lems are very difficult to come by. They
have to make use of the features covered in
each module but not require the knowledge
of more advanced ones. We are in the proc-
ess of gathering more and more of these
examples and practice problems. An on-
going project is to develop a web-based sys-
tem for sharing and gathering. Our goal is
to eventually offer many on-line testing
modules for each teaching module to allow
students to declare their progress in a self-
paced manner, in a complete on-line system
offering the course.
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v
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Figure 3. Dependency Graph of the Teaching Modules

6. CONCLUSION

We presented a detailed teaching plan to
cover Entity-Relationship modeling in the
context of an undergraduate course in Data-
base Systems, a core course in the IS model
curriculum (IS2002 2002). The plan is de-
signed to teach the course on-line for self-
paced learning. We listed the topics under
the objectives in the syllabus to outline the
scope of course coverage. The teaching plan
comprises 19 small learning modules organ-
ized in a dependency graph following the
prerequisite requirements of each module.
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We presented each teaching module in some
details, and then the dependency graph.
Each of the teaching modules has a set of
very specific learning objectives. We have
carefully chosen the learning objectives so
that the teaching plan is complete in content
coverage, but more importantly it facilitates
for teaching on-line to provide great flexibil-
ity in self-paced learning.

In each module, the students may review
illustrative examples and work on exercise
problems. We also provide an on-line forum
for discussion and questions. We are also
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planning a web-based system to gather a
sufficiently large pool of problem sets for on-
line testing and examination.
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