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Abstract

This paper describes the relational, entity-relationship (ER), and object-based approaches to
modeling financial statements; and discusses the strengths, weaknesses, and user adaptability of
these models. We believe that the relational, ER, and object-oriented models may not be
individually adequate to model the accounting processes in an integrative accounting
information system. The increasing amount of disclosures in the footnotes to the financial
statements and the complex compliance requirements of the Sarbanes-Oxley Act suggest that the
object-relational model may be appropriate to model both the quantitative and qualitative items
in the accounting processes. The object-relational model builds on the strengths of the relational,
ER, and object-oriented models and mitigates the weaknesses of these models. We develop a set
of propositions based on our review of the current literature on the conceptual models.
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1. INTRODUCTION

The objective of the accounting function is to
provide information to users for decision-making.
Accounting information systems have been designed
and developed to help accountants identify,
measure, and communicate information to users
(Williams et al., 2015). While novice users might be
overwhelmed by the availability of information
currently generated by the system, sophisticated
users may demand more detailed information at a
disaggregated level so that they can aggregate the
data in a manner that they deem fit for enhanced
decision-making. The demand for increased
information is made possible by the database
approach to accounting. The underlying framework
for the database accounting system is Sorter’s
events theory. Events theory proposes collection of
data in a disaggregated form for aggregation by
users based on their individual decision models.
This means that users are allowed access to the
disaggregated data stored in the system. That is,
instead of providing users with a sales figure in the
traditional income statement, the user can access a
database and retrieve all the attributes of a firm’s
business transaction (i.e., date of sale, amount of
sale, sales discount, terms of sale, warranties,
control procedures for credit check or credit
approval, control procedures for account write-off,
etc.) from the system and aggregate the data based
on their decision models. The entity-relationship
(ER) model (Chen, 1976) is a widely used conceptual

tool for implementing events theory and
incorporating this implementation in the design of
accounting information systems.

Research shows that new standards have
significant implications to existing services (Hossain
2014; Liu and O’Farrell, 2013a; Mendoza and
Ravichandran, 2013). The Sarbanes-Oxley Act (SOX)
of 2002 has increased the responsibilities of
management in the establishment and maintenance
of an adequate internal control structure and
appropriate control procedures. Management is
required to report this information in the
accompanying financial statements. Such a
requirement calls for an expansion of the current
accounting information system to include not only
the quantitative information contained in the
traditional financial statements, but also the
increasing amount of qualitative information
required to comply with the reporting requirements
of SOX and the increasing amount of disclosures in
the footnotes to the traditional financial statements.
The qualitative rather than quantitative nature of
such information makes the task of assessing a
model more subjective and less reliable (Liu and
O’Farrell, 2013b). Thus, a major problem of
conceptual models lies in their evaluation. Users
might interpret the conceptual models differently
based on their knowledge of a specific domain and
their perception of various objectives (Dunn et al.,
2005; Liu and O’Farrell, 2013b).

The existing conceptual models - relational, ER,
and object-oriented approaches may not be
adequate individually for modeling the accounting
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processes in an integrative accounting information
system. Since the object-relational model builds on
the strengths and mitigates the weaknesses of the
relational, ER, and object-oriented approaches, we
posit that the object-relational model is appropriate
for modeling accounting processes that possess
both quantitative and qualitative characteristics. We
extend the object-relational model to include not
only the quantitative information contained in the
financial statements, but also the qualitative
information required to comply with the reporting
requirements of SOX and the disclosures in the
footnotes to the financial statements. . This is
important for financial reporting, disclosure and
transparency of accounting information to users.
We choose to model a specific accounting process
such as a sales cycle because of its inherent
characteristics such as the criticality of the sales
function in any business, voluminous and repetitive
nature of sales, abundance of less easily defined
parameters (i.e., control procedures for credit check
or credit approval, control procedures for account
write-off, etc.), and technological feasibility of
modeling sales on a real-time basis. In addition, the
quantitative and qualitative characteristics of a sales
model are programmable and testable. The relatively
similar structure of the financial statements of most
firms suggests that it might be possible to use a
generic conceptual model to portray the accounting
information system of a firm.

This paper consists of five sections. The next
section describes the relational, entity relationship
(ER), object-oriented, and object-relational models.
Section III discusses the strengths, weaknesses, and
user adaptability of the models. Section IV presents
a set of propositions based on our review of the
current literature on the models. Section V provides
concluding remarks.

2. DESCRIPTION OF THE MODELS
2.1. Relational model

A relational model is a popular tool for organizing
data in information systems (Philippi, 2005). A
relational model (Codd, 1970) is a set of principles
based on relational algebra, calculus, and relational
database management. To solve the problem of data
redundancy, Codd suggested that data should be
represented as a set of tables. Codd used the term
“relation” to link the tables. The design of this
conceptual model includes development of a set of
candidate relations and decomposition of a single
comprehensive table into a set of tables to conform
to the third or higher normal forms. This approach
to database design is known as normalization that
searches for dependencies among table elements
(Yang, 2003).

We illustrate a situation where the relational
model is used to implement a multi-level structure
of an accounting information system. At the first
level, assets consist of current and noncurrent
assets. At the next level, current assets include cash,
accounts receivables, current notes receivables,
inventories, prepaid expenses, etc. Similarly,
noncurrent assets include land, buildings,
equipment, long-term notes receivables, intangible
assets, other fixed assets, etc. In the relational data
model, a single table can be used to represent all

current and noncurrent assets or two separate tables
can be used to represent the current assets and
noncurrent assets respectively. When a single table
is used to represent all assets, current assets are not
clearly distinguishable from non-current assets. In
the case where two separate tables are used to
represent current and noncurrent  assets
respectively, it is essential for users to know that
these two tables are related. The types of assets may
vary among firms in the same industry or across
firms in different industries. To solve this problem,
a table can be created for each type of asset or a
universal table can be created with a null value in
the column where a firm does not have a specific
type of asset. A common example of structural
variations is the use of footnotes which are common
but not attributable to every item in the financial
statements. The non-uniformity of a database
structure introduces complexities in the formulation
of queries.

The relational data approach for modeling the
sales cycle is presented below:

Tablel. The sales cycle

Invoice number, Invoice Date, Customer

Sales number, Employee number, Amount of
sale
Receipt number, Receipt date, Customer
. number, Employee number, Receipt
Cash Receipts amount, Discount applied, Sales tax
collected
Cash Receipt number, Invoice number,

Amount remitted

Item number, Description, Quantity on
hand, Unit cost, Unit selling price

Item number, Invoice number, Quantity

Receipts_Sales

Inventory

Inventory_Sales

Customers Customer number, Name, Address,
Contact number, Credit limit
Employee number, Name, Address,
Employees

Contact number, Date of birth, Pay rate

2.2. Entity-relationship (ER) Model

The entity-relationship (ER) model is a conceptual
design tool. This model represents the knowledge
domain as a collection of basic objects (entities) and
provides structure for relationships among these
objects (Chen, 1976; Moody and Kortink, 2003;
Thalheim, 2000). Unlike the relational model, the ER
approach is not based on a formal mathematical
model. Instead, the ER model uses a natural way to
map real world objects and their relationships
directly into database structures. The ER model is
based on the notion that an entity can be any
discrete object. Two or more entities can be
connected via relationships. Both the entities and
relationships can have attributes. A graphical
representation of entities is a rectangle while
relationships are drawn as diamonds. A certain
degree of ambiguity might exist in the ER approach
because components can be defined in a subjective
manner by the designer. Despite the ambiguity
problem, simplicity and wide-applicability of the ER
model make this approach a popular tool for
capturing underlying semantics of business
processes (Badia, 2004). Many additions and
enhancements have been developed to improve the
conceptual design of the ER model. The enhanced ER
(EER) model has been proposed to incorporate new
concepts of class/subclass relationships,
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specialization, and generalization (Elmasri and
Navathe, 2001). This approach overcomes the
weaknesses of semantic models and improves
presentation of data properties and constraints.
Attribute-oriented business requirements and
constraints are developed to improve visualization

of business requirements and constraints at the
conceptual level (Khan et al., 2004).

An example of an ER model of a sales cycle is
presented as follows:

Figure 1. Entity-relationship model of a sales cycle

Inventory enable
lead to
Cash
Cash Receipts

2.3. Object-oriented Model

The increasing need for information in aggregated or
disaggregated form leads to a search for and
development of models for presenting accounting
information. The object-oriented approach (Martin
and Odell, 1992; Murthy and Wiggins, 1993; Roohani
and Sutton, 1997) models accounting processes to
provide flexibility for a variety of decision models.
Unlike entities in the ER model, each object in the
object-oriented model has its own unique identity
(Kimour and Meslati, 2005). The object-oriented
model uses the principles of object-oriented
programming. This approach is an expressive
modelling technique that supports various semantic
primitives in data representation (Liu and Theodor,
2004). The object-oriented model is based on the
concepts of objects and relations among the objects.
This approach provides flexible structuring
capabilities and allows for explicit specification of
data constraints. One fundamental idea of the
object-oriented approach is the direct mapping
between objects and codes (Bézivin, 2005). This
model describes the real world using notions such
as data, inheritance, reuse and message passing
(Zhang, 2001). The object-oriented model is a
collection of objects that interact with one another
via transmission of messages and maintenance of
their own state.

Another fundamental idea of the object-
oriented model is encapsulation of data and the
code that operates on that data. The object classes
are similar to entities in the ER model and attribute
values are known as instance variables. An object is
a particular instance of an object class. An
advantage of containment relationships is that
objects can be shared among several containment
objects. Objects may be operated via messages from

Salesperson

Sales

Customer

Cashier

other objects. A message causes an execution of a
method, a procedure written in the programming
language. A method or code can manipulate the
object’s local instance variables or send messages to
other objects. This encapsulation of data and code is
a feature of the object-oriented model. Objects with
the same types of values and methods are called
classes. Classes can be described as a type definition
for objects. The inheritance hierarchy states that
each class can inherit the attributes and methods of
another class.

The customer class in a sales cycle can be
represented as:

Table 2. The customer class in a sales cycle

string name;
string address;
string contact_number;

Variables [—
int customer_number;
int credit_limit;
int balance
string get-name();
Messages string get-address();

int set-address (string new-address);
int balance(date current-date)

The customer class has the following objects:
name, address, contact_number, customer_number,
credit_limit, and balance. The methods for retrieving
the messages are as follows: get-name(), get-
address(), set-address(new-address), and
balance(current-date).

According to the inheritance hierarchy, the
complete name for an inventory object is
financial_statement.balance_sheet.current_assets.inv
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entory. The inventory class in a sales cycle can be
represented as:

Table 3. The inventory class in a sales cycle

string description;

statement defines the Invoice structure type that
uses the Customer, Inventory and Terms types. The
last statement defines an object table.

Table 4. The objects in a sales cycle

int item_number;

name varchar(20),

int get cogs(int quantity);

int get unit_selling_price();

int get sales(int invoice.quantity(int number));
int get balance(date current-date)

The inventory class has the following objects:
description, item_number, quantity_on_hand,
unit_cost, and unit_selling_price. The methods for
retrieving the messages include: get-description(),
get item_number(), set item_number (number), set
unit_cost (invoice.unit_cost(number)), get
cogs(quantity), get unit_selling_price(), get sales(int
invoice.quantity(number)), get balance(current-date).
These messages facilitate the setting and retrieval of
item number, unit cost, unit selling price; and
computation of cost of goods sold, the amount
received, and the balance.

2.4. Object-relational Model

The characteristics of effective conceptual modeling
include: (1) an expressive model that distinguishes
different data types, relationships, and constraints;
(2) a simple model that is easy to understand; (3) a
model with minimal, distinct, and orthogonal basic
concepts that can be defined in a formal manner;
and, (4) a model with equivalent interpretation
(Navathe, 1992). The object-relational model, a
hybrid of the ER and object-oriented models, retains
the relational concepts and extends modelling power
by combining the semantic data model of ER and
encapsulation of data and code in object-oriented
modelling (Silberschatz et al., 2002; Stonebraker and
Brown, 1999). The basic relational model is extended
by adding the concepts of objects and constructs to
the relational query languages to preserve
declarative access to data and to mitigate the
limitation of atomic domains inherent in the
relational approach (Silberschatz et al., 2002). The
object-relational model allows for complex types
such as nested relations and inheritance at two
levels: attribute domains and relations (Silberschatz
et al., 2002).

When the object-relational approach is used to
model a sales cycle, the objects - Customer,
Inventory, Terms and Invoice - can be represented in
Table 4.

The first three statements define the types -
Customer, Inventory and Terms. The fourth

Variables | int quantity_on_hand; address varchar(20),
int unit_cost; Create type Customer as contact_number varchar(20),
int unit_selling_price object customer_number integer,
string get-description(); credit_limit integer,
int get-item_number(); balance integer
int set item_number (int number); description varchar(20),
int set unit_cost (int invoice.unit_cost(int item_number varchar(20),
Messages | number)); Create type Inventory as quantity integer,

object

unit_cost integer,
unit_selling_price integer)
net_due integer,
discount_percentage integer,
discount_days integer)
number integer,

inventory_customer
Customer,

address varchar(20),
invoice_date date,
terms_inv Terms,
inv_item Inventory

Create type Terms as
object

Create type Invoice as
object

Create table Invoices of
Invoice

3. STRENGTHS, WEAKNESSES,
ADAPTABILITY OF THE MODELS

AND USER

Table 5 provides an overview of the strengths,
weaknesses, and user adaptability of the relational,
ER, object-oriented, and object-relational models.

3.1. Advantages and Caveats of a Relational Model

The relational model has some advantages (Wilfred,
2001; Navathe, 1992). One advantage is that data can
be organized into tables to provide data integrity,
eliminate redundant data, and reduce data
inconsistencies. A second advantage is that the
model can be designed to allow for easy and
accurate retrieval of information so that data from
more than one table can be used to answer the
user’s query. However, the relational model has
several limitations (Navathe, 2003; Osei-Bryson and
Ngwenyama, 2004;Yang, 2003). First, each data entry
in a table must be of an atomic type (e.g., numeric or
alphanumeric) (Elmasri and Navathe, 2004). Second,
the expressive power of the model is limited in
terms of portrayal of multi-level items. Third, the
relational model is not designed for knowledge
representation. Fourth, a user needs to know the
structural details of the data before a query is
performed. Finally, the relational model is not
flexible because it is difficult to use the model to
represent  different variations of financial
statements. Thus, changes to the model structure
pose a challenge to user adaptability.
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Table 5. A Comparison of the Strengths, Weaknesses, and User Adaptability of the Models

Model Strengths Weaknesses User Adaptability
. . Limitation of data type (i.e., atomic)
- Data integrity A N ’
. Elimination of redundant data Limited expressive power ) Changes to the structure
. X . . . Lack of knowledge representation of the model pose a
Relational | - Reduction of data inconsistencies N
. ; . User knowledge of the structural challenge to user
- Easy and accurate retrieval of information details of the data adaptabilit
from more than one table to answer user’s query o P Y
Lack of flexibility
General approach to modeling such as
- Simple graphical representations automating the existing manual accounting | User adaptability is
ER - Strict hierarchic structure systems and not altering the flow of improved if changes are
- Flexibility information made within the design
- Ease of use Limited expressive power of the model
No associated query language
- Use of complex data types
- Extensibility
. - Inhe_rltance ) o o Lack of well-formglated rules Ease of adaptability to
Object- - Flexible structuring capabilities and explicit Lack of a declarative language changes by a
oriented specification of data constraints Lack of a generic way for accessing Kno nge‘d g]able user
- Direct mapping between models and objects complex objects g
- Incorporation of internal controls into the
system and provides an audit trail of activities
- Builds on the strengths of the relational and
object-oriented models
Object- - No limitation of atomic domains v . Adaptation requires
relational | -  Declarative access to data ague semantics knowledge of the model
- Allows for modeling of quantitative and
qualitative items in an accounting cycle

3.2. Advantages and Caveats
relationship (ER) Model

of an Entity-

The strengths of the ER model include use of simple
graphical representations, strict hierarchic structure,
flexibility, and ease of use. Thus, user adaptability is
enhanced if changes are made within the structure
of the model. The weaknesses of the ER approach
are inherent in a conceptual model and most of the
limitations are rooted in the general approach to
modeling such as automating the existing manual
accounting systems and not altering the flow of
information (Elmasri et al., 1985; Hale and Sutton,
1990; Roohani and Sutton, 1997). The ER model
lacks expressive power and does not have an
associated query language (Markowitz and Shoshani,
1992; Shankant and Navathe, 1992; Dey et al., 1999).

3.3. Advantages and Caveats of an Object-oriented
Model

The object-oriented model has several advantages
(Roohani and Sutton, 1997). First, the object-oriented
model incorporates complex data types and
enhances flexibility in organizing the data into
columns in the tables. For example, we can use
columns that contain collections of values of a single
type and columns that contain multiple types, and
compare these with the tables contained in the
relational model. Second, the object-oriented model
uses new data types, access methods, and functions
for support (extensibility). New data types can be
defined by combining one or more existing data
types. Data in the form of numeric, text, video,
image, and sound can be embedded in abstract data
types. Third, the object-oriented approach defines
objects (types and tables) that inherit the properties
of other objects and add new properties specific to
that object. This concept is known as inheritance.
The object-oriented codes can be reused to extend
existing applications or develop new applications
because the inheritance type facilitates the use or

structuring capabilities and allows for explicit
specification of data constraints. Fifth, the object-
oriented approach allows for direct mapping
between the model and the objects (Bézivin, 2005).
Finally, since users’ requests are determined by
operations, an object-oriented model opens up
opportunities for incorporation of internal controls
into the system and provides an audit trail of
activities performed by employees. A knowledgeable
user can easily adapt to changes in the structure of
the model. However, the object-oriented model has
weaknesses such as the lack of well-formulated
rules, the lack of a declarative language which leads
to unavailability of the model to novice users, and
the ask of a generic way for accessing complex
objects.

3.4. Advantages and Caveats of an Object-relational
Model

The object-relational model builds on the strengths
of the object-oriented and relational models and
mitigates the weaknesses of these models. In
addition, the object-relational model does not have
the limitation of atomic domains and allows
declarative access to data. This approach is
appropriate for modelling both quantitative and
qualitative items in an accounting cycle. User
adaptability requires knowledge of the model. Vague
semantics is a weakness of this approach.

4. PROPOSITIONS

We suggest the following propositions based on our
review of the current literature on the four
conceptual models:

Proposition 1: The results of modeling a sales
cycle can be generalized to other accounting cycles
in an integrative accounting information system.

Proposition 2: Use of a specific cycle for
testing will enhance the applicability and
comparability of the results obtained to other
accounting cycles.
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Proposition 3: The object-relational model is
appropriate for modeling both quantitative and
qualitative items in an accounting cycle.

5. CONCLUSION

This paper describes the relational, ER, object-
oriented, and object-relational approaches to
modeling financial statements, and discusses the
strengths, weaknesses, and user adaptability of
these models. The increasing amount of disclosures
in the footnotes to financial statements and the
complex compliance requirements of SOX, call for a
modeling technique that captures both the
quantitative and qualitative aspects of the
accounting processes. The relational, ER, and
object-oriented approaches may not be adequate
individually for modeling the increasing amount of
quantitative and qualitative items in financial
statements. This is important for financial
reporting, disclosure and transparency of accounting
information to users. Since the object-relational
approach builds on the strengths of the relational,
ER, and object-oriented approaches and mitigates
the weaknesses of these models, the object-
relational approach may be ideal for modeling both
quantitative and qualitative characteristics of the
accounting processes. Future research can test and
compare the relational, ER, object-oriented, and
object-relational models to provide empirical
evidence on the appropriateness of these
approaches for modeling quantitative and
qualitative  characteristics of the accounting
processes in an integrative accounting information
system. Specifically, future work can test the
propositions developed in this paper to enhance
understanding of modeling techniques.
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