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Abstract

The following study was designed to better
understand how end users model their data in
database design. It seeks to find ways to
facilitate end-user conceptual modeling in order
to create better data models for the databases
they design and use. End users and novices
often use a bottom-up modeling approach from
instances of the data for which they want to
design a database. Conceptual modeling is at a
higher level of abstraction than logical or
physical  structural database design and
encourages a  non-data-driven  top-down
approach to database design. Techniques to
support end-user conceptual modeling are
explored as potential aids to better database
design.

1. Introduction

In many organizations, end users are
developing and modifying their own
information systems using readily available
software. These systems often do not include
conceptual design tools, so the users have the
option to adapt template databases to his or her
needs, or import data and organize it into a
logical design as best they can. Traditionally,
system analysts and database developers have
used conceptual models to design systems
according to the stakeholder requirements they
have gathered from end users, as well as to
communicate and validate the specifications of a
system with its intended users. The system users
usually have more domain knowledge than the
analysts and developers, and can help validate
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the design if the representation is effective in
communicating the conceptual design. When
users develop their own databases, they are
often more skilled in the domain of the database
than in designing databases. By studying how
end users model their data and processes, data
modeling techniques can be developed to help
them organize their knowledge of the target
domain better during the design process.

Analysts and designers create conceptual
models of proposed information systems to
design systems that better meet the requirements
of stakeholders. Topi and Ramesh define
conceptual models as “a set of constructs that
can be used to create an abstraction of reality”
that is data and not process oriented,
unambiguous and independent of the database
structure [18]. They list four different uses of
conceptual models compiled from several
studies: (1) as a communication tool between
users and analysts, (2) as a formal and accepted
conceptual foundation of an organizational
system, (3) as a foundation for applications
developed by end users, and (4) as an essential
part of the system documentation for system
maintenance [2, 5, 10].

Accurately defined conceptual models allow
necessary alterations to be detected and
accomplished before the logical and physical
system is developed when changes are much
more complicated and expensive to make. The
importance of the conceptual design cannot be
overstated, however, there are conflicting
objectives for the data model because users,
analysts, and developers use them for different
tasks. The tasks of specifying the information
requirements,  validating  the  resulting



conceptual design, and creating the logical and
physical design of the chosen database system
require different levels of detail and abstraction
of the conceptual model. Topi and Ramesh
suggest a framework that separates the user-
analyst and analyst-developer communication
via the conceptual model. The topic of this
study involves yet another category of potential
usage where the end users become the user,
analyst and developer of their own database
applications using common database software
packages. The scale is usually much smaller,
there is less complexity and the software allows
less ability to customize the resulting database.
Nevertheless, it is an important area in that the
ability to successfully capture data and convert
it into knowledge is dependent on the quality of
the database created.

2. Previous Studies

Most previous studies have looked at the
analyst-developer usage of conceptual models
as opposed to its role as a user-analyst
communication tool. Furthermore, there is often
a blurring of the distinction between the
conceptual model and the logical model, which
is based on the particular database management
system (DBMS) selected to implement the
conceptual model. This study uses the logically
independent definition of a conceptual model,
but some of the previous studies have compared
logical data models, which were used as
conceptual models.

The study by Juhn and Naumann tested MBA
students’ model comprehension using database
design validation tasks and found semantic
(graphic) models to be better understood, except
for tasks to identify relationships, and most
interestingly, that such models also seemed to
lead to a more systematic approach to designing
a database [10]. A better understanding of how
and when external representations are effective
for end-user database design and usage will add
to our knowledge of representations used in the
user-analyst validation process of systems

designed by experts as well. Although we still
lack a clear understanding of how and if
external graphical representations interact with
one’s internal representations to facilitate
learning and problem solving, external
representations are thought to support problem
solving by computational off-loading [14].

There are two basic types of data modeling
formalisms, the entity-attribute-relationship
(EAR) model and the object-role (OR) model
[4, 11]. Previous research has shown semantic
(graphic) conceptual models to be generally
superior in database modeling to text-based
models when the user is trained in the target
model, but they are not easily converted to a
logical design for the database [2, 6, 7, 16]. At
the same time, there is evidence that when the
user is not trained in the specific model, highly
graphical models can be harder to understand
than less graphical models [13]. CASE tools
which help in the conceptual design and
conversion to logical design have had mixed
success in improving design quality due to
undetected modeling errors [19]. When end
users develop databases, is it more important to
have a realistic conceptual model or easier
conversion to the logical design? The role of
the data model is different when end-users
develop their own databases to organize their
data. For non-experts, the grammar of the
representation must be easy to understand and
also facilitate the systematic design of the
database. Can representations be customized to
help the end-user create better designs and
improve querying ability by starting with
conceptual designs as opposed to logical
designs?

Recent work on conceptual modeling has led
to better ontology and methods to evaluate data
models by comparing the resulting scripts of
data models for quality and equivalence, but
much more research is needed to understand and
evaluate conceptual modeling grammars,
methods, scripts, and contexts of use [20]. The
current study is focused on the conceptual



modeling and querying within the context of end
users.

Batra and Wishart compared the performance
of novice designers trained with rule-based
methods or commonly occurring design patterns
to databases and found the rule-based method
better for the simpler and the more difficult
designs, but indicate that pattern-based training
may be better for problems of medium
complexity [3]. Batra identified eleven basic
patterns found most frequently in database
design textbooks [1]. These basic patterns may
be used as templates to help aid end users in
designing a database with rule-based and
pattern-based methods.

By analyzing the end user’s conceptualization
of the data requirements and use of
representations, it may be possible to design an
interface that will enforce external rules to
reduce the cognitive effort of trying to
remember  formal conceptual  modeling
formalisms. Distributed cognitive tasks such as
designing a database or query should benefit
from having external rules or physical
constraints to automatically enforce the required
rules, thus making conceptual modeling easier
for end users. Without constraints, internal rules
must be memorized and use working memory
that could otherwise be used for problem
solving [21]. The interface could be
implemented in an expert system that guides the
user through the decision process and creates a
flexible database representation to meet the
individual needs of the user.

Research on the use of external
representations has shown that different types of
representations can improve learning and
problem solving, but individual differences and
whether the representation is self-constructed or
not interact with their effectiveness [8, 9, 12,
21]. Recently, Siau and Tan have presented a
framework to improve the quality of data
models by using cognitive mapping techniques
for user-analyst communication [15]. The
cognitive maps they refer to are external
representations created by techniques to identify

and externalize subjective beliefs, and not the
internal schema or mental model used for
problem solving as defined by Tolman [17].
Siau and Tan list three types of cognitive maps
that may prove to be useful in end-user
conceptual modeling as well as user-analyst
communication as they propose. They are
causal maps drawn in networks, semantic maps
for organizing sub-ideas around a main idea,
and concept maps that link related concepts in a
network configuration. These are used to solicit
ideas and information from users, but they may
be useful for end user database design as well.

3. Methodology

In this study, university students who have
taken one or two courses in database or
information retrieval will perform database
modeling and search tasks to see how they use
data representations in an attempt to elicit their
internal representations of the database design
and search tasks. These students are thought to
sufficiently represent the end-users that would
try to design a database to improve data access
and manipulation in their unit or organization
after they enter the workforce. Each participant
will be given a questionnaire to determine their
verbal-visual preference in learning, their
database training, and their confidence in
database design and usage.

Participants will be given case studies that
describe database tasks and requirements in
situations involving typical database domains. A
specific type of external representation will
accompany the tasks or the participant will be
asked to construct a representation to see which
leads to optimal design and query performance.
They will be asked to draw/diagram or write the
entities, relationships and cardinalities in the
way they picture the database according to the
case study description.

Their performance will be measured on the
accuracy of the design and their answers to
questions. Self-constructed models will be
analyzed for accuracy and similarities to



established conceptual and logical models. They
will be given one point for each correct
structural aspect of the model and lose one point
for each error. Spelling errors will be ignored.

The participants will also be asked to perform
database search tasks on the correct relational
model of the database they attempted to design.
The questions will ask them to select the
information that would be needed to search for a
particular combination of data. For example
they would specify the table, combination of
tables, filtering, etc., necessary to select the
requested data, but will not have to know the
syntax for the exact query needed to extract the
data.

Participants will be given an opportunity to
discuss the tasks and how they created or used
the data model after the experiment. This
feedback will be analyzed to better understand
their approach to the data modeling and search
tasks. The interaction of performance and type
of representation will be analyzed in terms of
other individual characteristics provided, such
as verbal-visual preference and database
training.

4. Results

Results are expected to improve our
understanding of end-user conceptual modeling,
and what types of data representations improve
database design. We hope to further our
understanding of end user representations of
database tasks, and how database performance
and learning are supported by the external
representation of the data. The results could
inform the design of a database interface that
uses artificial intelligence to guide the user
through the design process and offer a flexible
database representation that meets the needs of
the individual user.
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