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ABSTRACT 
 

Auditors’ effectiveness and efficiency in examining a company’s accounting system will 
depend on their understanding of the information provided in the system documentation. 
In addition to information gathered from the client’s personnel, this documentation can 
include flowcharts, system input/outputs, system controls, as well as the conceptual 
model documenting the system. Understanding the structure of a system and the semantic 
constraints associated with it is essential for the auditor to accurately assess the control 
risk associated with that system and to design appropriate audit tests of the client’s data. 
The objective of this paper is to review the literature related to conceptual modeling and 
its effects on the effectiveness and efficiency of auditors’ understanding of the client’s 
information system and controls therein. This paper can serve as a basis for the 
development of a theoretical foundation for research on the effect of different conceptual 
model representations on auditors’ performance in the review of a client’s internal 
controls. 

 

INTRODUCTION 

External auditors need to examine the adequacy and reliability of internal control systems 

in order to determine the audit evidence to be accumulated. Auditors’ effectiveness and 

efficiency in examining the system will depend on their understanding of the information 

provided in the system documentation, including document flowcharts, system 

input/outputs, system controls, as well as the conceptual model documenting the system, 

in addition to information gathered from the client’s personnel. Understanding the 

structure of a system and the semantic constraints associated with it is essential for the 

auditor to accurately assess the control risk associated with that system and to design 

appropriate audit tests of the client’s data. Conceptual models, also known as data models 

or semantic models, are used as an information tool that communicates the structure of 

the system. These models document the system and the semantic constraints associated 

with it through diagrammatic representations, such as entity-relationship (ER) diagrams 

and data flow diagrams (Chen, 1976; and Dunn and Gerard, 2001; Guizzardi et al., 
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2002)1. The technique used to represent the system depends upon the intended user of the 

conceptual model. For example, models used by designers need to express as much as 

possible in as much detail as possible, while those used by systems analysts or auditors 

would contain less detail to be easily readable and understandable (Hay, 1999). The 

objective of this paper is to review the literature related to conceptual modeling and its 

effects on auditors’ effectiveness and efficiency of examining and understanding a 

client’s information system and controls therein. 

 

Several conceptual modeling approaches to designing information systems have been 

proposed in the information systems literature. These models are aimed at capturing the 

logical associations and relationships between data items stored within the organization’s 

information system, which represent its information needs (Murthy and Wiggins 1993). 

The early conceptual models include hierarchical models (e.g. Colantoni, Maines and 

Whinston (1971), Lieberman and Whinston (1975), Haseman and Whinston (1976)), 

network models (e.g. Haseman and Whinston (1976)), and relational models (e.g. Everest 

and Weber (1977)). These modeling approaches were limited in their ability to only 

represent those semantics that could be implemented on the target database management 

system. The data representation capabilities of these models can be very limiting to both 

the designers and users of the system, given the complexities of the real world.  

 

The Resources-Events-Agents (REA) Accounting Model developed by McCarthy (1982) 

proposes the use of an accounting framework whose structure is derived with semantic 

modeling and whose elements correspond closely to the ideas of Yuji Ijiri (1975), 

Mattessich (1964), Buckley and Lightner (1973), and Yu (1976). Using this modeling 

approach, a large portion of the semantics of the application are captured and the 

conceptual modeling of enterprise-wide schema is facilitated. As noted by Nakamura and 

 
1 Rolland and Proix (1992) propose a linguistic approach to conceptual modeling using natural language 
statements, based on Filmore’s (1968) “CASE for CASE” theory, during the development stage of a 
database system to assist systems developers by providing a conceptual specification of the system. 
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Johnson (1998, p. 3), “most existing systems based on the REA model heavily depend on 

relational database technology”. 

 

Several studies have compared relational models with other representations (e.g. Batra et 

al 1990; and Batra and Anthony 1994). Relational database technology is subject to some 

limitations that constrain designers’ ability to represent the semantics of complex systems 

and affect the effectiveness and efficiency of these systems. One of the limitations of 

using relational database technology is its inability to support information hiding except 

through password protection (Nakamura and Johnson 1998). Therefore, everything your 

program needs becomes public to your program. In object-oriented programming, 

encapsulation refers to the bundling of data and the methods that work on that data 

together as a single unit. Encapsulation provides a superior means of incorporating 

internal controls over accounting procedures (Adamson 1993, p. 19; Chu 1992). As noted 

by Adamson (1993), encapsulation permits each class’s interface to reveal as little as 

possible about the class’s inner workings. In other words, users only know that values are 

being passed and processed, but do not know how classes are being implemented or 

stored. In contrast, using relational database technology, the “attributes of each entity are 

accessible by other entity types,” reducing internal control over accounting procedures. A 

second limitation is that relational databases cannot store functions to realize 

inheritance2. Relational databases can only realize attribute (data) inheritance and will not 

enable the inheritance of behaviors (functions) (Adamson 1993). For example, in an 

accounting context, an entity type, ‘Notes Receivable’, that is interest bearing, may have 

an IS-A3 relationship with an entity ‘Receivables’ (Adamson, 1993). The ‘Receivables’ 

entity may contain functions for calculating interest. However, in a relational database,  

 
2 Inheritance is a core concept of object-oriented programming. When a new object is created, inheritance 
allows the object’s properties to be the same as the existing class that it belongs to (i.e., an object inherits 
all of the properties of its class), and only those properties that differ from class properties will need to be 
declared (Taivalsaari, 1996). 
3 An IS-A relationship is complete inheritance. In this type of relationship, the child class (class that 
inherits) is defined as a type of the parent class (class that is inherited from) and inherits all properties of 
the parent class.  
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the ‘Notes Receivables’ entity can only inherit the attributes (but not functions) from the 

‘Receivables’ entity. Thus, a relational database would have to redefine the interest 

calculation function resulting in unnecessary redundancy.  

 

To overcome these limitations, many researchers have suggested the object-oriented 

approach as a better approach to designing an information system. Object-oriented 

databases provide a high level of congruence between the data model for the application 

and the data model for the database (McClure 1997). This high level of congruence leads 

to more natural data structures, better manageability, and higher system reliability and 

security. One of the advantages of using object-oriented database technology is its ability 

to encapsulate data and procedures within an object.4 This would allow the interface of 

each class to implement details of an object, providing a superior means of incorporating 

internal control over accounting procedures (Adamson 1993; Chu 1992).5 In addition, 

object-oriented databases support inheritance, enabling subclasses that are derived from 

superclasses to be stored with a single operation, reducing redundancy and enhancing 

efficiency. Inheritance also permits the creation of new objects that automatically inherit 

the attributes and methods of an existing object by referring to it, which enhances the 

expandability of the system (Murthy and Wiggins 1993) and reduces the chances of 

errors in the assignment of attributes. Using the ‘Receivables’ example used above, a 

superclass ‘Interest Bearing’ could be defined to contain the interest calculation method. 

The ‘Receivables’ object and the ‘Notes Receivables’ object would inherit the interest 

calculation method from the ‘Interest Bearing’ object, eliminating the need to redefine 

this method, therefore reducing redundancy and increasing efficiency. In addition, object-

 
4 Data encapsulation is a fundamental part of Object-Oriented programming. It refers to the bundling of the 
data with the methods used to work with the data. It effectively hides the state of the data inside a class, 
preventing unauthorized access to it. 
5 A class is defined as a specific category of related data (e.g. airplanes, plants, etc.). For example, a ‘Tree’ 
class might include two subclasses, ‘CommonName’ and ‘ScientificName’, as well as a ‘GetTreeInfo’ 
method. A class can also have subclasses (members) with limited access. For example, it can be classified 
as Private or Protected, rather than Public. These classifications can also be applied to an entire class. 
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oriented database systems support polymorphism6, which allows users to define their 

own data types, and facilitates the specification of unique operators and functions that 

manipulate user-defined data types (Murthy and Wiggins 1993), something that is not 

possible with relational databases. 

 

Several researchers have studied the effectiveness and efficiency of using different 

representations in problem solving (e.g. Vassey 1991; Smelcer and Carmel 1997; Morris 

et al. 1999; Dunn and Gerard 2001; Dunn and Grabski 2001). Most of this research 

utilized the theory of cognitive fit developed by Vassey (1991) to explain performance 

differences among users of alternative models. The notion behind this theory is that 

problem solving aids, such as problem representations, will effectively reduce the 

complexities in the task environment when they support the methods or processes 

required to perform the task (Vassey 1991). Therefore, if there is a correspondence 

between the task and the method of information presentation, the effectiveness and 

efficiency of the task performance of individuals will be increased. The objective of this 

paper is to review the literature related to conceptual modeling and its effects on the 

effectiveness and efficiency of auditors’ understanding of the client’s information system 

and controls therein. This paper can serve as a basis for the development of a theoretical 

foundation for research on the effect of different conceptual model representations on 

auditors’ performance in the review of a client’s internal controls. 

The remainder of this paper is organized as follows. Section 2 provides a review of the 

literature related to systems modeling. Section 3 provides a review of prior studies 

investigating techniques used by auditors to obtain an understanding of the client’s 

accounting systems and controls therein and the effects of alternative representations on 

the effectiveness and efficiency of this understanding. Section 4 discusses implications 

for auditors’ performance in evaluating internal control systems. Finally, section 5 

provides concluding remarks. 

 
6 Polymorphism allows the same program code to work with multiple data types. This improves simplicity 
and code maintenance.  
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LITERATURE REVIEW OF SYSTEMS MODELING 

Semantic data models attempt to communicate the structure of a system and its 

underlying constraints. As noted by Dunn and McCarthy (1997), Colantoni, Manes and 

Whinston (1971) were the first accounting researchers to connect database technology 

with the problem of building more powerful disaggregated and multidimensional 

database technology. Colantoni et al, (1971), Lieberman and Whinston (1975), and 

Haseman and Whinston (1976) discussed implementation of Sorter’s “events” accounting 

theory into hierarchical database models.7 However, these modeling approaches were 

limited in their ability to only represent those semantics that can be implemented on the 

database management system. Codd (1970) conceptualized a relational model that 

represents data in terms of two-dimensional tables, and represents the links between the 

tables by means of record keys. Everest and Weber (1977) applied some concepts of 

Codd’s (1970) relational database model to overcome the hierarchical model’s lack of 

data independence.  

 

Several modeling approaches were proposed in the late 1970’s and early 1980’s that 

attempted to capture more of the semantics of the data8 (e.g., Chen 1976; Hammer and 

McLeod 1981; Hull and King 1987). McCarthy (1979) integrated accounting theory with 

database systems modeling demonstrating how the entity-relationship approach could be 

applied to modeling information requirements in an accounting context (McCarthy 1979; 

Murthy and Wiggins 1993). In 1982, McCarthy expanded his earlier work and proposed 

 
7 In 1969, Sorter proposed a new orientation for accounting theory, which he called an “events accounting” 
approach, as a solution to the problem with the conventional accounting approach, which he called the 
“value theory” approach. Using this approach, accounting should “provide information about relevant 
economic events that allows individual users to generate their own individual decision models [because] 
the loss of information generated by aggregation and valuation by the accountant is greater than the 
associated benefit” (Sorter, 1969, p.13). Using events theory, the entity’s accountants observe and record 
relevant economic events, then report these event-observations to the users who are free to individually 
aggregate and evaluate the data and use the resulting information in decision making (Cushing 1989). 
8 The relationships between the data objects (e.g. the relationship between a Customer in a Customer table 
and a Sales Transaction in a Sales table). 
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the REA accounting framework (McCarthy 1982). This framework includes the concept 

of generalization proposed by Smith and Smith (1977)9 and provides a means of 

representing information about economic resources, economic events, and economic 

agents as well as the relationships between them (McCarthy, 1982; Murthy and Wiggins, 

1993). This modeling approach captures much of the semantics of the application and 

facilitates the conceptual modeling of enterprise-wide schema.  

 

The primary limitation of these modeling approaches is that they had to be translated and 

implemented on available database management systems which were not capable of fully 

representing all the semantics expressed in the model (Murthy and Wiggins 1993). Figure 

1 illustrates the progression of data modeling research, the accounting adaptations, and 

the database technology, and indicates whether the logical model requires translation or 

can be directly mapped into a particular database. 

 

 
9 Smith and Smith (1977) define generalization as “an abstraction in which a set of similar objects is 
regarded as a generic object.” For example, students at a university can be abstracted to a generic object 
“Student.” This generic classification ignores differences that students may have such as name, age, major, 
etc. 
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REA Data Model 

McCarthy (1982) extended his entity relationship approach to explore the issues of 

database design in a larger organizational context. With the REA model, McCarthy 

expanded the entity – resource (E-R) accounting methodology to include the concept of 

generalization hierarchies proposed by Smith and Smith (1977). This model provides a 

generalized E-R representation of accounting phenomena that would facilitate the 
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conceptual modeling of enterprise-wide schema. McCarthy (1982) saw that the 

development process of a database schema for complex organizations requires four steps. 

First, the requirements of the information users are analyzed. Second, the information 

needs of the users are modeled using a semantic data model (called view modeling)10. 

Third, an enterprise-wide conceptual schema is developed by integrating the differing 

information needs of the users. Fourth, an internal schema is developed from the 

conceptual schema for final application. Following this logic, McCarthy developed the 

REA model to include three essential elements: First, a set of rules for determining which 

elements in the entity-wide database are within the accounting domain; Second, a 

graphical modeling representation of the business processes in the accounting domain; 

Third, a set of techniques for the construction of corporate databases following the first 

and second elements (Debreceny 1998). 

 

McCarthy (1982) divides the REA model into two structural elements. First, those 

elements related to economic resources and events. Second, those elements related to 

economic agents. McCarthy draws his definition of economic resources from Ijiri (1975) 

as “objects that are scarce, have utility and are under the control of an enterprise” 

(McCarthy 1982, p. 562). As cited by McCarthy (1982, p. 562), Yu (1976, p.256) defines 

economic events as “a class of phenomena which reflect changes in scarce means 

[economic resources] resulting from production, exchange, consumption, and 

distribution.” The REA model links economic resources with economic events using 

stock-flow relationship.11 McCarthy drew the concept of duality from Ijiri (1975) and 

Mattessich (1964) to be the relationship that links each increment in the resource set of 

the enterprise with a corresponding decrement. Economic agents include external agents 

such as the organization’s customers or suppliers, and internal agents such as the 

 
10 A view model provides a presentation of a system from the viewpoint of various perspectives, such as the 
viewpoints of different categories of users of a system. 
11 A stock-flow relationship refers to the relationship between an economic resource (stock) and an 
economic event (flow). For example, this could be the relationship between inventory as an economic 
resource and sales as an economic event. 
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organization’s managers. Figure 2 illustrates the relationships between the resources, 

events and agents within the model. 

 

 
 

Most of the existing systems based on the REA model depend heavily on relational 

database technology and tend to be inefficient (Nakamura and Johnson 1998). Relational 

database technology is not able to support information hiding except through password 

protection (Nakamura and Johnson 1998). Relational databases cannot store functions to 

realize inheritance. A relational database can only realize attribute inheritance and will 

not enable the inheritance of behaviors (Adamson 1993). As discussed earlier in the 

paper, this would result in storing items several times in different tables causing 

unnecessary redundancy and complicating the access of these data items. To overcome 

these limitations, many researchers have suggested the object-oriented approach as a 

better approach to designing an information system. 
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Object-Oriented Modeling 

As noted by Debreceny (1998), object-orientation incorporates a number of interrelated 

and overlapping technologies including programming languages (Coad and Nicola 1993; 

Lorenz 1993), data models (Bancilhon 1996; Kim 1990; Khoshafian 1993; Cattell 1994; 

Loomis 1995), methodologies (Holland and Lieberherr 1996; Graham 1994, 1995; Martin 

and Odell 1995; Booch, Rumbaugh, and Jacobson 1998), and user interfaces (Khoshafian 

and Abnous 1990). This paradigm has several important and powerful properties that 

differentiate it from other paradigms. One of these properties is abstraction, which 

provides the ability to group objects with the same characteristics (classes). Another 

property, encapsulation, provides the ability to differentiate between the external 

interface of the object from the internal implementation of the object by hiding the 

internal implementation.12 Inheritance is another fundamental principle of the object-

oriented paradigm. Using inheritance an object would inherit the attributes and methods 

from objects that are higher in the same branch of the hierarchy. Another principle of the 

object-oriented paradigm is polymorphism. It allows different objects to respond to the 

same message in different ways.  

 

 
12 For example, an “Order” as an object in an object-oriented system can contain all of the information 
about an order (e.g. customer, item, delivery date, etc.) as well as the “method” required to compute the 
amount of the order. 
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Using object-oriented modeling, classes are arranged to support attribute inheritance. In 

applying this to an accounting system, accounts are organized by accountants into 

hierarchies (Chu, 1992). Using object-oriented concepts, the account categories in these 

hierarchies can be modeled as classes. Figure 3 illustrates the hierarchy of asset accounts. 

This figure shows the class relationships between the asset accounts categories. In this 

case, each class is a superclass to the classes below it. For example, “Current Assets” is a 

subclass of the superclass “Assets” and is a superclass to the subclass “Cash”. This 

classification, suggested by Chu (1992), uses the chart of accounts as a basis for 

constructing object classes. This limits the model development as the chart of accounts 
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does not capture all aspects that directly impact an organization (Murthy and Wiggins 

1997). 

  

The events associated with these object classes also need to be identified. Using the 

events accounting approach, recording of the data corresponds to the occurrence of 

economic events affecting a firm (Lieberman and Whinston 1975). For example, using 

the events approach, a sales event would result in the generation of revenue and the sale 

of an asset. This sales event would be an object that inherits the attributes of the 

superclass “Sales Transaction” and would affect the objects it is associated with, such as 

the inventory object. Kandelin and Lin (1992) developed a computational model of an 

events-based object-oriented accounting information system consisting of three main 

components: an event message database system, an accounting object report system, and 

an accounting intelligence subsystem (Murthy and Wiggins 1997). They did not, 

however, develop a logical model of an events-based object-oriented model nor did they 

present a methodology for designing one (Murthy and Wiggins 1997). Murthy and 

Wiggins (1997) present a modeling approach for designing business information systems 

that focuses on business events as a basis for identifying objects and the inter-

relationships between them. Their model captures both the structural aspects and the 

behavioral aspects of modeling a business. 

 

Other researchers have studied various aspects of the object-oriented methodology. Wang 

(1996) studied the effectiveness and efficiency of the object-oriented systems 

development approach to develop a practical systems analysis method in the object-

oriented paradigm. Chuang and Yadav (2000) proposed a decision-driven approach to 

object-oriented analysis. Their approach consists of two phases: a top-down 

understanding of the organization and a bottom-up specification of information 

requirements. Nagarur and Kaewplang (1999) developed an object-oriented decision 

support system to assist in maintenance planning. They used object-oriented databases 

and relational databases for transient and permanent entities respectively. Chen et al. 

(1995) present a knowledge-based approach and mechanism to support dynamic 
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accounting database schema evolution in an object-based data-modeling context. Smith 

and Zdonik (1987) studied the differences between object-oriented databases and 

relational databases examining the ramifications of replacing the relational database with 

an object-oriented database on a hypermedia13 system implemented on a relational 

database management system. They found that the object-oriented database could 

successfully handle the data requirements of the hypermedia system. Shoval and Shiran 

(1997) compared extended entity relationship (EER) models and object-oriented models 

from the point of view of design quality. They used three measures for quality: 

correctness of designed conceptual schema, time needed to complete the design task, and 

the designers’ model preferences. They found that designers generally prefer the EER 

model and it generally takes them less time to design an EER schema.  

 

As noted by Adamson (1993), several researchers have shown that there are a number of 

advantages to using the object-oriented model. First, the object-oriented model allows for 

simplification of system design and the modification of program segments using objects 

because all of the procedures that depend on the object’s representation are localized 

(O’Keffe 1986). It also allows designers to disregard objects when designing or revising 

segments, and create methods without completely specifying the structure and behavior 

of every class of entities (Atkinson et al. 1990). Object-oriented models thus ensure the 

integrity of an object’s private information since applications cannot modify object data 

directly (Maier and Stein 1987), increasing the efficiency of procedures that operate on 

objects since these procedures can be designed to deal with specific data types rather 

having to accommodate many different typess (O’Keffe 1986). Object-oriented models 

also increase the number of characteristics that can be inherited, making the object model 

more powerful than the semantic data model (Navathe 1992). As a result, thinking in 

terms of objects is one way of organizing or abstracting the real world, which would 

result in a model that closely matches reality (Booch 1986).  

 
13 Hypermedia is a medium of information that includes graphics, audio, video, plain text, and hyperlinks 
that may also be interactive in nature (Nelson, 1965) 
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Auditors’ Understanding of Accounting Systems and their Controls 

Auditing standards require external auditors to examine the adequacy and reliability of 

internal control systems in order to determine the audit evidence to be accumulated. The 

essence of internal control is to develop a system of checks and balances that ensures that 

all the events and activities that occurred in an organization are in accordance with 

organizational objectives and adhere to management policies and procedures. In an 

auditing engagement where most of a client’s data are in electronic format, auditors used 

to audit around the computer by scrutinizing printouts of the important information 

provided by the system (Lanza 1998). However, as businesses are increasingly moving 

towards more complex systems and relying more on electronic data, auditors need to 

audit through rather than around the computer. They will need to access the integrity of 

the system and gain a better understanding of the system as a whole. Database integrity is 

the primary tool of database auditing (Davis and Weber 1986; Orman 1997). Several 

software packages have been developed to assist auditors in examining the client’s data. 

ACL Software and Interactive Data Extraction & Analysis (IDEA) are the two leading 

auditing software packages (Lanza 1998). These packages not only improve the audit 

effectiveness by enabling the auditor to test 100% of the client’s data, they also improve 

auditors’ understanding of the client’s business by giving them a broader view of the 

enterprise through the effective inspection of large volumes of the client’s data (Lanza 

1998). However, these software packages don’t provide auditors with an understanding 

of the structure of the client’s underlying system. 

 

The integrity of the client’s database is a major factor in determining the control risk of 

an audit engagement. Orman (1997) studied three major strategies of database auditing 

and compared them in terms of efficiency and effectiveness in determining errors. The 

first is periodic enforcement in which all integrity constraints are executed at the end of a 

fixed period, and in which errors and violations that have occurred during that period are 

caught and corrected. Integrity constraints are logical statements that capture the 
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semantics of data and the intent of a transaction. The second approach is a transaction 

counting approach in which the constraints are executed after every n transactions. A 

special case of this approach is real-time continuous integrity enforcement. The third 

approach is a variation of real-time continuous enforcement in which integrity constraints 

are executed after each transaction, but not in their full and complete form. A simplified 

version of each integrity constraint is executed to test if a new error was introduced into 

the database by a given transaction (Motro 1989). Orman (1997) found that hybrid 

strategies outperformed pure strategies under certain conditions. 

 

In order to effectively inspect the system, auditors need to develop a better understanding 

of the system. The method of system documentation used by the client affects how an 

auditor understands the system and performs the required auditing task. The different 

conceptual/semantic models used by the client to document the system can improve or 

reduce the effectiveness and efficiency of the auditor. Several studies have looked at the 

effect of different representation schemes on decision-making and problem-solving 

performance (e.g. Smelcer and Carmel 1997; Morris et al. 1999; Dunn and Gerard 2001; 

Dunn and Grabski 2001). Most of these studies used the cognitive fit model developed by 

Vassey (1991) to provide an explanation for performance differences between individuals 

presented with different representations.  
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Vassey’s (1991) theory of cognitive fit posits that a correspondence between the data 

representation format and the task leads to superior task performance by individuals. 

Mental representation is the way in which an individual represents a problem in working 

memory using the characteristics of both the problem representation and the problem-

solving task. Using this notion, Vassey predicted that when the type of information 

presented in the problem-representation and the problem-solving tasks match, an 

individual would formulate a mental representation that emphasizes the same type of 

information, leading to effective and efficient problem-solving performance. However, 

when there is a mismatch between the problem representation and the problem-solving 

task, individuals will need to transform the data derived from the problem presentation in 

order to perform the task leading to reduced performance. 

 

Applying the theory of cognitive fit to accounting models, Dunn and Grabski (2001) 

examine how cognitive fit works based on the concept of localization, proposed by 

Larkin and Simon (1987), using alternative accounting models. Larkin and Simon noticed 

that if a representation allowed individuals to direct their attention to a limited area, 
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meaning “localization” of focus, their performance will be better (Dunn and Grabski 

2001). Dunn and Grabski (2001) use two accounting model representations in their 

comparative study, the traditional debit-credit-account accounting model (DCA) and the 

resources-events-agent accounting model (REA). Using experienced and novice 

participants provided with the same information in differing formats, they found that 

localization is an important element of cognitive fit. This suggests that representations 

with a high degree of localization, such as the REA model, can direct an individual’s 

attention enough to improve performance. 

 

In studying the effect of different representations on auditor effectiveness and efficiency, 

Dunn and Gerard (2001) examined the difference between the entity-relationship model 

(ER) and the Backus-Naur Form (BNF) grammars. Both the ER model, which is a 

diagrammatic representation, and the BNF model, which is a linguistic representation, are 

informationally equivalent (Dunn and Gerard 2001). They used auditors to perform tasks 

involving information searches, recognition and inference using the revenue cycle and the 

acquisition cycle. The ER diagrams were based on McCarthy’s (1982) REA model. They 

found no difference in terms of accuracy for auditors using the two representations. 

However, the ER diagrams were easier to use and they provided significant 

computational efficiency over the BNF grammar representation (Dunn and Gerard 

(2001). 

 

In another study, Morris et al. (1999) examined both experienced and novice systems 

analysts using both procedural and object-oriented techniques. They used a human 

problem-solving model developed by Newell and Simon (1972), which is similar to the 

theory of cognitive fit, to examine the differences between the two techniques. They 

found that both novice and experienced subjects demonstrated higher subjective mental 

workload when using object-oriented analysis. They also found that novices prefer 

object-oriented techniques and find these techniques easier as compared to experienced 

subjects. These studies and others examining the differences between various modeling 
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techniques have mixed results as to the superiority of one modeling technique over the 

other pointing out the need for further research in this area. 

 
Implications for Auditor's Performance in Evaluating Internal Control Systems 

 
The above review has important implications on the study of auditor's performance when 

studying and evaluating internal control systems. In order for the auditors to be able to 

evaluate an internal control system, they need to develop a better understanding of the 

structure of the system and its constraints. As indicated in Section 2 of this paper, there 

are several data modeling approaches to designing information systems including 

hierarchical models, network models, relational models, and object-oriented models. The 

data representation capabilities of systems developed using these modeling approaches 

vary considerably. Modeling approaches use different methods of system documentation 

that might have different effects on the auditors’ understanding of the system and their 

performance when evaluating the system.  

 

Studies reviewed in Section 3 examine the effect of different representation schemes on 

the performance of decision makers and problem-solving performance. Most of these 

studies employ the cognitive fit model developed by Vassey (1991) to provide an 

explanation for performance differences when individuals are exposed to different 

representations. The results of these studies lead to the following conclusions: First, 

performance of individuals will be better when a representation allows them to direct 

their attention to a limited area (Dunn and Grabiski 2001). Second, a diagrammatic 

representation is easier to use and provides significant computational efficiency over a 

linguistic representation, but there is no difference in accuracy for auditors using the two 

representations (Dunn and Gerard, 2001). Third, Individuals demonstrate higher mental 

workload when using object-oriented analysis compared to procedural analysis (Morris et 

al, 1999). 
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Dunn and Gerard (2001) were among the first to examine “conceptual models of 

enterprise databases as used by professional auditors” (p. 224). They recognize however, 

that theory in the area of the effect of different representations on individual's 

performance "appears to be underdeveloped"(p.245), and more research needs to be done 

in that area. Their study lays the foundation for much future research in the accounting 

and auditing domain. A natural extension to the Dunn and Gerard (2001) work is to 

examine the effect of alternative conceptual model representations of the accounting 

system on auditors’ internal control review. In order for auditors to effectively review a 

client's system, especially in a highly computerized environment, they need to better 

understand the structure of the system and its constraints. The method of system 

documentation used by the client will directly affect this and in turn their audit 

performance. A better understanding of the system will likely be reflected in less time in 

internal control review (efficiency) and more accurate assessment of control risk 

(effectiveness).  

 

To investigate whether different system representations have different effects on the 

performance of the auditor' review of the internal control system, the general framework 

developed by Larkin and Simon (1987) and used by Dunn and Gerard can be utilized. In 

Larkin and Simon's framework, "the cognitive computational efficiency of a 

representation depends on three factors: data structure (representation), programs, and 

attention management system, and how well those three factors work together."(Dunn 

and Gerard, 2001, p. 228). The programs use three processes to solve problems; search, 

recognition, and inference. As described in Dunn and Gerard (2001), "search is the 

process that requires attention management…localization as an attention manager may 

reduce search space considerably" (p. 228). "Recognition is even more sensitive to 

representation format, as it involves first searching and then matching information in the 

representation of information in the problem statement" (p. 228). Inference, on the other 

hand, is less "susceptible to representation effects as long as the representations are 

informationally equivalent" (p. 228). Based on this framework, Dunn and Gerard (2001) 

conclude that diagrammatic form of representation will result in better performance.  
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In the internal control review context, the search and recognition processes are expected 

to be the most affected by system representation. Since different conceptual models use 

different representations, it is expected that when an auditor reviews different systems, 

his performance, in terms of the time spent to perform the task and the accuracy of 

control risk assessment, will be different. Dunn and Gerard (2001) examined the effects 

of an ER diagrammatic form compared to a linguistic form. However, they recognize that 

there are numerous "types of system documentation" (p.224). As an extension to their 

study, one might try to investigate the effect of different types of diagrammatic 

representation (e.g., ER vs. object-oriented representations) on auditors’ performance in 

the internal review process. System documentation when object-oriented approach is 

used is different of that in other traditional systems. Existing literature suggests that the 

object-oriented model is superior in some aspects and inferior in some aspects to the 

traditional models as indicated in Sections 2 and 3 of this paper. Therefore, we cannot 

develop a directional proposition with respect to the effect of representations on the 

efficiency of internal control review. If the efficiency of auditors’ performance is 

measured in terms of the time spent in performing internal control review, and the 

effectiveness is measured by the accuracy of control risk assessment, one can formulate 

the following propositions: 

 

Efficiency of internal control review: 

Proposition 1: There is a difference in the time spent by the auditor in the internal 
control review when object-oriented representation is used compared to the 
ER representation.  

 

Using the Larkin and Simon's framework and following Dunn and Gerard, this general 

proposition can be stated as follows: 

Proposition 1a: There is a difference in the time spent on the search task by the 
auditor in the internal control review when object-oriented representation is 
used compared to the ER representation.  
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Proposition 1b: There is a difference in the time spent on the recognition task by the 
auditor in the internal control review when object-oriented representation is 
used compared to the ER representation.  

 
Proposition 1c: There is a difference in the time spent on the inference task by the 

auditor in the internal control review when object-oriented representation is 
used compared to the ER representation.  

 

Effectiveness of internal control review: 

As noted by Rob and Coronel (1999), the object-oriented approach provides a natural 

structure environment that strengthens the internal control system through the 

encapsulation of the properties and behavior within the object and prohibiting 

unauthorized personnel from accessing the system. In contrast, the traditional system's 

data components or fields are directly accessible from the external environment (Rob and 

Coronel, 1999).14 Thus, it is expected that internal control systems developed under 

traditional approaches (e.g., E-R, Relational) are more vulnerable to unauthorized access 

than those developed under object-oriented principles. Therefore, the control risk (and 

hence audit risk) involved in object-oriented information systems are likely to be lower 

than the control risk involved in traditionally developed information systems. Since both 

approaches use diagrammatic representation, it is expected that there will be no 

differences in attention direction mechanisms, and therefore, it is not expected to result in 

significant differences in accuracy. This leads to the following Proposition: 

 
Proposition 2: Auditors’ assessment of control risk with object-oriented 

representations will not be significantly different from that made with ER 
representation. 

 

SUMMARY AND CONCLUSION 

Understanding the structure of client's system and the semantic constraints associated 

with it is essential for the auditor to more accurately assess the control risk associated 
 

14 Rob and Coronel (1999, p.503) point out that the closest thing to a method in traditional approaches is 
the use of triggers and stored procedures in SQL database.  They argue further that because triggers do not 
include the encapsulation and inheritance benefits, they do not yield the same functionality as methods. 
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with the system. Different conceptual models have been discussed in the information 

systems literature. These models are used to document the system and used as an 

information tool that communicates the structure of a system and the semantic constraints 

associated with it. It is argued in the literature that different conceptual models provide 

different representations. Understanding the information content of these representations 

is important for the auditor to better understand the system and more accurately assess the 

control risk.   

 

Several studies have addressed the issue of whether different conceptual model 

representations affect the performance of the users of these models. The results of these 

studies, however, are mixed. For example, while Dunn and Gerard (2001) find that 

conceptual model representation has effect on individual's performance, McCarthy 

(1982) finds no difference in terms of accuracy for auditors using two different 

representations. They, however, find that one representation (ER diagrams) provides 

significant computational efficiency over BNF grammar representation. This paper 

presents a review of the literature related to systems modeling and their effects on the 

effectiveness and efficiency of individuals’ understanding of systems. This review 

establishes a theoretical foundation for research on the effect of different conceptual 

model representations on auditor's performance. 
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