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A KNOWLEDGE BASED MODEL OF
INHERENT AUDIT RISK ASSESSMENT

James Miltor Peters, Ph.D.

University of Pittsburgh, 1989

Within the academic and professional auditing
communities there has been growing concern with accurately
assessing the various risks assoclated with the performance
of an audit. One approach to developing sophisticated risk
assessment models is to study how experienced auditors use
industry and firm specific factors 1in making risk
assessnments. This thesis presents a mode. of inherent risk
assessment based on literature reviews and a field study
that involved structured and unstructured interviews and
observations of experienced auditors during audit planning
meetings. Analysis of the data gathered 1led to the
specification of a conceptual model of inherent risk
assessment which was implemented as a computer program (a
computational model). Auditors were asked to assess the
behavior and performance of the computational model. These
assessments were used to evaluate the accuracy o¢£f both

models.
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CHAPTER 1
INTRODUCTION
1.1 STATEMENT OF THE PROBLERM

The primary goal of this research project is to provide
a better understanding of how inherent risk assessments are
currently being periformed by auditors in actual field
situations. This improved understanding should eventually
lead to suggestions on how to better support and improve the
inherent risk assessment process. The method used in this
research project involved developing a computational model
(i.e. computer system) of experienced auditors' inherent
risk assessment Guring audit planaing.

In general, inherent risk is the risk that an accounting
information system might produce a material error in a
general ledger account balance. Economic entities develop
accounting informaticn systems that produce account
balances. These entities also establish quality control
procedures to help insure that those balances are accurate.
Auditors also perform ezrzor detection procedures on an
entity's account balances. The overall zrisk that a material
error will exist in an audited account balance {audit risk)
is a function of the error generating propensity of the
accounting information system {inherent risk), the

effectiveness of the entity's error prevention and detection
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procedures (control risk), and the effectiveness of the
auditer's error detection procedures (detection risk).

The "materiality" concept recognizes that some errors
are too small to be of concern. Inherent risk assessments
are used by auditors to help determine the nature, timing
and extent of their control =risk assessment and error
detection procedures. Inherent risk evaluwation, materiality
and their role in auditing planning are discussed in detail
in Chapter 2, Section 2Z.2.

1.2 IMPORTANCE OF THIS RESEARCH

While risk assessment was not specifically mentioned in
professional auditing standards until the issuance of
Statements on Auditing Standards 1 (SAS 1) by the Auditing
Standards Board (ASB) of the American Institute of Certified
Public Accountants (AICPA) in 1972 (Boritz, et. al., 1986),
audit 1risk assessment in general and inherent risk
assessment in specific have received growing attention
within the professional accounting community over the 1last
decade. 1In 1981 the ASB presented a comprehensive model of
audit risk in SAS 39. However, inherent risk was not
explicitly included in that model. In a footnote SAS 39
explained that 1inherent risk had been excluded £from the
model beczuse inherent 1risk was too hard and possibly too
costly to assess (Cushing & Loebbecke, 1983). However, in
1984 the ASB issued SAS 47 which presented an expanded risk

model that explicitly included inherent risk (AICPA, 1985).
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There were two practical motivations behind this
increased attention to inherent risk assessment. First, it
is often impractical to eliminate inherent risk from
considexation. Since inherent risk 1is a necessary part of
audit risk, it can only be eliminated from consideration by
setting its value to 100%. This implies that the underlying
accounting information system being audited always produces
material errors. Although this approach is eXtremely
conservative and reduces the auditor's risk of accepting an
account balance that has a material error, it is not very
realistic in most audit situations. Second, the auditing
profession has become increasingly competitive and auditors
are becoming more concerned with cost containment and audit
efficiency. If inherent =risk could be reliably ané
efficiently assessed and that assessment was something less
that 100%, then the auditors could reduce their audit effort
and still maintain a desired level of audit risk.

The study of inherent risk assessment is important
because little 1is known about how auditors make inherent
risk assessments, what form these assessments take and how
they are used in determining the nature, timing and extent
of other audit procedures. No process oriented research of
inherent 1risk assessment has yet been done by either
academics or practitioners. Because of the lack of both a
theory of inherent risk assessment and descriptive empirical
research on the inherent risk assessment process, a field

study approach was taken in this zresearch pzoject. This
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approach 1is consistent with recent statements in the
academic literature concerning the importance of studying
auditors in their natural decision making environment (Felix
& Kinney, 1982; Gibbins & Wolf, 1982; Libby & Lewis, 1977 &
1982). The editors of the Journal of Accountinag Research
best summarized the need for this type of research when they
stated:

"Auditors work within competitive markets and the

fact that they survive must mean they systematically

do not make judgment errors. What we need to study

today are the actual workingpapers of auditors in

order to determine how they make probabilistic

judgements in actual audit settings." (Dopuch &

Shipper, 1985, emphasis in the ocriginal)
1.3 FOCUS AND SCOPE GF THE RESEARCH PROJECT

Inherent risk evaluation was selected as the focus of
this research through a top down process of discovery. That
is, the initial focus of the research was broadly defined as
an attempt to develop an overall model of the audit process.
This focus was narrowed during the initial data gathering
phase o0of the project to include only inherent risk
assessment during audit planning. The planning phase of an
audit was selected as a starting point because planning
forms the basis for the entire audit. Within planning, the
inherent risk assessment task was selected because it
appeared to be the starting point for audit planning.

The scope of the research was 1limited to developing a
prototype computational model of the inherent risk

assessment process. Inherent risk assessment is a complex

process involving the use of a vast amounts of knowledge
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relating to economic entities in general and how the
interact with thelr environment as well as to the history
and character of the given economic entity being audited.
The initial model provided a comprehensive framework which
was used to identify -issues that need further exploration.
The results are preliminary and it is therefore beyond the
scope of this thesis to recommend improvements in risk
assessment practice.

1.4 SUMMARY OF THE RESEARCH PROJECT

Data for this project was gathered and analyzed in
several different ways over several distinct phases. The
first phase involved reviewing academic and professional
literature and interviewing experienced auditors 1in an
unstructured fashion. The first goal of this phase was to
develop a research question that represented a logical first
step in modeling the overall audit process and could be
addressed in a diséertation sized project, 1i.e. inherent
risk assessment during audit planning. The second goal was
to develop a better understanding of the context in which
inherent risk assessments are normally made by auditors.

The second phase of this research project built on the
first by wutilizing the context information to develop
structured interviews and role playing exercises to gather
more detailed information about the inherent risk assessment
process. In addition, the data gathered in the first phase
helped identify the use of audit planning meetings by audit

team members to discuss inherent risk issues. Two of these
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meetings were observed in order to provide some concurrent
data on inherent risk assessment.

The third phase involved analyzing all the data gathered
in the first two phases, developing a conceptual model of
inherent risk assessment and expressing that conceptual
model in the £form of a computer system that produced
inherent risk assessments given case data. A computer
system based on Artificial Intelligence programming
techniques was selected as the medium for expressing the
conceptual model of inherent risk assessment because such
systems provide a potentially rich and flexible modeling
medium while maintaining a high degree of formalism (Stevens
& Gentner, 1983).

The fourth phase involved refining the computer system
by having two experienced auditors critique and evaluate its
performance on cases developed from the working papers and
financial statements of one of their audit clients. The
system refinement processes was iterative in that the system
was gradually modified based on several cycles of auditor
input and system modification.

While data for this project as a whole was gathered from

eleven different auditors in two "Big Eight"l cPz

rh

i
1

3]

ms,

Guring the model refinement phase data gathering was limited

l'I'he term "Big Eight" refers to the eight 1largest
international CPA firms in the world.
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to two auditors from one of these CPA firms to eliminate
cross cultural differences between firms. In addition, only
three test cases were used to refine the model: twc based
on the auditors' clients and one developed by the author.
Becaus2 of the limited number of cases involved, the scope
of the mcdel was irnlicitly 1limited to the set of issues
raised by those cases. However, the resulting model was
designed as a general model and contains no explicit
limitations on the scope of 1its activities that would
prevent it from dealing with cases based on firms that are
different in size or character from the ones represented in
the test cases. For example, even though all three test
firms were manufacturers, the system could be used to study
inherent risk . evaluation in a sexvice £firm because it
adjusts its reasoning to fit the financial data presented in
the case.

The final phase of this research project involved a more
formal evaluation of the system's performance. The two
auditors who participated in the model refinement phase were
asked to evaluate the system's analysis of each of the three
cases based on a questionnaire and also to answer some
general evaluative questions concerning the research project

as a whole and the potential usefulness

o]

£ the system to
audit practice.

While this research project did not result in either a
definitive model of inherent risk or a working audit tool,

it did produce a functioning model of inherent risk that
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develops a reasonable 1inherent risk assessment given case
data and that can be wused to test assertions about the
inherent risk assessment process. It also provided evidence
about the nature of inherent risk assessment during audit
planning. Inherent risk assessment does not just involve
developing a point estimate of risk potential for a given
account balance but involves developing a causal explanation
of how error could occur in a giver account. That causal
explanation is developed by auditors using both qualitative
and quantitative knowledge of how economic entities in
general function, how a given entity has functioned recently
and recent events that might have affected the entity.
1.5 OUTLINE OF THESIS

The balance of this thesis is broken into seven
chapters. Chapter 2 contains an analyvsis of the inherent
risk assessment task based on both the professional and
academic audit literatures. Chapter 3 provides a
chronological description of the data gathering and analysis
phases o©£ this research project and presents both a
preliminary and the final conceptual model of inherent risk
assessment. Chapters 4, 5, and 6 present the computer
system developed as a result of this research. Chapter 4
describes the system in terms of its kKnowledge bases and
inferencing mechanisms. Chapter 5 presents an annotated
trace of the system's behavior on a test case. Chapter 6
discusses the architectural details of the system and how

knowledge is represented and inferences drawn. Chapter 7
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presents an analysis of auditor responses to evaluation
guestionnaires used 1in this =research project. Finally,
Chapter 8 provides- a summary of the findings of this
research and discusses several directions for future

research suggested by those findings.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 2
TASK ANALYSIS OF INHERENT RISK ASSESSMENT

2.1 DESCRIPTION OF TASK ANALYSIS
2.1.1 IMPORTANCE OF TASK ANALYSIS

The goal of this research project 1is to build an
information processing modei of the inherent risk assessment
process as it takes place during audit planning. Newell and
Simon (19272) describe the nature of information processing
models of human problem solving and discuss procedures fcr
building such modelsz. They characterize prbblem solving as
search in a probiem space for a goal state. The problem
space and goal state are constructed by the problem solver

based on a set of domain invariant information processing

procedures, a store of domain knowledge and constrz.nts

2The term "information processing" has also been used in
psychology and accounting research to refer to studies
employing the Brunswik Lens Mcdel (see Libby & Lewis, 1877
and Libby & Lewis, 1982 for a review and discussion). The
underliying theme of both the Lens Model and the Newell and
Simon approaches is the same. That is, that viewing a human
being as an information processing system provides a useful
context for understanding human judgment behavior. However,
the Newell and Simon approach provides a richer framework in
that is deals with inputs, processes and outputs used by the
decision maker whereas the Lens Model approach only deals
with inputs (cues) and outputs (decision) of the process.

10
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placed on the problem space by the task environment.
Therefore, the nature of the problem space and goal state
are largely determined by the nature and characteristics of
the task environment. They describe a task analysis as a
preliminary step in their model building processes. The
purpose of a2 task analysis is to determine the restrictions
and reguirements a given task piliaces on the problem solver.

Several other researchers have discussed the importance
of understanding the task environment in orxrder to properly
interpret human behavior. Einhorn and Hogarth (1981) and
Libby and Lewis (1977 & 1982) emphasize that human judgments
are sensitive to even small changes in the task
environments. Decision sensitivity to the task environment
has been most thoroughly studied in the context of
"framing". "Framing" refers to how a problem description or
guestion is worded. Kahneman and Tversky {1584)
demonstrated in a series of experiments that the way a
problem is framed has a significant effect on the decisions
made by individuals in choice situations.
2.1.2 TASK ANALYSIS PROCEDURES

A task analysis should prodvce a description of the
declarative and procedural knowledge necessary to solve the
task (Bhaskar & Diiiard, 1979 and Stephens et. al., 1981).
There has been no formal process specified for performing a
task analysis. To analyze é task, a researcher must either
learn to perform the task or have access to people who can

perform the task and then make inferences as to what
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information was required to perform the task. For example,
consider the knowledge that would be necessary to solve the
following equation: 2 + 2 = X. Some declarative knowledge
concerning what the symbols "2, +, = and X" mean and some
procedural knowledge of how to combine numbers is required.
More specifically, the problem solver needs to know the
following: .

1. That "2" is a number and reflects a quantity cf
objects.

2. That "+" refers to an operation on numbers that
additively combines their gquantity values.

3. How to execute an additive operation on numbers.
4. That "=" defines the goal of the task which is
to determine the results of the combination rule
specified by "+". o

5. That "X" is a place holder for the results
requested by the "=",

6. That symbol referents are constant over time and

that both "2's" in the problem refer to the same

thing.

This simple example highlights two points of task
analysis. First, even simple tasks normally require 1large
bodies of knowledge. Second, that well structured tasks
usually produce clear-cut task analysis. Potential cultural
differences aside, most people would probably solve this
example using the same knowledge. However, more 'complex,
ill-structured tasks may not produce unambiguous task
descriptions. In more complex environments, similar

conclusions can often be reached based on different

knowledge bases. This means that when studying mcre complex
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tasks, the researcher needs to draw on a variéty of sources
to describe the task environment and attempt to f£ind basic,
underlying pieces of Knowledge that are common to many of
those sources.
2.1.3 PRELIMINARY ANALYSIS OF INHERENT RISK ASSESSHMENT TASK

The first step in building an information processing
model of inherent risk assessment was to perform. a
preliminary analysis of the inherent risk assessment task
based on published professional and academic 1literature.
This analysis is preliminary in the sense that analysis of
complex tasks tends to be iterative. This iterative process
begins by developing an initial task description that is
used tc interpret the auditors' solving behavior. As a
better understanding of that behavior is achieved, the task
description can be modified and refined. This modified
description then can be used to interpret new behaviors
which are observed and can lead to more modifications of the
initial task description.
2.2 ROLE OF AUDITING

Professional standards that apply to the performance of
external3 audits by Certified Public Accountants (CPAs) are

set by the Auditing Standards Board (ASR) of the American

3External audits are those performed on an entity by an
independent, outside party. They are contrasted with
internal audits which are performed by employees of the
audited entity.
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Institute of Certified Public Accountants (AICPA). The ASB
states that the objective of an audit of financial
statements by the independent auditor is the expression of
an opinion that those financial statements "present £fairly,
in all material respects, an entity's financial position,
results of operations, and cash flows in conformity with
generally accepted accounting principles" (AICP2a, 1988b).
An overview of the audit process used to preduce this
opinion is presented in Figure 1. This figure is a slightly
condensed version of the one presented in Arens and

Loebbecke (1988).
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PHASE 1
Planning and Design
of Audit Approach

PHASE 2
Tests of Transactions

PHASE 3
Tests of Balances

PHASE 4
Complete Audit

Obtain background
Information

Assess Materiality
and Risk

Develop Audit Plan

- ————— - — - - ————

Test Controls and
Transactions

Assess Likelihood
of Financial
Statement Errors

———— - —————— ————— - ———— ——— ———— —

Perform Detailed
Tests of Balances

Contingent
Liability and
Subsequent Event
Review

Evaluated Results

Issue Report

FIGURE 1 Summary of Audit Process
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2.2.1 THE ROLE OF INHERENT RISK ASSESSHMENT IN AUDITING

Inherent risk assessment is part of the assessment of
materiality and risk included in the planning phase of the
audit (PHASE 1). The ASB defines inherent risk as " the
susceptibility of an account balance or class of ccount
balances to error that could be material assuming that there
are no related internal accounting controls" (AICPA, 1985).
In this definition, the.ASB uses the term "error" to refer
to both intentional and unintentional misstatements of the
account balance. Typically, intentional errors are referred
to as "irregularities" and unintentional errors as "errors".
"Internal accounting controls" refer to those policies and
procedures that have been established by the audited entity
to detect errors and irregularities.

The role of inherent risk assessment in the overaill
audit risk assessment process is described by the AICPA's
risk model:

AR = IR # CR * DR

Where:
AR = Overall Audit Risk
IR = Inherent Risk
CR = Control Risk
DR = Detection Risk

Audit Risk is the overall risk that a material error
will exist in the financial statements. Control Risk is the
risk that an error that exists in an account will not be
detected by the entity's internal control system. Detection

Risk is the risk that any error that was not detected by the
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control system will not be detected by audit procedures and
therefore affect the £financial statements. The AICPA
emphasizes that this is a conceptual model, not a formal
one, and that the assessments of the various risk components
can be made on either a guantitative or qualitative basis
(AICPA, 1983). That is, AICPA did not intend the model to
imply that auditors should necessarily assign numerical

estimates to the components of the zxisk model and then

multiply them together to determine the achieved lewvel of
audit risk but should use the model as a conceptual
framework for determining the reievant issues and their
interaction when assessing risk.

Theoretical and practical problems with the risk model
have been debated in the academic literature (see Cushing &
Loebbecke, 1983 for -a review of these issues). Whatever the
form of the risk model, it is included in the professional
auditing standards and therefore represents a significant
component of the auditor's task environment. The risk model
is discussed in this section to assist in describing how the
focus of this project, inherent risk assessment, fits into
the overall audit process. Therefore, implementation issues
surrounding the use of the audit risk mcdel will not be
discussed. The discussion of inherent risk assessment would
proceed in the same manner independent of the form of the
audit risk model.

There are three main steps to the risk assessment

process. First, the auditor sets an acceptable level of
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audit risk. Many factors influence the level of audit risk
acceptable to an auditor and this risk level may vary £from
entity to entity. Second, inherent risk and control risk
are assessed. Finally, the 1level of detection risk needed
to achieve the acceptable level of audit risk is
established. Three main points should be noted. These are
that 1) audit risk is get by the auditor for each audit; 2)
inherent and control risks are upcontreollable by the auditor
and therefore can only be assessed; and 3) detection risk is
a residual value and its level is determined by the otherx
three components of the model (Arens & Loebbecke, 1988).

The auditor achieves the detection risk level determined
by the formula through the use of audit tests. The higher
the level of tolerable detection risk, the 1less testing
effort that is necessary to achieve the desired level c¢f
audit risk. Since audit tests are costly, the ability to
increase tolerable detection risk has economic value for the
auditor. Holding control risk constant, the lower the level
of inhexent risk, the higher the level of detection risk and
therefore, the less costly the audit.

Audit risk assessment can be applied at two different
levels: the f£financial statement level and the account
level. This dichotomy recognizes that there are factors
that affect the = isk of auditing the entity as a whole (e.qg.
top management's integrity) and others that affect the risk
of individual accounts or small groups of accounts (e.g. the

complexity associated with calculating inventory valuation).
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Both the ASB's pronouncements and the audit approaches of
several 1large, intezmnzational CPA firms call fox the
assessment of inherent risk at both these levels (AICPA,
1988a; Arthur Andersen & Co., 1983; Elliott, 1983; Grobstein
& Craig, 1984; Peat Marwick In*ternational, 1985).

Risk assessment at the account level can be decomposed
into finer 1levels. Each account balance on a financial
statement represent a set c¢f management assertions. These

assertions include:

1. Existence or occurrence - the underlying
economic object (assets, obligations and equities)
represented by the balance does exist cx the
economic events that lead to the balance did
occur.

2. Completeness - the balance reflects all
such economic objects.

3. Rights and obligations - in general, that
assets are owned and liabilities are owed as of
the balance sheet date.

4, Valuation and allocation - calculations
used to value the economic objects are based on
appropriate procedures and assumptions.

5. Presentation and disclosure - account
balances are properly classified and important
issues footnoted. (Arens & Loebbecke, 1988)

By assessing inherent risk at this more detailed 1level,
the auditor can develop more thorough estimates of «risk
levels and more thorough descriptions of sources of risk.
Since the purpose of inherent risk assessment is to reduce,

where possible, audit testing effort, a more detail inherent

risk assessment can lead to more appropriate designs of
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audit testing procedures and more efficient and effective
allocations of audit effort. For éxample, if the the
auditor determines that the primary inherent risk of erzor
in the inventory account is that account's complex valuation
caléulation, an audit testing plan that places more emphasis
on testing the valuation calculation and less on testing the
physical count will be more efficient and effective in
dealing with that risk than an auditing plan that increases
all aspects inventory testing effort by increasing sample
sizes for all inventory related tests.

To summarize, when expressing an opinion on a set of
financial statements, an auditor accepts a certain level of
risk that that opinion may be inaccurate. The auditor
reduces achieved audit risk to that acceptable level through
the execution of certain tests of the accounting information
system and account baliznces. The nature, timing and extent
of those tests is influenced by the auditor's assessment of
the inherent and control risks associated with each audit.
Therefore, auditors assess inherent risk in order to make
audit testing procedures more efficient and effective.

2.2.2 NATURE OF AUDRIT TESTING

Determination of an audit testing plan involves
determining the nature, extent and timing of audit tests to
be employed. The nature of audit tests refers to different
procedures that can be used to gather different classes of
evidence. Arens and Loebbecke (1988) describe seven classes

of evidence: physical examination, confirmation,
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documentation, observation, inguiries of the client,
mechanical accuracy verification and analytical procedures.
Each clasé differs in terms of its competence and cost.
Determining the nature of the audit tests to include in a
testing plan involves two considerations: 1) matching the
management assertion that needs to be confirmed with the
specific evidence provided by a given test and 2) matching
the level of competence associated with evidence provided
with the risk 1level associated with the given account
balance.
The nature of the audit test varies with the situation.
For exampie, if the auditor is concerned about the ownership
and valuation of the <client's accounts =xreceivable, (s)he
would probably select an audit test that included direct
confirmation from the customer as one of the tests in the
audit plan. This is because such a test would provide
direct, third party evidence as to the ownership and value
of a given account receivable. However, if the auditor were
concerned with the completeness of the accounts receivable
balance, a review of sales transactions would provide better
evidence than direct confirmations since a confirmation
sample would have to be drawn from the audited entity's
potentially incomplete listing of their accounts receivable.
Consequently, omitted receivables, the main focus of the
completeness assertion; would not be covered by the sample.
Extent refers to the degree to which a given test will

be performed and usually involves the determination of
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sample size. Timing refers to when a given test will be
performed. Since an audit covers a speciiic period of
activity ending on a specific date, the timing of audit
tests affects the usefulness of a test's results. Tests can
be performed during or after the accounting period but tend
to provide stronger evidence when performed closer to the
end of the period for which they are performed. For
example, if the risks assocliated with a given balance sheet
account are high, auditors tend to perform tests associated
with that account close to the accounting period ending
date. However, 1if risks associated with a given balance
sheet account are low, they would attempt to perform some of
their tests of that account prior to the end of the
accounting period to allocate audit effort mcre evenly over
- time and thus reduce the need for overtime.

The main point of this discussion is that the selection
of an audit testing plan is a complex process that involves
understanding both the specific nature of potential sources
of error in a given account and the specific characteristics
of differeant audit tests. Test selecticn consists of
matching the characteristics of various tests with the
characteristics of potential sources of errors in a given
account balance for a given entity for a given period of
time. The more specific the information included in the
inherent risk assessment about the nature of potential errox
sources the morxre effective that assessment will be in

helping the auditer to make a better match.
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2.2.2 ALTERNATIVE CHARACTERIZATIONS OF INHERENT RISK
ASSESSMENTS
Inherent risk assessments have been characterized in two
ways in the professional and academic 1literatures: as a
guantitative assessment of subjective prior probabilities
and as a qualitative identification of potential errors.
These two characterizations are not mutualily exclusive.
However, bringing the two viewpoints together into one «risk
aséessment is difficult because of the difficulty in
combining a 1list of potential sources of error, some of
which may be quantifiable and some of which may not, into a
point probability estimate. In addition, the two
characterizations of inherent risk assessment have different
implications for the auditor's information processing
capabilities. The quantitative approach implies producing
numerical estimates that are used as input into a
gquantitative probability revision process, usually Bayesian.
The qualitative approach implies reasoning with detailed
causzl models to identify specific potential erxors given
Xistence of specific factors. Consequently, the
literatures based on these two characterizations have not
merged and appear to represent independent approaches to the
study of inherent risk assessment.
2.2.3.1 THE QUANTITATIVE VIEW
The quantitative view 1is closely tied to surface
characteristics of the AICPA's audit risk medel presented

earlier. ©On the surface, the audit risk model implies that
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the determination of overall audit zisk is a multiplicative
relationship between conditional probabilities as wculd Dbe
expected if a Bayesian probability revision 4process were
being employed. However, the AICPA clearly states that the
model should be viewed as a conceptual framework and that
gqualitative risk assessments are also acceptable (AICPA,
1983).

The quantitative view characterizes the audit pxocess as
decision making under uncertainty where auditors must make
decisions between different courses of action (auwdit
reports) that have different probabilities and costs of
error. The primary model used to study decision making
under uncertainty has been the Subjective Expected Utility
(SEU) model (Boritz et. al., 198s). An audit risk
assessment is characterized as subjective prior probability
that is updated with inherent and control risk assessments
and audit testing results (Felix & Kinney, 1982).

The accuracy of the guantitative view as a descriptive
or even normative model of audit risk assessment is unclear.
The results of two major studies provide conflicting
opinions of the auditor's ability to make the kinds of
judgments reguired by a guantitative view of the risk model.
Jiambolvo and Waller (1984) conclude that "... auditor's
intuitive combination of the risk components did not
correspond closely with the kind of combination dictated by
the risk model in SAS 39." However, Libby et. al. (1985)

conclude that "[ilt is refreshing that auditor subjects'
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performance so closely matched predictions £from the audit
risk model." Boritz, et. al. (1986) provides an extensive
discussion of the audit Jjudgment literature which includes
the use o0f the risk model and concludes that there Iis
substantial evidence that auditors do not conform to the SEU
model when performing audit judgments. Thus it would appear
that the guantitative view does not have strong empirical
support as a descriptive model.

One possible problem with the quantitative approach is
that SEU thecry represents a single person game against
nature and implies that the management of the audited entity
will not alter their behavior due to the fact that they are
being audited (Fellingham & Newman, 1985). Fellingham and
Newman present an alternative view that takes into
consideration management's reactions to the audit in
determining what testing strategies auditors might select.
Fellingham and Newman's main conclusion 1is that the two
person game theoretic formulation supports auditors
occasionally employing random strategies where as the SEU
approach implies that random strategies would be suboptimal.
If auditors, indeed, consider management's reactions in
determining audit strategies it couild leagd to risk
assessment results that differ from the SBU model.

The quantitative view has been exclusively discussed in
the acadeﬁic as opposed to professional literatures and
appears to represent a prescriptive as opposed to a

descriptive framework. In contrast, the qualitative view
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has been presented both prescriptively and descriptively and
has been discussed in both acadenic and professicnal
literatures. Although the gualitative view is not presented
explicitly 1in either the academic or professional
literatures, Graham (1985a) expresses concern that attempts
at quantification of risk levels could divert attention from
important gqualitative factors that affect risk.
2.2.3.2 THE QUALITATIVE VIEW

The qualitative view sees the inherent risk assessment
process as providing detailed, causal information that can
be used to help the auditor select from a large menu of
audit tests in order to effectively and efficiently achieve
the desired level of detection risk. A qualitative approach
is implied by the documentation procedures discussed in both
professional and academic literatures (see Graham, 1985b;
Grobstein & Craig, 1984; and Peat Marwick International,
1985). These authors present documentation approaches for
inherent risk assessment that involve verbal descriptions of
situations and events that could potentially affect the
exror potential of a given account. Although an overall
risk level assessment 1is also called £for in the audit
apprcaches being discussed, the 1level 1is limited to the
qualitative values of "high", "medium" and "low" (Grobstein
& Craig, 1584 and Peat Marwick Internatiocnal, 1985).
2.2.3.3 NATURE OF INHERENT RISK ASSESSMENT SUMMARY

Cf the two views of inherent risk assessment discussed

above, the qualitative view appears to predominate in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



N
~1

professional literature. This literature has a more direct
impacts on the auditor's task environment. The qualitative
emphasis in the professional literature appears to be due to
the richer data set provided by a qualitative assessment of
inherent risk. If inherent risk assessment were limited to
a point estimate of error probability as implied by the
quantitative view, the auditor would bé provided with little
guidance as to which tests would be best to counter a given
instance of inherent risk. All the quantitative approcach
gives the auditor is a general indicaticn of how effective
the audit tests must been in order to counter inherent risk.
Granted, this general indicator would represent an formal,
-quantifiable combination of inherent and control risks,
assuming it were based on Bayesian probability revision.
But the trade-off for such quantitative precision is a 1lack
of useful information on how to operationally deal with the
risk since the goal of the auditor is to control audit risk,
not just estimate it.
2.3 INHERENT RISK ASSESSMENT PROCEDURE

The preceding section discussed the nature of the output
of the inherent risk assessment process, i.e. the inherent
risk assessment itself. This section reviews the academic
and professional 1literature £for information on how that
output is generated. The discussion is broken into two
parts: a review of the inputs or factors that are used to
assess inherent risk and the processes used to combine those

inputs.
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2.3.1 INHERENT RISK FACTORS

Lists of factors that affect inherent risk assessments
can be found in both the professional and academic
literature. The professional sources are prescriptive in
nature and cite factors that auditors should consider
(AICP2, 1988a; Graham, 1985; and PMI International, 1%8%5).
The academic 1literature tends to be more descriptive in
nature and attempts to identify what factors auditors
actually use to assess inherent risk (Boritz, et. al., 1986;
Colbert, 1988; and Gibbins & Wolf, 1982). Table 1 presents
a categorized 1listing of all the factors mentioned in a
representative sample of the professional and academic
literature reviewed for this research project. These
categories are consistent with a classification scheme
presented in SAS 53 (AICPA, 1988a). Each factor is followed
by a number that refers to the publication in which it was

mentioned.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE 1
Financi tatement vel

Nanagement operating aad fimancing decisions
are dominated by a single persen (2)

Hanagement's attitude tovard financial
reporting is unduly aggressive {2)

Management turnover is high {2,6)

Management places undue emphasis on meeting
earnings projections (2)

Management's reputation in the businmess
comaunity is poor (2)

Quality of management, accounting staff
and accounting system (5)

Profitability of entity relative to its

industry is inadequate or imcomsistent (2, 5)

Rate of change in entity's industry is rapid (2)

Direction of change in eatity's iadustry is
declining with many business failures (2)

Inventory positicn is veak (¢

Decentralized orgamization vith weak monitoring (2)

Significant finmancial pressure (2, 4, 5, 6)

Many difficult accoenting issues are present (2)

Significant difficelt to audit activity {2)

Problematic related party transactions (2)

Listing of Inherent Risk Factors

Account Lavel
Magnitode of account balamce (1)
Susceptibility of asset to theft (1, 3}

Coxplexity required to determine amouats to be
entered in the account (1, 3, 6)

Degree of sanagemeat judgeent imvolved in valuing
the account {1, 3)

Degree to vhich external events affect values in
the account (1)

tast bistozy of error (1, 4)

Degzee fo vhich client's finmancial condition
motivates management to misstate the accouat (1)

Sensitivity of operating results to economic
factors is high {2)

Bxperience of the personmel involved in accomnting
fanctions iavolving the accomnt (1, 5)

Volume of tzamsactions associated with the
account (3)

Sources: 1 - PMI International, 1385
2 - AICPA, 19882
3 - Graham, 1985b
4 - Boritz, et. al., 1986
5 - Gibbins & Holf, 1982
§ - Colbert, 1988

Significant misstateseats in prior year's audit (2)

dudit opizion to be used in a prospectus {4)

Hev client vith no insufficient audit history (2)

The control envirommeat (3, 4, §)

Bristence and quality of intermal audit staff (5)

Pians fof istge sale or major refimancing (5)

29
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Several conclusions can be drawn from the factors listed

in Table 1.

1. The ease with which various factors can be
quantified varies considerakbly. For example, the
fact that management's operating and financing
decisions are dominated by one person may be nuch
more difficult to quantify than the entity's
relative profitability.

2. Different factors can affect more than ons
different management assertion. For example, the
incentives of management to misstate an account
balance may affect valuation, completeness,
ownership or timing depending on the circumstances.

~ 3. The number of factors that affect a given
account balance for a given audit period is
potentially large and the nature of the factors
potentially diverse. A large subset of the
financial statement level factors could exist in any
given year. These factors may affect nearly all the
accounts being audited to some degree. 1In addition,
a significant subset of account level factors could
also affect a given account in a given audit period.
4. Inherent risk factors include consideration of
the internal control environment which implies that
control risk and inherent risk are not independent.

5. Management's incentives to misstate an account
balance are a major inherent risk consideration.

Researchers have attempted to empirically identify
factors that affect error rates by analyzing audit working
papers to determine 1levels of association between risk
fgctors and detected errors. Hylas & Ashton (1982) found
significant, positive relationships bestwesn guality of
personnel, cutoff problems and characteristics of the
industry and error rates. Johnson (1983) found that the
quality of the internal control system, financial pressure
and turnover of the chief financial officer was

significantly related to error rates.
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Ham et. al. (1985) found interactive effects between
account type and firm specific and industrial factors and
error rates. Accounts receivable and accounts payable
errors were more closely linked to firm specific factors and
purchasing errors were more closely related to industrial
factors. Willingham and Wright (1984) found mixed results
when they studied the association between 55 factors and
error rates. Some of the factors were significantly and
positively related to errors, others were negatively related
and others were not related at all.‘ The results of these
studies appear to imply that the relationship between
various factors that could affect error rates and the
incidence of error is not straightforward and may vary over
time and by account, firm and industry.

While the results of this research have provided some
insight into what factors are associated with errors, the
relationship of those results to inherent risk assessment is
unclear. The dependent variable 1is all cases was detected
errors, that 1is, errors that existed in the account
balances, which were not detected by the internal control

system but were detected by the auditor's tests. However,

inherent risk assessment invoives determining the
possibility of error given no system of internal controls

and no_audit test. Thus the results of these studies could
be biased 1indicators of inherent risk potential if some
errors are more 0r less likely to be detected by internal

control systems and audit tests than others.
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2.3.2 PROCEDURES FOR COMBINING RISK FACTGORS

The previous discussion of the factors that can create
errors implies that risk factor processing procedures may
potentially have to combine 1large sets of diverse inputs
that vary greatly in terms of their quantifiability. This
sanme conclusion was reached by Colbert (1988a) after a
review of the relevant literature. The discussion on the
nature of a inherent risk assessment presented in Section
2.2.3.3 implies that auditors would be better served if the
output of the assessment process provided detailed
information that allowed the auditor to determine the impact
of various risk factors on individual management assertions.
Taken together, these implications lead to a picture of a
complex, £lexible information process that maintains
explicit linkages between inputs and outputs.

There has been only one study 1in the accounting
literature that 1looked at the inherent =zrisk assessment
process. In that study, Colbert (1988b) used a Lens model
approach. She gave audit
that had been identified in the literature as effecting
inherent risk; two financial statement level and two account
level relating to inventoxy. Bach factor was described in
such a way as to imply either a high or low rating. The
auditors were asked to rats the inherent =zrisk of the
inventory account on a nine pecint scale and then rank the
relative importance of the four £factors by distributing 100

points among them. The main effects £for all four £actors
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were statistically significant in determining risk levels
but no interactions were significant.

This study tells us very 1little about the risk
assessment process. First, Colbert did not discuss whether
a quantitative assessment of risk (i.e. rating on a nine
point scale) was a reasonably realistic reflection of what a
risk assessment 1looks like 1in practice so it is unclear
whether the study had external validity. Second, she used
éhe inventory account as the basis for the test and did not
report the absolute risk levels assessed by the subjects.
Inventory is a risky account in most audits and it would
have been informative to see if there was much variation in
risk assessments across cases. Finally, use of the Lens
model approach and an ANOVA data analysis technigque assumes
that the factor combination process 1is a simple, 1linear
model. The study would have been more useful had it
confirmed that assumption by studying the factor combination
model directly to determine its nature.

2.3.3 SUMMARY OF THE PRELIMINARY INHERENT RISK ASSESSMENT
TASK ANALYSIS

The review of the professional and academic 1literatures
has led to several conclusions about the nature of the
inherent risk assessment task and the ccnstraints the task
places on the auditor. These conclusions include:

1. The goal of the inherent risk assessment process

is to provide useful information for the audit test

selection process.

2. To be useful, the input into audit selection
process should not only provide some indication of
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the likelihood of error but also some details as to
reason for the error, i.e. some type of causal
explanation.

3. These causal explanations imply knowledge of the
nature of economic activity in which the entity is
involved, the nature of economic transactions that
result in account balances, the types of management
assexrtions implied by account balances, and the
types of audit tests normally used by auditors and
the nature and competence of the evidence they
produce.

4. The factors that can cause errors are many and
diverse. Some of these factors can be easily
quantified while others can not. The process used
to combine these factors has not been studied and is
not very well understood. However, evidence
indicates that this process needs to be complex and
flexible in order to deal with diverse inputs and
provide both an indication of overall risk and a
causal explanation of the source of risk.

5. People are important factors in inherent risk

assessment because they can either intentionally or
unintentionally create errors.
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CHAPTER 3
DATA ANALYSIS AND CONCEPTUAL MODEL DEVELOPMENT.

The empirical data collection and analysis phase of this
research project was an extension of the preliminary task
analysis presented in the previous chapter. That
preliminary analysis led to a list of factors that appeared
to affect inherent risk levels; some general observations
about the nature of the process used by auditors to 1link
those factors with risks 1in specific audit situations; and
some general conclusions about the fcrm of an inherent risk
assessment. The next phase c¢f this research project was to
gather empirical data that would provide more direct
evidence to which factors auditors attended in assessing
inherent risk; provide a more detailed description of the
processes used by auditors to evaluate and to combine those
factors into risk assessments; and to provide a clearer
picture of what form inherent risk assessments take in
actual practice.

The goal of the empirical data collection and analysis
phase is to produce a conceptual model of auditors' inherent
risk assessment processes. This model specifies the classes
of information and information processing procedures used by

auditors when they assess inherent risk.

35
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The balance of this chapter 1s broken into four sectlions
which provide a detaiied, chronological discussion of the
data collection and analysis phases of this research. The
first section presents an overview of the research methods
employed in this and other simiiar research projects in
accounting and auditing. The second section describes the
collection and analysis of empirical data which led to the
development of the first prototype system as well as a
description of that system. The thlird section éescribes how
that initlal system was refined and revised based on auditor
feedback. The final section presents the conceptual model
that resulted from these data gathering and analysis
efforts.

3.1 OVERVIEW OF RESEARCH METHODOLOGY

Most of the research projects in acccounting and auditing
that have endeavored to Dbuild complex models of Judgment
processes have concluded with the deveiopment of a
computational model (computer system) or expert system of

that process.4 The process £followed in these projects

4Although this research project 1is designed to build a
psychologcical model and not an expert system, the
distinction between a computational model of a judgment task
and an expert system is not clearly defined. The main
distinction 1is based on the wultimate purpose of the
research. Psychological model builders are more concerned
with faithfully modeling the underlying knowledge
representation and psychological processes used by the
subjects they study. Expert systems developers are more
concerned with developing a useable product that produces

({Footnote Continued)
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begins with general, 1loosely structured approaches and
proceeds to more precise approaches that often include a
series of 1iterations between model evaluation and model
enhancement.

The earliest example of thls process can be found in the
work of Clarkson (1962). Clarkson's data gathering employed
a2 multi-method approach that included review of the
professional literature; review of notes, documents and
working papers of experts; interviews with experts; and case
evaluation sessions that included the collection of
concurrent verbal protocols. The use of a multi-method
approach allows the researcher to alter data gathering and
analysis techniques as the modeling issues become more
clearly defined and tc compensate for inherent weaknesses in
one method by gathering‘ additional evidence with other
methods.

Literature zreviews and unstructured interviews are
useful in the early phases on the research when a general

understanding of the problem definition and task environment

(Footnote Continued)

practical and reliable results. BEven though the goals of
these two approaches appear to be quite different, they have
much in common. Normally, the better an expert system
models actual human behavior, the more acceptable it will be
to users. Conversely, more useable output from a
psychological model normally indicates a better underlying
model of the psychological processes that produced the
output. Since the %Lwo approaches have much in common,
particularly in terms of data gathering and analysis, no
further distinction between these two types of research will
be made in this thesis.
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are being developed. Reviews of existing professional
literature provide the researcher with a broad understanding
of how the profession charécterizes the particular problem
under study, how that problem fits into a larger context of
professional issues and what guidelines the profession has
established for dealing with the problem. The researcher
can use this information not only to help structure more
precise data gathering but aiso to improve communication
with and understanding of expert subjects.

Document reviews and unstructured interviews provide the
researcher more direct evidence on what data and problem
solving methods experts use to solve the problem under
study. Document reviews give the researcher more detailed
and complete data than 1s avallable in the professional
literature because they normally cover actual cases in their
entirety. Unstructured interviews aliliow the researcher to
probe for more detailed explanations of problem solving
methods. A key -element of 1literature reviews, document
review and unstructured interviews is that <they are
relatively unobtrusive and do not inject any a_priori models
into the reseaxch.

3.i.1 REVIEW OF ACCOUNTING AND AUDITING EXPERT SYSTEMS
DEVELOPMENT METHODS

Nearly all the expert system development projects in
accounting and auditing began with unobtrusive and loosely
structured approaches (Biggs & Selfridge, 1986; <Clarkson,

1962; Dungan & Chandler, 1985; Gal, 1985, Meservy, 1985;
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Messier & Hansen, 1986; and Steinbart, 1987). These
initial, 1loosely structured data gathering methods are
usually followed by the development of a model of the
process undex study. These models are frequently
impiemented as computer programs. The use of a computer
program as a modeling medium <forces precision on the
modeling process and allows for easier interaction Dbetween
the subjects and the model. Several researchers developed
case studies along with the system. They used these case
studies te elicit concurrent verbal protocols from subjects.
These protocols were compared to a trace of the model's
behavior to assist in refining the initial model (Bouwman,
1987; Clarkson, 1962; Kelly, 1985; and Meservy, 1985). A
particularly creative application of this general approach
was used by Shpilberg and Graham (1986). They had experts
sit behind a curtain and simulate a computer's responses as
those experts assisted 2 less experienced auditor performing
an income tax accrual task. The entire session was
videotaped for later analysis.

The 1initial models are normally refined by asking
experts to interact with the computer systems that reflect
the models and to evaluate the system's performance. The
ievel of this interaction can be direct or indirect. Direct
interaction involves the expert making changes directly to
the program's knowledge base using an editor (c.£f.
Steinbart, 1987). Indirect interaction involves the

researcher making those changes based on input £from the
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expert. The refinement process 1is usually iterative and
involves several cycles between expert feedback and program
refinement.

Once the expert and researcher f£cel that the model 1is
performing satisfactorily, more formal validation procedures
are typically applied. If process tracing data (e.qg.
concurrent verbal protocols) is available, then both the
process and output of the program can be compared to the
put of expert subjects performing the same
task {c.£. Bouwman, 1978 and Meservy, 1985). Since these
research projects all study complex decision tasks for which
there are no normative models, the program's output is
usually evaluated by having experts who were not involved in
the model's development evaluate the model's conclusions.
Sometimes this evaluation is on a blind basis. In this
case, the Judge or panel of Judges perform relative
evaluations of the model’s conclusions and human subjects'
conclusions without knowing the source of the conclusions
(e.g. Meservy, 1985). One expert systems develcopment
project also tested the system's effect on auditor judgments
when it was used as a decision support system (Hansen &
Messier, 1986).

Ssi.2 EVALUA

The preceding discussion illustrates the variety of data
gathering and analysis techniques fhat have been used to
develop expert systems In accounting and auditing and the

importance of a multi-method approach. Multi-method
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approachés allow the researcher to trade-off the inherent
strengths and weaknesses of each individual method.

Document and literature reviews deal with archival data
and therefore are totally unobtrusive and do not suffer from
demand effects. Demand effects refers to the propensity of
human subject to give rational explanations for their
behavior when asked by researchers even though those reasons
may not reflect the reasons they considered at the time of
their behavior. However, the evidence contained in
documents and professional literature may alsc be biased or
incomplete. For example, there still may be large
differences between what people admit to in writing and what
the actually do. In addition, professional standards are
usually written for a dual audience: consumers and
reqgulators of professional services and the professionals
themselves. These standards are often general and vague so
as to present the image of standard setting and guidance
without unduly constraining professional behavior.

In auditing research, the document reviews typically
involve working papers. Auditors receive considerable
training in good working paper technigues and great emphasis
is placed on their accuracy and completeness. Extensive
review procedures have been implemented by CPA firms to
insure audit guality and working papers are the main
information source for these reviews. 1In general, audit
working papers represent a detailed, accurate and complete

record of audit procedures performed, evidence gathered and
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conclusions drawn by auditcrs during the executidn'bf an
audit. However, these working papers are not covered by
privileged communication laws and can be subpoenaed in case
of a lawsulit. Therefore, auditors normally take great care
in how they present thelr working papers and what comments
they include in thems. In addition, information contained
in the literature and in documents may be incomplete and may
need further explanation.

In spite of these potential problems, the professional
literature and audit documents and working papers provide a
rich source of information for researchers. The literature
provides a prescriptive picture of how the prcfession feels
an audit task should be performed and represents a standard
by which auditor performance is Jjudged. Document reviews
provide objective evidence of what actions were -actually
taken as the audit task was being performed. Both these
sources can provide the researcher with relatively cheap
information because they do not involve using experts' time.

Interviews and retrospective protocols suffer from the
problems of demand effects and reconstructive memory

(Nisbett & Wilson, 1977 and Nozrman, 1983). Demand effects

5For example, when I asked an auditor why there was no
explicit link between the inherent risk level shown on one
working paper to the factors that led to the determination
of that risk level, he responded that the linkage was highly
judgmental and that the partner 1in charge of the audit did
not want the reasoning documented so he could avoid having
to explain it in court, should that ever be necessary.
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are partially caused by the subject's desire to make a
favorable impression on the researcher based on the
subject's understanding of the researcher's goals. For
example, the author arrived early for an interview which was
scheduled for early one Monday mcrning and noticed the
subject coming into the office carrying a copy of the CPA
firm's audit manual. It is highly unusual for audit
managers to take audlit manuals home over the weekend. The
most likely reason that the subject took the manual home was
to prepare himself for the interview.

Another problem with interviews and retrospective
protocols stems from the reconstructive nature of memory.
Humans tend to reconstruct memories based on prototype
memory structures as opposed to recalling detailed accounts
of the behavior that actually occurred (Anderson, 1980).
Consequently, subjects may indicate how they think they
would have acted in a given situation as opposed to how they
actually acted. However, interviews and retrospective
protocols give subjécts considerable latitude in expressing
thelr understanding of the problem and their approach to
solving it. These methods also allow the researxcher <to
interact with the subject and clarify points.

The strengths and weaknesses of concurrent verbal
protocols have been discussed at length in psychology and
accounting {(c¢.£. Anderson, 1984; Boritz, et. al., 198%;
Ericsson & Simon, 1984; and Norman, 1983). The main

problems with protocols is that they may be incomplete; the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1]

verbalization proces may alter the underlying cognitive

I

processes of interest; they produce data that consists of a
listing of what the subject did and in what order, but may
not indicate the reasons for the subject's actions oxr the
cognitive processes that were at works; and they generate
large volumes of data that 1is physically difficult to
analyze and manage. In addition, protocols are normally
based on case studies. Since human behavior tends to be
highly task sensitive (see discussion in Section 2.1.1),
great care must be taken in developing the cases used to
insure that those cases are realistic and capture the
problem under study. The main strengths of protocels is
that the are a direct record of reasoning processes that
give descriptions of activities rather than explanations and
are therefore 1less susceptible to demand effects <than
interviews or retrospective protocols.
3.1.3 SUMMARY OF RESEARCH METHODS USED IN THIS STUDY

This study employed an inductive, multi-method approach
similar to those discussed above. 2n inductive approach was
adopted because the lack of existing theories on inherent
risk assessment. A lack of developed theory implies the

need for an inductive or grounded theory approach to theory

°This characteristic may account for the difficulty
Biggs et. al. (1985) had in wusing concurrent verbal
protocols to identify the rules used by subjects to evaluate
EDP systems.
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development (Glaser & Stauss, 1967). A rulti-method
approach was adopted for the reasons cited above.

The first step was to review the extant professional and
academic literature 1in orxrder to develop an initial task
analysis. The results of this review are described 1in
Chapter 2. Second, a review of relevant documents and
manuals from two "Big Eight" CPA firms was performed to
obtain background information -on their respective audit
approaches, the role that inherent risk assessment played in
thelr audit approaches and any firm policies on how inherent
risk was supposed to be assessed and documented. Thirdg,
unstructured interviews were conducted to obtain expert
auditors' opinions on inherent risk assessment and to assist
in developing a plan to study the process. Fourth, the
background data gathered in the first three steps were used
to develop cenarios for more structured 1interviews with
experienced auditors. The scenarios for these interviews
included retrospective reviews of actual working papezs,
role playing exercises involving actual client data and the
unobtrusive observation of actuwal audit planning meetings.

The fifth step in the project consisted of analyzing the
data collected in the first four steps and developing the
initial conceptual model. This conceptual model was used to
develop a system which was reviewed and evaluated by
auditors. Up to this point, data collection had involved
two CPA firms and nine subjects. Two subjects in one CPA

firm were selected to help refine the computational model.
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Data collection was limited to one CPA firm to avoid cross
cultural differences Dbetween firms. Since these cross
cultural differences primarily involved differences in
documentation methods, this limitation should not have a
major impact on the generality of this research's findings.
The author worked with each subject to develop a
separate case based on one of his clients. The case
development process was literative and 1involved several
meetings between the author and auditor to present modified
versions of the system and obtain the .auditor's feedback.
Once the subjects felt the system was appropriately
analyzing the key 1issues in the case, they were asked to
evaluate the system's performance using questionnaires ﬁhaf
provided some structure to the evaluation (see Appendix E
for a copy of those questionnaires). The subjects evaluated
three cases, one they had helped prepare, one the other
subject had helped prepare and one prepared by the author.
Their responses are included in Appendix G and discussed in
Chapter 7. The balance of this chapter presents a detailed
discussion of each of these steps as well as a description

of the cohceptual models that resulted from these steps.

The document review phase began with the audit manuals
of the two participating CPA firms. These manuals provided
theoretical discussion on the =role in the overall audit

process of inherent risk assessment, lists of factors that
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affected inherent risk, discussions of the responsibilities
of variocus members of the audit team and descriptions of
documentation standards for inherent risk assessment. In
auditing, documentation usually involves preparing working
papers that indicate the steps taken, information reviewed
and conclusions drawn from a particular audit procedure. 1In
many cases, blank working papers are provided by firms.
These blank working papers heip structure the audit
procedures being performed. Therefore, blank working papers
used to A document inherent 1risk assescsments were also
reviewed.

The document review - phase resulted in a comprehensive
picture of how each CPA flrm treated inherent risk
assessment within their respective audit approaches. The

main cenclusions drawn from this phase were:

1. 1Inherent risk assessment was performed every
year and was used during audit planning to identify
areas within the client firm that would need
different, typically increased, audit attention in
the current year compared to the prior year.
Inherent risk assessments changed from year to year
based on changing circumstances.

2. Inherent risk assessment was documented in
different ways by the two firms. One firm required
a verbal description of the risk and how potential
risk was to impact on audit procedures. The second
firm required a rating of the zisk level, either
high, medium or low, on one working paper with an
identification of critical and significant factors
that affected the audit on anothexr. The factors
were never explicitly linked to the ratings.

3. There were no policies or procedures that
specified how inherent risk was to be assessed;
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however, examples of factors that affected risk were
provided.

4., The primary responsibility for risk assessment

rested with7the audit manager and in-charge

accountant.
S.2.2 UNSTRUCTURED INTERVIEW

The unsfructured interviews were designed to fulfill two
functions: to introduce the researchers to key members of
the audit firms involved and to confirm and expand the
conclusions drawn £from the document review. The first
interviews occurred prior to the document review, were more
intrcductory in nature and resulted in access to audit
manuals and blank working papers. However, the participants
in these introductory interviews were also asked to discuss
the CPA firm's overall approach to auditing and audit
planning. 1Issues of client confidentiality were discussed
when it became <c¢lear that access to £firm policy and
procedure manuals and confidential client working papers
would be required during the research project. 1In the case
of one of the firms, the author was asked tc sign a

nondisclosure agreement.

7onfessional staff in CPA firms are organized in a
hierarchical structure from junior accountant to partner.
The levels 1include Junior accountant, senior accountant,
in-charge or supervising senior accountant, manager and
partner. The manager is primarily responsible for general
engagement staffing and planning and supervision and review
of the field work. The in-charge accountant is responsible
for developing detailed time budgets and audit programs and
supervising the day to day activities of the 3junior and
senior accountants in the field.
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A second group of interviews was conducted after the
documents had been reviewed. In these interviews, the
subjects were asked to discuss their firm's approach to
audit planning and inherent risk assessment. Frequently
during these discussions the subjects would draw on personal
experiences to illustrate how certain factors affected the
audit procedures used in specific cases.

2ll the interviews were tape recorded and a transcript
of each interview was produced. These transcripts were
reviewed and the following conclusions drawn:

1. The conclusions from the document review phase
were confirmed.

2. Inherent risk assessment lnvolves considerable
judgment on the auditor's part and auditors tend to
draw on an extensive set of personal experiences to
make those assessments.

3. The inherent risk assessment process usually

occurs over an extended period of time. The auditor

uses observations made during meetings with clients,

reviews of client documents and financial data as

well as discussions with other audit team members as

input data for the risk assessment process.

4. The list of specific factors that affects

inherent risk assessments was expanded based on the

specific examples used by subjects to illustrate

their points.
S.2.3 STRUCTURED INTERVIEWS

The next problem addressed by the research project was
how to observe the inherent risk assessment process
directly. Although the process of documenting risk
assessments by £illing out working papers was an observable
activity, the assessment process itself was relatively

ill-Gefined, occurred over an extended period of time, and
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was not typiczally documented as it was being performed but
was documented after major conclusions had been drawn.
Therefore, it was impractical to attempt to observe auditors
assessing inherent risk during actual audit engagements.
Instead, three different scenarios in which fairly
concentrated discussion of inherent risk assessment would
occur were selected based on the general understanding of
each CPA firm's audit process obtaihed during earlier phases
of the research, consultation with subjects and the author's
own audit experience. These scenarios 1included: 1)
retrospective review of audit planning working papers, 2)
transfer of a client from one audit manager to another and
3) audit planning meetings between audit team members. In
all cases these scenarios involved actual clients and,
except for one of the two planning meetings observed, were
tape recorded and transcribeds.
3.2.3.1 RETROSPECTIVE PROTOCOLS

The retrospective protocol scenario consisted of an
audit manager going through an extensive review ocf a set of
andit planning working papers. One audit manager reviewed

the working papers from two recent audits. The reseaxcher

8After the transcript of the first planning meeting had
been produced and a copy send to the engagement partner
involved, the partner decided that the 1issues being
discussed were too sensitive and requested that no further
tape recordings be made. The author took field notes during
the second planning meeting and summarized those notes
immediately £c¢llowing the meeting.
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who was present at the meetings asked questions that were
designed to identify what factors affected inherent risk in
that specific audit, how the auditcr became aware of those
factors, how those factors affected risk and why they were
important. The data gathered from these sessions is subject
to the problems of retrospective protococls discussed 1in
Section 3.1.2. However, the problems of demand effects and
reconstructive memory were somewhat mitigated by the
presence ©0f documents that were prepared at the time
decisions were being made (i.e working papers). As
discussed in Section 3.1.2, these working papers normally
represent detailed, complete and accurate records of audit
activities and conclusions. By having the working papers
present during the session, the subject was more likely to
produce'an accurate recall of the inherent risk assessment
judgments (s)he made while planning the audit.
3.2.3.2 CLIENT TRANSFER EXERCISE

The client transfer scenzarxio involving audit managers
was selected because it represented an activity that
normally occurred within CPA firms and that involved
extensive discussions of inherent risk factors. Members of
an audit team are periodically rotated by CPA firms in order
to preserve auditor independence. Much of the credibility
of CPA firms as external auditors lies with their
independence from the audited entity. CPA firms feel that
members of the audit team should not serve too long on the

same audit because of the risk of developing too many close,
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personal relationships. Because of the audit manager's key
role in planning and supervising the audit, whenever
managers ére rotated, the outgoing manager usually briefs
the incoming manager on key audit 1issues. These audit
issues usually include inherent risk factors.

/ The advantages of this scenario over the retrospective
protocol scenario were that two experts representing
potentially different views of 1nherent risk were involved
and the data were collected concurrently with the problen
solving activity. The audit manager who played the role cof
the outgoing manager was told to select a client as the
subject of the session, select an audit manager to play the
role of the incoming manager and to bring any documents that
he would normally wuse in a similar circumstance to the
meeting. The outgoing manager was asked to seiect an
incoming manager who would have the necessary gqualifications
to actually take over the <client, e.g. experience in the
client's industry.

One client transfer session was used. The session
involved two auditors from the same CPA firm that provided
subjects for the retrospective protocol sessions. The
outgoing auditor had been involved in an unstructured
interview, the incoming auditor had not been involved in the
research project prior to this exercise. The session
consisted of the outgoing audit manager going through the
working papers that he had selected and discussing key

issues with the incoming manager while the incoming manager
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asked questicns. 1In this scenario, the researcher present
deferred from asking gquestions until the two subjects had
concluded their discussions. The researcher's queétions
involved clarifying the reasons certain items were or were
not considered risky. Both participants £felt that the
scenarioc was very realistic and the 1incoming manager
indicated at the end of the session that he was ready to
proceed with initial planning for the job.

3.2.3.3 AUDIT PLANNING MEETINGS

One CPA firm, which had not provided subjects for the
two structured interview scenarios discussed above, had a
practice of conducting regular audit planning meetings,
called general risk assessment meestings, that involved the
engagement partner, manager and in-charge accountant. Two
of these meetings were unobtrusively observed by the author.
The author refrained from asking question during the meeting
and conducted in depth interviews with each of the
participants following the meeting. The main advantage of
this scenario over the two discussed above was that the
meetings were not staged for the purposes of this research,
but were actual working meetings.

Although the meetings were fairly informal, the audit
manager had prepared a written agenda for the meetings in
advance and led most of the discussions during the meetings.
The purposes of the meetings were to insure that all key
members of the audit team were aware of the current status

of the audit and were in agreement concerning key risks
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assoclated with the audit and how those risks were to be
addressed. 2Aalthough a broad range of issues were discussed,
the primary focus of the meeting was 1) to identify issues
that had come up during the prior year's audit, 2) ¢to
identify audit related events that had occurred during the
year and 3) to determine how those issues and events should
alter the audit approach in the current year.
3:.2.3.4 STRUCTURED INTERVIEW CONCLUSIONS

The data collected from the structured interviews were
analyzed in two steps. Filrst, the <transcripts and - field
note were read to provide some general conclusions on what
was learned from this phase of the research. Second, formal
data coding rules were developed and a more structured,
comprehensive review of both the unstructured interview ané
structured interview data was performed. The results of the
formal analysis and the conceptual model that was developed
from that analysis are discussed 1in the next section. The
initial conclusions that were drawn from the more general
analysis of the structured interview data are summarized

below:

1. Auvditors appe2ar to make linkages between risk
factors and risk assessments based on a broad based
Knowledge of how businesses in general operate and
characteristics of the specific audited firm,

2. People run businesses and therefore people have

a strong impact on inherent risk. Auditors assume
that 1f management is motivated to produce certain
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accounting numbers, there is a risk ghat management
will do so using unacceptable means.

3. Expectations play an important role in directing

the auditors attention toward potential problems.

Auditors seem to form pictures of what the financial

statements should look like based on knowledge of

the audited firm's historic performance and changes

in the firm's environment. They are concerned about

deviations from that picture that they £f£ind in

reviewing preliminary data.
3.2.4 DEVELOPHMENT OF THE INITIAL PROTOTYPE SYSTEM

Once the series of structured interviews was completed
and the transcripts were reviewed at a general level, a plan
was developed to systematically analyze the data, develop a
conceptual model based on that analysis and then program a
system that would accurately reflect that conceptual model.
3:.2.4.1 FORMAL ANALYSIS OF INTERVIEW DATA

The formal analysis of the data proceeded in two phases.
First, the transcripts and £field notes were reviewed to
identify a comprehensive list of inherent risk factors that
had been mentioned. This was accomplished by looking for
explicit statements of the general form "I altered the scope
on that account because ..,." or "I £felt that that account
would be more <risky because...". This review resulted in
the development of an extensive list of items which was

classified into three categories: financial statement level

factors, account level factors and audit firm factors. This

9This finding 1is ccnsistent with the game theoretic
formulation used by Fellingham and Newman (1985).
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classification scheme was developéd by the authoxr after
reviewing the list of factors generated from the transcripts
but is identical to the classification scheme subsequently
published in SAS 53 (AICPA, 1988a). The results of this
analysis is included in Appendix A. The 1ist of factors and
the classification scheme provided evidence concerning both
the knowledge components involved in inherent risk
assessment and the level of fineness or specificity with
which auditors dealt with these components.

The second phase of data !analysis consisted of
reanalyzing the transcripts and field notes to determine why
the factors in the list were important and how auditors made
linkages between these factors and levels of inherent risk.
The specific procedure 1involved 1locating places in the
transcripts where inherent risk factors were mentioned and
reviewing the surrounding text for any explicit comments
about why the factor was important and how it affected risk.
Such explicit comments were rare. Consequently, the bulk of
the analysis in this phase involved inferring relationships
between factors and risk assessments based on general
business knowledge, and confirming these inferences with
auditors.

For example, one subject stated that he had beccme a
littie more skeptical about management's judgments,
particularly related to wvaluation accounts, when he
discovered a potential management buyout plan. He went on

tc state that the audit scope for the valuation accounts
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(e.g. allowance for doubtful accounts) was increased in this
case. The following inferences were made from these
comments:

1. The auditor felt management motives were

important in assessing risk because of the

importance of management Judgement in determining,

and therefore potentially manipulating, certain

account balances.

2. The auditor was using knowledge about the

effects changes in valuation accounts would have on

reported earnings, the relationship between reported

earnings and stock prices, and the effect stock

prices would have on the potential cost of a

management buyout as a basis for developing his

concern for the increased risk association with

valuation accounts.

Comments of this type were lmportant in helping to
develop both the conceptual model and the assertions
supporting it which are presented 1in the next section. In
addition, an analysis of the inferred relationships led to
the inclusion of a general model of fundamental economic
relationships that exist within any €£irm as part of
computational model which is described in chapters 4 through
6.
3.2.4.2 PRESENTATION OF THE INITIAL CONCEPTUAL MODEL

The results of all data analysis fforts discussed so
far were brougnt together in a comprehensive conceptual
model of inherent risk assessment. This model development
process was subjective in nature and based on an effort to
account for as many of the factors, linkages between factors

and other conclusions drawn from the empirical data as

possible. This section presents a description of that

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



58

conceptual model. This model represents the first attempt
in this study at developing a comprehensive model of
inherent risk assessment and was revised during subsequent
data gathering and analysis sessions. It is presented here
in order to provide a more complete picture of how the final
conceptual model, which 1s presented 1in Section 3.4,
evolved. Since this initial model was significantly revised
during the research project, the discussion here will be
limited to describing this model 1in general terms. A more
detailed discussion of this initial model and the empirical
and theoretical support for it is presented in Dhar et. al.
(1988) and Peters, et. al. (forthcoming). More detailed
discussions of the theoretical and empirical support for the
final conceptual model will be presented in Section 3.4.2.
Figure 2 presents a graphic representation of the model
and is intended to provide a global view of the inherent

risk evaluation process.
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The model asserts that the auditor begins the inherent
risk evaluatlion process by generating expectations for
account balances. The auditor identifies changes that have
occurred in the firm and/cr its environment and determines
how those chaﬁges should interact with historic trends to
produce an expected balance in the account. 1In order to do
this, the auditor uses an understanding of the relationships
between firm/environmental factors and general 'ledger
accounts. These relationships constitute an internal model
of the firm. The auditor uses this firm model to determine
how changes should affect the balances in a given account.

This expectation generation and testing process was
included in the model and 1identified as the startinag npoint
for inherent risk assessment based on three main classes of
evidence.. Flrst, statements in the interview transcripts
that referred to "galning an understanding of the <client's
business" and "developing expectations™ as a basis for
inherent risk assessment were interpreted to imply both the
existence of an expectation generation and testing process
and the wuse of that processes by auditors as a starting
point for inherent risk analysis.

Second, analysis of references in the interview
transcripts to linkages between inherent risk factors and
levels of inherent 1risk were used to infer that auditors
were using a comprehensive firm model. For example, in the
instance discussed in Section 3.2.4.1, the auditor's ability

to predict how changes 1in valuation accounts affected
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reported earnings and subsequently stock prices implied that
the auditor was using in his reasoning processes scme form
of comprehensive, internal <£irm model which contained
explicit linkages between valuation accounts, expenses, net
revenue and stock prices. Third, previous researchers have
found evidence for the existence and wuse of internal firm
models in similar tasks (Bouwman, 1983 and Selfridge et.
al., 1986).

The model asserts that the inherent risk assessment
process continues with an attempt to gather more data on
expectation fallures. For accounts that contain actual
balances that are outside a reasonable range of the expected
balance, the auditor reviews factors that might create or
affect management's incentives to misstate the account
balances (e.g. the existence of a compensation plan -keyed
to reported earnings). At the same time, the auditor
considers factors that might affect the 1likelihood that
management could or would deliberately misstate that
particular account balance (e.g., the degree of Jjudgment
allowed in the determination ¢f account balances). The
auditor also would consider such mechanical factors as <the
complexity of the transactions, volume of transactions or
compiexity of reporting standards £for a particular account
since such factors might also be responsible for deviations
from expected balances.

This expectation failure explanation process was

included in the model based on two classes of evidence.
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First, statements 1in the transcripts of unstructured
interviews as well as discussions in the professional and
academic literatures supported the inclusion of an analysis
of management Iincentives in the model because these
incentive issues were frequently mentioned in both places.
However, these sources dealt with the incentive issue at a
very general level. In case specific settings (i.e.
structured interviews) 1incentive 1issues were not raised

“unless there was some specific evidence that those incentive
issues were having an effect on account balances.
Therefore, the model asserts that incentive issues are only
raised if there are expectation failures to explain.

Second, a review of the complete 1list of factors
included in Appendix A lead to the conclusion that most of
those factors contributed to unintentional error potential.
However, there was little evidence in the transcripts to
indicate where in the inherent risk assessment process the
issue of mechanical error was considered or how it related
to other issues.

Bacas An fhao an=slvolo a L
Sl AN A S aA wiANs T P 4 =4 LS 2

acion fallures, the

4]
'Y

auditor decides 1L1f additional evidence will be needed to
determine whether the difference between the expacted
balance and the actual balance was due to an error in the
expectation generating process, a legitimate response by
management to a change in the environment, an unintentional

e€rrox, or a questionable response by management.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



62

The model 1is asserting here that an inherent risk
assessment consists of not just a point estimate of risk
level, but a causal explanation of how existing factors and
circumstances might create errors in account balances. This
assertion about the nature of risk assessments was supported
by the conclusions drawn from the 1literature resview (see
Section 2.3.3) and by reviewing the form risk assessments
took in the interviews.

In summary, the inherent risk evaluation process
described above is expectation driven, 1i.e. auditors
expectations play a central role. These expectations about
general ledger account balances are based on the auditor's
knowledge of historical trends and specific changes in the
audited firm's environment that affected the audited £firm.
Further, the output of this evaluation process is an
analysis of factors that might explain differences between
expected and actual account balances. These factors include
management's incentives and abilities to affect the account
balance as well as the complexity associated with
calculating the account's balance.

This model reflects the following conclusions drawn from

the empirical data gathering phase of this research:

1. The ultimate goal of inherent risk assessment is
to produce information that can be used to alter
audit tests. These test are normally executed on an
account level basis. Therefore, the model deals
with risk assessments at the account level.
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2. Risk assessments that consist solely of point
estimates of error propensity are not very useful to
the auditor in using that risk assessment to plan an
audit. Therefore the model's output consists of
explanations of what existing conditions that could
be creating the risk.

3. There are a variety of factors that affect
inherent risk. These factors can be classified as
financial statement level or account level, but this
classification scheme does not go far enough.
Factors can be further characterized as 1) events
that cause changes in the firm or its environment,
2) evaluations of personnel and activities within
the firm (i.e. mechanical factors) and 3) incentives
that affect management motives. The model reflects
the separate roles of managerial incentives,
evaluations and observed changes (i.e. the results
of events).

4, Auditors develop expectations that help direct

their evaluation of inherent risk potential.

Therefore, the model is exrectations driven and

concentrates on analyzing those accounts where

expectations are not met.

5. General business knowledge is important in

making linkages between factors and risk levels as

well as developing expectations. Therefore, the

model includes a reference to an internal model of

the firm which is used to develop expectations for

general ledger accounts and link incentives and

evaluations to those accounts.
3.2.4.3 DESCRIPTION OF THE INITIAL PROTOTYPE SYSTEM

The conceptual model described above was used as a
framework to guide the development of a computer system that
would assess inherent risk. The details of this system are
reported in Dhar, et. al. (1988) and Peters et. al.
(forthcoming). Therefore, the description here will be
limited to a genexral overview of the key features of that
system. The main reason for developing the system was to
create a framework in which the various assertions of the

conceptual model could be tested as part of a comprehensive
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model of 1inherent risk assessment. Since the evidence
supporting the conceptual model was incomplete and nét very
detailed, several simplifving assumptions had to be made 1in
developing the system. The author's main intent at this
point in the research was to build a system that encompassed
all major facets of the conceptual model in order to
establish a framework for further data gathering even though
that system would necessarily be overly simplistic due to
incomplete evidence.
S.2.4.3.1 EXPECTATION GENERATION

The system began its analysis of a case by applying
auditor input expected changes 1in firm model elements to
historical financlal data to generate expected changes in
general ledger account balances. Firm model elements
included general ledger balances, general ledger totals or
subtotals, or other quantifiable factors that had a direct
effect on a general 1ledger balance (e.g. market demand,
product price or direct 1labor hours). These auditor input
expected changes contained three pieces of information: the
firm model element, the percentage change and a comment.
The comment was used by the system for display purposes and
was not directly involved in 1its analysis. The only

historical data available to the system was the previous

"year’s general ledger balances. If the expected change

invelved a general ledger account, the system used that

expected change. If the expected change involved an “other

quantifiable factor", the system used 1its internal firm
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rodel to generate expected changes in general ledger
balances. The system could not deal with observed changes
in general ledger totals or subtotals.

The system could generate either gquantitative or
qualitative expected changes. That 1is, 1if sufficient
quantitative data were avalilable, the system would generated
an expected percentage change in a general ledger account
balance. If sufficlent gquantitative data weze not
availapvle, the system would generate a estimated change
magnitude (high, medium or low) and a direction (increase or
decrease). For exanmple, if the auditor 1indicated that
direct labor rates were going up by 2% because o0f a new
labor contract and the system did not have historical rate
information, the system would generate a small expected
increase in manufacturing costs.. The system's Kknowledge
base included a table £for converting percentage changes to
qualitative change magnitudes and a calculus for combining
qualitative change values.
3.2.4.3.2 EXPECTATION CHECKING

Once the system had processed all auditor input data and
generated expected changes for all affected general 1ledger
accounts, 1t compared each one to the actual difference
between prior year’s and current year's balances. It
assumed that if there were nc auditor input expected changes
that affected an account, then the change from last vyear's
balance should be zero. Therefore, it had expected changes

for all general ledger accounts, either zerc or nonzero. As
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it compared the expected and actual changes for each
account, it created a record of accounts with expectations
failures (i.e. accounts whose expecfed and actual changes
differed). When the system checked quantitative charnges, it
allowed a range of plus or minus three per cent of last
year's balance before it recorded an expectation failure.
wWwhen it checked gqualitative changes, it converted the
difference between the current balance and prior balance to
a qualitative value using a table and recorded an
expectation failure 1if there was a difference 1in either
direction or magnitude.
3.2.4.3.3 EXPECTATION FAILURE EXPLANATION

Next the system took each recorded expectation £failure
and searched its 1list of incentives to see 1f any applied to
the account involved in the expectation failure. It checked
incentives by using its internal firm model to determine if
the incentive motivated management to manipulate the account
balance. If it did, it checked the account to determine 1if
it was subject to management manipulation. Each account in
the firm model was coded to indicate'whether it was subject
to management maﬁipulation or not. The results of this
analysis consisted of a zrecord of whether or not the
incentive affected the account, the direction management
would be motivated to manipulate the account based on the
incentive, and an indication of whether the account was
subject to manipulation or not. This information was stored

with the expectation failure information. The system did
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not include a mechanism for dealing with mechanical error
potential because the data analysis performed to this point
did not provide enough guidance on how to structure that
mechanism.
3.2.4.3.4 ANALYSIS CREATION

The system concluded its analysis by producing a natural
language summary of the evidence it had accumulated
concerning each expectation £failure and incentive. This
summary indicated the expected change in a given account and
how it was calculated, the actual change, a statement about
the account's susceptibility to management manipulation and
a list of 1incentives that affected the account. This
evidence summary did not actually constitute an "analysis"
in that the system could not merge various pieces of
evidence and draw conciusions. For example, 1if two
incentives affected the account and those incentives
motivated management to manipulate the account in opposite
directions, the system had no way of determining which
incentive might have a greater affect and merely 1listed
both. The analysis portion of the program was left in this
incomplete state to allow auditors to indicate how they
would combine the various pieces of evidence.
3.3 REFINEMENT OF THE CONCEPTUAL MODEL

Two auditors who were involved in the 1initial data
'gathering phases of the research were asked to critique the
system's performance on .a test case. Their responses are

summarized in the next section.
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3.2.1 INITIAL AUDITOR CRITICISMS OF COMPUTATIONAL MODEL

In general, the auditors' reactions were positive. They
specifically 1liked the system's explicit treatment of
management incentives and its ability to develop and test
expectations based on historical data. However, they
pointed out several problems with the system, which are
discussed below.
3.3.1.1 GVEREMPHASIS ON EXPECTATIONS

The model's contrcl of attention was totally driven by
expectations it creates based on user input. However, both
auditors pointed out that their analyses are to a large
extent driven by the structure of +the general ledger,
beginning with current assets and ending with extraordinary
items. More importantly, as this systematic process
proceeds, expectations about values of accounts yet to be
reviewed become increasingly constrained. If the actual
value does not fit with expectations, a reinterpretation of
previously reviewed accounts becomes necessary. This type
of reinterpretation did not take place in the model.
3.3:1.2 OVEREMPHASIS ON INCENTIVES

A second criticism was that the model emphasized
management motives too  strongly. While incentives are an
important determinant of inherent risk, they are usually not
considered by auditors unless the values affected by the
incentive are close to some critical boundarf. In addition,
the auditors did not view all incentives as having egqual

potential impact on management's actions. For example,
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violating a bond covenant would be considered more important
than not achieving a budgeted goal.
3.3.1.3 EXTRAPOLATION OF DATA

The initial computational model used the prior year's
balance as a basis for developing an expected balance for
the current year. Auditor's tend to use more complicated
processes that take into consideration recent trends in
account balances as well as the type of economic activity
that generates the account balances. 1In fact, some accounts
do not 1lend themselves +to extrapolation at all, e.g.
extraordinary items. 1In addition, the initial computational
model assumed that full year, unaudited balances would be
available for analysis. However, audlt planning <typically
occurs prior to the client's year end. Because of this,
auditors can not be expected to have actual, unaudited year
end balances with which to test their expectations.
S.3.1.4 MECHANICAL ERRORS

The initial computational model did not include the
module for assessing unintentional, mechanical errors
included in the conceptual moéel because of lack of evidence
on how auditors assessed these mechanical factors and how
they combined those assessments with other evidence. These
errors are mainly due to complexities associated with
valuing individual accounts. Examples of these types of
errors include mathematical error in calculating inventory
values or accidentally failing to include all outstanding

invoices in the accounts payable balance. In addition, the
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initial conceptual and computational models did not deal
with financial statement level risk factors. (e.qg.
management's concern for the internal control environment or
high employee turnover in the accounting department). The
auditors felt that these two classes of £factors were
extremely important in determining the appropriate inherent
risk for a given account.

3.3.2 MODEL REFINEMENT METHODOLOGY

The first step in dealing with the problems cited by the
auditors was to determine the appropriate scenario in which
to gather more detailed data. Two major decisions were made
concerning that scenario. First, the data gathering was
limited to one CPA firm to avolid cross-cultural differences.,
These differences mainly involved documentation procedures.
Second, two subjects were selected and detailed cases built
and analyzed based on their input. Two subjects were used
in order to avoid too much idiosyncratic behavior and to
have some capability for cross validation while limiting the
magnitude of the refinement task.

The CPA firm that was selected for further study was the
same one 1involved 1in the planning meeting observations.
Selection of the firm was based on the relative availability
of subjects and willingness on the part of the £firm ¢to
participate. Selection of the setting <£or further data
gathering sessions was based on the observation that the
audit manager was primarily responsible for the content of

the risk assessment meetings and had prepared an agenda
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prior to the meetings. The setting selected as the basis
for further study was characterized as an audit manager
reviewing client data while preparing the agenda for a risk
assessment meeting.

Two audit managers were asked to select one of their
clients for use in developing test cases for the system to
analyze. No formal constraints were place on the client
selection process. However, 1in order to wmake the data
gatzering sessions as contemporaneous with the actual audit
planning as possible, they were asked to select clients
where the audit planning process was currently underway.
General characteristics of the two firms are summarized in

Table 2lo

10Due to confidentiality agreements between the author,
Fhe CPA firm and the client involved, more detailed
information about the firms can not be presented here.
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Characteristic

Pirm A

Pira B

Ownership

publicly traded

Vholly ovned subsidiary of
Japanese Fira

Type of industry

Hanufacturing

Hanufactaring

Product

Carbide based metal
vorking and aining parts
and supplies

High technology silicon vafers

Annual sales

$355,000,000

$85,000,000

Top managesment

Considered strong

Considered strong

General operating health

Steady and strong profits

Improving profits but history
of losses

Financial posiiion Stroag Strong due to support
of parent
Internal contrel epvironment | Strong Strong bat potential

incentive problem due to
earnings pressire
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The data collection sessions consisted of the auditor
going through the data set that he used in preparing for the
risk assessment meeting and explaining his reasoning to the
author. Therefore, the data from these sessions represented
retrospective protocols. However, as in earlier
retrospective protocols used in this research, the protocol
data were supported by detailed working papérs and notes
generated at the time the initial analysis was made.
Because of the sensitive nature of the issues discussed,
these sessions could not be tape recorded and the author
documented the auditors comments by taking detailed notes on
key points.

The data collection sesslions were iterative. Before the
initial 1interviews, the initial prototype system was
modified to deal with as many of the general problems
discussed in Section 3.3.1 as possible. Then initial
interviews were held where basic data concerning the test
firm were gathered. These data were used to build a case
for the system to analyze. The analysis was then reviewed
by the auditor and more modifications were made to the
system. The process was terminated when the auditor felt
that the system was producing a reasonably good analysis.
"Reasonably good" was defined as an analysis that might be
expected from a new junier accountant. At that point, the
evaluation questionnaires included in Appendix E and

discussed in Chapter 7 were filled out.
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3.3.3 SUMMARY OF IMPROVEMENTS MADE TO THE SYSTEM

Several significant improvements were made to the system
during the refinement process. Most of these reflect
attempts to deal with issues <raised when auditors first
reviewed the system. In essence, the auditors' 1initial
reactions determined what needed to be changed and the
refinement process testaed varicus a&approaches to those
changes by altering portions of the system and having the
auditors evaluate the new results. The following is a
summary of the major changes that were made to the system,
A comprehensive discussion of the final conceptual model is
presented in the next section, detailed discussions of the
system and its behavior on a test case are presented 1in
Chapters 4, 5 and 6.

1. The overall flow of analysis was changed from
one totally driven by expectation failures to one
that systematically proceeded through every item in
the financial statement data. 1In addition, the
system was given the ability to defer or redo its
analysis of an account based on that sccount's
relationship to other accounts (see item 4).

2. The expectation generation process was enhanced
to take into consideration more historical data on

account specific characteristics and fine tuned to

bettexr reflect the subject's problem identification
behavior.

3. The role of incentives was deemphasized. 1In the
initial system, incentives were always checked and
inferences drawn regardless of the status of the
accounts affected by the incentive, 1In the final
system, incentives were only checked when close to
some boundary. In addition, incentives were
explicitly linked to events that management could
potentially trigger to respond to those incentives.
Information associated with these events allows the
system to differentially weight the impact of
incentives.
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4, The model of the firm was expanded to include
knowledge of events and higher order relationships
between accounts. These changes enabled the system
to notice relationshlips between accounts that the
auditor felt were important. For example, accounts
pavable and inventory are related because of their
common cutoff calculation. In addition, these
relationships were used to further constrain
expected values for accounts and to indicate to the
system when an account needed to be reinterpreted
based on the results of the analysis of another
account.

5. A module was added to the system that dealt with
the potential for mechanical erxrors and with
financial statement ievel risk factors. The
financial statement factors are considered only to
the extent they impact on the risk associated with a
specific account.

6. An analysis and summary feature was added to the

system. The initial system merely brought related

data together but did not classify or weight that

information. The current system performs some

analysis on the data and classiflies its findings as

to whether they indlicate a problem with the actual

account balance or expected balance. Also, the

system presents a summary at the end of case

processing that ranks the problems ldentified during

that processing.
S.4 PRESENTATION OF THE FINAL CORCEPTUAL MODEL

The conceptual model described in Section 3.2.4.2 and
Figure 2 was revised concurrently with the revisions to the
system as feedback was received from auditors. The revision
process demonstrates the main role the system played in the
study of inherent risk assessment; that is, to provide a
framework for representing and testing a complex model of
inherent risk assessment in 1its entirety as opposed to
testing specific pieces of the model 1in isolation. A
diagram of the final conceptual model is presented in Figure

3. This diagram shows the declarative knowiedge accessed by

Y - —————— s e
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the auditor, the processes used to evaluated this knowledge,
and the ordexr in which these processes are applied.
This section 1is broken 1into two parts, the first

describes the conceptual model in more detail. The second

'part discusses specific assertions about the inherent risk

assessment process made by the model and presents
theoretical and empirical evidence that supports those

assertions.
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3.4.1 DESCRIPTION OF THE CONCEPTUAL MODEL

The inherent risk assessment process is triggered when
the auditor establishes a goal to assess the potential
riskiness of a set of accounts for a given entity. The
auditor proceeds though each account in a normal general
ledger order, i.e. beginning with current assets and ending
with other income and expenses. The auditor assesses the
risk of each account in turn, but does so by taking into
account evidence that was noted or conclusions that were
drawn while reviewing previous accounts. Linkages between
accounts are based on normal economic activity associated
with business entities.

The auditor begins assessing 1inherent =risk for an
account by determining if there is any evidence to indicate
that an error may have been created. (S)he gathers this
evidence by evaluating qualitative, mechanical risk
factors11 that could create an error and by comparing
expected and actual account balances. These two processes

are independent in that the auditor is concerned about the

11For example, the system deals with the following
"qualitative, mechanical risk factors": changes in
calculation method, level of calculation complexity, changes
in the data processing system, degree of judgment involved
in valuation, history of error, general control environment,
level of personnel turnover (general or account specific),
reporting standard complexity, changes in reporting
standards, level of staff training, level of supervisicn
(general or account specific), theft potential, number of
different types of transactions involved in an account, and
volume of transaction activity involved in an account.
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results of each regardless of the results of the other.
That is, the auditor is concerned about the potential for
error in the account based on qualitative, mechanical
factors even though the account balance may not deviate from
an expected balance. Als&, the auditor is concerned about
deviations from expectations even thocugh there may not be
any qualitative factors present that could account for that
deviation.

The auditor uses knowledge of the relative errer
potentials of various gualitative factors; his/her
assessments of the level of those factors in a given case;
and knowledge of events that have occurred in a given case
to produce hypotheses about mechanical error potential. The
auvditor uses an internal model of the firm; historical
financial data and knowledge of events that have occurred to
generate expected account balances. These expected balances
are compared to the most recent actual account balances
available to the auditor and any significant differences are
noted.

Mechanical error potential is explained by the factors
involved, theizx error potential and assessed level.
However, an expectation failure merely represents evidence
of a potential problem without providing any explanation as
to the potential socurce of that prcblem. If an expectation
fails, the audltor knows only that the two numbers are
different. Therefore, if an expectation fails, the auditor

seeks additional information that wmight explain that
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failure. Since the problem is a lack of agreement between
two figures, it is important to remember that the source of
the problem could be related to elther one or both.
Therefore, the auditor looks £for evidence concerning <the
reliability of the expected balance and the actual balance
independently. The same knowledge used to create and test
expected balances is used in this analysis.

In Figure 3, the section labeled "Identify potential
sources of erroxr" refers to the follow-up investigation
performed by auditors on expectation failures. Within this
section, the processes that deal with prediction reliability
and historical data variability generate evidence concerning
the reliability of the expected balance. The process that
looks for missing events generates evidence concerning the
reliability of both expected and actual balances depending
on the nature of the potential missing event. The system's
knowledge base classifies events as either acceptable or
unacceptable. Acceptable events are 1legitimate business
practices while unacceptable events are either improper
management judgments or management fraud. Evidence that
indicates an acceptable event may have occurred supports a
hypothesis that the expected account balance is in error,
i.e. the expected balance is based on incomplete data and
should have reflected the event. Evideﬁce that indicates an
unacceptable event may have occurred supports a hypothesis
that the actual balances is in error since the event should

not have taken place.
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Once all the evidence concerning a given account has
been gathered, the auditor weighs the evidence that relates
to the expected balance versus the actual balance and comes
to some conclusions about the erxror potential in the actual
account balance. That is, evidence supporting an error in
the expected balance is offset against evidence supporting
an error in the actual balance in determining likelihood of
error in the actual balance. Once all. accounts have been
processed, the auditor will usually summarize his/her
analysis by identifying which accounts contain the greatest
error potential.

3.4.2 CONCEPTUAL MODEL ASSERTIOMS

This section presents £five major assertions underlying
the conceptual model and discusses theoretical and empirical
evidence that support those assertions. The empirical
support takes the form of selected excerpts from
transcripts. Although the discussion includes only a few
representative sampleslz, all of the transcripts contain
statements that support all of the assertions in the model.
The fact that the transcripts were taken £rom data
collection sessions that involved different firms, different

auditors at different 1levels of responsibility and in

12Because of client confidentiality agreements, only
small excerpts of transcripts that have been authorized by
the CPA firms involved can be presented here.
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different task settings provides strong support for the
model.

Assertiocn 1: Inherent risk assessments are generated on
an account by account basis.

The review of the professional and academic 1literature
emphasized that risk assessments are ultimately used to
develop specific testing plans for individual accounts. In
addition, the audit procedures of the two audit firms
participating in our study emphasized account 1level risk
assessment. One of the CPA firms used an optional form that
records auditors' assessments of inherent risk on an account
by account basis. The other firm was beginning to use a form
that tied account 1level risk assessment to the use of
specific audit procedures which address those risks. In
addition, there was strong evidence across all transcripts
that auditors ultimately boil risk assessment down to the
account level 1in oxder to be more precise in adjusting
their audit effort. For example, the following two quotes
deal with auditors' reactions to the working paper <that
required an account by account assessment or risk.

"I think it probably lays out on paper how one's

mind works. I probably think that way but I don't

need that working paper to help me think that way

because I already do."

*... which will take the financial statement

captions and try to isolate whether we think it's

high flow, low flow, medium flow, you know, what

type of risk we think is associated with it in

better attempt to design appropriate audit
approaches and I think I'd want to do that here.”

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



84

Assertion 2: Auditors generate expectations concerning
account balances and investigate balances that differ from
these expectations.

Thao
- Ad

3]

ole of expectaticns in auditing is referred to in
SAS 53 (AICPA, 1988a) which emphasizes the importance of
following up on conditions or circumstances that differ from
the auditor's expectations. The role and importance of
expectations and expectation failures has also been widely
discussed and studied in cognitive psychology. The genezal
conclusions that can be draw from this litexature is that
expecta%ions are generated by humans using mental models of
a pérticular domain (Norman, 1983 and Pennington & Hastie,
forthcomirg). These expectations are used to help build a
causal background which affects the significance of
subsequent observations (Einhorn & Hogarth, 1985). In
essence, these expectations direct the human attention and
help them distinguish important from unimportant
observations in the environment. Therefore, the importance
of an'expectation lies in 1its failure. Schank (1982 and
1986) points out that most of human learning comes from
attempting to explain expectation failures. The importance
of expectation failures derives from their relationship to
the underlying mental model that produced them. Expectation
fallures are indications of an inaccurate or incomplete
model. Much of human 1learning involves updating and
improving these mental models based on the analysis of

expectation failures.
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Mental models are very important tc human reasoning as
they form the basis a person's understanding of a given
domain (Stevens & Gentner, 1983). Although the concept of
"understanding" is not clearly defined, Schank (1586)
characterizes "understanding"” as the ability to explain
outcomes in a given domain. Consequently, humans devote
much of their réésoning resources to maintaining the
accuracy of these mental models.

To summarize, much of human reasoning can be
characterized as attempting to sort out significant from
insignificant observations from the environment.
Slgnificance i3 largely determined by expectations in that
observations that indicate an expectation failure also
indicate a problem with the human's model of a given domain.
The accuracy of the model is important because c¢c£f its use to
predict and diagnose activity within that domain (Einhorn &
Hogarth, 1981b).

The Iimportance and role of expectations has been
demonstrated in the KEKADA system (Kulkarni & Simon, 1988)
that models the scientific discovery process. This example
was selected because of the considerable similarity between
the scientific discovery task and the auditing task. Both
tasks involve generating hyéotheses about unknown
relationships or states of nature based on preexisting
knowledge and then testing those hypotheses by gathering
evidence. In the KEKADA system, expectation setters draw on

knowledge of previous experimental results to develop
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expectations about the outcomes of new experiments. Those
expectations are compare with the actual zresults and the
results of the comparisons a&are wused to alter hypothesis
weights and suggest pxeblems that . need further
experimentation. |

In the model presented here, expectation  £failures
fulfill a similar role. They help determipe the 1likelihood
of exror in a given account and focus the system’s reasoning
mechanisms on attempting to £find explanations £for the
expectation failure.

Tiie following quotes taken from one genérai planning
interview and one planning meeting provide empirical support
for the importance of expectations 1in inherent risk
assessment. Subjects in these interviews made several
references to having some notion of what they expected to
find in an audit. They appeared to have developed ranges
within which they expected given account balances to . fall.
These ranges may be imprecise and based on the expected
direction of change for the account as opposed a quantified
values.

General planning interview:

"So you almost have a preconceived notion of what

you are going to see and as long as you see that you

got the explanation ready for it so you don't have

to do much digging."

Specific client planning meeting:

Sl - "We, it just seems unusual with a high volume

company like this you think you would develop
percentages, you know, this seems like with the type
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ef business they woculd be in

y you could develop
reserve percentages but "

82 - "Actually, you would think so but their history
of write offs has not been, has not been
significant.”

Assertion 3: Auditors generate expectations based on
changes in events or circumstancas relative to prior years.

Unstructured general planning interviews as weil as
firm documents provide evidence that identifying changes
from the previous year is a critical part of initial audit
planning. Specific examples from structured interviews that
involved specific clients confirmed this observation. In all
cases, the main thrust of the auditor's initial data
gathering during audit planning was determining what had
changed from last year. The only exception is with 1large,
sophisticated clients where the auditor has a continuous
relationship with the <client and becomes aware of these
changes as they occur.

General planning meeting:

"So what I end up doing is concentrating on what's
different or unique about - -this year versus last
year. That's where you get intc what's changed.*®
Specific client plianning meeting:

Normally [XY¥Z, Co.] is so simple when you think
about it, debt, totally financing inventory and
receivables with very little investment and fixed
assets that I would have just honed in on inventory
and accounts receivable, compared it to last year's
audit report which we have, which I brought into the
meeting and I would have said, 'well, is it level,

went up or did it go down.” Receivables up or down.'
That type of thing."
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Assertion 4: Management’s incentives and abilitiass to
manipulate account balances are of special importance in
assessing inherent risk.

Bvidence on the issue of the importance of management
incentives in choosing accounting methods appears in
theoretical and empirical research in accounting. In a
summary of this research, Watts and Zimmerman (1986)
conclude that accounting method choices can be driven by the
existence of bonus plans, bond covenants and public
pressures that affect management's incentives to report
certain financial and operating results. The transcripts of
both structured and unstructured settings provide ample
evidence that management incentives were a key consideration
in evaluating inherent risk. In addition, accounts that
are subject to management judgment (e.g., the allowances for
doubtful accounts and obsolete inventories) ‘were almost
always considered more risky.

"Why, when someone says to me, 'what 1s the inherent

risk on the engagement?', I first think of people.

That's what I do. And the strength ¢f management and

the ability of management to override what ever the

systems create or to influence whatever the systems

create, dramatically so."

"... a sophisticated, multinational organization

that's well controlled and has very formal budgetary

and planning controls in it's normal reporting, I

think the thing that you've got to, the key factor

is what is the likelihood of management overriding

those controls. ... The way company management is

compensated comes into play because, to the extent

that even financial management is rewarded based on

the achieved level of reported results, it creates

an incentive to make those reported results reach
the target levels."

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



89

Assertion S: To be useful, inherent risk assessments should
provide an analysis of why & given account is risky rather
than merely a quantitative estimate of risk.

Support for this assertion in the preofessicnal and
academic literatures was summarized in Section 2.2.3.3.
That summary indicated that to be useful in altering audit
testing plans, an inherent risk assessment needs to contain
more information than just a point estimate of the level of
risk involved in a given account. Several gquotes in the
transcripts demonstrated the complexity of inherent =risk
assessment and the importance of interrelationships between
accounts. while dquantitative estimates may reflect an
auditor's overall feeling about an account, they do not
indicate why the account is risky or what aspects of the
account contribute to its riskiness. The transcripts
contain several examples of auditors making this basic
point. In order to be actionable, an inherent «risk
assessment needs to indicate why a particular acccunt is
risky in a specific audit context.

"We look for interrelationships. We look to see if

sales are down, you would expect receivables to be

down. If sales arxe up and you see that receivables

are down, you might ask yourself, 'Has he done a

better job in collecting the accounts? Did he offer

a special discount program?' And if sales are up

and receivables are down, has he invested the money

in inventory or is he holding it in cash. You know,

are all those things consistent?"

"So what's so critical about it and why. In not

very general terms but very specific terms. oOut of

this one hundred million dollar balance what piece

am I really concerned about. Okay, there's probably

five million out of that one hundred million that
I'm really concerned about but how to I get there?"
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Apart from supporting the specific assertions of the
model, the transcripts also provide support for the overall
model. The following quote provides a description of the
overall process.

"I think the process yonu go through to obtain that

knowledge really is to gain an undezstanding of the

client's business, an anderstanding of the client,

an understanding of how the fluctuations in the

economy might affect a client's business. You

compare the client's business to other businesses in

the same industry to see if they are having

consistent operating results and if not if there are

logical reasons for it and if they are having

consistent operating results if that is what you

expected. I mean you develop expectations in your

mind of what you expect to see and to the extent

results donft conform to that yet. You begin asking

questions and then you obtain the knowledge."

The evidence found in the transcripts to support the
conceptual model is further strengthened by the existence of
supporting evidence from other researchers. Bouwman (1978 &
1983) £found evidence that £financial arnalysts used an
internal model of the firm to drive their expectations and
analysis. 1In addition, the model presented here is closely
related to a simlilar model of auditing inferred by Jchnson
et. al. (forthcoming) in their analysis of auditors' fraud
and error detection. The fact that they have had similar
results using significantly different methods and subjects

adds considerably to the validity of the conceptual model.
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CHAPTER 4
SYSTEM OVERVIEW
4.1 PURPOSE OF SYSTEM DEVELOPMENT

The computer system developed in this research project
is a computational model of inherent risk evaluation during
audit planning. Computational modeling served several
purposes in this_study. First, computers are a natural
modeling medium for complex judgment tasks. Since both
humans and computers are information processing systems,
using a computer to model a human decision making processes
and behavior provided a natural match of medeling technology
-to phenomenon being modeled (Newell & Simon, 1972, Newell &
Simon, 1978).

Second, the system was used as a concrete referent to
solicit more detailed knowledge of inherent risk evaluation
from auditors. The solicitation process involved building a
prototype system that made 1initial, naive assunptions
concerning the nature of knowledge representation and
processing mechanisms and then refining those assumptions as
subjects critiqped the system's behavior. This process lead
to revisions of both the prototype system and the underlying
conceptual model of the ﬁudgment behavior. For example,
auditors' reactions to the initial system led to a change in

the basic flow of both the system and the conceptual model.
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" The first conceptual model developed was strongly
expectation driven 1in that only those accounts that had
unexpected values were assumed to be analyzed by aqditors.
When auditors critiqued the first prototype system, they
commented that there were other qualitative factors that
could create errors in accounts and therefore affect
inherent risk assessment even if the balance was not out of
line with expectations. Further discussions with auditors
lead to conceptual and computational models that were
checkliist driven in a manner that insured every account was
reviewed. Several auditing researchers have used
auditor/computer-model interactions to build a detailed
understanding of a given Judgment task {(¢c.f. Gal, 1985;
Meservy, 1985; Mesexvy, et. al., 1986; shpilberg & Graham,
1986 and Steinbart, 1987).

Finally, the use of computer programs forced the model
development process to be more rigorous. Computer programs
need to be precisely specified in order to  produce
reasonable behavior. For example, the conceptual model
provides only vague, general guidance on how auditors
select, evaluate and combine various £factors or cues in
making inherent 1risk assessment. The conceptual model
identifies cue classes (e.g. observed changes, historical
financial data, incentives) but does not specify how
individual cues within these classes are identified as
relevant to a specific case, evaluated in terms of their

impact on inherent risk and combined with other cues to form
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a risk assessment. In order to produce reasonable inherent
risk assessments, the system must deal with each of thess
issues in a precise way.

4.2 DESCRIPTICN OF THE SYSTEM

A computer system can be described at several different
levels of abstraction. Newell (1982) presents four main
levels that can be used to describe such models: deQice,
circuit, program and knowledge. At the knowledge 1level, the
model is viewed as an agent which is composed of a set of
goals, a2 set of actions and a body. The agent is viewed as
processing knowledge to select actions to achieve goals.
Actions are synonymous with the concept of operators
discussed in Newell and Simon (1972) and are responsible for
affecting the agent's external environment or changing the
agent's state of knowledge. The following discussion
presents the system as an information processing model
(Newell & Simon, 1972) at the knowledge 1level. (More
details of the system's architecture are discussed in
Chapter 6.) Such a presentation requires specification of
the goals and actions used by the agent to solve the problem
under study {(Card, et. al., 1980, Newell, 1982).

Figure 4 presents an overview 1in a flowchart format of
the goals 1involved in inherent risk assessment and the
actions used to achieve those goals. The levels of subgoals
are indicated with a number preceding each goal statement.
The lower the number, the higher the level of the goal.

The actions anéd decisions involved in goal attainment are
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expressed as processes and conditional statements wusing
standard flowchart symbols. These goals, actions and
decisions constitute the system's procedural knowledge or
knowledge of how to access, manipulate and draw inferences
from declarative knowledge in order to achieve goals. The
system's declarative knowledge is made up of facts zabout
components of businesses, interrelationships between those
components and effects economic events have on those
components.

The distinction between procedural and declarative
knowledge is common in cognitive psychology (c.f. Anderson,
1980 and Anderson, 1983). Psychologists have also found it
useful to further decompose declarative knowledge into
semantic and episodic components (Loftus & Loftus, 1976 and
Norman; 187s6). Serzntic memory contains facts and
attributes involving stimuli and episodic memory contéins
records of experiences and events. The system's declarative
knowledge base contain components that parallel these
classes of memory structures.

A general description of each of the system's procedural
and declarative knowledge bases will be presented next. A
detalled discussion of a trace of the system's behavior. is

included in the next chapter.
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4.2.1 PROCEDURAL KNDNLEDGE

The top 1level goal of the system is to assess the
relative risks for various accounts in the firm's £financial
statements. The system accomplishes this goal by first
assessing the risk of individual accounts and then ranking
the relative risks of each account. 1In order to insure that
every account is included in the analysis, the system 1looks
at each account for which it has current financial gata 1in
standard general ledger order (i.e. begins with current
assets and works through assets, 1ilabilities, eguity,
revenues and expenses).

Account level risk assessment proceeds through three
main steps or subgoals. First the system evaluates the
potential for mechanical error in the account balance based
on qualitative evidence. Second, the system 1looks for
evidence that an error exists in the account balance by
generating an expected balance for the account and comparing
the actual balance to the expected balance. 1If there is a
significant difference between expected and actual balances,
the system 1looks for reasons for the difference. The
reasons fall into two classes: 1reasons why the expected
balance may be unreliable and reasons why the actual balance
may be in error. Expected balances can be unxeliable
because they were generated using historical financial data
that contains too nmnuch variation to form reliable
predictions; they were based on user supplied predictions

that are wunreliable; and/or there 1is data relevant to
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generating a reliable expected balance that 1is missing.
Actual balances may be wrong due to mechanical errors or
unacceptable, intentional acts by the firm's management to
alter the balance.

Finally, the system combines the evidence to produce an
analysis of the potential for error 1in both the actual
balance and the expected balance. A weight that represents
the likelihood of error in the actual balance is caiculated
and assigned to the analysis.’ The weight is the difference
between the strength of evidence supporting the possibility
of an error in the actual balance less the strength of the
evidence supporting an the possibility of an error in the
expected balance.

The order in which the first two steps (mechanical error
assessment and expected/actual balance comparison) are
performed is arbitrary because these steps are independent
of each other. Assessment cof mechanical error potential is
based on gualitative factors and is performed regardless of
whether there 1is a mismatch between expected and actual
account balances. Although this evicdence is relevant to
determining the 1likelihood that the actual balance is in
error given a difference between expected and actual
balances, this reiationship is not made until the system
pulls all the evidence together and produces its analysis.
The following discussion presents a description of each of
the three main steps the system uses to assess account level

inherent risk.
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4.2.1i.1 MECHANICAL ERROR POTENTIAL

For each account, the system determines if there is any
gualitative evidence that a mechanical error might have
occurred in the account balance. This evidence is supplied
by the user in the form of assessments of various factors
that affect the potential for mistakes (See 4.2.2.2 for a
description of assessments). Examples of these assessments
might include significant errors in 1last year's account
balance or a strong internal control environment. If the
net weight of the evidence contained in the assessments is
positive, the system wiil create an hypothesis that there is
an erxror in the account balance (See 4.2.2.3 for a
description of hypotheses).

The system contains decision rules that evaluate whether
a given assessment implies an increased or decreased risk of
error and the relative magnitude of the assessment's effect
on error potential. Magnitudes are selected from a limited
set of values (-1, -.5, 0 .5, 1, 2). These values indicate
the support a given assessment gives to the hypothesis that
there is an error in the current balance of an account.
Negative values indicate a decreased risk of error in the
actual balance. In general, assessments that affect a
specific account are weighted four times as heavily as
assessments concerning the firm as a whole when considering
error potential for that account. Also, asseésments that
reflect an increase in error potential are weighted twice as

strongly as those that reflect a decrease.
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These weighting rules reflect several asserticns about
how auditors weight and combine cues. First, auditors
believe factors directly related to an account are more
important in determining risk for that account than factors
that are general to the firm. Second, auditors are
naturally conservative and are more concerned about evidence
of potential exror than evidence that errors do not exist.
Traditicnally, this conservatism has been based on cost
considerations. 1If auditors increase audit effort due to
suspicions of potential errors in an account balance and the
errors do not exist, the expected cost of the increased
audit effort 1is less than not increasing-audit effort when
material errors do exist and ending up being sued for
negligence (Arens & Loebbecke, 1988). The decision to use a
weighting scheme that weights specific evidence four times
higher that general evidence and evidence supporting an
error in the actual balance twice as high as evidence not
supporting an error was arbitrary.

Finally, auditors use a simple addition rule to combine
cues. The decision to base cue combination on a simple
linear model was supported by human judgment research that
indicates such simple linear models have high predictive
ability (Abdel-khalik & El-Sheshai, 1980 and Dawes &
Corrigan, 1974) and that people tend to predict the
likelihood of events based on the number of supporting
reascns they can think of (Hoch, 1984 and Tversky &

Kahneman, 13973).
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4.2.1.2 QUANTITATIVE EVIDENCE OF POTENTIAL ACCOUNT ERROR

The system looks for evidence that there is an error in
the current balance of an account by comparing the current
balance to an expected balance. If the system £inds a
significant difference in these two values, it makes a note
of an expectation failure and 1looks for reasons that would
help explain the difference (See 4.2.2.3 for a description
of expectation failures).
4.2.1.2.1 EXPECTED VERSUS ACTUAL BALANCE COMPARISON

There are several main issues involved in the generation
of expected balances and the comparison of those values to
the current balance: 1) generating the expected balance, 2)
normalizing the current or expected balances and 3)
determining the magnitude of the acceptable difference
between the expected and actuwal balance (i.e. defining
"significant").
4.2.1.2.1.1 GENERATION OF ZXPECTED BALANCES

Expected balances are generated based on historical
financial data and specific case data entered by the user.
Two methods are used to generate an initial expected balance
based on historical financial data. The selection of the
method is based on the nature of the economic activity that
determines the account balance and the nature of changes to
the account balance. For accounts whose balances are based
on infrequent, large transactions and change in an irregular
fashion, the initial expected balance is the prior vyear's

ending balance. For accounts whose balances are based on a
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large set of frequently recurring transactions and change in
regular patterns, the initial expected balance is based on a
forecasting algorithm that uses whatever historical data are
available (normally at least 3 years).

The distinction between accounts based on recurring and
nonrecurring activity was included in the system because of
one subject's reaction to the behavior of an earliex
prototype system. The earlier system used a forecasting
algorithm to generate expected balances for all accounts.
The subject felt that he would be concerned about larxge
changes from prior year's balances in certain accounts (e.g.
treasury stock) regardless of historical trends because some
accounts don't change much unless there is significant new
activity In them and any such activity desexves auditor
attention.

The forecasting algorithm currently employed by the
system is a double exponential smoothing algorithm with an
alpha of .95. Thils algorithm was selected because it places
a heavier weight on more recent data and adjusts its
forecast for prior erxrors in predictions. The ability to
reflect prediction error in the forecast is useful because
most audits are of continuing clients wherxe the auditor has
2.sense of historical performance. The double exponential
smoothing algorithm also compared quite well to published
empirical evidence on auditors' forecasts (Biggs & Wwild,
1985). The Biggs and Wild data were run through the

forecasting algorithm with different alpha values and the
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alpha value that produced patterns of £forecasts that most
closely matched Biggs and Wild's subjects' performance was
selected.

The final step in generating the expected balance is to
merge any case specific predictions that affect the account
with the initial expected balance generated from historical
financial data. These speciflc predictions can be either a
direct prediction entered by the user that an account
balance should change or an implied prediction based on the
fact that a specific event occurred. For example, the user
could indicate that the property account balance should
increase because the client Jjust bought a new bullding or
the user could indicate that an equipment purchase event had
occurred and the system would 1infer an increase in the
property account. 1In the first case, the'user is making a
direct prediction concerning an account balance and in the
second the wuser is making a statement that a particular
event occurred and the system 1is inferring from the
cccurrence of that event that a change should occur in one
or more account balances.

The direct prediction mechanism is 1left over from
earlier prototypes of the system that did not have the
capacity to deal with events (Dhar, et. al., 1988). The
direct predictions mechanism 1is currently used in cases
where the system Goes not yet have the capacity to properly
deal with an event that is relevant to a specific case. The

main class of events currently excluded £from the system's
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knowledge base are those that involve precise, quantitative
effects on accounts (e.g. changes in interest expense due to
fluctuations in the prime rate). -
4.2.1.2.1.2 NORMALIZATION OF BALANCES

The‘need to normalize current and expected balances
occurs because the current balance is £fregquently based on
less that a full year's activity. Normalization is based on
guarterly increments because quarterly data are usually
available to the auditor. The system annualizes part year
revenue and expense account balances using prior year's
quarterly data 1if it 1s available or by assigning equal
weights to each quarter represented in the account balance
if prior quarterly data is unavailable. Expected balances
for balance sheet accounts (i.e. asset, 1liability and
equity) need to be adiusted if they are based on the
forecasting algorithm because that algorithm assumes it is
predicting a wvalue that 1is a fixed period 1in the future
{l.e. one year). Therefore, when predicting part year
balances for balance sheet accounts the system adjusts the
predicted amount to reflect the number of guarters
represented by the current year's balance.
4.2.1.2.1.3 COMPARISON OF BALANCES

Finally, the system compares the normalized expected and
actual balances to see if they differ by more than a
significant amount. Significance is determined in two ways
depending on whether the expected balance is based on the

prior year's balance or a forecast of historic data. For

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



105

accounts whose expected value is. based on the prior year's
balance, the system uses a user set materiality criterion to
determine significance. This approach reflects subjects’
comments discussed earlier that £for accounts that change
infrequently, any. material change from the prior year is
worthy of auditor scrutiny.

For accounts whose expected value is based on the
forecasting algorithm, the system considers the 1level of
forecasting error experienced in building the expected value
and a default percentage to determine significance. The
system uses the default percentage as a minimum level of
acceptable difference. It then calculates a second
percentage based on the average prediction error experienced
by the forecasting algorithm in generating the expected
balance. If the calculated percentage is greater than the
default percentage but less that £five times the default
percentage, the system uses the calculated percentage,
Otherwise is wuses either <the default percentage or five
times the default percentage depending on the size of the
second percentage. See Figure 5 <£for a summary of this
decision rule.

Selection of the default percentage and the nmultiplier
five 1involved 1in these decision rules was arbitrary.
However, an attempt wvas made to reflect the £following
observafions: 1) subjects had some minimum difference that
they considered insignificant, 2) above that minimum

difference, they took into consideration the variability of
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historical data, 3) there was a point where a difference
became significant regardless of the variability of the

historic data.

Condition Value Used
FP < DP DP
FP > vP
and
FP < 5 * DP FP
FP > 5 * DPp 5 * DP

Where: FP = percentage based on forecasting
algorithm

PP = default percentage

FIGURE § Expectation Failure Decision Rule

In addition to these considerations, auditors also
occasionally condition their concern for a differeﬁce
between expected and actual balances based on the level of
substantive audit testing they expect to perform on the
account. This observation 1is based on one subject's
comments as to why he was concerned about some differences
and not others. The subject pointed out that some accounts
are substantively tested regardless of any other evidence
they may turn up and those tests will locate any problems in
the account balance. For example, there are wusually =&
relatively small set of notes payable to banks which are
normally all confirmed with the banks as part of substantive

testing procedures. The subjects would not be too concerned
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about encountering fairly.large fluctuations in this account
balance during audit planning since they know each item in
the balance will be thoroughly tested as a normal part of
the audit. The system incorporates a decision rule that
reflects this conditioning process. Once the system has
decided on a significance 1level using the decision rules
described in Figqure 5, it applies énother set of decision
rules to adjust the significance 1level for the amount of
substantive tesfing normally done on the account balance.
If the amount of substantive testing is high, the level |is
increased.

The system's use of a percentage of actual value ¢to
calculate significant differences is based on f£indings in
audit research that significance judgments of this type
reflect Weber's Law. Weber's Law suagests that a just
noticeable difference is a constant ratio of the standard on
which it is established (Dickaut & Eggleton, 1975 and Rose
et. al., 19790). Enhancements to this simple approach were
added to better reflect the subject's comments referred to
above.
4.2.1.2.2 EXPLANATION OF EXPECTED/ACTUAL DIFFERENCES

If there 1is a significant difference between the
system's expected balance and the actual account balance,
the system tries to 1identify potential sources £for this
difference. These sources could be due to either errors 1in
developing the expected balance or errors in the actual

balances. The system looks for potential errors in the
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expected balance in three ways: 1) for accounts whose
expected balances are based on the forecasting algorithm, by
calculating a statistic that reflects the magnitude of the
forecasting exrror experienced 1in developing the expected
balance, 2) for accounts whose expected balances are also
based on predictions, by assessing the reliability of those
predictions and 3) by looking for acceptable events that may
have occurred which would explain the expected/actual
difference. The system assesses the potential for erxors in
actual balances by looking for unacceptable events that may
have occurred.

The system assesses the possibility of an error in the
predictions used in calculating an expected balance by first
determining if a change in a prediction would eliminate the
expected/actual difference it is currently analyzing. 1If it
would, the system applies some decision rulies to the
confidence level that is associated with the prediction to
arrive at the likelihood that the prediction is in error.

The system searches an event network looking for events
that would explain the expected/actual difference by
locating events which match a pattern of financial data (See
4.2.2 for a description of the event network). A T"pattern
of data¥ reflects the fact that events affect more than one
account. Subjects indicated that they dc¢ not spend much
time concerning themselves with this type of reasoning
during planning since they will be gathering more data

during field testing. However, they would recognize the
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possibility that the océurrence of some major, infrequently
occurring event might explain a pattern of data and
specifically ask the client about it.

The system uses a relatively simple set of decision
rules that first screen out all events that occur frequently
(e.g. cash sales) and then checks the pattern of account
balance changes suggested by the event against the financial
data to see if they match. If the data match, a distinction
is made between events that are classified as acceptable and
those that are not. All events in the systems event network
are classified as whether they would be acceptable to the
auditor (e.g. cash sale event) or unacceptable (e.g.
predating of invoices). If a difference between an expected
and actual account balance 1is due to the occurrence of an
acceptable event, this represénts an error in the
expectation generation process for failing to consider the
event. If the difference is due to the occurrence of an
unacceptable event, this reflects a problem in the account
balance since the event should not have occurred.
Therefore, the possible occurrence of an acceptable event is
used to add support the possibility of error in expected
balances and the possible occurrence of an unacceptable
event adds to the support for actual balance errors. The
system takes into consideration incentives management might
have to affect event occurrences and the latitude they might
have to influence events in determining the magnitude of

support to add to a given hypothesis.
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4.2.1.3 SUMMARIZE FINDINGS FOR AN ACCOUNT

The system concludes its analysis of an account by
combining evidence of errors in the actual and expected
balances for an account. It generates two hypotheses, one
that asserts the actual balance 1is in error and one that
asserts the expected balance is in error. It prints out a
paragraph that summarizes the evidence for both hypotheses.
4:.2.1.4 DEALING WITH ACCOUNT RELATIONSHIPS

The above description implies that each account |is
processed in turn with no digressions. The system
recognizes that some accounts have strong relationships <o
other accounts and that their balances should reflect those
relationships; for example, inventory balances are usually
closely related to sales 1levels. These relationships are
referred to as compiled causal relationships in the firm
model (see 4.2.2.1.2). The system will not conclude its
analysis of an account until all other ciosely related
accounts have been analyzed to the point of identifying
potential sources of error 1in those related accounts. The
system contains internal goal setting mechanisms that allow
it to defer activities until certain conditicons have been
met. Once the related account has been analyzed, the system
will anaiyze the relationship between the accounts to see if
it is following an expected pattern of behavior and if it is
not, generate a new expected balance £for the accounts
involved based on their relationship. For example, if

accounts receivable as a per cent of sales changes more than
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expected, the system will determine what - the receivable
account balance should be in order to bring receivables as a
per cent of sales back into line.

Furthermore, the system recognizes that there are more
subtle relationships between accounts; for example, accounts
payable balances are related to inventory balances because
they share a common cutoff procedure. These relationships
are referred to as causal in the firm model (see.4.2.2.1.2).
Since there are many of these more subtle relationships, the
system does not check them in detexmining whéther to defer
concluding its analysis of a given account. However, once
the analysis of an account is concluded and 1if there |is
evidence of an error in the actual bzlance in the account,
the system will check these more subtle relationships to see

-1f any other account is affected by that error and, if that
second account has already been analyzed, it will "reanalyze
the account based on this new evidence.

The distinction between what constitutes a strong
relationship and what constitutes a more subtle relationship
is somewhat arbitrary. The current distinctions used by the
system were based on comments by the subjects in this
research »nroject.

These alterations in the systematic or checklist based
flow of control of the system reflect two strategies used in
artificial intelligence to deal with uncertainty, decision
deferral (Stefik, 198l1) and data dependent backtracking

(Stallman & Sussman, 1977). The choice of strategies is
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based on how often conclusions may have to Dbe modified.
Frequent alteration of an analysis of one account based on
the analysis of another account would be expected for strong
relationships and therefore the system employs decision
deferral for strong relationships. Less frequent
alterations are expected £for more subtleA relationships;
therefore the system does not defer processing in these
cases.
4.2.2 DECLARATIVE KNOWLEDGE

The declarative knowledge base contains three main
classes of information: generai, Case specific and
temporary. The general knowledge consists of édata
structures that make up a model of a typical firm. The case
specific data consists of historical financial data and user
entered observations specific to a given firm. The
temporary knowledge consists of inferences that are
developed as the system proceeds with its analysis.
4.2.2.1 GENERAL KNOWLEDGE

The general knowledge base contains twe main classes of
data: financial relationships involving economic objects
and events that affect economic objects. These twe classes
represent the system's semantic and episcdic memories
respectively (Loftus & Loftus, 1976 and Noxman, 1976) and
combine to form a model of a typical firm. This firm model
Is the kind of 1intuitive causal model that as Libby and
Lewis (1982) observe, appears to drive many decision making

strategies studied in behavioral accounting research. The
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use of such a firm model was £first employed by Bouwman
(1978, 1983) in building a computer program that simulated a
financial analyst screening potential investment
opportunities. Selfridge et, al. (1986) also employed a
firm model in their GC-X system that simulates auditors'
;0ing concern evaluation Judgments. The use of a firm model
is an example of a more general class of model based
reasoning techniques referred to 1in the artificial
intelligence literature as qualitative reasoning methods
(Hart et. al., 1986). The following discussion expands on
the reasons behind the use o0of such domain models and
compares the system's model to the Bouwman's (1578) and
GC-X's (Selfridge et. al., 1986) models.
4.2.2.1.1 SUPPORT FOR THE USE OF A FIRM MODEL

A firm model is an instance of a more general class of
domain models that have been discussed extensively in the
psychology and artificial intelligence literatures. Domain
models reflect the associational structure of human memory.
In general, human memory contains a complex network of
relationships between concepts and objects (Anderson, 13890
and Anderson, 1983). Much of this knowledge is based on the
day to day events that humans experience (Newell; 1979 and
Schank, 1982). Different researchers have attached
different names to the groups of related associations that
form domain models. Terms that have been used include
"scripts" (Abelson, 1976 & Schank & Abelson, 1977), "frames"

(Minsky, 1977), and “"schemata" (Bobrow & Norman, 1975).
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Birnberg and Sshields (1984), Gibbins (1984) and Waller and
Felix (1984) discuss these memory structures and how they
relate to accounting and auditing decisions. The central
theme of their discussions 1is that associational knowledge
which is derived from a human's day to day experiences is
stored in related clusters of associations. These clusters
can form domain models which can be used to facilitate
prediction, explanation and causal reasoning.

Additional empirical support £for the assertion that
human beings wuse domain models for a 1large class of
reasoning process has come from a variety of sources.
Bouwman (1978) reviews the use of these models for a variety
of diagnostic tasks. A specific example from medical
diagnosis 1is ~ the INTERNIST/CADUCEUS project (Pople, 1982)
and from business planning is the PLANET system (Dhar,
1984). 1In addition, there is a growing group within the
artificial intelligence community that are looking at model
based reasoning metheods in the hopes of better capturing the
human's common sense reasoning capabilities (see the special
issue of Artificial Intelligence, December, 1984 and Dhar &
Pople, ;987 for an overview of the £ield).

Empirical support for the use of firm models in
accounting and auditing judgment tasks has come from three
main research projects: Bouwman (1987, 1983), Selfridge et.
al. (1986) and this research. Bouwman inferred the use of a
firm model based on the concept of minimally required

knowledge to explain the =reasoning behavior of £financial
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analysts performing screening activities. A similar line of
reasoning was used by Selfridge et. al. to explain the
causal reasoning exhibited by their subjects. In this
research, subjects frequently refer to how various changes
in a firm and its environment <effect account balances and
the risk of errcr associated with account balances (see
appendix A for a 1list of factors noted by auditors during
data gathering sessions for this research). The concept of
minimally required knowledge implies that the auditors must
have knowledge of linkages between environmental factors and
account balances. The number and ricnness of these linkages
implies that the subjects were using some comprehensive
model of a firm.

4.2.2.1.2 COMPOSITION ©F A FIRM MODEL.

Domain models are used by humans to predict and explain
the behavior of a given physical system (de Kleer & Brown,
1984). In order to achieve these goals, the model
specification should meet three criteria: compositionality,
locality and functionality (Bocbrow, 1984). Compositionality
requires that the behavior of a model {i.e. changes in
components) must be derivable from the nature of the
components and their interrelationships. Leocality requires
that etffects must propagate locally, through shared
connections which represent causal relationships.
Functionality requires that the model reflect the modeled
system's function and that components which are functionally

equivalent be interchangeable in the model. Specification
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of domain models involves making clear two ontological
assumptions used in the model design: the nature of the
components in the model and the nature of the <relationships
between those components (Bobrow, 1984).

The following description of the system's internal model
of the firm presents details of the model's components and
the interrelationship between those components, compares
those components and interrelationships to Bouwman's (1978)
and GC-X's (Selfridge, et. al., 1986) and indicates how the
design of the model meets the three criteria specified by
Bobrow.

The system's internal firm model 1s made up of several
classes of components: accounts, account totals and
subtotals, financial 1indicators (e.g. ratios) and other
quantifiable business concepts (e.g. market demand, market
share, labor hours). These componrnents are very similar to
the component's in Bouwman's (1987)13 model and the GC-X's
(Selfridge, et. al., 1986) Financial Reasoning Network. A
set of descriptive information 1is associated with each
component in the system's model. This information includes

such things as the nature of the component (account, total,

13Bouwman distinguishes between an internal model of a
firm and a dictionary. The nature of the components and the
interrelationships in both are similar to the components and
their interrelatlionships in the system reported here. His
distinction appears to be irrelevant to the fundamental
nature of a qualitative model and so will not be referred to
in this discussion.
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etc.), whether the account, subtotal, or total is an asset,
liability, equity, revenue or expense, and the extent of the
substantive audit effort normally associated with the
account. This descriptive information 1is represented in a
hierarchy and 1is similar to the object knowledge base
included in the GC-X systemn.

The model includes three types of relationships between
model components: calculational, causal and compiled -
causal. The calculaticnal relationships are represented as
formulas and indicate how the value of one component can be
calculated from the values of a group of other components.
The values that can be calculated include qualitative (i.e.
increase, decrease, no change), absolute quantitative (e.qg.
a balance 1in a given account) and ?elative guantitative
(e.g. the percentage chénge an account balagzé)ﬂ Refétive
quantitative values are the gqguantitative counterpart to the
qualitative values and are calculated whenever the system
has precise data. 1If some of theA data is qualitative, it
converts all wvalues to gualitative and calculates a
gualitative result.' Both Bouwman's model and the GC-X model

only propagate qualitative valuesl4. An example of

4
l‘The dictionary relationships in Bouwman's model were

capable of propagating absolute quantitative values but
these were converted to qualitative values when they were
passed into the firm model. In addition, Bouwman's model
could propagate value judgments (e.g. too high, too low).
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calculational relationships is shown by the model segment

presented in Figure 6.
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Figure 6 Example of Calculational Relationships
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Causal relationships reflect the fact that model
components are affected by economic events. These events
are linked together in causal chains. Causal relationships
can be of three types: enabling, causal and blocking.
These relationships are represented as causal chains between
an event network and the components of the firm model.
Typically, a value change 1in a compcnent 1is related to an
event. These relationships are two way. That is, 1if a
value change in an account enables an event to take place,
the event 1is said to be enabled by the value change.
Enabling relationships represent necessary conditions in
that they must occur before the resulting event or state
change can occur. Causal relationships represent sufficient
conditions in that 1f they occur the resulting value change
or event will occur. Blocking relationships represent
funless" conditions in that they can prevent causal or
enabling relationships from being effective. Such causal
relationships are explicitly included in the GC-X model in
the form of an event network and implicitly included in the
direction of the relationships of Bouwman's model.

The selection of these three classes of causal
relationships was based on Schank's work (Schank, 1875 and
Schank, 1980). The system's event network does not include
"initiates" and "reasons" causal 1links discussed by Schank
because these deal with mental‘ acts and the system's

knowledge base does not include information on mental acts.

The system’s event network includes blocking causal 1links
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not mention by Schank because subjects periodically referred
to the ability of wvalue changes and events to block other
events and value changes. These causal links are comparable
to those used by the GC-X system. The GC-X system employs a
much larger set but the additional links relate to reasoning
about goals and needs which appear to be necessary in
evaluating management plans as GC-X does but do not appear
to be necessary in modeling auditor's inherent risk
evaluations. An example of causal relationships is

presented in the firm model segment show in Figure 7.
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The third class of relationships included in the system
are compiled causal relationships. These types of
relationships are not found in Bouwm2n's or GC-X's internal
firm model. They are very similar to the planning 1links
used in the CADUCEUS medical diagnostic system (Pople,
1882). The main purpose of these links 1is to facilitate
more rapid inference development by the system. They
reflect the effect o0f a causal chain between two model
components. For example, one such relationship included in
the system is the fact that accounts receivable and sales
balances tend to move together. This relationship is based
on a causal chain that reflects the effect of a sale event
on an accounts receivable accrual event. The system will
use the compiled causal relationship to look for potential
problems and then refer to the underlying causal chain if it
requires more detailed information.

The system's firm model meets the criteria discussed by
Bobrow (1984). It is compositicnal because the behavior of
any one component of the model is strictly determinable by
the behavior of other components, local because the effects

15

are based on specified causal relationships and functional

15The desirability of explicitly stating causal

relationships in a manner similar to that used by the system
has been debated extensively in the artificial intelligence
literature (See Iwasaki & Simon, 1986a &d 1986b and de Kleer
& Brown, 1986). Although the Iwasaki and Simon approach is
based on a more developed formalism from economics, the

(Footnote Continued)
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because the behavior of the model maps on well to the
behavior of a normal business enterprise.
4.2.2.2 CASE SPECIFIC KNOWLEDGE

The case specific knowledge 1is the information entered‘
into the system by the user prior to processing a case. It
contains the information the user feels is relevant to the
description of a given case. §8Six classes of information are
accepted by the system: event occurrences, assessments,
financial data, general background data, incentives and
predictions.

Event occurrences are observations by the user that one
or more of the events in the system's event network have
occurred during the audit period. Entering event data intc

the system involves indicating which event has occurred and

. supplying relevant parameters for that event. For example,'

if the wusexr was aware that the FASB had issued a
pronouncement that affected how the audited firm would have
to report certain pension liabilitigg and expenses, the user
would indicate to the system that a reporting standard
change event had occurred and the system would prompt the
user to indicate which accounts, classes of accounts or

transactions were affected and the expected direction of the

(Footnote Continued)

causal relationships in that formalism are implicit in that
they are embodied in sets of simultaneous equations and
therefore use of the Iwasaki and Simon approach would make
explanation more difficult.
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effect (i.e. whether the change would generally increase,
decrease or not affect +the balance in the accounts, all
other things being equal).

Assessments are evaluations the user has - made of key
factors affecting the audited firm. Assessments are entered
by indicating which account or class of accounts is affected
(if any), what factor is being assessed and the level of
assessment. The factor name allows the system to link the
assessment information to decision rules associated with
that factor (See 4.2.1.1 for a discussion of how the system
applies this information). For example, the user might
indicate that the audited firm's general control environment
was strong and/or that there had been a significant history
of error in the caiculation of units in inventory in the
past. The system can evaluate the impact of a large subset
of the factors mentioned by subjects during the system
development stage of this research (See Appendix A for a
list of those factors).

The financial data used by the system consists of
whatever historical financial information is provided by the
user. The information is not entered directly but provided
to the system in a standard AsSCII file. The system's
internal firm model is flexible enough to recognize a
variety of different, commonly used account names and
classes of information (i.e. quarterly, annual, budget) and
adjusts its reasoning to f£it the data provided. The system

uses this information primarily to help generate expected
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balances and compare those expected balances t» actual
balances.

The general background data used by the system is
currently fairly limited. This information consists of the
number of quarters covered by current period financial data
and by the audit period ard the nature of the audited firm's
ownership (e.g. publicly traded, closely held).

The incentive data consists of boundaries around model
component values that would affect management motives to
alter account balances. They represent either a restricticn
placed on model components as part of a contract {(e.g. bond
covenant); arrangements that tie management's compensation
to account balances (e.g. bonus plans tied to reported
earnings); or expectations by outsiders concerning account
balances (e.g. public expectations of steadily growing
earnings). In general, incentives represent agreements or
expectations that influence management's motives to see that
certain accounts achleve certain balances.

Predictions allow the user to £ill in gaps 1in the
system's knowledge base by making direct statements about
how a given account balance should change. Normally the
system makes inferences about account balance changes from
the nature of events that occurred. However, if an event is

-missing from its knowledge base, the user can make a direct
prediction.

Together the above six classes of information allow the

user a considerable amount of freedom is describing a given
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case. They also cover both guantitative and qualitative
factors commonly mentioned by subjects as important to
inherent risk assessment.
4.2.2.3 TEMFORARY KNDNLEDGE

The temporary knowledge base consists of inferences that
the system generates during its analysis of a case. These
inferences fall into four classes: expected change values,
expectation failures, event scoras, hypotheses and analyses.

Expected change values are generated when the system
determines how an account balance should change from a given
base state. That base state represents the expected curxrent
period balance of an .account assuming no changes 1in the
normal operation of the audited <£firm. This base state can
be either the prior year's balance or a projected current
period's balance generated by the forecasting algoerithm.
The system merges information from events that have occurred
and predictions that have been entered to generate these
change values and maintains a history of how the value was
calculated (i.e. what events and predictions were used in
calculating the value).

This expected change value calculation is based on what
de Kleer and Brown (1°84) call the causality rule, that a
system component will not change unless acted upon. The use
of a base state which 1is the result of a forecasting
algorithm as a basis for calculating that change in certain
circumstances recognizes that certain system components are

constantly being affected by a variety of forces that change

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



128

in a regular, predictable fashion and that the auditor is
interested in changes that occur above and beyond those th#t
reflect this normal or base pattern of change.

Expectation failures are noted by the system when an
expected account balance is significantly different from an
actual account balance. This inference is the result of the
expected versus actual balance comparison procedure
discussed in 4.2.1.2.1. Expectation failures retain a
record of.the source of both expected and actual - balances

- and a list.of any subsequent hypotheses generated to explain
the difference between these balances.

Event scores are calculated whenever the occurrence of
an event would explain a patterxrn of expectation failures.
Event scores are combined incentive and ability scores for a
given event. They contain a numeric value that is greater
than or equal to one and a record of how the score was
calculated. The incentive portion of the score is based on
how many 1incentives which are close to their boundaries
would be affected by the event in the right direction. That
is, the occurrence of the event could have pushed the
incentive closer to 1its boundary. The ability portion of
the score 1is based on an assessment of how much control
management might have over the occurrence of the event. The
final score 1is the product of the incentive and ability
portions.

Hypotheses contain assertions that the system makes

concerning potential errors 1in expected or actual account
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balances. They are generated as a result of both the
evaluation of mechanical error potential (4.2.1.1) and thé
search for evidence of error 1in the }account balance
(4.2.1.2). Hypotheses contain a description of thr nature
of the aséertion, a weight value that reflects the system's
strength of belief in the assertion énd indications of where
the assertion.came from and how the weight was calculated.
An assertion 1is described by’ indicating what account 1is
affected, whether the actual or expected balance is affected
and {optionally) the direction and magnitude o0f the effect.
For example, a typical assertion might be that the actual
balance of an account is in error due to a series of
assessments that combine to indicate a significant
likelihood of error. However, these assessments do not
indicate the direction of the potential error. Weights are
calculated using a simple linear combination rule. The use
a linear rule and evidence was discussed in Section 4.2.1.1.
An éAnalysie contains the results of the system's efforts
te combine all available evidence concerning a given
account. This evidence has been summarized based on whether
it supports an hypothesis of an error in the actual account
balance or whether it supports the hypothesis of an error in
the expected account balance. Information concerning
expectation failures is also included but an expectation
failure could be caused by either an inaccurate expectation
or an inaccurate current balance and therefore is not

directly used to support either general hypothesis.
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Together, the procedural and general, case specific and
temporary declarative knowledge make up the system's
knowledge base. The discussion of the procedural knowledge
dealt with how the general and case specific knowledge is
combined to draw inferences which became the temporary
knowledge base. The next chapter goes through a case is
some detail in order to make the system's functions more

concrete.
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CHAPTER S
TRACE OF THE SYSTEM’S BEHAVIOR
S.1 INTRODUCTION

This chapter contains an annotated trace of the system's
analysis of a test case. This case was not one of the two
used to develop the system, but was developed by the author
based on publicly available information. It was one of the
three cases wused 1in the wvalidation study described in
Chapter 7. This case was created mainly to meet a strict
client confidentlallity agreement entered into with the
national CPA firm who provided subjects for the later phases
of this research. It was designed to be as similar as
possible to the cases that were used to develop the system.
A complete copy of the case materials is 1included in
Appendix B.

In the following discussion, the system's comments are
in bold type and are single spaced. The author's
explanations are in standard type and double spaced. The
system's comments are presented exactly as they appear on
the screen with a trace feature turned on. That is, the
system's comments are complete and unedited. The trace
function was designed to provide printouts of key turning
points in the system's zreasoning process. These turning

points include:

131

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



132
1) the beginning of an analysis of a new account or
relationship between accounts

2) - alteration of the range used to judge
expectation mismatches

3) discovery of an expectation mismatch
4) review of a particular assessment
5) creation of an hypothesis

6) deferral or discontinuance of the analysis of a
given account or relationship between acccunts

7} production of a summary analysis for a given
acceunt or for the case as a whole.

S.2 INPUT AND INITIALIZATION OF CASE INFORMATION

A case is defined by a set of user entered qualitative
and quantitative data. Qualitative data includes instances
of the case specific data types described in the previous
chapter (i.e. assessments, incentives, observed events,
predictions and general case data). Examples .of input
screens for each of these data types 1is presented in
Appendix C. The guantitative data include line item or
account balances from balance sheets and income statements;
the system's firm model 1is used to calculate totals and
subtotals.

The system displays qualitative information wusing a
natural language translation to make it more intelligible to
the user. The natural langqage production technique used is
based on template £filling which makes the flow of the
presentation somewhat rigigd. However, this approach was
selected because it was a quick and easy way to develop some

form of natural language production capability. More
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133

is

-

The information input for the sample case is as follows:

Assassments -
1. a high level of supervision for accounts payable

2. a high level of supervision for receivables
3. a high level of internal controls

4. a high level of complex calculations for
inventory

Incentives -

1. liquidity restriction which is based on the
restriction that current ratioc is greater than 2.0

2. gross profit bonus which is based on the
restriction that gross profit is greater than 1.2
times the prior yvears’ gross profit

3. sarnings per share growth which is based on the
restriction that earnings per share is greater than
2 times the prior years’! zarnings per share

Qbserved events —

1. the occurrence of a reporting standard change
involving pension accruals which should cause an
increase in the accounts normally affected by a
pension accruail

2. the occurrence of an employee stock purchase
3. the occurrence of a calculation methed change
involving other assets which should cause no change

in other assets

4. the occurrence of a debt retirement involving
long term debt

S. the occurrence of 2 new debt issuance involving
notes payable - banks

6. the occurrence of a cala of a2ffiliate

7. the occurrence of a prior year ad justment
involving inventory
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Predictions -

i. a prediction of 60.0 per cent decrease in the

current period?’s cumulative translation adjustment

with a high confidence based on change in the value

of the dollar

General data are not displayed in a natural language
format and the display for the general data input for this
case can be found in Appendix C. The general data for this
case includes the period being audited (i.e. full year or
one of four quarters)ls, the period covered by the current
balance 1in the financial statement data (e.q. four
quarters), the general materiality level criteria and any
specific materiality criterials, and ﬁhe type of ownership
(e.g. publicly traded).

These data were extracted from the case description and
represent a fairly complete ﬁranslation of the main points
mentioned in the case. The assessments capture the general
information about the strength of both the firm wide control
systems and the control systems specific to accounts payable
and accounts receivable. They also reflect the complexity

of inventory valuation methods. The incentives are based on

lsThe current implementation of the system can only
handle full year audits.

16A materiality criterion is defined as a per cent of an
account balance. The system allows the user to specify a
default materiality criterion and a 1list of override
materiality criteria. These criteria are used to determine
whether an account balance is large enough to analyze and
whether a change from the previous year's balance is
significant or not.
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the specific background items numbers 3, 4 and 6 mentioned
Appendix B. The observed events are based on the events
listed in the case description with the exception of the
last event which 1is covered by the predicfion. This
highlights a system 1limitation mentioned in the last
chapter. The system can not handle general economic changes
iike changes in the value of the dollar or changes in prime
interest rate. This information must be explicitly entered
as a prediction. Finally, the inventozry ééror problem
mentioned in item 2 of the specific background items is
reflected in the last observed event.

Once the qualitative and gquantitative information has
been entered, the system is ready to analyze the case.

Clearing previous values from the firm model.

Linking assessments and predictions into firm model
elements

The process of‘linking the qualitative data into the
firm model involves identifying firm model elements affected
by the predictions and assessments and storing the name of
the prediction or assessment with that element. Linking
observed events 1is more complex. Bach event contains
information about how it affects the firm model. It also
contains additional parameters that need to be filled in to
complete the event description. Each observed event data
structure contains the name of the event and the values for
any parameters required by the event. When the observed

event data are being entered by the user, the system checks
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the event affected to see if any additional parameters are
required. If so, the system prompts the user for wvalues for
each of the parameters and adds these parameter values to
the observed event data structure.

For example, one of the simple observed events is the
affiliate sale. It contains no additional parameters. The
most complex is the reporting standard .change. The
reporting standard change event requested information about
what the standard change affected (either a firm model
element or 1in this c¢ase another event, i.e. pension accrual)
and the direction of the effect (in this case whether the
effect would be the same as increasing normal pension
accruals or decreasing them). The system stores the event
name and parameter information in a separate data structure
(i.e. observed event) to allow for multiple occurrences of
the same event.

Each event uses the information in the observed event
data stzucture to expand ramify, 1i.e. to create other
assessments and predictions that reflect the event's impact
on the £firm model. The £following are a 1list of the
additional assessments and predictions created during the
model initialization phase. The number in parenthesis after
each item is the number of the above observed event that led
to the creation of the new assessment or prediction.

Assessments —

S. a high level of different reporting standards for
administrative expenses (1)
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6. a high level of different reporting standards for
other taxes and expenses payable (1)

7. a high level of different reporting standards for
accrued liabilities (1)

8. a high level of different calculation methods for
other other assets (3)

S. @ medium level of different types of transacticns
for interest expenses (5)

1i0. a medium level of different types of
transactions for notes payable — banks (5)

1i. a low level of supervision for inventory (7)

Predictions -

2. a prediction of an increase in the current
period’s administrative expenses with a medium
confidence based on reporting standard change (1)

3. a prediction of an increase in the current
period’s other taxes and expenses payable with a
medium confidence based =on repsrting standard change
(1)

4. @ prediction of an increase in the current
period’s accrued liabilities with a medium
confidence based on reporting standard change (1)

S. a prediction of an increase in the current
period’s paid in capital with a medium confidence
basad on employee stock purchase (2)

6. & prediction of an increase in the current
period?’s common stock with a medium confidence based
on employvee stock purchase (2)

7. a prediction of no change in the current pericd’s
other assets with a high confidence based on
calculation method change (3)

B. a prediction of 2a detreas2 in the current
period’s long term debt with a high confidence based
on debt retirement (4)

9. a prediction of a decrease in the current
period’s interest expenses with a high confidence
based on debt retirement (4)
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10. a prediction of a decrease in the current
period’s current portion of long term debt with a
high confidence based on debt retirement (4)

ii. a prediction of an increase in the current

period’s notes payable - banks with a high

confidence based on new debt issuance (5)

12. a prediction of an increase in the current

period’s interest expenses with a high confidence

based on new debt issuance (5)

13. a prediction of a decrease in the current

period’s investment in affiliates with a high

confidence based on sale of affiliate (6)

The ramification of the reporting standard change event
provides an excellent example of the ramification process.
The reporting standard changs affected pension accruals in
such a way that the accounts affected by a peaslion accrual
would increase, all other things being equal. This
information was input as an observed event data structure
which contains the name of the event (feporting standard
change), either +the firm model element or transaction
involving firm model elements affected by the reporting
standard change (in this case, a pension accrual) and the
direction that reporting standard change would alter the
normal baiances of the firm model elements aiffecteqd. The
system's event ramification process created the following
set of assessments and predictions based on information

stored 1in the reporting standard change event data

structure:
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Predictions -

a prediction of an increase in the current period’s
administrative expenses with a medium confidence
based on reparting standard change

a prediction of an increase in the current periocd’s
other taxes and eoxpences pavable with a medium
confidence based on reporting standard chiange

a prediction of an increase in the current period’s

accrued liabilities with a medium confidence based
on reporting standard change

Assessments -
a high level of different reporting standards for

administrative expenses

a high level of different reporting standards for
other taxes and expensaes payable

a high lavel of different reporting standards Tor
accrued liabilities

The predictions communicate to the £firm model the
expected changes in account balances caused by the event's
occurrence and the assessments reflect the system's belief
that whenever you have a ieporting standard change, the risk
of error in the accounts affected by the reporting standard
change will increase. The medium confidence associated with
the predictions |is based on a heuristic rule that
predictions of account balance changes £for accounts whose
balances are normally the result of a large volume of
reqgularly recurring transactions are less certain than for
acccunts whose balances are the result of large,
infrequently ocrurring transactions.

This event ramification also 1illustrates the system's

simplistic way of dealing with alternative account
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structures for the same transaction. That is, the fact that
different firms may use different accounts to record the
same transaction. In this case, the credit side of the
pension accrual is represented as two accounts, accrued
liabilities and other taxes and expenses payable. Since
either one or the other of these accounts normally appears
in a balance sheet, the system merely ignores the assessment
and predictlon that involves the account without a balance.
The system could not cifferentiate which of these two
liability accounts was used in a pension transaction if both
were present in the balance sheet.
S.3 ANALYZINE A CASE

Bvent ramification 1s the 1last step in the system
initialization process. Once it is completed the system is
ready to analyze the data. As indicated 1in the bprevious
chapter, the flow of this analysis 1is in standard general
ledger account ordexr, i.e. beginning with current assets on
the balance sheet and proceeding through the balance sheet
and income statement and ending with extraordinary items.
This flow can be altered in three ways, two of which are
iilustrated below. First, the system can defer its analysis
of a given account until another account has been processed.
Second, the system can defer 3its analysis of a given
account, perform limited processing of another account and
then return to its analysis of the first account, i.e.
produce specific information for a second account while

processing another account. Finally, the system can
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reanalyze an account if new information is developed later
in the process.

The following is the system's complete analysis of the
test case included in Appendix B. The input data for this
analysis was presented in section 5.2 above.

Reviewing cash

Increasing the acceptable difference between

expected and actual valiues because’ cash usually

requires a high level of normal substantive audit

testing.

Discontinuing analysis of cash because actual values
ara close to expected.

The system began its analysis with cash, increased its
tolerance range for expected/actual differences, calculated
expected and actuzal account Dbalances, compared the two and
determined that the difference between the two was within
tolerable limits.

Reviewing short term investments

Making a note of a difference between ne expected

change 1in the current period’s short term

investments based on 2 change from last year’s
balance and an actual 21.31 per cent increase

compared to last year’s balance.

Producing a summary analysis of short term

4 M ssonmmde mammde m
WmCoTWRarWwIIltTSII WO

Short term investments may be more risky because the
acceount balance is higher than would be expected
based on a change from last year’s balance.

The system compared the current balance 1in the short
term investments account to 1last year's balance because it
has classified this account as one whose balance is

determined by few, large transactions. It noted a
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difference between this year's balance and last year's and
then summarized its f£indings because short term investments
are not closely related to any other account in the firm
model. Since it has no other data concerning short ?ezm
investments, its analysis simply statess that it noted a
difference.

Reviewing receivables

Assessing the general control environment.

Assessing the supervision level associated with
receivables

Results ef assessing the potential for mechanical
error in receivables do not indicate a potential
problem.

Making a note of a differesnce between no ekpected

change in the current pericd’s receivables based on
a change from last year’s balance and an actual

10.49 per <c=nt incrsase compared o iast year’s

balance.
‘(fhe'system processed the assessments associated with
receivables and reached the conclusion that there was no
evidence of error based on those assessments. Note that the
general control environment assessment will be reviewed
whenever specific assessments exist for a given account but
will Dbe ignored otherwise. The system found an
expected/actuai balance difference but deferred its analysis
at this point because it knows receivables are closely
linked to sales and it wants to process sales before it
concludes on receivables.

Reviewing inventory

Assessing the gensral control environment.
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Assessing the calculation complexity of inventory

Assessing the supervision level associated with
inventory

Creating an hypothesis with a weight of 3.5 that
there is an error in the current value of inventory
because of a mechanical error

Making a note of a difference between nc expected

change in the current period?s inventory based on a

projection of prior years’ values and an actual

S52.C1 per cent increase compared to that projected

value.

The system's analysis of inventory did result in the
creation of an erzxor hypothesis based on the existing
assessments. As with receivables, processing was deferred
because the system |is aware of inventory's strong
relationship with sales.

Reviewing prepaid expenses

Making a note of a difference between no expected

change in the current period’s prepaid expenses

based on a projection of prior years? values and an
actual 102.26 per cent increase compared to that
projected value. -

Producing a summary analysis of prepaid expenses.

Prepaid expenses may be more risky because the

account balance is higher than would be expected

based on a projection of prior years’ values.

Reviewing net property, plant and equipment

Discontinuing analysis of net property, plant and

equipment because actual values are close to

expected.

Reviewing investment in affiliates

Discontinuing analysis of investment in affiliates
because actual values are close to expected.

Reviewing miscellanecus other assets

Assessing the general control environment.
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Assessing the level of change in calculation method
for other assets

Creating an hypothesis with a weight of 0.5 that
there is an error in the current value octher assevs
because of a mechanical errvor

Making a note of a difference between no expected
change in the current period?s other assets based on
a change from last year’s balance and a prediction
of no change in the current period’s other assets
with a high confidence based on calculation method
change and an actual 30.97 per cent decrease
compared to last year’s balance.

Creating an hypothesis with a weight of 0.5 that
there is an error in a prediction of no change in
the current period’s other assets with a high
confidence based on calculation method change which
should be —-0.31 because of & inaccurate prediction

Producing a summary analysis of cther assets.

Creating an hypothesis with a weight of 0.5 that
there is an error in the actual value cther assets
because of a mechanical error

Creating an hypothesis with a weight of 0.5 that
there is an error in the expected value of other
assets because of a inaccurate prediction

Miscellaneous other agssets may be more risky because
the account balance is lower than would be expected
based on a change from last year’s balance. There
is some evidence that there mav be an error in this
account due to significantly differznt calculation
mathods for other assets. This error may have
occurred in spite of a high level of internal
controls for the firm. However, therzs is some
evidence that there may be an error in develcping
expected values due to a potential error in a
prediction of no change in the current period®s
other assets with a high confidence based on
calculation method change.

The system's analysis of miscellaneous other assets
demonstrates some features not previously used. First, the
expected value generated was based both on a change from the

previous year's balance and a prediction. Second, the
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system recognized the fact that predictions are 1inherently
uncertain and created an hypothesis of prediction error
based on the inverse of the prediction's confidence.
Finally, in producing its summary analysis, the system
separated evidence supporting an error in the actual balance
from evidence supporting an error in the expected balance.

This separation 1is evidenced by the two new, but
seemingly redundant, hypotheses that show up right after the
message about producing a summary analysis. In separating
evidence, the system creates two new summary hypotheses, one
based on evidence supporting an error in the actual account
balance and one based on evidence supporting an error in the
expected balance. A record of the supporting data that led
to these hypotheses 1is also combined and included in each
new hypothesis. It wused this separation to structure 1its
summary analysis. Even though the weights of the two
competing hypotheses net to zero, the system will still
produce the summary to flag the fact that something unusual
is going on in the account. However, when the system
produces its overall summary at the end of its analysis, it
will not rate the problem with this account very high.

Reviewing nates payable — Sanks

Assessing the general control environment.

Assessing the variatien in transaction types for
notes payable - banks.

Creating an hypothesis with a weight of 0.5 that
there is an error in the current value notes payable
- banks because of a mechanical error
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Discontinuing analysis of notcs payable - banks
because actual vaiues are close to expectad.

Producing a summary analysis of  notes payable -~
banks.

Creating an hypothesis with a weight of 0.3 that
there is an error in the actual value nctes payable
- banks because of a mechanical error

Notes payable - banks may be meore risky because
there is some evidence that there may be an error in
this account due to moderately different types of
transactions for nctes payaSis - Ganks. This error
may have occurred in gspite of a high leavel of
internal controls for the firm.

Reviewing current portion of long term debt

Discontinuing analysis of current portion of 1long
term debt because actual values are close to
expected.

Reviewing accounte payable
Asgsessing the general control environment.

Asseassing the supervision level associated with
accounts payable

Results of assassing the potential for mechanical
error in accounts payable do not indicate a
potential problem.

Reviewing accounts payable as a percent of inventory

Making a note of a difference between no expected
change in the current periocd’s accounts payable as a
percent of inventory basad on & projection of prior
years’ values and an actual 24.17 per cent decrease
compared to that projected value.

Making a note of a difference between an expected
39:91 per cent ingreasa in the current pericd’s
accounts payable based on its relationship to
inventory and an actual 6.09 per cent increase.

Producing a summary analysis of accounts payable.
Accounts payable may be more risky because the

account balance is lower than would be expected
based on its relationship to inventory.
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The system's analysis of accounts payable demonstrates
another feature, the use of a relationship between accounts
to produce an expected balance in an account. The system
will only create an expected balance for an account based on
its relationship to other accounts 1i1f that relationship
jtself is different than expected. In this case, accounts
payable as a percent of inventory changed more that the
system expected and so it calculated how much the current
accounts payable balance would have to change in order to
eliminate the expected/actual différence in the ratlio of
accounts payable tc inventory.

Reviewing accrued liabilities

Assessing thes general control environment.

Assessing the reporting standard volatility of
accrued liabilities.

Creating an hypothagis with a weight of 1.5 that
there is an error in the current value accrued
liabilities becausa of 2 mechanical error

Discontinuing analysis of accrued iabilities
because actual values are close to expected.

Producing & summary analysis of accrued liabliities.

Creating an hypothaesis with a weight of 1.5 that
there is an errer in the actual value accrued
liabilities because of a mechanical error

Accrued liabilities may be more risky bacause there
is some evidaence that there may be an error in this
account due to significantly different reporting
standards for accrued liabilities. This error may
have occurred in spite of 2 high level of internal
controls for the firm.

Reviewing deferred revenue

Discontinuing analysis of deferred revenue because
actual values are close to expected.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLEASE NOTE:

Page(s) missing in number only; text follows.
Filmed as received.

Page 148

UMI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



143
Discontinuing analysis of paid in capital because
actual values are close to expected.
Reviewing cumulative translation adjustment
Discontinuing analysis of cumulative translation
ad justment because actual values are close to
expected.

Reviewing retained earnings

Discontinuing analysis of retained sarnings because
this account is usually not directly audited.

Reviewing treasury stock

Discontinuing analysis of trezsury stock because the
balance in immaterial.

The analysis of retalined earnings and treasury stock
domonstrate two criteria wused by the system to skip an
account altogether, the account is not normally audited

directly and the account ls immaterial.

Reviewing sales

Making a note of a difference between no expacted
change in the current period’s sales based on a
projection of prior years’ values and an actual 7.3t
per cent incroase coaparad to that projescted valus.

Reviewing inventory as a percent of saies

Making a note of a difference between no expected
change in the current period’s inventory as& a
percent of gsales based on a projection of prior
vyeare? valuezs and an actual SS5.4 per cent increase
compared to that projected value.

Making a note of a difference between an expected
2.32 per cent increase in the current period’s
inventory based on itz relationship to sales and an
actual 59.01 per cent increase.

Producing a summary analysis of inventory.
Creating an hypothesis with a weight of 3.5 that

there is an error in the actual value inventory
because of a mechanical error
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Inventory may be more risky because the account
balance is higher than would be expacted based on a
projection of prior yaars'’ values and its
relationship to sales. There is some evidence that
theve may 5@ an ervor in this account due to a low
level of supervision for inventory and significantly
complex calculations for inveniory. This error may
have occurred in spite of a high level of internal
controls for the firnm,

The system's analysis of inventory demonstrates the use
of its decision deferral mechanism. It waited until it had
developed expected/actual differences for sales before it
concluded its analysis c¢f inventory. The =reason is that

inventory and sales normally have a strong relationship and

the system defers its reasoning in such casesl7.

Creating an hypothesis with a weight of 1.75 that
there is an error in the current value accounts
payable because of a mechanical error

Reevaluating the risk assessmant of accounts payable
basaed on new evidence.

Producing a summary analysis of accounts payable.

Creating an hypothesis with a weight of 1.75 that
there is an error in the actual valus accounts
payable because of a mechanical arror

Accounts payvable may be more risky because the
account balance is lower than would be expected
based on its relationship to inventory. There is
some evidence that there may be an error in this
account due to a potential error in inventory.

7
1 The selection of this deferral strategy was based on a

iew comments by one of the subjects used in developling the
system. A Dbetter picture of general reasoning strategy
issues like this will be provided when concurrent verbal
protocol data is analyzed.
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The system's analysis of accounts payable illustrates
another way in which its reasoning differs from a straight
checklist. Once it had concluded its analysis of inventory
and determined that there was some evidence of a potential
error in the current balance of inventory, it searched its
event network and found that inventory and accounts payable
share a common cutoff and therefore hypothesized that there
might also be an error in accounts payable that would be
related to the problem in inventory. The weight wvalue
assigned to the accounts payable hypothesis 1s somewhat
arbitrary and currently 1is one half the weight of the
inventoxry hypothesis. The system then went back and
created a new analysis of accounts payable based on this new
evidence.

Reviewing receivables as a percent of sales

Discontinuing analysis of receivables as a percent

of sales because actual values are close to

expected.

Creating an hypethesis with a weight of 3 that there

is an ervror in the current value receivables which

should be lower than it is because of a2 predating of

invoices

Producing a summary analysis of receivables.

Creating an hypothesis with a weight of 3 that there

is an error in tha actual value receivables because

of a predating of invoices

Receivables may be more risky because the account

balance is higher than would be expected based on a

change from last year’s balance. There is some

evidence that there may be an error in this account
due to predating of invoices.
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The analysis of receivables demonstrates the system's
ability to search for events in its event network that might
explain a pattern of data. In this case, both receivables
and sales were higher than it expected. It located an event
éalled "predating of invoices" that would" explain this
pattern of behavior. It then checked the incentive
structures to see lf management would have any incentive to
manipulate sales and receivables in the same direction as
these accounts differed from expected balances. It £found
that the gross profit incentive was close to the cutoff
value and that the "predating of invoice" event is one that
management can control and one that could create the pattern
of data it is currently analyzing.

To summarize, the hypothesis concerning a problem with
receivables because of "predating of invoices" event is
based on the following findings: 1) both receivables and
sales are higher than was expected, 2) a ‘'"predating of
invoices" event could explain this pattern, 3) management
has considerable ability to engage in a ‘'"predating of
invoices" event, and 4) the bonus plan criterion is close to
its boundary thus giving management an incentive to
manipulate sales.

The emphasis during this event search process is on the
evidence that supports the possibility that the event
occurred. Once that 1is established, hypotheses concerning
the accounts affected by the event are generated and the

evidence passed along as part of the supporting data for the
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hypotheses. A similar hypothesis will show up shortly when
the system gets to sales.

Reviewing cost of goods sold

Assessing the gen.ral control environment.

Assessing the calculation complexity of inventory

Assessing the supervision level acssociated with
inventory

Creating an hypothesis with a weight of 3.5 that
there is an error in the current value cost of goods
sold because of a mechanical ervor

Reviawing cost of goods sold as a percent of sales

Making a note of a difference between no expected
change in the current period’s cost of sales as a
percent of sales based on a projection of prior
years?! values and an actual 7.42 per cent decrease
compared to that projected value.

Making a note of a difference between an expected
7.51 per cent increase in the current period’s cost
of goods sold based on its relationship to sales and
an actual 0.46 per cent decrease.

Creating an hypothesis with a weight of 3 that there
is an error in the current value sales whicnhn shculd
be lower than it is because of a predating of
invoices

Producing a summary analysis of sales.

Creating an hypothesis with a weight of 3 that there

is an error in the actual value sales because of a

predating of invoices

Sales may be more risky because the account balance

is higher than would be expected based on a

projection of prior years?! values. There is some

evidence that there may be an error in this account

due to credating of invoices.

In this block of reasoning the system processed some of
the deferred goals from earlier in its analysis. It begins

its processing of cost of goods sold and reaches the point
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were it has evaluated expected/actual differences. It then
completes its analysis of sales which was deferred due to
the close relationship between sales and cost of goods sold.
The system created an hypothesis involving the predating of
invoices issue noted above and then produced its summary
analysis of sales.

Creating an hypothesis with a weight of 1.S ¢that

there is an error in the current value deferred

revenue because of a mechanical error

Reevaluating the risk assessment of deferred revenue
based on new evidence.

Producing a summary analysis of deferred revenue.

Creating an hypothesis with a weight of 1.5 that
there is an error in the actual value deferred
ravenue because of a mechanical error

Deferred revenue may be more risky because there is
some evidence that there may be an error in this
accouns due to a potential error in sales.

The system knows that deferred revenues are usually part
of a common economic transaction that involves sales and
therefore concludes that if there is an error in sales,
there may be one in deferred revenue.

Producing a summary analysis of co=st of goods sold.

Crzating an hypothesis with a weight of 3.5 that
there is an error in the actual value cost of goods
sold because of a mechanical error

Cost of goods sold may be more risky bacause the
account balance is lower than would be expected
based on its relationship to sales. There is some
evidence that there may be an error in this account
due to a low level of supervision for inventory and
significantly complex calculations for inventory.
This error may have occurred in spite of a high
level of internal controls for the firm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



155

In evaluating the risk potential for cost of goods sold,
the system 1is wusing the firm model to hypothesize that
assessments that affect inventory will directly affect cost
of goods sold because cost of goods sold is in part based on
inventory changes.

Reviewing product development

Discantinuing analysis of product development
because actual values are close to expected.

Reviewing selling expenses

Discontinuing analysis of s2l1lling expenses because
actual values are close to expected.

Reviewing =dministrative expenses
Assessing the general control environment.

Assessing the reporting standard volatility of
administrative expenses.

Creating an hypothesis with a weight of 1.5 that
there is an error in the current value
administrative expenses because of a mechanical
error

Discontinuing analysis of administrative expenses
because actual values are close to expected.

Producing a summary analysis of administrative
expenses.

Creating an hypothesis with a weight of 1.5 that
there is an error in the actual value administrative
expenses because of a mechanical error

Administrative expenses may b2 more risky because
there is some evidencz that there may be an error in
vhis account  due to significantiy di fferent
reporting standards for administrative expenses.
This error may have occurred in spite of a high
level of internal controls for the firm.

Reviewing interest sxpenses

Assessing the general control environment.
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Assessing the variation in transaction types for
interest oxpenses.

Creating an hypothesis with a weight . of 0.5 that
there is an error in the current wvalus interest
expenses because of a mechanical error

Making a note of a difference between no expected
change in the current period’s interest expenses
based on a change from last year’s balance, a
prediction of a decrease in the current pericd’s
interest expenses with & high confidence based on
debt retirement, and a prediction of an increase in
the current period’s interest expenses with a high
confidence based on new debt issuance and an actual
69:.1 per cent decrease compared to last vyear’s
balance.

Creating an hypothesis with a weight of 0.5 that
there is an error in a prediction of an increase in
the current period’s interest expenses with a high
confidence based on new debt issuance which should
be -0.69 because of a inaccurate prediction

Creating an hypothesis with a weight of 0.5 that
there is an error in a prediction of a decrease in
the current period’s intarest expenses with a high
confidence based on debt retirement which should be
-0.69 because of a inaccurate prediction

Producing a summary analysis of interest expenses.

Creating an hypothesis with a weight of 0.5 that
there is an earror in the actual value interest
expenses because of a mechanical error

Creating an hypothesis with a weight of 1.0 that
there is an errer in the expected value of interest
expenses because of a inaccurate prediction

Interest expenses may be more risky because the
accouny baiance is 1iower than would be expected
based on a change from last year’s balance. There
is some evidence that there may be an error in this
account due to moderately different types of
transactions for interest expenses. This error may
haver occurred in spite of a high level of internal
contrels fer the firm. However, there is some
evidence that there may be an error in developing
expected values due to a potential error in a
prediction of an increase in the current period’s
interest expenses with a high confidence based on
new debt issuance and a potential error in a
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prediction of a decrease in the current period’s
interest expenses with a high confidence based on
debt retirement.

Reviewing income tax expense

Increasing the acceptable difference between
expected and actual values because inceome tax
expense usually requires a high 1level of normal
substantive audit testing.

Making a note of a difference between no expected
change in the current period’s income tax expense
based on a projection of prior years? values and an
actual 347.14 per cent increase compared to that
projected valua.

Creating an hypothesis with a weight of 2 that there
is an error in the expected value of income tax
expense because of a variability in historic data
Producing a summary analysis of income tax expense.
Creating an hypothesis with a weight of 2 that there
is an error in the expected value of income tax
expense because of a variability in historic data
Income tax expense may b2 more risky because the
account balance is considerably higher than would be
expected based on a projection of prior years?
values. Howaver, there is some evidence that there
may be an error in developing expected values due to
the variability of historical data.

Reviewing unusual charges

Discontinuing analysis of unusual charges because
the balance in immaterial.

Reviewing average shares ocutstanding

Discontinuing analysis of average shares outstanding

because this account is usually not directly

audited.

The system has now concluded 1its analysis of the
individual accounts and will present its summary for the

case. This summary contains a presentation of the

individual account conclusions ranked by net weight of the
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hypotheses (i.e. weight of actual error hypothesis less
expected error hypothesis). The ranking represents a
partial ordering 1in that the first account mentioned Iis
considered to be potentially most 1risky and subsequent
accounts are either equally risky or 1less <risky than
accounts that preceded them.

In addition, the system notes dependencies in accounts
so inventory would receive a somewhat higher rating than
cost of goods sold because part of the problem in cost of
goods sc¢ld depends on problems in inventory. It selects all
accounts with 2 net weight greater than 1.0 for
presentation. It indicates which accounts may have problems
but were below the summary analysis cutoff point. It also
indicates which accounts contain expect/actual differences
but there was no other information to generate hypotheses
and which accounts were dropped from consideration and why.

Presenting a summary of my analysis:

The most serious problem is that Inventory may be

more risky because the account balance is higher

than would be expected based on a projection of
prior years’! values and its relationship to sales.

There is some evidence that there may be an error in

this acctount due to a 1low level of supervision for

inventory and significantly complex calculations for
inventory. This error may have occurred in spite of

a high level of internal controls for the firm.

A less seriocus problem is that Sales may be more

risky because the account balance is higher than

would be expected based on a projection of prior
years' values. There is some evidence that there
may be an error in this account due to predating of

invoices.

A less serious problem is that Cost of goods sold
may be more risky because the account balance is
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lower than would ba expactad basad o its
relationship to sales. There is some evidence that
there may be an error in this account due to a low
level of supervision for inventory and significantly
complex calculations for inventory. This error may
have occurred in spite of a high level of internal

controls for the firm.

A less serious problem is that Receivables may be
more risky because the account balance is higher
than would be expected based on a change from last
vear’e halancae. There is some evidence that there
may be an error in this accourt due to predating of
inveices.

A less serious problem is that Accounts payable may
be more risky because the account balance is lower
than would be expected based on its relationship to
inventory. There is some evidence that there may be
an error in this account due to a potential error in
inventory.

A less serious problem is that Accrued liabilities
may be more risky because there 1is some evidence
that there may be an error in this account due to
significantly different reporting standards for
accrued liabilities. This error may have occurred
in spite of a high level of internal controls for
the firm.

A less serious problem is that Deferred revenue may
be more risky because there is some evidence that
there may be an error in this account due to a
potential error in sales.

A less serious problem is that Administrative
expenses may be more risky because there is some
evidence that there may be an error in this account
due to significantly different reporting standards
for administrative expenses. This error may have
occcurred in spite of a high level of internal
controls for the firm.

There may aiso be problems with the account balances
of interest expenses, notes payable - banks, and
other assets.

In addition, the account balances of other
liabilities, prepaid expenses, and short term
investments are not what 1 expected them to be.
However; I don’t have enough evidence to determine
whether my expectations are at fault or not.
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There are differences between my expectations and
the account balances of income tax expense but my
expectations appear to be in error.

I did not find any problems with cash, common stock,
cumulative translaticon adjustment, current portion
of long term debt, deferred income taxes - 1long
term, federal income taxes payable, investment in
affiliates, long term debt, net property, plant and
ecuipment, paid in capital, product development, and
selling expenses.

I igheored treasury stock and unusual charges because
their balances were immaterial.

I did not analyze average shares outstanding and
retained earnings because these items are usually
not a concern in this case.

160

This concludes the system's analysis of the test case.

At this point, the user is returned to the main case
and is free to alter any of the input data and rerun

analysis.

menu

the
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CHAPTER &
DESCRIPTION OF SYSTEM ARCHITECTURE
6.1 GENERAL. CONCEPTS EMPLOYED BY THE ARCHITECTURE

The purpose of this chapter 1is to describe major
features of the system at the program level (Newell, 1982).
The chapter discusses the data structures and computational
approaches used to represent and process the knowledge
structures discussed in Chapters 4 and 5. A complete set of
printouts for each class of data structures used 1in the
system as well as individual examples of each class is
contained in Appendix D. Appendix D contains an index to
aid the reader in locating a spécific data structure. The
readef is encouraged to refer to Appendix D to obtain
examples for the data structures discussed below.

The primary concerns in choosing an architecture for the
system were psychological validity and flexibility.
Although it is difficult if not impossible to determine the
psychological validity of various representation schemes at
program 1level (Anderson, 1978), there is considerable
theoretical and empirical support for separating declarative
Xnowledge from procedural and representing declarative
knowledge as a network and procedural knowledge in the form
of production systems (Anderson, 1983). Therefore the

system was not built using the available expert systems

16l
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shells based strictly on rule formalism18 that some other
accounting researchers have wused (c.f. Dungan & Chandler,
1985; Gal, 1985; Hansen & Messiexr, 1986; Steinbart, 1987)
but was written directly in the LISP programming language
(see Selfridge et. al., 1986 and Shpilberg & Graham, 1986
for examples of this approach). The use of LISP allowed us
greater flexibility (see Dhar & Pople, 1987 and Koton, 1985
for a discussion of the relative flexibility of rule based
versus model based reasoning systers’.

The choice of LISP was also driven by hardware
consideraticns. The system was implemented on a COMPAQ II
portable microcomputer which, because of 1its compact size
and portability, facilitated frequent demonstration of the
system to subjects. When this research project was started,
there were no inexpensive development tools available for
portable microcomputers that supported a combination of rule
and network data structures.

6.1.1 OBJECT ORIENTED LANGUAGE

An object oriented language was developed on top of
LISP in order to add structure to the system's architecture
while retaining maximum flexibility (see Stefik & Bobrow,

1986 for a discussion of object oriented programming).

18Expert systems shells are software development tools
that contain editors to facilitate the creation,
modification and deletion of data structures (rules in this
case) and predefined 1inferencing algorithms to draw
conclusions from sets of data structures.
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Structured objects are a very general data structure that
can be specialized to include any or all of the three main
data representational formalisms used in artificial
intelligence programming: rules, propositions, or node and
link networks. Since the language was custom built, only
those features of typical object oriented languages needed
for the system were included. By selecting a subset of
standard structured object features, the overhead dedicated
to the 1language could be minimized. This improved the
system's operating speed and increased the memory available
for the system's program code and data structures. The
following discussion describes the object oriented <features
that were 1included in the language. summary system
statistics are presented in Section 6.6.
6.1.1.1 DEFINITION OF AN OBJECT

Simply stated, structured objects are merely a set of
value attribute pairs (i.e. slots) that have been assigned a
name. The power of structured object programming comes from
the range of values that can be included in the slots.
Values can include LISP functions and pointers to other
structures as well as symbols and numbers. An object is
defined by specifying a set of slots and assigning a name to
them.

The system uses three basic types of objects: null
instance; class definitions and instances, Class
definitions contain information needed to create instances

of the class as well as methods (i.e. specilalized LISP
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functions) and values that are common to all members of the
class. Null instance objects differ from class definitions
only in that they do not contain the information necessary
to define instances of classes of objects. Null instance
and class definition objects are defined manually within the
system with a function call to MAKE-OBJECT. This function
builds an object based on its input.

Instances differ from null instances and class
definitions in that they do not have children (see Section
6.1.1.2 for a discussion of the hierarchical nature of
object organization). There is nothing in the language that
precludes them from having children, but this feature was
not needed and therefore not implemented and tested.
Instances of object classes are created, modified or deleted
in one of two ways: with the use of the system's editor for
case and system objects (see Section 6.1.2 for a discussion
of the editor) or wunder program control for temporary
objects. Figure 8 below shows all the objects currently
included in the system, how they are organized and their

types.
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BASE-OBJECT
(null instance)
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SYSTEM-OBJECT
(null instance)

~{ CASE-OBJECT
(null instance)

TEMPORARY-0OBJECT
(null instance)

_m—ASSOCIATION*
be—EVENT

"' IRMNODE

e OPERATOR
—VALUE-OBJECT

}—CHECKLIST

(——PROCEDURE

teRULE

*

——ASSESSMENT

FINANCIAL-DATA

b——GENERAL -DATA

INCENTIVE

OBSERVED-EVENT

=S (production system)

*
e ANALYSIS
e VENT - SCORE
p——EXPECTATION

e ' IRMNODE -
VALUE

-t GOAL ~-QBJECT

e L YPOTHE SIS

——S UMMAR Y

*
Remaining objects are all class definitions.

Figure 8 O0Overview of Object Organization
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6.1.1.2 HIERARCHICAL ORGANIZATION

All objects within the system are organized in an "isa"
hierarchy where each object "is a" member of a class.
Cchildren of an object are members of the obJect's class.
Children can be either null instances, class definitions or
instances. Null instances and class definitions typically
have children, instances 4o not.

The top level object in the system is the BASE-OBJECT.
This object contains information that is common to all
cbjects in the system. It is a null instance as are its
immediate children: SYSTEM-OBJECT, CASE-OBJECT and
TEMPCRARY OBJECT. These three objects contain information
common to the three main classes of objects wused by the
system. Their children axe the class definitions for those
classes of objects. See FIGURE 8 for a complete overview of
the system's object organization.

The system incorporates multiple inheritance with left
to right precedence for the purposes of retrieving
information and setting values. This means that an o¢bject
can be a member of more that one hierarchy and inherit

values and methods from mcre than one parent 1in each

-

hierarchy. It also means tha*%t, when given a 1list of
hierarchies to search, the system will start with the £first
member of the list and search it thoroughly until it either

finds the slot name it is looking for or hits the top of the

th

hierarchy without £inding that slot name. Only if it hits

the top of one hierarchy will it proceed to the next
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hierarchy. There are currently only two hierarchies used by
the system, the static CLASS hierarchy described in Figure 8
and a dynamic PARENT hierarchy described in the discussion

r

of procedural objects below (see Section 6.2.

|
-

The inheritance |is implemented with a flexible value
retrieval function, GETS which can climb hierarchies in a
variety of ways. First, 1if it 1is not given specific
instructions, it will chose a default hierarchy to climb.
It uses two different defaults in two different contexts.
In most cases, it will use the CLASS hierarchy described in
Figure 8. However, when looking for variable bindings in
procedural objects during system execution, it will use the
dynamic PARENT hierarchy described in Section 6.2.1.
Second, GETS can be directed to follow any hierarchy or set
of hierarchies as a part of its function call. And finally,
GETS can be told not to climb any hierarchy. GETS either
returns the value it finds oxr FAIL which indicates that the
slot name for which it was looking was not found in the
hierarchy it was searching. Value setting is implemented
using GETS so setting and <retrieving operate in the same
way.
6.1.1.23 MESSAGE PASSING

Communication between objects 1is achieved by sending
messages. Messages tell an object to execute its version of
a named function and return the wvalue. The syntax of a
message includes: 1) name of the object to which the

message is directed, slot name where the desired function
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will be found, and an optional list of arguments. Message
passing allows system £flexibility to be achieved simply
because ‘information is stored locally. That is, each object
tknows" the correct function to use to achieve a particular
result. The sending object does not have to know the
correct function name for the object it is sending to, it
can merely request a generic value name and let the
receiving object determine the correct function. For
example, each object class definition contains a DISPLAY
slot whose value 1is the name of the function designed ¢to
display the contents of that class of objects. To get an
object to display its contents in a natural language format,
one merely sends the object a2 message with a siot name of
DISPLAY.
€.1.1.4 PATTERN MATCHINS

The system incorporates a relatively simple pattezxrn
matching feature that replaces variable names with their
current wvalues 1in certain data structures prior to
evaluating those structures. 1In general, variable names are
slot names and the variable replacement function uses GETS
and its inheritance rules described above to locate variable
values, vVariable names are designated with a (*VAR% x)19

list structure where the "x" would be a variable name.

lgActually, the user or programmer enters "2x" and the

"?% expands internally to (*VAR* Xx).
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Currently, this variable replacement occurs in four places:
FIRMNODE and ASSOCIATION formulae, condition and action
elements of rules, variable parameters of events and default
structures in class definition objects (see Section
6.1.2.2). The variable replacement function builds a list
of variable bindings as it goes and looks first in that list
for variable names to insure consistency within a data
structure.
6.1.2 SYSTEM EDITOR

The system contains a menu driven editor which is used
to create, delete and modify instances ¢f classes. The
editcr also includes options for printing out zrecogniticn
patterns for classes and running a case analysis. The
editor itself is implemented in the system's object oriented
language so it is possible to use the editor to change the
editor's behavior.
6.1.2.1 DESCRIPTION OF EDITOR MENUS

A session begins with the top level menu as presented in

Figure 9.
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Main Menu
Inherent Risk Evaluation System

{A)nalyze, review or update case information.
(R)eview oxr update system elements.

(Q)uit and return to the operating system

Enter your choice:

Figure 9 Main System Menu

Instances of system object classes can be edited with
option R and case classes with option A. The system menu
allows the user to either edit system instances or print
recognition patterns for a class of objects. 1In order to
access an instance, the system first needs to know the class
of object and then the instance name. It looks up the
instance name entered by the user 1in the recognition 1list
for the object class and then executes the appropriate task
on the instance. A recognition list is made up of a series
of string, object name pairs. Strings are included for the
object name 1itself, its print name and any additional
recognition strings entered by the user. This recognition
system is a simple way to provide some flexibility in
identifying instances within the system.

Figure 10 presents the system menu which is followed by

Figure 11 which 1is a prompt screen used by the system to
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identify the object class desired. The object class
selection menu is dynamic in that whenever a new system
object class definition is added to the system, the system
automatically adds a response line to the menu based on the
first letter of the new object class' name. This means that
no two opbject class names may start with the same 1letter.
Responses to these menus are key sensitive. That is, the

user merely hits the key that matches the 1letter in

$ystem Menu

You may perform the following activities on system
objects:

(A)dd an instance of an object.

(M)odify an instance.

(D)elete an instance.

(R)eview an instance.

(P)rint recognition patterns.

Add a (S)pecific slot to an instance.

(E)rase a specific slot from an instance.

{Q)uit and return to the main menu.

Enter your choice:

Figure 10 System Menu
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Enter class of object or Q to quit.
Existing classes are:

(A)SSOCIATION
(C)HECK-LIST
(E) VENT
(F)IRMNODE
(K)s
(O)PERATOR
(P)ROCEDURE
(R)ULE
(V)ALUE-OBJECT

Entexr your choice:

Figure 11 Object Class Selection Menu

Once the system has the cbject class name, it prompts
the user for an instance name (except for add operations)
and takes appropriate action. The casé menu is gquite

similar to the system menu and is presented in Figure 12.

Case Menu
(A)dd an instance of a case object.
(M)odify an instance.
(D)elete an instance.
(R)eview contents of an instance.
(P)roduce an analysis of case information.
(C)hange to a new case.
(Q)uit and return to the main menu.

Enter your choice:

Figure 12 Case Menu
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6.1.2.2 ADD AND MODIFY OPERATIONS

The system uses information stored in a class definition
object to prompt the user for information necessary to
create a new instance of that class. Each class definition
object contains a 1list of multivalued slots, a list of user
accessible slots and a series of descriptive structures
called default -fields which are wused 1in the creation
process. Default structures comprise the template which
determines what slots an instance of the class should have.
The "user-accessible” list in the class definition tells the
editor which slots need user input. The "multi-valued" list
tells the editor which slots can contain multiple values and
therefore which ones should be entered as lists. For fields
that are not user accessible, the default value is used.

A default structure contains five items: the slot name,
the default value, LISP code to be executed when a new value
is entered (an "if-added" demonj, LISP code to be executed
when a value is deleted (an "if-deleted" demon) and a print
name. The LISP code can contain wvarilables which are
represented as a "(*var* x)" structure. The structure is
replaced by the current value for "x* before the LISP code
is executed. "If-added" and "if-deleted" demons are used
both to edit incoming data and make sure that it complies
with preset standards and te maintain fixed linkages between
objects within the knowledge base.

The creation process consists of prompting the user for

values for each slot name in the "user-accessible" list and
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testing each user entry by performing a Qariable réplacement
on the "“if-added" demon associated with the slot and then
executing that demon. Demons return "t" or "nil" where
"nil" indicates a restriction failure. The user is prompted
to reenter any data that creates a restriction failure. The
user may also hit "enter" and the system will pick up the
default value associated with that slot and use it.

The modification process consists of identifying the
desired instances as described above, selecting the slot to
change and then entering a new value. Both "if-added" and
"if-deleted" demons are triggered 1in this process since it
involves deleting an o014 value and entering a new one.
Appendix C contains sample add and modify screens for case
objects. The screens and procedures are 1identical for
system objects.

6.2 REPRESENTATION OF PROCEDURAL KNOWLEDGE
6.2.1 COMMON FEATURES OF PROCEDURAL OBJECTS

Procedural knowledge in the system was represented in
four different ways: as rules, productions systems,
checklists and procedures. Each representation method was
implement as a class of structured objects. There are three
slots that are common to all four classes: trace message,
explanation and variables. The trace message allows the
system to display relevant information when a precedural
object executes. This is wuseful for program debugging and
for matching the model's process behavior against a human

subject's verbal protocol. The explanation field is used
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like a comment line and facilitates debugging the system.
variables are the procedural object's local working memory.
The values for these variables can be set by passing the
procedural object information when it is called or by action
of procedural objects. Since these fields are common to all
procedural objects they will not be discussed further.

The procedural objects can be linked together
dynamically in call chains similar to function calls in LISP
which means the system has great flexibility. However, they
are data structures that conform to certain standards of
explicit knowledge representation which gives the system
access tc its own knowledge. This feature will be useful in
future enhancements of the system that deal with improved
explanation and learning.

Execution of procedural objects 1is achieved with the
specialized slot name EXECUTE. An EXECUTE message triggers
an appropriate evaluation function for a given procedural
object. In all cases, the f£irst step f£or EXECUTE is to
store any local variable bindings associated with the object
and reinitialize those bindings to values passed as part of
the message or to default values if no values are passed.
Then an execution procedure 1is triggered and 1its value
returned after local variable bindings are reset to their

riginal values. For example, an EXECUTE message to a
CHECKLIST object would trigger the variable binding activity
described above and then send an execution message to each

procedural object included 1in the checklist's procedures
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slot until either the local STOP or SKIP variables were set
to a non-nil wvalue. If STOP is set, the function resets
local variable bindings and returns the value to which STOP
was set. If SKIP is set to a non-nil value, it resets SKIP
to nil and skips the next procedure in the 1list. If all
procedural objects are executed and STOP is never set, the
function will reset variable bindings and return FAIL.

When procedural objects are executed, a record is kept
of the name of the calling object. This creates a call
chain or dynamic hierarchy which 1is used for purposes of
retrieving variable values. For example, 1f there is a
variable in the condition of a rule, the system will begin
looking for that variable name in that rule's variable list.
If it can't f£find it there, it will check the variable 1list
of the calling object ox PARENT. It will continue up the
_dynamically formed PARENT hierarchy until the variable name
is found and will then return that variable's current value.
The effect of this dynamic hierarchy is to simulate dynamic
scoping within a push down stack. The system also contains
a mechanism to allow for recursive execution messages to
procedural objects.

6.2.2 RULES

Rules primarily reside inside production systems but can
also be included in checklists. Rule objects contain £ive
fields that are currently used by the system: condition,
action, variables, trace message, and explanation. The

condition and action fields are straightforward and
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represent the "if" and "then" clauses of "if ... then"
rules. In keeping with the structured object approach,
rules are allowed to have local variables. However, this
feature is seldom used. Two additional fields show in the
printout in Appendix D but are not currently used by the
system: abductive and deductive strength. These fields
were 1initially 1included because of the common use of
certainty factors and other probabilistic measures in expert
systems shells but no use was found for them in this
implementation.
6.2.3 PRODUCTION SYSTEMS

The KS object class 1instances are production systems
which contain rule packets that are interpreted sequentially
until one fires and then the process begins at the beginning
of the packet again. The processing terminates when no
rules fire or when a rule tells the production system to
stop. The KS name was used as an abbreviation for Knowledge
Source. Production systems contain four fields: rule 1list,
trace message, variables and explanaticen. The rule list is
a list of rules that are checked sequentially until one
fires.
6.2.4 CHECKLISTS

Checklists represent a specialized form of production

system. They execute a 1list of prccedural objects (rules,
other checklists, production systems or procedures)
sequentially until all have completed their activity or one

of them tells the checklist to stop. In addition,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



178

procedural objects can tell the checklist to skip other
procedural objects. Checklists contain four fields: list of
procedural objects, variables, trace message and
explanation.
6.2.5 PROCEDURES

Procedures are ways for the system to call LISP
functions directly while maintaining the features of other
procedural objects. They contain four fields: variables,
trace message. explanation and procedure definition. Use of
procedures has been minimized because knowledge is not as
explicitly represented as it 1is in the other procedural
objects and their use was limited to complex mathematical
calculations.
€6.2.6 DISCUSSICN OF PROCEDURAL OBJECT BEHAVIOR

The following discussion is presented in order to assist
the reader in gaining a clearer picture of how procedural
objects function during a typical case analysis. Figures 13
and 14 present an overview of a typical call chain developed
during a case analysis. Each bex in the Figures represents
a procedural object and contains the object's name, class
and activity description. Flow of control in these Figures
proceeds from top to bottom, 1left to right. The £fcllowing
discussion describes how a case 1is analyzed by "walking
through" Figures 13 and 14. Figure 4 1in Section 4.2 also
presents an overview of the system's functioning in the form
of a flowchart and can be used by the reader in conjunction

with this description to help enhance clarity.
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A case analysis begins when an EXECUTE message is sent
to the CASE-ANALYSIS production system. CASE-ANALYSIS first
initializes the internal firm model by sending an EXECUTE
message to NET-PREPARATION which clears the model of any old
values, expands all OBSERVED-EVENTs and links all case
specific data to the appropriate model element (i.e.
account). Next CASE-ANALYSIS produces an ordered list of
account names that have current financial data associated

with them. The 1list is in standard general "~ :dger order
(i.e. assets, liabilitlies, equity; revenues and expenses).
CASE-ANALYSIS sends an EXECUTE message to PROCESS-NODE and
passes the name of each account in turn. Once all accounts
have been processed, it executes ANALYZE-RESULTS which
produces a summary analysis of the case.

PROCESS-NODE first processes an account by executing
NO-REVIEW to screen out accounts which are not normally
analyzed separately by auditors (e.qg. accumulate
depreciation or stockholder's equity for a wholly owned
subsidiary). Next, PROCESS-NODE determines the mechanical
error potential for an account by executing
EVAL-MECHANICAL-ERROR. EVAL-MECHANICAL-ERROR first
determines if any account specific assessments (i.e.
assessment objects that refer to a specific account) are
related to the account and stops its processing if there are
no specific assessments related to the account. If there

are specific assessments, it executes production systems

which are 1linked to the factor names in each assessment
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object to determine an error potential score. Both account
specific and general assessments are included in the
process. Each production system linked to a factor produces
a score which is based on the level field of the assessnment
object and is either positive or negative depending on the
knowledge of whether the factor would increase error
potential or not, which 1is embedded in the production
system. The total score is a sum of all individual scores.

Next, PROCESS-NODE executes SCREEN-ACCCOUNT te determine
if expected values should be generated for the account. I
the account has no historical data on which to base an
expected value or if an expected value has already been
developed, SCREEN-ACCOUNT skips execution of
POINT-EXPECTATION.

Next, PROCESS-NODE executes POINT-EXPECTATION to develop
and test expected values for the account based on historical
data. If there are significant differences between expected
and actual balances, POINT-EXPECTATION will generate an
expectation object for the current account. This
expectation object represents an expectation failure. Then
PROCESS-NODE executes RULEll to determine if an expectation
failure has been created and if all the association cobjects
involving the current account have been processed. If all
associations have not been processed, RULEll creates a goal
to execute an evidence search when all related association
objects have been processed and tells PROCESS-NODE to skip

the next operation. Since all existing goal objects have
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their conditions tested before any proccedural object (except
a rule) 1is executed, as soon as the PROCESS-ASSOCIATION
production system completes its processing of the last
association object related to the current account, the
EVIDENCE~SEARCH checklist will be executed on that account.

Next, PROCESS-NODE executes EVIDENCE-SEARCH to look for
alternative explanations of expectation failures. If no
expectation failures have been created, EVIDENCE-SEARCH
ceases execution. If there are expectation failures, it
will check the variability of historical data that generated
the expected balance, will check the confidence level of any
predictions used te generate the expected balance and will
look for any events in the event network that could explain
the expectation failure. Once all three possibilities have
beeﬁ checked, it will execute ANALYZE-NODE to produce an
analysis of the evidence related to the current accocunt
being processed.

The PROCESS-ASSOCIATION production system retrieves a
list of all associations =zelated to the current account
being processed and checks each one to see if it has not
already been processed. If an association has not been
processed, PROCESS-ASSOCIATION determines 1if all the
arguments have been processed. 1If all arguments have not
been processed, it sets a goal to execute
PROCESS-ASSOCIATION on the given association object when all
arguments have been processed. If the arguments have been

processed, 1t processes an association object by executing
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POINT-EXPECTATION on the association. If POINT-EXPECTATION
generates an expectation failure £for the association,
PROCESS-ASSOCIATION uses the expected value of the
association to develop expectation failures for any of its
arguments that depend on another argument. For exaﬁble, an
expectation failure fo; accounts receivable as a percent of
sales would create an expectation failure for accounts
receivable but not sales since the receivable balance
depends on sales. PROCESS-ASSOCIATION wuses the firm model
and event networks to determine dependency.

The final step in process..g an account is performed by
the ANALYZE-NODE checklist. ANALYZE-NODE executes
CHECK-ANALYSIS to determine if an account is ready to be
analyzed, i.e. has not already been analyzed, has at 1least
one expectation failure or hypothesis and haé had all
related association objects analyzed. CHECK-ANALYSIS
terminates the execution of ANALYZE-NODE if all these are
not met.

Next, ANALYZE-NODE executes DEVELOP-ACCOUNT-SUMMARIES to
create an analysis object for the current account (see
Section 6.5.1 for @ description of analysis objects). The
main function of analysis objects is to segregate all the
accumulated evidence into two categories: evidence that
supports the hypothesis that there is an error in the actual
account balance and evidence that supports the hypothesis
that there is an error in the expected account balance. The

"evidence" analyzed by ANALYZE-NODE are all expectation
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failures and hypotheses that have been generated during the
system's anelysis of an account. Hypotheses can be
generated by four proceduxal ‘objects:
EVAL-MECHANICAL-ERROR, EVAL-BASE-STATE-ERROR,
EVAL-PREDICTION-ERROR and EVENT-SEARCH. Each one of these
objects checks for duplicate hypotheses before it completes
its processing and combines any duplicates (See Section
6.5.6 for a discussion of hypothesis combination).

Once an analysis object is developed and displayed on
the screen, ANALYZE-NODE executes ANALYZE-DEPENDENT-NODES to
determine if any account should be reanalyzed based on the
results” of the analysis of the current account. Since the
system defers analysis of related accounts when that
relationship |is evidenced by an association object,
ANALYZE-DEPENDENT-NODES searches the firm model and event
network looking for dependencies between accounts that are
not <represented by association objects and executes a
reanalysis of any account that depends on the current
account. This is how the system differentiates between the
compiled causal, i.e. represented by an association object
and causal relationships discussed in section 4.2.2.1.2. 1In
addition, since ANALYZE-DEPENDENT-NODES executes
ANALYZE-NODE after it clears old data, 1its activity is an

example of the use of recursion by the system.
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6.3 PERMANENT DECLARATIVE KNOWLEDGE
6.3.1 BASIC RELATIONSHIPS BETWEEN OBJECTS
The declarative knowledge of the system 1is made up of

five object classes: association, event, firmnode, operator
and value-object. Firmnode and operator objects combine to
form a noéé and 1link network where the nodes are £firmnode
objects and the links are operator objects. The network |is
created by the use of formulas in firmnode objects that show
how values for the firmnode can be calculated from other
firmnodes. These formulas include an operator object name
and arguments. The arguments can be numbers or other
firmnode names. Associations represent the compiled causal
relationships mention in Section 4.2.2.1.2 and are very
similar to firmnodes in that the main piece ~f information
included in them is a formula which contaians an operator and
firmnode or number arguments. Cau=~-_ relationships are
represented by a combination of events and firmnodes. The
"triggexs" slots of firmnodes indicate which events arxe
caused or enabled by changes in the firmnode's value. The
"cause", "caused-by", "enabled", "enabled-by", "blocks" and
"blocked-by"™ slots 1in events indicate which firmnodes or
events have a causal relationship with the given event.
Generally, causal relationships can occur between events
directly or indirectly through state changes in firmnodes.
6.35.2 ASSOCIAfION

- Associations contain a variety of slots which serve two

main purposes: calculating and storing various values for
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the association and recording any case specific or temporary _

data objects that relate to the association. The heart of
the association is its formula which describes a
relationship between two firmnodes. The operator object
embedded in the formula is capable of calculating all the
values needed for the association. These values include two
percentage change values (t—-change and s—-change) and seven
absolute values (current, prior, past, history, quarterly,
base~state and base—test). The t-change and s-change values
are expected change values for the association. The
t-change value is an expected change in the trend or rate of
change for the historic wvalues while the s—change 1is an
expected change in the current period's wvalue from a base
state value which 1is calculated using historical data.
Current, prior, past, history, and quarterly values are
absolute values based on general ledger data. The oprior
value is for the preceding year and the past value is for
the year prior to that. History is the 1list of all
historical data excluding the current year.
6.3.3 EVENTS

Eventé describe patterns of changes in firmnode objects
and can be linked in a variety of causal chains. The
pattern of change can be described through the use of the
nodes—-affected slot or the parameters slot. The
nodes—affected slot provides a set of firmnodes and changé
directions that indicate a fixed pattern of change caused by

an occurrence of the event. The parameter slot contains
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variables that allow the event's'impact on firmnodes to vary
with context. The on—occurrence slot contains LISP code
that 1is executed whenever an observed-event case data
structure indicates that the event has occurred. This Lisp
code can contain variables and is currently used to generate
prediction and assessment objects that indicate how account
balances should change and sources of potential error 1in
account balances. Events are also classified in two ways:
by level of management influence and by type (i.e. normal
recurring, infrequent or unacceptable). Unacceptable events
are those that auditors feel should not occur in the normal
course of business activity.
6.3.4 FIRMNODES

Firmnodes contain the same data fields as associations
as described in Section 6.3.2. They also include some
additional quarterly and budget data not included in
associations. Since firmnodes can be included in the
formulas of other firmnodes, they also contain an outnode
list which includes back pecinters toc firmnodes that include
the given firmnode as an argument in their formulas. This
list allows the system to move in both directions in the
network formed by formulas and firmnodes. A firmnode also
contains descriptive information that tells whether it is a
general ledger account, total or subtotal; whether it is an
asset, liability, revenue oz expense; the normal level of
substantive auditing effort associated with the node and

whether the balance is based on a large set of recurring
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transactions or small set of infrequently occurring
transactions.
6.3.5 OPERATORS

Operator objects can perform a variety of guantitative
and gqualitative calculations for a standard set of
mathematical functions: addition, subtraction,
multiplication, division and per cent. There are also
operators for standard mathematical comparison: greater
than or equal to, 1less than or equal to, minimum and
maximum. Operators can deal with these functions and
comparisons on an absolute value bases, a percentage change
basis or on a qualitative basis. The set of qualitative
values with which operators deal are increase, decrease and
no change. Operators can also solve for missing values.
That is, given the fact that x + 2 = 4, the +! operator can
solve for "x" and return 2.
6.3.6 VALUE-GBJECTS

Value objects are employed mainly to provide print names
for various concepts used in the system.
G.4 CASE SPECIFIC DATA STRUCTURES

Case specific data structures are those that are entered
by the wuser to describe a specific case. These data
structures were thoroughly discussed 1in Chapter 5 and will
not be discussed further here.
6.5 TEMPORARY DATA STRUCTURES

Temporary data structures are created by the system as

it analyzes a case and contain inferences or summaries based

0o
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on the case data. The structures include analysis,
event—-score, expectation, firmnode—-value, goal-ob ject,
hypothesis and summary.
6.5.1 ANALYSIS

An analysis object contains classified and summarized
data concerning a given firmnode object. Since procedural
knowledge within the system targets firmnode elements that
are general ledger accounts, analyses will only be created
for firmnodes that represent general 1ledger accounts. An
analysis is created i1f there are eilther expectations oz
hypotheses developed for the account. The hypothesis
information is classified as +to whether it supports the
assertion that there 1is an error in the actual account
balance or an error in the expected account balance. The
analysis maintains histcry information on how hypothesis and
expectation information was developed as well as a list of
hypotheses and expectations that are summarized by the
analysis. :
6.5.2 EVENT-SCORE

Event score objects are created when an event is asked
to determine the level of management incentive and ability
to trigger an event occurrence. The level of incentive is
based on how the occurrence of the given event would affect
incentive objects associated with the case being processed.
For example, in the test case a PREDATE-INVOICES event would
have caused both sales and receivables to increase thus

explaining expectation failures noted by the system in these
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accounts. Since gross profit was close to the incentive
boundary established by the gross profit bonus incentive
object and an increase in sales would cause an increase in
gross profit (21l other things equal), management's
incentives to trigger a PREDATE-INVOICES event are positive.
The predate invoice event was also rated as highly subject
to management influence. These facts combined created a
reasonably- high score for the PREDATE-INVOICES event in the
context of the test case. The event-score object records
this score and a list of the data structures used to arrive
at the score so that if the information is requested again,
it will not have to be recalculated.
6.5.3 EXPECTATIONS

Expectation objects contain a record of mismatches
between system generated expected account balances and
actual account balances. The information contained in the
expectation object inciudes the account affected, the actual
acccunt balance, the expected account balance and a history
of how it was calculated, and a list of any hypotheses that
are subsequently generated to explain the expectation
mismatch.
6.5.4 FIRMNODE-VALUES

Firmnode-value objects contain an expected change value
for a firmnode, the type of value (trend or point estimate)
and a history of how that value was calculated. They are

created whenever a firmnode is asked to calculate an
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expected value and are stored so that the calculation does
not have to be repeated.
6.5.5 GOAL—-OBJECTS

Goals can be set by any procedural data structure and
are created whenever a procedural structure wants to defer
its reasoning or the reasoning of some other procedural
structure to some future point. Geoals are similar to rules
in that they contain conditions and actions. The conditions
of each goal are checked prior to execution of checklists,
procedures or production systems. A push down stack is used
to order goals so the most recent goal 1is checked first.
The first goal whose conditions are satisfied is executed
(i.e. has 1its action slot evaluated). Goal execution
involves establishing a context or set of variable bindings
and then executing a procedural object. The context must be
included in the action slot by the procedural object that
created the goal. Bindings are returned to their
preexecution values once the action is completed. The value
returned by the action clause is returned by the goal
execution function. Goals are not checked prioxr to the
execution of each rule and the goal checking process is
suspended while a gcal is being execuﬁed in order to avoid
highly disjointed behavior.
6.5.6 HYPOTHESES

Hypotheses are created by the system whenever it
establishes that there 1is some evidence that either an

expected or actual account balance may be in error. Since
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the mechanical error checking process described in Section
4.2.1.1 1is perfermed independently of the expectation
generation process, hypotheses c¢an be created even though
there is no expectation failure. A hypothesis contains five
slots: expectations, assertions, assertion support, weight
and weight support. The expectations slot contains a 1list
of any expectations that the hypothesis attempts to explain,
if any.

The assertion characterizes the hypothesis in that it
contains the name of the firmnode or association to which
the hypothesis applies and the nature of the hypothesized
change to that data structure. A typical assertion might
be:

(replace f—inventory current—-value 59282 diff)

"Replace" indicates that the system has some . evidence
that there may be an error in an account or association. 1In
this case, the error 1is in the current actual value of
inventory. The assertion contains the current wvalue of
inventory (99282) to facllitate explanation. "Diff"
indicates that the system has no evidence as to the
direction of the errxor; that is, whether the balance should
be higher or lower.

The assertion—sugport slot indicates which procedural
object produced the hypothesis. In the above example it
would be the mechanical error checking procedure.

The weight slot indicates the 1level of support for the

assertion. The weighting logic in the system was discussed
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in some depth in Chapter 4. Generally, weights are
determined by the procedural object that creates the
hypothesis and are based on simple additive algorithms.

The weight-support slot contains a history of how the
weight was calculated. 1In essence, this slot contains a
trace of the system's reasoning 1in generating the
hypothesis. A history contains the name of the procedural
object that added to or subtracted from the weight and the
variable bindings used by that object.

Hypotheses can be merged by the system in two ways.
First, if at any point during processing, two different
procedural objects create hypotheses with . the same
assertion, the expectations, assertion-support, weight and
weight-support slots of these two hypothesis will be
combined into one hypothesis and the other will be deleted.
Only hypotheses with 1identical assertions are merged when
they are created. Second, hypotheses with differing
assertions about the same account are merged into a new
summary hypothesis when the system creates its analysis cof
an account. These summary hypotheses have two possible
assertions: an error in the expected balance or an error in
the actual balance. .They are used by the system to classify
ail evidence into those two categories.

The system does not attempt to resolve conflicting
evidence within each category. For example, if the system
expected the cost of goods so0ld balance to be higher based

on historical trends but lower based on its relationship to
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sales the system would not attempt to resolve the conflict
but merely note both facts and consider both as evidence for
potential errors in the cost of goods soid baiance. The
system does not attempt to resolve these conflicts because
auditors tend to be conservative and defer judgment until
more evidence was gathered.

6.5.7 SUMMARIES

Summary objects are created during the development of
the final summary for the case. They are used to rank the
anaiysis of individual accounts by importance level. This
importance 1level does not Just depend on the sum of
hypothesis weights associated with the account but also
depends on dependenice relationships. That is, if the wvalue
of account A depends on account B, a problem with the
account B is more important than a problem with account A.
For example, a problem with inventory is more important than
a problem with cost of goods sold since inventory is used to
calculate cost o¢£f goods so0ld. When ranking accounts for
final presentation, the system checks for dependencies and
increases the weight of accounts on which others depend.

A summary object contains four slots: £firmnode, weight,
analysis and dominance. The firmnode slot contains the name
of the account involved, the analysis slot the name of the
analysis object associated with that account, the weight
slot the final weight developed during the ranking processes

and the dominance slot is not currently being used.
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6.6 SUMMARY INFORMATION

The system runs on a COMPAQ II portable microcomputer
that has been enhanced to include a 5 megabyte extended
memory board. The enhancement was necessary to accommodate
GoldHill Computer, Inc.'s Golden Common LISP 286 development
package which was the software used to implement the system.
The system does not take advantage of any special £features
of the hardware or software and should run in most Common
LISP environments. Table 3 contains descriptive statistics

of the system.

Table 3 System Statistics

Source code

(commented and uncompiled) 275 kbytes
Compiled source code 252 kbytes
System data structures 427 kbytes
Test case data structures
(includes general ledger) 10 kbytes
Item counts:
Associations )
Check lists 44
Events 41
Firmnodes 107
Operatozrs 11
Procedures 44
Production systems 45
Rules 360
Value objects 45
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CHARTER 7
EVALUATION OF SYSTEM PERFORMANCE
7.1 DESCRIPTION OF THE EVALUATION PROCEDLURE
7.1.1 GOALES OF THE EVALUATION PROCEDURE
The evaluation portion of this research was designed to
obtain answers to five main gquestions:

1. Was the form of the system’s analysis and the
evaluation context realistic?

2. How accurate and reasonable were the system's
account level analyses?

3. Were the conceptual model assertions supported
by the evidence?

4. Were the case descriptions accurate and
complete?

5. Were there any potential uses for the system
in actual practice?

7.1.2 DESCRIPTION OF THE EVALUATION PROCESS

Two questionnaires were designed te obtain information
from the two auditor subjects who had helped develop <cases
£0r this research project. Copies of these questionnaires
are included in Appendix E. The questions on the
questionnaires were general and open ended in orxrder to give
the subjects maximum opportunity to express their opinions
freely and to avoid prejudicing their responses.

Two packets of materials were maiijed to each subject.

The first packet included a cover letter which contained

197
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general instructions, a copy of Questionnaire #1 (see
Appendix E), a case description for the case that the
particular subject had helped develop and an annotated
printout of the system's analysis of that case (see Appendix
B for an example of a case description and system analysis).
The second packet was similar to the £first but included a
cony of Questionnaire #2 and the case descriptions and
system analyses for two cases which were unfamiliar to the
subject. Questionnaire #2 did not contain guestions
pertaining to the completeness and accuracy of the case
description and overall evaluation of the research project
wnich were included in Questionnaire #1.

The subjects were asked to evaluate the system's
analyses within the following context:

Assume the analysis produced by the system was
developed by a 3Jjunior accountant who had been
given the case materials and asked to identify
potential risk areas based on the case
information.

The context was selected to be as realistic as possible
given the anticipated level of the system's performance and
the author's understanding of how inherent risk assessments
are made within the subjects' audit firm. The system's
performance was guite simplistic given <the preliminary
nature of this research and, in the author's opinion,
approximated the analysis an inexperienced junior accountant
might produce. However, Jjunior accountants don't normally

prepare inherent <risk analyses. Therefore, a training
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context for a Jjunior accountant was selected with the
assumption that such a training exercise might be used to
prepare the junior for a more responsible position.

Analysis of the subjects' responses primarily involved
reviewing their detailed critiques of the system's analyses
looking for areas where the subjects disagreed with the
system and the reason for the disagreement. The reasons
were then classified into categories to .identify nmore
general changes and extensions that were needed 1in the
system. In addition, the critiques were reviewed for
evidence concerning the validity of the conceptual model
assertions. Finally, a count was taken of the total number
of accounts involved in each case, the number of times the
subjects disagreed with the system's analysis of an account
and the number of times the subjects disagreed with each
othexr on the analysis of an account.

The analysis of the subjects' responses was subjective
due toe the open ended nature of the questions asked.
Support for conceptual model assertions and system design
assumptions often had to be 1inferred from the subjects'
responses since the subjects' evaluatlion of these items was
not directly solicited. 1In general, subject #2 agreed with
the system's analysis more often and had a more
complementary opinion of the system than subject #1. This
is probably because Subject #2 was involved in the research
project early in the data gathering stage and was

instrumental in developing the first test case. A summary
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of the results of this analysis and examples of Inferences
made is included in the following sections of this chapter.
Each of the questions presented in 7.1.1 are dealt with 1in
turn except number 4. This question was only asked subjects
on cases they helped develop and was included as a double
check on " the completeness and accuracy of the case
descriptions. Since this qgquestion had been asked several
times during case development meetings, significant
deficiencies should not have, and did not, come up.
7.2 EVALUATION CONTEXT AND SYSTEM CQUTPUT

This portion of the analysis o0f subjects' responses
involved determining 1£f the context used to evaluate the
system was realistic and if the system's output represented
a realistic risk evaluation given that context. The realism
of the context was evaluated based on the subjects'
responses to gquestion I.C. in Questionnaire #1. The realism
of the system's analysis given the context was more complex
and involved drawing inferences from both the subjects'
detailed critique of the system's performance and the
overall evaluation of that performance.
7.2.1 REALISM OF EVALUATION CONTEXT

Subject #1 felt that the evaluation context was not
realistic because risk assessments are typically developed
by partner and manager 1level personnel. Subject #2 felt
that the context was reallstic in that such an exercise
could be used to help train future in-charge accountants.

(see Appendix F, question I.C.).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



201

7-2.2 REALISM OF THE SYSTEM QUTPUT

Both subjects felt that the system's overall performance
was adequate given the limited case material (Appendix F,
guestion II.C.). However, subject #1 £fe21lt that the system
was too "numbers oriented" and did not deal adequately with
gualitative factors such as management integrity and
pressures on management, changes in the business environment
and quality of internal controls (Appendix F, questions I.C.
and III.A.). Subject #1 felt that the analysis generated

20

looked more 1like a PFinancial Performance Review than a

General Risk AssessmentZl.

The strongest evidence supporting. the realism o£f the
output 1s 1indirect. Although Subject #1 felt 1t was
inappropriate to have junior accountants evaluating inherent
risks, neither subject had difficulty in evaluating the
system's analysis in that context. The problems mentioned
in both questions A. and B., Section III of Appendix F can

be characterized as problems in coverage as opposed to

problems of approach. For example, Subject #l's main

2OA Financlal Performance Review 1is a subject CPA f£firm
procedure that uses historical financial data and ratio and
trend analysis to identify potential audit risks.

ZlA General Risk Assessment 1is a subject CPA firm
procedure that combines the results of the Financial
Performance Review with gualitative assessments to produce a
detailed analysis of potential audit risks. It is this
procedure that most closely represents an inherent risk
evaluation.
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criticisms of the system were that it did not deal with a
broad enough range of financial ratios and qualitative
issues. The system does deal with these issues, but to a
very limited degree. Subject #1 did not indicate that the
system's basic approach was flawed, Jjust that it didn't go
far enough in several areas.
7.3 ACCURACY OF THE SYSTEM’S ACCOUNT LEVEL ANALYSES

To determine the overall accuracy of the system's
analyses, counts were made of the total 1line items in all
three cases, the number of times the auditors disagreed with
the system and the number of times the auditors disagzeed
with each other. "Disagreement" was broadly defined and
included situations where auditors differed with the system
on whether an account was risky or not as well as situations
where the auditors agreed that an account was risky but for
reasons different from those expressed by the system.
"Disagreement" between auditors was defined in the same way.
The only difference between system/auditor comparisons and
auditor/auditor comparisons 1is that the auditors were
criticizing the system's analysis but did not see each
other's comments. Therefore, disagreements between auditors
were determined by differences in their criticisms of the
system's analysis and not by direct criticism of each
other's comments. No statistical tests were run on these
data because the observations were not independent. The
results of these comparisons are summarized in Tables 4 and

5 below.
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Table 4 Summary of Subject/System Disagreement

Subject #1 Subject #2 Total
Agreement 75 78 153
Disagreement22 14 11 25
Total 89 89 178

Table 5 - Proportion of

Assessment Disagreements

203

Subject/ Subject/

System Subject
Agreement .86 .88
Disagreement .14 .12
Total 1.00 1.00

In guantitative terms, the system performed nearly as

well as the experienced audit managers that were used as

subjects in that the audit managers disagreed with each

other nearly as much as they did with the system. However,

these simple statistics do not reflect different levels of

disagreement. The disagreements between the subjects were

usually based on detalled points and f£ine interpretations.

However, the subjects' disagreements with the system usually

2ZIn two cases the subjects disagreed with the system's

analysis of a 1line 1item because the system had not
considered information that was available to the subject but

had not been mentioned during the development of the case
and therefore was not available to the systen. These
disagreements were considered 1indications c¢f an incomplete

case and not a disagreement in analysis.
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reflected more basic weaknesses in the system's analysis.
The following discussion of the subjects' critique of the
system's analysis of Test Case #3 is presented to highlight
these gqualitative differences.
7.32.1 DISCUSSION OF SUBJECTS? COMMENTS ON CASE #3
7.3.1.1 INVENTORY

Subject #1 identified several problems with the system's
analysis of the inventory account. That analysis was as
follows (author supplied annotations are in boxes):

Inventory may be more risky because the account

balance is higher than would be expected based on

a projection of prior years’ values and its

relationship to sales. There is some evidence

that there may be an error in this account due to

a low level of supervisionr for inventory and

significantly complex calculations for inventory.

This error may have occurred in spite of a high
lavel of internal controls for the firm,

The "low level of supervision" observation is based on
the fact that there was a problem last year that was
cleaned up by the client. The system feels that in
cases like this, management may feel the problem has
been resolved and be less attentive this year.

Subject #1 took issue with the decision rule the system
applis€ concerning management's possible reaction to a priox
year accounting problem. Subject #1 also felt that
inventory should be evaluated based on turnovers in
relationship to anticipated sales whereas the system used
its historical data extrapolation mechanism and the ratio of
inventory to sales as a basis for expectation generation.
Finally, Subject #1 indicated that the system did not take

the problem of determining how much software cost should be
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capitalized in inventory into consideration in its analysis
of inventory risk.

Subject #2 had no criticism of the system's analysis of
inventory. The differences in the two subjects' reactions
to the system's analysis of the inventory account can
probably be explained by the differences in the subjects'
familiarity with the system. As previously mentioned,
Subject #2 had been involved in the early development of the
system. Subject #2 was the source of the decision rule with
which Subject #1 took issue. Also, because of his
familiarity with the system, Subject #2 tended to focus his
crxiticism on the system's performance given the case
material while Subject #1 tended to bring in more general
auditing considerations. Therefore, Subject #2 did not
consider using inventéry turnover data based on projected
sales to evaluate inventory because projected sales data was
not in the case. Finally, the system did considexr the
capitalization issue 1in its analysis as evidenced by the
"calculation complexity" comment in 1its analysis although
this was not very clear from the analysis or author's
annotations. Subject #2 was familiar enough with the
system's mode of expression to pick up on this subtlety
while Subject #1 was not.
7.3.1.2 SALES AND DEFERRED REVENUE

The system expressed concern for a pattern of data that

included higher than expected sales and accounts receivable
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balances. The system's analysis of these related accounts

is as folloys:

The "predating of invoices"
observation is coming from the fact that there is a
pattern of data that suggests management is
manipulating sales and receivables by altering
invoice dates. The pattern of data includes the
fact that both sales and receivables are higher than
expected and that the gross profit of the company is
near the bonus cutoff giving management an incentive
to inflate sales.

Sales may bhe more risky tecause the account
balance is higher than would be expected based on
a projection of prior years? values. There is
some evidence that there may be an errcr in this
account due to predating of invoices.

Reevaiuating the risk assessment of deferred
revenue based on new evidence.

Deferred revenue may be more risky because there
is some evidence that there may be an error in
this account due to a potential error in sales.
Both subjects took issue with the system's narrow view
c£ the potential cause of the sales/receivable overstatement

problem. Both felt that there were other potential

ctivities that could have accounted for the data

1]

management
as easily as predating invoices. However, neither of them
criticized the system's identification of the problem and
its linkage of the pattern of overstatements to the status
of the bonus plan.

Subject #1's criticism was more specific in that he felt
the greatest potential risk for manipulation would be in the
deferred revenue account. Managemeﬁt could inflate sales by

shifting amounts from deferred revenue to sales. Subject #1
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felt this manipulation would be more difficult to detect
than predating of invoices which would probably show up in a
standard sales cutoff test. However, manipulation of
deferred revenues would not account for the increase in
receivables noted by the system. In addition, it would
create a lower than expected deferred revenue balance which
was not the case here.

Again, these differences between the subjects'
criticisms could probably be explained by differences in
familiarity with the system. In general, Subject #2 focused
his criticism mnore narrowly on the system's analysis of the
specific data in the casé while Subject #1 tended to bring
in more general auditing considerations. Because Subject #2
had been involved more system refinement meetings, he had
probably become used to dealing with the system's analysis
in a more focused fashion.
7:3:1.3 ADMINISTRATIVE EXPENSES

Both subjects took issue with the system's analysis of
administrative expenses for fundamentally the same reason:
the system flagged this account solely because of a change
in pension reporting standard. The system's analysis is as
follows:

| Administrative expenses may be more risky because
there is some evidence that there may be an error
in this account due to significantly different
reporting standards for administrative expenses.

This error may have occurrcd in spite of a high
level of internal controls for the firm.
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The system has determined that the other side of
the pension accrual transaction normally affects
administrative expenses.

The main difference in the subjects' criticisms of the
system's analysis was the nature of its errors in reasoning.
Subject #1 felt that the problem 1lay in the system's
inability to determine the potential magnitude of the effect
of the reporting standard change on administrative expenses
by referring to the proportion of salaries and wages that
were included in administrative expenses versus those that
were included 1in production costs. Subject #2 was more
concerned about changes in total operating =xpenses which
had remained constant despite the significant increase in
sales activity.

7.3.2 SUMMARY CF SUBJECTS? ACCOUNT LEVEL CRITICISMS

While the subjects' criticism of the system's analysis
differed considerably in the details they chose to
highlight, there were several underlying themes that were
common to both.
7.3.2.1 HIGHER ORDER RELATIONSHIPS

Both subjects criticized the system's analysis of
several accounts based on the system's 1limited ability to
identify and reason with higher order relationships. Higher
order relationships include standard ratios and
relationships between accounts,.e.g. Subject #2°'s concern
for the system's inability to recognized total operating

costs as a percent of sales had dropped in Case #3 (see
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7.3.1;3). The system does have limited capabilities to
identify and reason with these relationships, but the
subjects both felt that 1its capacity to deal with these
relationships was far too limited.
7.3.2.2 MANAGEMENT INCENTIVES

Both subjects felt that the system's ability to identify
the potential impact of management incentive issues was too
limited. The specific criticism came in the system's focus
on predating of invoices in its analysis of sales in Case &3
discussed in 7.3.1.2 above. In addition, Subject #1
mentioned the system's inability to deal with management
incentive issues as a major qualitative area ih which the
system was deficient.
7.3.2.3 WEIGHTING EVIDENCE

The problem of weighting evidence comes up in two
general areas. First, the system has no ability to
determine the magnitude of the effect qualitative changes
will have on account balances (e.g. how much a pension
reporting standard will alter administrative expenses).
Second, the system has only 1limited ability to weight
gualitative evidence when combining it with both other
qualitative evidence as well as guantitative evidence (e.g.
how great an impact does a strong overall control system
have on the 1risk of error in inventory when there is
evidence that management's specific concern for inventory
controls may be lower and the inventory balance is out of

line with expectations).
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7.4 SUPPORT FOR ASSERTIONS

The subjects' responses to the gquestionnaires were
reviewed £for evidence on the validity of the five assertions
underlying the conceptual model discussed in 3.4.2. Since
the subjects were not asked to assess these assertions
directly, the evidence on thelr validity is indirect. Each
assertion is discussed below.

7.4.1 ACCOUNT BY ACCOUNT BASIS

Assertion 1 states that inherent risk assessment are
generated on an account by account basis. The subjects seem
to agree that account 1level assessments are a part of
inherent risk assessment in that they did not fault the
system for analyzing risks at the account level. Subject #1
did fault the system on its inability to take such firm-wide
factors as audit history, management integrity and pressures
on management to achieve certain results, and changes in the
firm's Dbusiness environment into consideration in its
analysis. This implies that there is a firm-wide component
to risk analysis as well as an account level component.

The system does consider these firm-wide factors to a
limited extent but only in the context of how they affect
the risk associated with a specific account. Since audit
tests and procedures are applied at the account level, how
these firm-wide factors £it 1into the 1inherent risk

assessment process remains unclear.
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7.4.2 EXPECTATION GENERATION

Assertion 2 states that auditors wuse expectation
failures to focus their inherent risk assessment. The
support for this assertion is indirect. The system employed
an expectation generation process to focus its analysis and
seemed to do a reasonably good job of nct only identifying
risky accounts but also skipping over less risky ones (see
Tables 4 and 5). 1In addition, the subjects' criticism were
focused on how their own expectations differed from the
. system's and did not fault the system for generating
expectaticns. '
7.4.3 EXPECTATIONS BASED ON CHANGES FROM PRIOR YEARS

Assertion 3 refines assexrtion 2 by stating that the
expectation generation process is based on changes in events
or circumstaﬁces from previous years. Again much of the
support for this assertion is indirect in that the system
employed a historical data driven expectation generation
module and the subjects' generally agreed with its analysis.
However, both subjects' indicated that the system was too
strict in its adherence to historical data and did not place
enough emphasis on'current relationships between accounts in
generating expectations and identifying risks.
7.4.4 MANAGEMENT INCENTIVE

Assertion 4 states that management incentives are of
special importance in assessing risk. While the system did
consider incentives in its analysis of the sales account in

Case #3, this was the only place the issue arose. Subject

| ad
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#1 specifically faulted the system on its limited ability to
deal with management integrity and pressures on management
to achieve certain results. “abject #l1's criticism supports
" the assexrtion by faulting the system for not placing enoqgh
emphasis on management incentives.

7.4.5 EXPLANATION OF RISK

Assertion 5 states that risk assessments should involve

explanations of risk factors rather that mere
guantifications of risk levels. The system did not produce
any point assessment of risks but only ranked risky accounts
relative to each other. It did provide an explanation of
its reasoning in identifying an account as risky. Neither
subject faulted the system for this approach nor did either
indicate the need £for a point estimate of risk. In
addition, both subjects characterized the systen's analysis
as adequate given the data. Finally, much of the detailed
criticism of the system's account by account analysis
concerned either lack of clarity in the system's
explanations or differences 1in opinion concerning the
reasoning process the system employed. These criticisms
provide indirect evidence that a risk assessment should
include an explanation of the causal chain used to identify
an account as risky but need not include a point estimate otf
that risk.

7.5 USEFULNESS OF THE SYSTEM

The final question addressed by the evaluation portion

of this research was the issue of ultimate usefulness of the
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system to practicing auditors. Although the purpose of this
research was to build a descriptive, psychologically valid
model of an auditor's inherent risk evaluation and not to
build a functioning decision support system; the subjects'’
impressions of the usefulness of the system provide evidence
on the overall accuracy of the psychological model. That
is, if the system is a good model of an auditor performing a
ccmmon audit task then subjects should f£ind that system
useful in actual practice.

Both subjects felt the system could have some use given
it was refined. Subject #1 did not see much future for the
system as a risk evaluation system due to his belief that
computer systeits could never handle the qualitative issues
involved with risk assessments but could see some potential
for using the system for automating Fingncial Performance
Reviews. Subject #2 saw broader potential foxr the system.
He felt it could be used as a training tool for both staff
accountants and college students to help them prepare for
the risk identification task they would perform as in-charge
auditors and nltimately audit managers. He alsc felt the
system might be useful in providing a second opinion on risk
issues.

7.5 SUMMARY OF EVALUATION RESULTS

The analysis of the evaluation questionnaire responses
identified several basic strengths and weakness of both the
conceptual and computational models (computer system) of

inherent risk assessment presented in this thesis. The
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major strengths are that the system can produce inherent
risk analyses on limited but realistic cases that
experienced auditors feel is adeguate given the case data.
These auditors felt comfortable 1in evaluating the system's
performance in a context that characterized the system's
output as an analysis produced by a Junior accountant. An
analysis of the auditor subjects' criticisms of the system's
analysis provided some support for the overall conceptual
model and the specific assertions underlying that model.
Finally, the subjects see potential use for the system 1in
applied auditing and academic settings. 1In general, the
conceptual and ccnmputational models appear to capture most
of the critical elements of inherent risk assessment and the
computational model is capable o0f bringing these elements
together to provide reasonable risk assessments.
The major weaknesses 1lie in the incompleteness of the
computational model. Specifically:
1) The system does not deal adeguately with the
issue of using qualitative information to merge
with guantitative information to produce risk
assessments. There are two main facets to this
weakness: a) the limited ability to assess the
impact of qualitative factors by linking them into
causal chains that relate to risk areas and b) the
limited ability to properly assess the relative
degrees of impact of both qualitative and
quantitative factors.
2) The system is not sensitive enough to higher
order relationships between accounts, such as
standard financial ratios, and classes of
accounts. 1Its analysis is too account level
driven in that it does not "pop up" to the next

level of aggregation and look for trends and
relaticnships in groups of accounts.
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3) The system lacks the ability to assess the
relative impact of various events on the firm.
For example, it was not able to determine how
significant a change in pension zsporting
standards would be to administrative expenses,
cost of goods sold and inventory valuation.

In general, the conceptual and computational models
appear to provide a solid beginning to the study of inherent
risk evaluation during audit planning but the computation
model needs considerable refining before auditors would
considexr its performance comparable to an experienced audit

manager's.
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CHAPTER 8

CONCLUSIONS

This research project resulted in Dboth conceptual and
computational models o0of inherent risk assessment during
audit planning. These models capture some of the expertise
used by auditors when assessing potential risks of error and
irreqularities during audit planning. The project included
both discovery and evaluation phases. The discovery phase
consisted of data acquisition and model building. The
performance of the computational model was then evaluated py
experienced auditors who Jjudged its performance to bDbe
adequate given the limitations of the case data.
8.1 SUMMARY OF THE RESEARCH PROJECT

This research project began with three related
guestions:

1. Wwhat is the nature of an inherent risk
assessment?

2. How do auditors assess inherent risk during
audit planning?

3. How are inherent risk assessments used in
audit planning?

An analysis of the inherent risk assessment task was
conducted utilizing professional and academic 1literature,
structured and unstructured interviews, simulation exercises

and observations of risk assessment meetings. A conceptual
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model of inherent risk assessment was developed from the
results of this task analysis. A computational model
(computer program) was developed that captured most of the
features of the conceptual model. A single experienced
auditor was used to help refine the model by developing a
case based on one of the auditor's clients. The author
gradually refined and extended the computational model by
using the case as a focal point for the evaluation of <the
model's performance until the model reached conclusions and
provided explanations that the auditor felt were reasonable
and accurate.

In order to provide data that would make the model more
general in scope &and capabilities, a second experienced
auditor was used to develop a2 second case based on one of
his clients. In both cases, the model refinement process
was iterative and involved making a series of extensions and
corrections to the model based on repeated evaluation
sessions with the auditors. The refinement process also
resulted in changes to the original conceptual model.

A third case was developed by the author for wvalidatior
purposes. The computational wmodel's performance was
evaluated by having each auditor critique the model's
evaluation of all three cases. The results of the
evaluation process provided support for the conceptual and
computational models while also indicating major areas where

the computation model needed improvement and extension.
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8.2 CONTRIBUTIONS

While this research project has not provided complete
answers to the questions 1listed above, 1t has provided
insight into several issues involving inherent risk
assessment during audit planning.

1. 1Inherent risk assessments are not made in
isolation. Inherent risk is closely linked to
control risk and auditors tend to assess them
jointly. The primary role of risk assessment
during planning is to target the auditor's
detection efforts. The nature and level of
auditor detection efforts is a joint function of
the inherent risk of error in an account and the
guality of the client's efforts to detect that
error.

2. Inherent risk 1s assessed at both general and
specific levels. The general level refers to
firm-wide factors that might influence error rates
in account balances while the specific level
refers to factors that affect the error potential
in a given account. Ultimately, general risk
appear to be translated intc specific risk effects
because audit tests are carried out at the account
level. However, how general risks affect specific
risks remains unclear.

3. Inherent risk assessments need to contain
references to causal linkages between risk factors
and potential errors. These causal linkages help
the auditor determine which specific procedures
(s)he needs to employ to effectively and
efficiently deal with the risk. Point estimates
of risk levels provide very limited information
for making audit procedure selections.

4. Inherent risk assessments are performed in a
systematic manner and involve a thorough review of
all accounts.

5. Expectation failures play in important role in
focusing the auditors attention on potentially
risky accounts.

6. The expectation generation process is a
complex one that involves consideration of
historical financial data and the occurrence cr
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lack of occurrence of economic events whose impact
may or may not be quantifiable.

7. The joint inherent/control risk assessment
process is complex and involves combining
gualitative and quantitative evidence to identify
the most likely causal linkage between risk
factors and potential errors. The nature of the
evidence combination process remains unclear but
the evidence indicates that a simple combination
rule based on equal weighting of cues is an
inadegquate model of the process.

8. Management incentives play an important role
in the inherent risk assessment process but how
incentive issues impact on the risk assessment
remains unclear.

In general, inherent risk evaluation involves bringing
together large amounts of historical and current information
about the client firm, 1its management, 1its industry, 1its
economic environment, and general business management
knowledge to determine what accounts may be more likely to
contain material erxrors.

8.3 STRENGTHS AND LIMITATIONS

The major strength of the research project 1is that a
comprehensive model of a complex decision process was
developed and tested in a realistic environment. However,
the research project 1is incomplete and this thesis really
represents a progress report on & continuing research
effort. The major limitations are related tc the incomplete
status of the preoject. First, the results were based on a
small sample of auditors from two international CPA f{firms.
The model refinement and evaluation process was limited <to

two auditors from one international CP2 firm. Therefore,

the conclusions may not be generalizable to all auditors.
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Second, because of the complexity of the inherent risk
assessment process and related complexity of the
compufational model, evaluation data tended to be subjective
and subject to alternative interpretations. Finally, only
the conclusions of the computational model and not the
processes it used to achieve those conclusions were
evaluated.
8.4 REMAINING QUESTIONS

Several 2lements of the inherent risk assessment process
remain unclear. These elements involve the expectations
generation process, the role of management incentives, and
the nature of the auditors' knowledge representation and
inferencing processes. Extending the 1researxch to more
auditors, more cases and different CPA firms as well as
gathering concurrent verbal protocol data based én existing
and new cases would be most useful in attempting to answer
these remaining gquestions. In addition, the computational
model developed 1in this research project would provide a
valuable tool <for testing alternative answers to these
remaining questions.
8.4.1 EXPECTATION GENERATION

Expectation generation has proven to be a key attention
directing mechanism. However, this process 1is extremely
complex and involves much more than merely extrapolating
from historical data. Auditors generate expectatlons based
on guantitative and gqualitative data. The specific data

used and methods used to combine data vary from account to
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account as well as from client to client. More information
is needed on how auditors alter the expectation generation
process based on account, £firm and industry | specific
factors; what 1level of precision they use 1in developing
expectations; what role relationships between accounts play
in the process; and how they combine gqualitative and
quantitative factors when developing expectations.
8.4.2 MANAGEMENT INCENTIVES

Although both professional 1literature and practicing
auditors indicated the special importance of incentives in
evaluating inherent 1risk, only <the author genexrated case
raised the issue 0of incentives. Consequently, data on how
auditors deal with incentive issues are very linited. More
information is needed on when incentives issues become a
concern for auditors. The computational model discussed in
this thesis assumed that 1incentive 1issues only became a
concern when a pattern of exbectafion failures existed that
could be explained by unacceptable management behavior and
when there was evidence of outside pressure on management to
produce a given resuit (e.g. earnings near a bonus plan
threshold). One subject €£elt that these assumptions were
too restrictive thus 1leaving the gquestion open concerning
what circumstances must exist before incentives become an
iscue. More information is also needed on how incentive
issues are combined by auditors with other evidence in

producing an inherent risk assessment.
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8.4.3 KNOWLEDGE REPRESENTATION

The are two reiated knowledge representation issues that
need more exploration: how should relationships between
accounts noted by the subjects be incorporated 1into the
exiting firm model and how can both permanent and temporary
data structures be altered to provide clearer natural
language generation for explanation purposes. The
computational model currently contains a 1limited set of
these account relationships; however, it would be easy to
expand the set. These relationships are not currently
linked into the event network. An analysis of the auditors'
comments concerning account relationships implies that they
are linked to economic events. The question remains as to
how these 1linkages should be represented and what impact
those linkages should have on the structure of the event
network.

The computational model contains a natural 1language
generation feature that 1is stilted and incomplete. These
problems reflect weaknesses in the structure of the
underlying data structures that produce the translations.
Fuzther analysis of the weaknesses in the current approach
is needed to improve in the underlying data structures.
8.4.4 PROCESS DETAILS

Most of the evidence gathereéd in this research project
dealt with thé inputs and outputs of the inherent risk
assessment procedure. Concurrent verbal protocols were not

used because the nature of the task and task context were
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not clearly defined enough to permit the development of
cases that accurately captured the task 1in 1its natural
context. The auditors evaluation of existing cases and the
ease with which they were able to evaluate the computation
model's analyses implies that a sufficient understanding of
the inherent risk assessment task has been achieved and that
development of cases for detailed protocol analysis would
now be appropriate. Protocol data would provide valuable
evidence on the accuracy of the assumptions used in
determining the computational model's flow o0f control, on
the nature of the processes used to combine gualitative and
quantitative evidence and on the complete set of factors
that the auditor considers when assessing inherent risk.

8.5 EXTENSIONS

The preceding section discussed specific guestions that
remain concerning the inherent risk assessment task. This
research project could also be extended beyond the inherent
risk assessment task. One extension would be to determine
how inherent risk assessment and analytical review are
related and extend the model to include the analytical
review task.

A second extension would be to explore the relationship
between risk assessments, internal control evaluations and
audit procedures and extend the model to produce specific
audlt procedure recommendations based on its risk
assessments and either auditor supplied or model developed

internal control evaluations. Eventually, the model could
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be extended to evaluate the results of its recommended audit

procedures, evaluate the effectiveness of 1its 1risk and

internal control evaluations based on those results and

suggest modifications to its procedural recommendations.
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APPENDIX A

OUTLINE OF INHERENT RISK FACTORS
This appendix contains an outline of all the facfors
identified from 1intexrviews that subjects felt 1influenced
their assessment of inherent risk. The factors are
presented in outline format and broken into three main
classes: general client factors, account specific factors
and audit firm factors. Gﬁﬁi?;l client factors sffect the
overall riskiness of all or large groups of account balances
but do not have a direct impact on a specific account.
Account specific factors affect an account or small group of
accounts directly. Audit firm factors represent an
interaction between characteristics of the audit firm and
audit *eam and client risk factors. Each class of factors
is further subdivided 1into those that are internal to or

external to the client.
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I. General firm factors
A. External
1. Economic environment
a) Rates of inflation
b} Status of the local econony
¢) Changes in the value o0f the dollar

2. Political environment (typically in a
foreign country

a)} ©Local political instability
b) Social unrest
c) Potential for nationalization

3. Local legal requirements, whether certain
audit procedures are required by local laws

4. Nature of client's industry
a) Location of product in life cycle
b) Current level of demand for product
c) Special problems faced by the industry
B. 1Internal factors

1. Background and training of key management
and staff

. Turnover or changes in top management

w N

Dept covenants

>

. Bxistence of budgets and plans and how close
the client is to achieving them.

5. Existence of management compensation plans
tied to accounting numbers

6. Expectations created by the client in the
financial markets

7. Management's reactions to any existing
general problems

8. Perceived level of management integrity
9. Concern shown by client for the audit

10. Degree to which judgmental procedures are
specified by company policy
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11. Degree to which judgmental procedures are
scrutinized by higher levels c¢f management

12. size of audited unit relative to totail
client size if audit is of only part of
client's total operations

13. Overall health of the client

14. Nature of the client
a) ©Size and sophistication
b) Form of ownership (public or private)
c) Multinational
d) Multilocation
e) Conservative or liberal corporate

culture .
£) Degree of centralized control
II. Account specific factors
A. External

1. Reduction in demand for one of the client's
products

2., Loss of major customers
3. Nature of customer base
a) Number of customers and degree of
concentration
b) Financial health of major customer
C) Consumer versus industrial

4. Nature of the product (i.e. essential or
convenience)

5. Decline in the price of raw materials

to

Internal
1. Materiality of account balance

2. Degree of management judgment involved in
account valuation

3. Degree of management judgment involved in
selecting between alternative accounting
treatments

4. Level of standardization of underlying
transactions to make up account balance
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(i.e. large number of similar transactions

with little exceptions or several unusual
and large transactions)

Degree of technical complexity involve in
calculating account balance

Complexity of administrative procedures
involved in determining account balance

Level of management or staff turnover in
departments responsible for individual
account balances

Management's response to an account specific
problem

Introduction of a new product
Major changes in ownership

Special problems (e.g. history of workmen's
compensation insurance problems

Client's liquidity status

Age of client assets and level of
maintenance required

Existence of long term contracts

ITI. Audit firm factors

A. Level of audit team turnover, both too little
and too much

B. Experience of team members with client's
industry

C. Existence of close, personal relationships
between team members and client.
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APPENDIX B

TEST CASE

This appendix contains a complete case description.
This case was created by the author and used for system
evaluation and demonstration. Two other cases whose
contents and structure were similar to this one were used in
the design of the system. These other cases could not be
presented because they describe actual «client data and
confidentiality agreements with the CPA firm involved

precluded making any of that data public.
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Description of Sample Company #3

Sample Company #3 manufactures, markets and services local
area networks, multifunction workstations and dispersed
computing and office systems worldwide. Management is
considered to be competent and concerned with maintaining a
strong and reliable internal control environment.
Accounting personnel are well trained and capable. Sample
Firm #3 is publicly traded.

More specific items of background information include:

1. Controls over accounts payable and receivable are
considered strong. There have been no material audit
adjustments for either of these accounts in the past.

2. Inventory calculations are relatively complex primarily
due to difficulties in properly assigning costs to software
products included in inventory. The company personnel did
discover a major error in inventory valuation last year but
all corrections were handled by company personnel and no
audit adjustments were necessary.

3. One outstanding long term debt instrument is subject to
a covenant that requlires that the current ratio stay at or
above 2.0.

4. The company has 2 management compensation package for
top management that includes a bonus if gross profit equals
or exceeds 120% of the prior year's gross profit.

5. The company has an employee stock purchase plan that
usually leads to small amounts of common stock being issued
each year.

6. Earnings per share were up sharply last year and
management has made public statements that have created an
expectatlion withir the financial community that earnings per
share should double this year.

The most significant events that occurred during the past
year were:

1. The company changed its method for calculating a major
component ¢f cother assets. This change should not have a
direct impact on the balance other assets.
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Description of Sample Company #3 (Continued)

2. There was a change in the reporting standards for
pensions that became effective this year. This change
should lead to increased liabilities and expenses associated
with pension activity.

3. A major long term debt ingtrument was retired during the
year.

4. The company executed a new type of short term line of
credit with its primary bank.

5. The company sold a South American affiliate and has
withdrawn temporarily from that market.

6. Changes in the value of the dollar should cause the
cumulative translation adjustment account to increase by 50
to 70%. '
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CONSOLIDATED BALANCE SHEETS

{In thousands)

1988 1987 1986 1985 1984
(Unaudited)
Assetsi
Current Assets:
Cash §$ 12,405 § 6,23 § 1,043 § 4,194 § 1,549
Teaporary invesiments 120,047 98,962 15,359 199,503 1,003
Accounts receivable 149,734 135,523 132,445 110,467 11,021
Inventories 99,282 17,823 97,318 422 68,506
Prepaid expenses 5,182 3,346 3,495 _2.048 __ 98
Total Carrent Assels 388,250 323,850 285,660 391,195 143,068
Property, plant and
eguipment, net 137,137 137,587 153,242 124,130 18,139
Investuents in affiliates 97,161 101,123 105,858 18,765 418
Other assets _ 16,619 24,074 26,990 1,415 1,938
$639,167 §$586,674 §$571,1% $542,105 $223,623
Liabil“ties and Stockholders’ Equity
Carrent liabilities:
Hotes payable - banks § 18,482 § 8,138 § 14,597 $ 1,716 .-
Current maturities 1,515 8,299 5,419 4,487 163
Accounts payable 36,202 28,020 21,053 23,408 16,139
Accraed expenses 63,865 51,358 60,726 42,208 26,674
Deferred revenune 18,445 16,616 9,204 4,700 834
Incore taxes payable 5,187 _ 331 __ 2,419 __8,183 5,466
Total Current
Liabilities 150,756 122,438 113,538 91,342 45,276
Long term debt 110,720 123,137 131,603 129,603 3,934
Deferred income taxes 3,52 8,123 -— 2,131 1,281
Other liabilities 3,901 1,833 459 .- .-
Stockholders' equity
Common stock 5,063 5,026 4,992 4,880 4,248
paid iz capital 189,781 187,227 185,293 113,919 14,021
Poreign currency
translation adjustment  {18,242) {11,541) (5,269) - ~-
Retained earnings 194,433 149,251 141,11 139,624 99,863
Treasury stock {374] - === — el
Total stockholders'
equity 310,861 229,963 326,150 18,423 69,13
$439, 767 $586,674 $571,750 $942,105 $223,623
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CONSOLIDATED STATEMENTS OF EARNINGS

{In thousands, except for earnings per shaie data)

1988 1987 1986 1985 1984
[Unaudited)
Sales $617,154 $940,192 $508,486 $449,490 $318,826
Cost of sales 314,900 235,098 277,205 226,318 160,953
Gross Profit 362,254 ' 245,094 231,281 m,in 187,43
Operating expenses:

Product developeent 46,945 47,287 44,637 36,532 21,858
Harketing 168,029 165,081 163,870 94,729 63,410
Administrative 18,327 18,855 16,368 14,348 9,776

fotal operating
expenges A3L800 231,203 224,876 145,809 101,044
Operating income 68,453 13,81 6,405 11,53 56,829

Intezest income {expense) A,930) (8190 (2,31 1,835 ___(389)
Barnings before taxes &
extraordinary iteme £5,921 5,697 4,028 85,158 56,440

lncome tax ezpense (credit) _ 22,583  _(2,380)  __1,623  _36,381  _22,%62

Barnings before

extraordinary items 43,418 8,077 2,405 48,761 33,478
Bxtraordinary items 1,064 === el o o
et earnings § 45,182 § 8,017 § 2,405 § 48,761 § 33,478
Barnings per share $ 220 § J9 ¢ A2 0§80 250§ 197
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Printout of System’s Analysis Page 1

Additional explanations of the system's analysis are
included in boxes following the system printout to
which the explanatory material pertains. Material
not in boxes 1is the system's actual printout for the
case.

There are several messages below that refer to
differences between expected and actual account
balances. The system generates the expected
balances that are compared to actual financial data
in four ways depending on the nature of the account,
its relationship to other accounts and the existence
of any case specific predictions. First, if the
given account's balance is normally the result of
high volumes of recurring transactions, the system
will develop an expectation based on the trend in
historical values. It indicates use of this method
with the phrase "based on a projection of prior
year's values". Second, if the account's balance

is normally the result of large infreguent -
transactions, the system uses the prior year's
balance as a current year's expected balance. The
system indicates choice of this method with the
phrase "based on" a change from last year's balance”.
Third, if any case specific predictions or events
have been entered that would effect the expected
balance, they are merged with the initial expected
balance as calculated based on the above description.
The system indicates use of predictions by a phrase
that begins with "based on" and ends with a
paraphrase of the prediction involved. Finally,

the system can also develop expected balances based
on a given account's relationship to other accounts.
It indicates the use of this method with the phrase
"based on its relationship to".
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Printout of System’s Analysis Page 2

The systTem uses a reasonable range in determining
whether an actual balance is different from an
expected one. For accounts whose expected balances
are based on historical trends, the width of the
range is based on the average variability in the
historical data as long as that variability is not
greater or less than preset bounds. For accounts
whose expected balances are base on the prior year's
balance, the range is based on a case specific
materiality level. These ranges can be modified
further based on the level of normal substantive
audit test done on the account. For accounts 1like
long texrm debt where each individual item is usually
confirmed with an outside party, the system will
tolerate a larger difference between expected and
actual balances before it gets concerned.

Short term investments may be more risky because the account
balance is hlgher than would be expected based on a change
from last year's balance.

Prepaid expenses may be more risky because the account
balance is higher than would be expected based on a
projection of prior years' values.

Other other assets may be more risky because the account
balance is lower than would be expected based on a change
from liast year's balance. There is some evidence that there
may be an error in this account due to significantly
different calculation methods for other other assets. This
error may have occurred in spite of a high level of internal
controls for the firm. However, there is some evidence that
there may be an error in developing expected values due to a
potential error in a prediction of no change in the current
period's other other assets with a high confidence based on
calculation method change.
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Printout of System’s Analysis Page 3

The "significantly different calculation methods"”
refers the statement in the case concerning a change
in calculation method for a major component of other
assets. The system feels that such changes
inherently increase risk of error. It is mitigating
its conclusion by the existence of a generally
strong internal control environment but weights this
observation lower than the specific observation of a
calculation method change for the given account. I
also notes that its expected balance is based on a
prediction which, because it is a prediction, could
be in error. It has separated evidence that supports
the conclusion that there is an error in the actual
account balance from evidence that supports the
conclusion that there is an error in the expected
balance.

Notes payable - banks may be more risky because there is
some evidence that there may be an error in this account due
to moderately different types of transactions for notes
payable - banks. This error may have occurred in spite of a
high lewel of internal controls for the firm.

The system can identify risks strictly based on
gqualitative evidence. That is, even when there is
not violation of expected balances. The "moderately
different types of transactions" refers to the new
line of credit arrangement indicated in the case.

Accounts payable may be more risky because the account
balance is lower than would be expected based on its
relationship to inventory.

Accrued liabilitles may be more risky because there is some
evidence that there may be an error in this account due to
significantly different reporting standards for accrued
liabilities. This error may have occurred ln spite of a
high level of internal controls for the firm.

The system has recognized that a reporting standard
change that effect pension accruals will typically
effect accrued liabilities as the credit side of

a pension accrual transaction. It implies that

if there is a reporting standard change, the accounts
invelved will have a higher risk of error.
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Printout of Svstem’s Analysis Page 4

Other liabilities may be more risky because the account
balance is higher than would be expected based on a change
from last year's balance.

Inventory may be more risky because the account balance is
higher than would be expected based on a projection of prior
years' values and its relationship to sales. There is some
evidence that there may be an error in this account due to a
low level of supervision for inventory and significantly
complex calculations for -inventory. This error may have
occurred in spite c¢f a high level of internal controls for
the firm.

The "low level of supervision" observation is based on
the fact that there was a problem last year that was
cleaned up by the client. The system feels that in
cases like this, management may feel the problem has
been resolved and be less attentive this year.

Reevaluating the risk assessment of accounts payable based
on new evidence.

Accounts payable may be more risky because the account
balance is lower than would be expected based on its
relationship to inventory. There is some evidence that
there may be an error in this account due to a potential
error in inventory.

The system is aware that accounts payable and
inventory share a common cutoff and is saying that
if there is a possibility of an exror in one, that
creates a possibllity of error in the other. 1t can
gu back and reassess earlier conclusions based on
new evidence.

Receivables may be more risky because the account balance is
higher than would be expected based on a change from last
year's balance. There is some evidence that there may be an
error in this account due to predating of invoices.
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Printout of System’s Analysis Page 5

The system's conclusions on receivables and inventory
may seem out of place. The system has deferred its
analysis on these two accounts until it has completed
its evaluation of sales since they are so closely
tied to sales. The "predating of invoices™"
observation is coming from the fact that there is a
pattern of data that suggests management is
manipulating sales and receivables by altering
invoice dates. The pattern of data includes the

fact that both sales and receivables are higher than
expected and that the gross profit of the company is
near the bonus cutoff giving management an incentive
to inflate sales.

Sales may be more risky because the account balance is
higher than would be expected based on a projection of prior
years' values. There is some evidence that there may be an
error in this account due to predating of invoices.

Reevaluating the risk assessment of deferred revenue based
on new evidence.

Deferred revenue may be more risky because there is some
evidence that there may be an error in this account due to a
potential error in sales.

Cost of goods sold may be more risky because the account
balance is lower than would be expected based on its
relationship to sales. There 1s some evidence that there
may be an error in this account due to a low level of
supervision for inventory and significantly complex
calculations for inventory. This error may have occurred in
splite of a high level c¢f internal controls for the firm.

Administrative expenses may be mocre risky because there is
some evidence that there may be an error in this account due
to significantly different reporting standards for
administrative expenses. This error may have occurred in
spite of a high level of internal controls for the fir

A

Ul e

The system has determined that the other side of
the pension accrual transaction normally effects
administrative expenses.
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Printout of System’s Analysis Page &

Interest expenses may be more risky because the account
balance is lower than would be expected based on a change
from last year's balance. There is some evidence that there
may be an error in this account due to moderately different
- types of transactions for interest expenses. This error may
have occurred in spite of a high level of internal controls
for the firm. However, there is some evidence that there
may be an error in developing expected values due to a
potential error in a prediction of an increase in the
current period's interest expenses with a high confidence
based on new debt issuance and a potential error in a
prediction of a decrease in the current period's interest
e¥ypenses with a high confidence based on debt retirement.

The system is inferring that if there is a new type

of note issued, the calculation of interest associated
with that note may also be different and therefore
create an error potential in interest expense.

Income tax expense may be more risky because the account
balance is considerably higher than would be expected based
on a projection of prior years' values. However, there is
some evidence that there may be an error in developing
expected values due to the variability of historical data.

The system is tempering its belief in its expected
value because of the variability of histerical data.
As mentioned earlier, the variability effected its
acceptance range but if the variability gets too high,
it also effects the system's confidence in its
expected account balance.
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Printout of System’s Analysis Page 7

Presenting a summary cf my analysis:

To produce a summary analysis, the system ranks
accounts that it has identified as risky by risk
level and redisplays its analysis of each account.
It has a arbitrary cutoff value so that accounts
with risk levels below a certain point will not be
displayed. 1In addition, it summarizes the balance
of its analysis by listing accounts that were with
unexpected balances but for which there was

no explanatory evidence, accocnts with unexpected
balances where there was evidence of errors in
generating the expected balance, accounts that were
passed over because there were no problems with
them and accounts that were not analyzed for one
reason or another.

The most serious problem is that Inventory may be more risky
because the account balance is higher than would be expected
based on a projecticn of prior years' values and its
relationship to sales. There is some evidence that there
may be an error in this account due to a low level of
supervision for inventory and significantly complex
calculations for inventory. This error may have occurred in
spite of a high level of internal controls for the firm.

A less serious problem is that Sales may be more risky
because the account balance is higher than would be expected
based on a projection of prior years' values. There is sone
evidence that there may be an error in this account due to
predating of involces.

A less serious problem is that Cost of goods sold may be
more risky because the account balance is lower than would
be expected based on lts relationship to sales. There is
some evidence that there may be an error in this account due
to a low level of supervision for inventory and
significantly complex calculations for inventory. This
error may have occurred in spite of a high level of internal
controls for the £irm.

A less serious problem is that Receivables may be more risky
because the account balance is higher than would be expected
based on a change from last year's balance. There is some
evidence that there may be an error in this account due to
predating of invoices.
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Printout of System’s Analysis Page 8

A less serious problem is that Accounts payable may be more
risky because the account balance is lower than would be
expected based on its relatlionship to inventory. There is
some evidence that there may be an error in this account due
te & potential error in inventory.

A less serious probliem is that Accrued liabilities may be
more risky because the account balance is higher than would
be expected based on a projection of prior yeaxs' values.
There is some evidence that there may be an errxor in this
account due to significantly different reporting standards
for accrued l1liabilities. This error may have occurred in
spite of a high level of internal controls for the firm.

A less serious problem is that Deferred revenue may be more
risky because there is some evidence that there may be an
error in this account due to a potential error in sales.

A less serious problem is that Administrative expenses may
be more risky because there is some evidence that there may
b¢ an error in this account Gue to significantly different
reporting standards for administrative expenses. This error
may have occurred in spite of a high level of internal
controls for the firm.

There may also be problems with the account balances of
interest expenses, notes payable - banks, and other other
assets.

In addition, the account balances of other liabilities,
prepaid expenses, and short term investments are not what I
expected them to be. However, I don't have enough evidence
to determine whether my expectations are at fault or not.

There are differences between my expectations and the
account balances of income tax expense but my expectations
appear to be in error.

I did not £find any problems with cash, common stock,
curulative trarslation adjustment, current portion of long
term debt, deferred income taxes - long term, federal income
taxes payable, investment in affiliates, long term debt, net
property, plant and equipment, paid in capital, product
development, and selling expenses.

I ignored treasury stock and unusual charges because their
balances were immaterial.

I dié not analyze average shares outstanding and retained
earnings because these items are usually not a concern in
this case.
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APPENDIX C

SAMPLE DATA INPUT SCREENS
This appendix contains samples of data input screens
used to enter case specific qualitative data into the
system. Case specific quantitative data (i.e. general
ledger data) is read directly by the system from a standard
ASCII file. User input 1is in bold type and explaratory
comments are in boxes.

When the system is asked to display an object's name it

h
(0]

will use a print name i ne has been assigned to that
object and the object's internal name otherwise. Print
names appear in the screens as lower case words enclosed in
quotation marks. Internal names appear as uppercase words.

The non-modifiable slots are slots that contain
pertinent identification information for the object being
presented but can not be changed by the user.

Two screens are presented for each object, the screen
used to add the object and the one used to modify it. in
the addition screen, values in the prompt line in "([1l" are

default values.

243
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Adding a new instance of the ASSESSMENT class of objects.
Values will be needed for the following fields:
("assessment (H M L)" "factor name" "firm model element")
assessment (H M L) [NILIl: "high"

factor name [NIL]l: "calculation complexity"
firm model element [NILl: "inventory"

Modifying ASSESSHENT11l
Non-modifiable slots and values:

1. NAME: ASSESSMENT11
2, CLASS: (ASSESSMENT)

Modifiable slots and values:

1. assessment (H M L): "high"

2. factor name: "complex calculations"
3. firm model element: "inventoxy"

Enter the number of the slot or Q@ to quit: g

Case specific data objects do not have natural names
so the system provides automatic internal names for
them, in this case ASSESSMENT11.
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Adding a new instance of the GENERAL-DATA class of objects.
Values will be needed for the following fields:

("case name" "audit period" "number of quarters covered by
current data" "default materiality base and level" “account
specific materiality bases and levels" "type of ownership")

Name for new instance is CASE-DATA

case name: TEST3

audit period [(YEAR]: year

number of qguarters covered by current data {41]:

default materiality base and level

{ (F-INCOME-BEFORE-EXTRAORDINARY-AND~TAXES 0.05)1: ("sales"

+ 003)

account specific materiality bases and levels {multi-valuedi
[NIL]:

type of ownership [NIL]: public

Modifying CASE-DATA
Non-modifiable slots and valuesz:

1. NAME: CASE-DATA
2. CLASS: (GENERAL-DATA)

Modifiable slets and values:

1. case name: TEST3

2. audit period: "year"

3. number of quarters covered by current data: 4

4. default materiality base and level: (F-SALES 0.003)
5. account specific materiality bases and levels: NIL
6. type of ownership: "public"

Enter the number of the slct or Q to quit: g

Three editor features are demonstrated above.

First, blank responses in the entry screenrn indicate
that the user hit the "enter" key and the default
value was automatically picked up. Second, the
editor replaces variocus recognition strings for the
same object with the object's name internally. This
occurred in the entry of the materiality value where
"sales" was replaced with F-SALES. Finally, the
"{multi-valued}" prompt indicates that the field can
contain mulitple values in which case 1t expects a
list of values.
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Adding a new instance of the INCENTIVE class of objects.
Values will be needed for the following fields:

("estimated impact strength on management" "incentive
formula® "print name")

estimated impact strength on management [MEDIUM]: high
incentive formula [NILIl: ("timas" 1.2 ("gross profit"
priovr))

print name [NIL}l: "gross profit bonus"

Modifying gross profit bonus
Non-modifiable slots and values:

1. NAME: "gross profit bonus"
2. CLASS: (INCENTIVE)

Modifiakle slots and values:
1. estimated impact strength on management: "high"
2. incentive formula: {(*! 1.2 {F-GROSS-PROFIT PRIOR))

3. print name: "gross profit bonus"

Enter the number of the slot or Q to guit: g

Note the replacement in the incentive formula.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



247

adding a new instance of the OBSERVED-EVENT class of
cojects.

event [NIL]: “"reporting stzndard change"”

transaction name (NILl: "pension accrual®

£firm model element [NILI:

direction of expected change on above ([NIL]: "increase”

Modifying OBSERVED-EVENT13
Non-modifiable slots and values:

1. NAME: OBSERVED-EVENT13
2. CLASS: (OBSERVED-EVENT)

Modifiable slots and values:

1. event: "reporting standard change"
2. TRANSACTION: "pension accrual"

3. FIRMNODE: NIL

4., DIRECTION: "an increase"

Enter the number of the slot or Q to qguit: g

Because observed-event objects are variable (i.e. the
- editor does not know what fields will be needed

until it knows what event has occurred), the is no

section in this screen that informs the user in

advance what fields will need to be filled.
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Adding a new instance of the PREDICTION class of objects.
Values will be needed for the following fields:

("firm model element or relationship" "percentage change®
"change type (S or T)"™ "confidence (H M L)" "source")

firm model element or relationship [NIL]l: "cumulative
translation adjustment"

percentage change [0]1: =6

change type (S or T) [Sl: s

confidence (H M L) [LOW]l: "high"

source {(NIL]l: “change in the value of the dollar"

Modifying PREDICTION14
Non-modifiable slots and values:
1. NAME: PREDICTION14

2. CLASS: (PREDICTION)
Modifiable slots and values:

1. firm model element or relationship: "cumulative
translation adjustment"

2. percentage change: -0.06

3. change type (S or T): S

4, confidence (H M L): "high"

5. source: "change in the value of the dollar"

Enter the number of the slot or Q to quit: g

The source field in a prediction object is not a
print name but a description field that is not used
by the system except for displaying explanations.
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Displaying financisal data £for sales:

financial data flag: T

budget amount: NIL

quarterly budgeted amounts: NIL

current year's quarterly data: NIL

prior year's guarterly data: NIL

current year's: 617154

list of prior values: (540192 508486 449450 318826)

Although financial data are not input into the system
from a screen, I have included a sample of the
display information that the user can obtain for

each account. This screen also illustrates the
breadth of information that canr be used by the

system if available.
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APPENDIX D

SAMPLES OF DATA STRUCTURES

This appendix contains a set of sample printouts for all
data objects used 1in the system. The printouts were
produced after the test case was processed and contain data
from the analysis of that case. The printouts are blocked
by major class, i.e. general, system, case specific and
temporary. All data structures in the system are -organized
in a single hierarchy with BASE-OBJECT at the top. General
data structures are BASE-OBJECT and its immediate child
objects which define the remaining three classes of objects.
System objects contain the general system knowledge base.
Case specific objects contain user supplied data for each
case. Temporary objects are built by the system as it does
its analysis. within each class, object printouts are
presented in pairs with the ciass definition object first
followed by an example instance printout. Objects are
ordered alphabetically within classes. an index is included
on the first page of the appendix. 2all author supplied

explanatory comments are in boxes.
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GENERAL DESCRIPTIVE COMMENTS

BEach class definition object contains a 1list of
multivalued slots, a list of user accessible slots and
series of descriptive structures called default fields. The
editor uses these three items to create an instance of an
object class. Default fields represent the template used to
create an instance of an class of objects. The
"user-accessible" list 1in the class definition tells the
editor which fields need user input. The "multi-valued"
list tells the -editor which slots can c¢ontain multiple
values and therefore which ones should be entered as 1lists.
For fields that are not user accessible, the default value
is used. A default structure contains five items: the slot
name, the default value, 1lisp code to be executed when a new
value iIs entered (an "if-added" demon), 1lisp code to be
executed when a value is deleted (an "if-deleted" demon) and
a print name. The "(*var® x)" structure in the lisp code
represents a variable that is replace by the current value
for "x" before the lisp code 1is executed. "If-added" and
®"if-deleted" demons are used both to edit incoming data and
make sure that it complies with preset standards and to
maintain fixed linkages within the knowledge base.

In general, slots with single values are methods used by
that class of objects to respond to a given request.

Each class definition object contains a '"recon-list"
slot that lists all the patterns linked to instances of the
class and @ "children" slot that 1lists all the instances.
‘In order to reduce the size of this appendix, most of these
slots have been edited to include only the information
pertaining to the instance used as an example.

For the sake of readability, the some of the system
printouts have been condensed by taking out blank lines and
the default slot names have been converted to bold type.
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GENERAL DATA STRUCTURES
Brinting contents of BASE-OBJECT
NON-ACCESSIBLE-DISPLAY: (NAME CLASS)
DELETE-SPECIFIC-SLOT: DELETE-SPECIFIC-SLOT
ADD-SPECIFIC-SLOT: ADD-SPECIFIC-SLOT
PRINT-NAME: "base object"
ADD: ADD-GBJECT
DELETE: DELETE-OBJECT
MATCH: MATCH
MODIFY: MODIFY-OBJECT
ADD-CHILD: ADD-CHILD
SAVE: SAVE-OBJECT
DISPLAY-CONTENTS: DISPLAY-OBJECT—ébNTENTS
GET-INSTANCE: GET-INSTANCE
GET-NEW~NAME: GET-NEW-NAME
REVIEW: REVIEW-OBJECT

CHILDREN: (TEMPORARY-OBJECT CASE-OBJECT SYSTEM-OBJECT)
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Pri ing conten ASE-OBJEC
CLASS: (BASE-OBJECT)
ASSESSMENTS: (ASSESSMENT1)

TRACEABLE-OBJECTS: (KS RULE PROCEDURE CHECK-LIST)

Templates contain the structural definitions for
setting up the case objects for new cases. The
information contained in the templates is identical
to that displayed in the case object section of this
appendix. The inclusion of the template information
in the CASE~-OBJECT is a matter of programming
convenience.

TEMPLATES: ((INCENTIVE ((NAME INCENTIVE) (CLASS
(CASE-QBJECT)) (MULTI-VALUE NIL) (CALCULATE-BOUND-VALUE
CAL-INCENTIVE-BOUND-VALUE) (CHECK-BOUND
CHECK~INCENTIVE-BOUND) (COUNT 0) (DISPLAY DISPLAY-INCENTIVE)
( CALCULATE-DIRECTION CALCULATE-INCENTIVE-DIRECTION)
(USER-ACCESSIBLE (IMPACT FORMULA PRINT-NAME)) (GET-NEW-NAME
GET-NEW-NAME1l) (GET-INSTANCE GET-~INSTANCE2) {(DEFAULT
((IMPACT MEDIUM (MEMBER (MATCH-TES. (QUOTE VALUE-OBJECT)
(*VAR* NEW-VALUE)) (QUOTE (HIGH MEDIUM LOW))) NIL "estimated
impact strength on management") (FORMULA NIL (AND (LISTP
(*VAR* NEW-VALUE)) (EQ (LENGTH (*VAR* NEW-VALUE)) 3)
(FORMULAP (*VAR* NEW-VALUE))) NIL {incentive formulaj)
(PRINT-NAME NIL (STRINGP (*VAR* NEW-VALUE)) NIL |{print
name|))) (RECON-LIST NIL) (CHILDREN NIL)))

( BENERAL-DATA ( (NAME GENERAL-~DATA) (CLASS (CASE-OBJECT))
(ADD ADD-GENERAL-DATA) (GET-INSTANCE GET~GENERAL-~DATA)
(MULTI-VALUE (SPECIFIC-MATERIALITY)) (USER-ACCESSIBLE
(CASE-NAME AUDIT-PERIOD QUARTERS-COVERED DEFAULT-MATERIALITY
SPECIFIC-MATERIALITY OWNERSHIP)) (DEFAULT ((DELETE
DELETE-OBJECT1 NIL NIL NIL)} (CASE-NAME NIL NIL NIL {case
name|) (AUDIT-PERIOD YEAR (MEMBER (MATCH-TEST (QUOTE
VALUE-OBJECT) (*VAR* NEW-VALUE)) (QUOTE (YEAR Q1 Q2 Q3 Q4)))
NIL jaudit period|) (QUARTERS-COVERED 4 (MEMBER (*VAR%
NEW-VALUE) (QUOTE

.o~ (01 2 3 4)33 MIL -lnumber.of guarters covered by current
datal) (OWNERSHIP NIL (MEMBER (MATCH-TEST (QUOTE
VALUE-OBJECT; (*VAR* NEW-VALUE)) (QUOTE (PUBLIC

(DEFAULT-MATERIALITY (F-INCOME-BEFORE-EXTRAORDIN-
ARY-AND-TAXES 0.05) (MATERIALITY-MATCH (*VAR* NEW-VALUE))
NIL "default materiality base and level")
(SPECIFIC~MATERIALITY NIL (MATERIALITY-MATCH1 (*VAR%*
NEW-VALUE)) NIL "account specific materiality bases and
levels"))) (CHILDREN NIL)))
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(OBSERVED-EVENT { ( NAME OBSERVED-EVENT) (CLASS (CASE-OBJECT))
(MULTI-VALUE NIL) (ADD ADD-OBSERVED-EVENT) (EXPAND-SLOT
EVENT-NAME) (DISPLAY DISPLAY-OBSERVED-EVENT) (COUNT 0)
(GET-INSTANCE GET-INSTANCE2) (GET-NEW-NAME GET-NEW-NAMEl)
(USER-ACCESSIBLE (EVENT-NAME)) (DEFAULT ((EVENT-NAME NIL
(MATCH-TEST (QUOTE EVENT) (*VAR* NEW-VALUE)) NIL "event")))
(CHILDREN NIL))) '

(PREDICTION ((NAME PREDICTION) (CLASS (CASE-OBJECT))
(MULTI-VALUE NIL) (DISPLAY DISPLAY-PREDICTION) (COUNT Q)
(GET-INSTANCE GET-INSTANCEZ2) (GET-NEW-NAME GET-NEW-NAMEl)
(USER-ACCESSIBLE (FIRMNODE CHANGE TYPE CONFIDENCE SOURCE))
(DEFAULT ((FIRMNODE NIL (OR (MATCH-TEST (QUOTE FIRMNODE)-
(*VAR* NEW-VALUE)) (MATCH-TEST (QUOTE ASSOCIATION) (*VAR*
NEW-VALUE.) )) NIL "firm model element or relaticnship")
(CHANGE 0 (TEST-PREDICTION-CHANGE (*VAR* NEW-VALUE)) NIL
"percentage change") (TYPE & {(OR (EQ (*VAR* NEW-VALUE)
(QUOTE S)) (EQ (*VAR* NEW-VALUE) (QUOTE T))) NIL "change
type (S or T)") (CONFIDENCE LOW (MATCH-TEST (QUOTE
VALUE-OBJECT) (*VAR* NEW-VALUE)) NIL "confidence (H M L)")
(SOURCE NIL (STRINGP (*VAR* NEW-VALUE)) NIL "source")
(PROCESSED NIL NIL NIL "processed flag"))) (CHILDREN NIL)))

(AESESSMENT ( (NAME ASSESSMENT) (CLASS (CASE-OBJECT))
(USER-ACCESSIBLE (ASSESSMELT FACTOR FIRMNODE)) {(MULTI~VALUE
NIL) (COUNT 0) (DISPLAY DISPLAY-ASSESSMENT) (GET-INSTANCE
GET-INSTANCEZ2) (GET-NEW-NAME GET-NEW-NAMEl) (DEFAULT ( (-
FACTOR NIL (MATCH-TEST (QUOTE CHECK-LIST) (*VAR* NEW-VALUE))
NIL "factor name") (ASSESSMENT NIL (MATCH-TEST (QUOTE
VALUE-OBJECT) (*VAR* NEW-VALUE)) NIL "assessment (H M L)")
(FIRMNODE NIL (MATCH-TEST (QUOTE FIRMNCDE) (*VAR%*
NEW-VALUE)) NIL "firm model element"))) (CHILDREN NIL)))
(FINANCIAL-DATA ((NAME FINANCIAL-DATA) (CLASS (CASE-OBJECT))
{(PRINT-NAME "general ledger data") (GL-DATA NIL) (ADD
GL-ACCESS-ERROR) (DELETE GL-ACCESS-ERROR) (MODIFX
GL-ACCESS-ERROR) {(GET-INSTANCE GL-INSTANCE) (REVIEW
DISPLAY-GL) (CHILDREN NIL))))

PRINT-NAME: "case object"™

CHILDREN: (GENERAL-DATA OBSERVED-EVENT PREDICTION ASSESSMENT
FINANCIAL-DATA INCENTIVE)
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Printi: (o] nts of SYSTEM-OBJECT
CLASS: (BASE-OBJECT)

PERCENT-FIELDS: (S-DEFAULT T-DEFAULT S—-CHANGE T-CHANGE
BASE-TEST)

PRINT-NAME: "system object™

VARIABLES: {(ASSOCIATION-BOUND 0.025) (ALPHA 0.95)
(CHANGE-BOUND 0.05) (CONSTRAINT-BOUND 0.03))

TEFEMINALS: NIL

CHILDREN: (ASSOCIATION VALUE-OBJECT EVENT PROCEDURE .
CHECK-LIST RULE KS FIRMNODE OPERATOR)

Printing contents of TEMPORARY-OBJECT
CLASS: (BASE-OBJECT)
USER-ACCESSIBLE: NIL

RECON-LIST: (("event-score" EVENT-SCORE) ("summary" SUMMARY)
("analysis"™ ANALYSIS))

SAVE: SAVE-TEMPORARY

EXPECTATION GOAL-OBJECT FIRMNODE-VALUE)
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SYSTEM DATA STRUCTURES
Daclarative Data Structures
Printina contents of ASSOCIATION
CLASS: (SYSTEM-OBJECT) GET~-VALUE: GET-FIRMNODE-VALUE

RE-RUN: (HYPOTHESES EVALUATION-FLAG PREDICTIONS EXPECTATIONS
S—-CHANGE T-CHANGE)

WEIGHT-METHOD: GET-F-WEIGHT GET-ASSESSMENTS:
GET-ASSCCIATION-ASSESSMENTS

CLEAR-FIELDS: (PREDICTIONS HYPOTHESES CURRENT-QUARTERS
PRIOR-QUARTERS EVALUATION-FLAG BASE-TEST S-CHANGE T-CHANGE
PRIOR-VALUE CURRENT-VALUE BASE-STATE BUDGET PAST-VALUE
HISTORY-VALUE)

DELETE: DELETE-OBJECT1 PRINT-NAME: "association between firm
model elements" CALCULATE~-CHANGE: EVALUATE-ASSOCIATION
CALCULATE-VALUE: CALCULATE-ASSOCIATION-VALUE GET-INSTANCE:
GET-INSTANCEZ2 GET-NEW-NAME: GET-NEW-NAMEl COUNT: 14

USER-ACCESSIBLE: (FORMULA T-DEFAULT S-DEFAULT
RECOGNITION-PATTERNS PRINT-NAME)

MULTI-VALUE: (RECOGNITION-PATTERNS) DISPLAY:
DISPLAY-ASSOCIATION

Refault flelds -

(HYPOTHESES NIL NIL NIL hypotheses)

(CURRENT—-QUARTERS NIL NIL NIL current year's quarterly data)
(PRIOR-GUARTERS NIL NIL NIL prior year's quarterly data)
(WEIGHT-VALUE NIL NIL NIL weight)

(WEIGHT—-BASE F-SALES (EQ T (SEND-MESSAGE (QUOTE GL-NODEP)

(QUOTE EXECUTE) NIL (LIST (QUOTE NODE) (*VAR* NEW-VALUE))))
NIL weight base)

(EVALUATION-FLAG NIL NIL NIL evaluation £lag)
(PREDICTIONS NII. NII. NII, predictions?
(EXPECTATIONS NIL NIL NIL expectations)

(FORMULA NIL (TEST-ASSOCIATION-FORMULA {(*VAR* NEW-VALUE)
(*VAR* NAME)) (DELETE-ASSOCIATION-FORMULA (*VAR* NEW-VALUE)
(*VAR* NAME)) formula)
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(S-DEFAULT 0 (TEST-PREDICTION-CHANGE (*VAR* NEW-VALUE)) NIL
single period default change value)

(T-DE=AULT 0 (TEST-PREDICTION-CHANGE (*VAR* NEW-VALUE)) NIL
trend default change value)

(RECOGNITION-PATTERNS NIL (TEST-RECON-PATTERN (*VAR*
NEW-VALUE) (*VAR* NAME) (*VAR* CLASS)) (DELETE-PRINTNAME
(*VAR* NEW-VALUE) (*VAR* NAME)) recognition patterns)

(PRINT-NAME NIL (TEST-PRINTNAME (*VAR* NEW-VALUE) (*VAR*
NAME) (*VAR* CLASS)) (DELETE-PRINTNAME (*VAR* NEW-VALUE)
(*VAR* NAME)) print name)

(BASE~TEST NiIL NIL NIL base state test statistic)
(S=-CHANGE NIL NIL NIL single period change value)
(T-CHANGE NIL NIL NIL trend change value)
(PRIOR-VALUE NIL NIL NIL prior wvalue)
(CURRENT-VALUE NIL NIL NIL current yeaxr's)
(BASE-STATE NIL NIL NIL base state)

(BUDGET NIL NIL NIL budget)

(PAST-VALUE NIL NIL NIL past value)
(HISTORY-VALUE NIL NIL NIL history-value) )
(QUARTERLY-VALUE NIL NIL NIL guarterly values)

End of default fields, returning to class definition
object slots.

RECON-LIST: (("association3"™ ASSOCIATION3) ("accounts
payable as a percent of inventory" ASSOCIATION3))

CHILDREN: (ASSOCIATION3)
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Printing an example of an instance of the association
class of objects, accounts receivable as a percent of
inventory (ASSOCIATION3).

Printing contents of ASSOCIATION3
CLASS: (ASSOCIATION)

HYPOTHESES: NIL

CURRENT-QUARTERS: NIL

PRIOR-QUARTERS: NIL

WEIGHT-VALUE: NIL

WEIGHT-BASE: F-SALES

EVALUATION-FLAG: T

PREDICTIONS: NIL

EXPECTATIONS: (EXPECTATIONS)

SAVE: SAVE-OBJECT

BASE-TEST: 0.33271

S-CHANGE: (VALUE12)

T-CHANGE: NIL

PRIOR-VALUE: NIL

CURRENT-VALUE: NIL

BASE-STATE: 48.0862

BUDGET: NIL

PAST-VALUE: NIL

HISTORY-VALUE: (36.0048 21.6332 31.4531 23.5585)
FORMULA: (% F-ACCOUNTS-PAYABLE F-INVENTORY)
T-DEFAULT: O

S-DEFAULT: O

RECOGNITION-PATTERNS: NIL

PRINT-NAME: "accounts payable as a percent of inventory"
CHILDREN: NIL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



260

Printi tent ¢ EVENT

CLASS: (SYSTEM~-OBJECT)

NODE-LIST: LIST-NODES

AFFECTED-NODES: GET-EVENT-NODES

CLEAR-FIELDS: (SCORE OCCURED-EVENTS OCCURANCE-DATA)
DELETE: DELETE-OBJECT1

USER-ACCESSIBLE: (TYPE PARAMETERS NODES~-AFFECTED ENABLES
ENABLED-BY CAUSES CAUSED-BY BLOCKS BLOCKED-BY PARENTS
M2NAGEMENT-INFLUENCE ON-OCCURANCE RECOGNITION-PATTERNS
PRINT-NAME)

MULTI-VALUE: (BLOCKED-BY PARAMETERS NODES-AFFECTED ENABLES
ENABLED-BY CAUSES CAUSED-BY BLOCKS PARENTS
RECOGNITION-PATTERNS DESCENDANTS)

CLEAR-OCCURANCE: CLEAR-EVENT-OCCURANCE
OCCURANCE: EVENT-QCCURANCE

RBefault fields =
(SCORE NIL NIL NIL event score)

(TYPE NORMAL-RECURRING (MEMBER (MATCH-TEST (QUOTE
VALUE-OBJECT) (*VAR* NEW-VALUE)) (QUOTE (NORMAL-RECURRING
NORMAL-INFREQUENT UNACCEPTIBLE))) NIL event type)

(OCCURED~-EVENTS NIL NIL NIL occured events) (SAVE
SAVE-OBJECT NIL NIL NIL)

(PARAMETERS NIL (ADD-EVENT-PARAMETER (*VAR* NAME) (%*VAR%*
NEW-VALUE)) (REMOVE-VALUE (QUOTE FIRMNODE) (QUQTE
VARIABLE~EVENTS) (*VAR* NAME)) event parameters)

{NODES—-AFFECTED NIL (ADD-FIRMNODE-EVENT (*VAR* NEW-VALUE)
(*VAR* NAME)) (DELETE-FIRMNODE-EVENT (*VAR* NEW~VALUE)
(*VAR* NAME)) firm model elements affected)

(ENABLES NIL (ADD-EVENT (*VAR%* NEW-VALUE) (*VAR* NAME)
(QUOTE ENABLED-~BY)) (DELETE-~EVENT (*VAR* NEW-VALUE) (X*VAR*
NAME) (QUOTE ENABLED-BY)) this event enables)

(ENABLED-BY NIL (ADD-ENABLED-BY (*VAR* NEW-VALUE) (*VAR*%*
NAME)) (DELETE~ENABLED-BY (*VAR* NEW-VALUE) (*VAR* NAME))
this event 1s enabled)

(CAUSES NIL (ADD-EVENT (*VAR* NEW-VALUE) (*VAR* NAME) (QUOTE
CAUSED~-BY)) (DELETE-EVENT (*VAR* NEW-VALUE) (*VAR* NAME)
(QUOTE CAUSED-~BY)) this event causes)
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(CAUSED-BY NIL (ADD-CAUSE (*VAR* NEW-VALUE) (*VAR* NAME))
(DELETE-CAUSE (*VAR* NEW-VALUE) (*VAR* NAME)) this event is
caused by)

(BLOCKS NIL (ADD-EVENT (*VAR* NEW-VALUE) (*VAR* NAME) (QUOTE
BLOCKED-BY)) (DELETE-EVENT (*VAR* NEW-VALUE) (*VAR* NAME)
(QUOTE BLCCKED-BY)) this event blocks)

(BLOCKED-BY NIL (ADD-EVENT (*VAR* NEW-VALUE) (*VAR* NAME)
(QUOTE BLOCKS)) (DELETE-EVENT (*VAR* NEW-VALUE) (*VAR* NAME)
(QUOTE BLOCKS}) this event is blocked by)

(PARENTS NIL. (ADD-PARENT (*VAR* NEW-VALUE) (=*VAR* NAME)
(#*VAR* CLASS)) (DELETE-PARENT (*VAR* NEW-VALUE) (*VAR%*
NAME)) parents)

(MANAGEMENT—-INFLUENCE NIL (MATCH-TEST (QUOTE VALUE-~QOBJECT)
(*VAR* NEW-VALUE)) NIL degree of management influence)

(ON=-OCCURANCE NIL (AND (LISTP {*VAR* NEW-VALUE)) {(FBOUNDPF
(CAR (*VAR* NEW-VALUE)))) NIL action triggered on event
cccurrence)

(RECOGNITION-PATTERNS NIL (TEST-RECON-FATTERN (*VAR¥
NEW-VALUE) (*VAR* NAME) (*VAR* CLASS)) (DELETE-PRINTNAME
(*VAR* NEW-VALUE) (*VAR* NAME)) recognition patterns}

(PRINT-NAME NIL (TEST-PRINTNAME (*VAR* NEW-VALUE) (*VAR¥
NAME) (*VAR* CLASS)) (DELETE-PRINTNAME (*VAR* NEW-VALUE)
(*VAR* NAME)) print name)

(DESCENDANTS NIL NIL NIL descendants)

(OCCURANCE-DATA NIL NIL NIL data structures created by event
occurrence)

End of default fields, returning to class definition
object slots.

RECON-LIST: (("reporting-standard-change"
REPORTING~-STANDARD-CHANGE) ("reporting standard change*
REPORTING-STAKDARD~-CHANGE) )

CHILDREN: (REPORTING-STANDARD-CHANGE)
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Printing an example of an instance of the event
class of objects, reporting standard change.

Printing contents of REPORTING-STANDARD-CHANGE
CLASS: (EVENT) SCORE: NIL TYPE: NORMAL-INFREQUENT
OCCURED~EVENTS: (OBSERVED-EVENT8) SAVE: SAVE-OBJECT
DESCENDANTS: NIL OCCURANCE-DATA: NIL

PARAMETERS: ((TRANSACTION NIL (MATCH-TEST (QUOTE EVENT)

(*VAR* NEW-VALUE)) NIL "transaction name") (FIRMNODE NIL
(MATCH-TEST (QUOTE FIRMNODE) (*VAR* NEW-VALUE)) NIL "fizrm
model element") (DIRECTION NIL (MATCH-TEST (QUOTE

VALUE-OBJECT) (*VAR* NEW-VALUE)) NIL "direction of expected
change on above"))

NODES~-AFFECTED: NIL ENABLES: NIL ENABLED-BY: NIL CAUSES: NIL
CAUSED-BY: NIL BLOCKS: NIL BLOCKED-BY: NIL PARENTS: NIL
MANAGEMENT-INFLUENCE: LOW

ON~-OCCURANCE: (COND ((*VAR* FIRMNODE) (LIST
(BUILD-ASSESSMENT (QUOTE REPORTING-STANDARD-VOLITILITY)
(QUOTE HIGH) (*VAR* FIRMNODE)) (BUILD-PREDICTION (*VAR*
FIRMNODE) (*VAR* DIRECTION) (QUOTE S) (QUOTE HIGH)
(CHECK-PRINTNAME (*VAR* EVENT-NAME))))) ((*VAR* TRANSACTION)
(APPEND (SETS (*VAR* TRANSACTION) (QUOTE OCCURED-EVENTS)
(GETS (QUOTE REPORTING-STANDARD-CHANGE) (QUOTE
OCCURED-EVENTS))) (EVENT-ASSESSMENT (QUOTE
REPORTING-STANDARD-VOLITILITY) (QUOTE HIGH) (*VAR¥*
TRANSACTION)) (EVENT-PREDICTION (*VAR* TRANSACTION) (*VAR%*
EVENT~-NAME) (*VAR* DIRECTION)))))

RECOGNITION-PATTERNS: NIL PRINT-NAME: "reporting standard
change" CHILDREN: NIL

CHILDREN: NIL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



263

P s ! - nt Py .4 mfni{l{ﬂD

CLASS: (SYSTEM-OBJECT)
NORMAL-SUEBSTANTIVE-EFFORT: LOW
GET-EVENTS: GET-FIRMNODE-EVENTS
GL~-DEPENDENT: GL-DEPENDENT
EVENT-PARTNERS: EVENT-PARTNERS

SAVE: SAVE~FIRMNODE

MATERIALITY~-VALUE: CALCULATE-MATERIALITY

SPECIFIC~SLOTS: ((NORMAL~SUBSTANTIVE~EFFORT LOW {(MEMBER
(MATCH-TEST (QUOTE VALUE-OBJECT) (*VAR* NEW-VALUE)) (QUOTE
(HIGH MEDIUM LOW))) NIL "normal substantive audit effort"):

VARIABLE-EVENTS: (DEBT-RETIREMENT INCUR-DEBT)

RE-RUN: (ANALYZED SUMMARY CHECKED-EVENTS HYPOTHESES
EVALUATION-FLAG T-CHANGE S-CHZNGE EXPECTATIONS ASSESSMENTS
PREDICTIONS)

GL-DISPLAY-FIELDS: (GL-DATA BUDGET QUARTERLY-BUDGET
CURRENT-QUARTERS PRIOR-QUARTERS CURRENT-VALUE HISTORY-VALUE)

GL~INNODES: GET-GL-INNODES

CLEAR-FIELDS: (SOURCE-TYPE SUMMARY ANALYZED CHECKED-ZVENTS
HYPOTHESES QUARTERLY-BUDGET CURRENT-QUARTERS PRIOR-QUARTERS
EVALUATION-FLAG T-CHANGE S~CHANGE BASE-TEST EXPECTATIONS
ASSESSMENTS GL-DATA PAST-VALUE PRIOR-VALUE HISTORY-VALUE
PREDICTIONS WEIGHT-VALUE CURRENT-VALUE BASE-STATE BUDGET)

GET-ASSESSMENTS: GET-ASSESSMENTS
NON-ACCESSIBLE-DISPLAY: (CLASS NAME OUTNODE)

NO-ANALYZE: (F-AVERAGE-SHARES-OUTSTANDING
F-ACCUMULATED-DEPRECIATION F-RETAINED-EARNINGS)

GET-VALUE: GET-FIRMNODE-VALUE
DELETE: DELETE-OBJECT1

PRINT-NAME: "firm model node"
CALCULATE-CHANGE: EVALUATE-FIRMNODE
CALCULATE-VALUE: GET-F-HISTORY
WEIGHT-METHOD: GET-F-WEIGHT
LIST-CHILDREN: GET-FIRMNODE-CHILDREN
INNODES: GET-INNODE-SETS

USER-ACCESSIBLE: (TYPE ACCOUNT~TYPE FORMULA WEIGHT-BASE
RECOGNITION-PATTERNS PRINT-NAME)

MULTI-VALUE: (TRIGGERS CHECKED-EVENTS FORMULA
RECOGNITION-PATTERNS)
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DISPLAY: DISPLAY-FIRMNODE
CALCULATE-DIRECTION: CALCULATE-FNODE-DIRECTION

Refault fields -

(TYPE ACCOUNT (MATCH-TEST (QUOTE VALUE-OBJECT) (*VAR*
NEW-VALUE)) NIL element type)

(ENABLES NIL NIL NIL enables events)
(SOQURCE-TYPE NIL NIL NIL source type)
(TRIGGERS NIL NIL NIL triggers)

{SUMMARY NIL NIL NIL summary analysis object)
{(ANALYZED NIL NIL NIL analyzed £flag)
(CHECKED~EVENTSE NIL NIL NIL checked events)
(HYPOTHESES NIL NIL NIL hypotheses)

(ACCOUNT-TYPE NIL (OR (NULL (*VAR* NEW-VALUE)) (MEMBER
(MATCH-TEST (QUOTE VALUE-OBJECT) (*VAR* NEW-VALUE)) (QUOTE
(NIL AS LI RE EX)))) NIL account type)

(PRIOR-QUARTERS NIL NIL NIL prior year's quarterly data)
(CURRENT-QUARTERS NIL NIL NIL current year's quarterly data)
(QUARTERLY-BUDGET NIL NIL NIL guarterly budgeted amounts)
(T-CHANGE NIL NIL NIL trend change value)

(S=-CHANGE NIL NIL NIL single perlod change value)

(ASSOCIATIONS NIL NIL (SEND-MESSACE (*VAR* NEW-VALUE)
(QUOTE DELETE)) relationships)

(BASE-TEST NIL NIL NIL base state test statistic)
(SAVE SAVE~-QBJECT NIL NIL NIL)

(EXPECTATIONS NIL NIL NIL expectations)
(ASSESSMENTS NIL NIL NIL assessments)

(EVENTS NIL NIL (REMOVE-VALUE (*VAR* NEW-VALUE) (QUOTE
NODES-AFFECTED) (*VAR* NAME)) events)

(FORMULA NIL {(TEST-FIRMNODE-FORMUL2Z (*VAR* NEW-VALUE) (*VAR%¥
NAME)) (DELETE-FIRMNODE-FORMULAl (*VAR* NAME) (*VAR¥*
NEW-VALUE)) formula)

(GUTNCDE NIL NIL (DELETE-FIRMNODE-FORMULA (*VAR* NEW-VALUE)
(*VaR* NAME)) NIL)

(HISTORY-VALUE NIL NIL NIL list of prior values)
(GL-DATA NIL NIL NIL financial data flag)
(PAST-VALUE NIL NIL NIL year before last's value)
(PRIOR-VALUE NIL NIL NIL last year's value)
(PREDICTIONS NIL NIL NIL NIL)

(WEIGHT-VALUE NIL NIL NIL NIL)
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(WEIGHT-BASE F~SALES (OR (NULL (*VAR* NEW-VALUE)) (VALIDP
( SEND-MESSAGE (QUOTE GL-NODEP) {(QUOTE EXECUTE) NIL (LIST
(QUOTE NODE) (*VAR* NEW-VALUE))))) NIL weight base)

(EVALUATION~FLAG NIL NIL NIL NIL)
(CURRENT-VALUE NIL NIL NIL current year's)

(RECOGNITION-FATTERNS NIL (TEST-PRINTNAME (*VAR* NEW-VALUE)
(*VAR* NAME) (*VAR* CLASS)) (DELETE-PRINTNAME (*VAR%*
NEW-VALUE) (*VAR* NAME)) recognition patterns)

(PRINT-NAME NIL (TEST-PRINTNAME (*VAR* NEW-VALUE) (*VAR*%*
NAME) (*VAR* CLASS)) (DELETE-PRINTNAME (*VAR* NEW-VALUE)
(*VAR* NAME)) print name)

(BASE-STATE NIL NIL NIL base state)
(BUDGET NIL NIL NIL budget amount)

End of default fields, returning to class definition
object slots.

RECON-LIST: (("gross sales" F-SALES) ("f-sales" F-SALES)
("sales" F-SALES))

CHILDREN: (F-SALES)
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Printing an example of an instance of the firmnode
class of objects, F-SALES.

Printing contents of F-SALES

CLASS: (FIRMNODE)

TYPE: ACCOUNT

ENABLES: NIL

SOURCE-TYPE: NORMAL-RECURRING
TEIGGERS: NIL -
SUMMARY: SUMMARY4

ANALYZED: ANALYSIS10

CHECKED-EVENTS: (SHIPMENT-OF-PRODUCT PREDATE-INVOICES
SALE-OF-PRODUCT DEFER-REVENUE)

HYPOTHESES: (HYPOTHESIS16 HYPOTHESIS15)
ACCOUNT-TYPE: RE

PRIOR-QUARTERS: (NiIL)

CURRENT-QUARTERS: NIL

QUARTERLY-BUDGET: NIL

T~CHANGE: NIL

S~-CHANGE: (VALUE20)

ASSOCIATIONS: (ASSOCIATION13 ASSOCIATION4 ASSOCIATIONS
ASSOCIATION2)

BASE-TEST: 7.12615F-02

SAVE: SAVE-OBJECT

EXPECTATIONS: (EXPECTATIONS)

ASSESSMENTS: NIL

EVENTS: (DEFER-REVENUE SALE-OF-PRODUCT PREDATE-INVOICES)

FORMULA: ((+! F-SALES-SEARS F-SALES-OTHER) (*! F-UNITS-SOLD
F-FIRM-PRICE) (*! F-MARKET-SHARE F~MARKET-DEMAND))

OUTNODE: (F-GROSS-PROFIT-RATE F-GROSS-PROFIT)
HISTORY-VALUE: (540192 508486 449490 318826)
GL-DATA: T

PAST-VALUE: 508486

PRIOR-VALUE: 540192

PREDICTIONS: NIL

WEIGHT-VALUE: NIL

WEIGHT-BASE: F-SALES

EVALUATION-FLAG: T

CURRENT-VALUE: 617154

RECOGNITION-PATTERNS: ("gross sales")
PRINT-NAME: "sales"

BASE-STATE: 5.751F+05

BUDGET: NIL

CHILDREN: NIL
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CLASS: (SYSTEM-OBJECT)

PRINT-NAME: "operator"
DISPLAY: DISPLAY-OPERATOR

USER-ACCESSIBLE: (PRINT-NAME CALCULATE-CHANGE
CALCULATE-CHANGE-ARGUMENT EVALUATE-CHANGE
RECOGNITION-PATTERNS)

MULTI-VALUE: (RECOGNITION-PATTERNS)
fault fields -
(SAVE SAVE-OBJECT NIL NIL NIL)

(PRINT-NAME NIL (TEST-PRINTNAME (*VAR* NEW-VALUE) (*VAR¥
NAME) (*VAR* CLASS)) (DELETE-PRINTNAME (*VAR* NEW-VALUE)
(*VAR* NAME)) print name)

(CALCULATE-CHANGE NIL (GETD (*VAR* NEW-VALUE)) NIL change
value calculation function)

(CALCULATE-CHANGE-ARGUMENT NIL (GETD (*VAR* NEW-VALUE)) NIL
method to calculate value of missing change argument)

(EVALUATE~-CHANGE NIL (GETD (*VAR* NEW-VALUE)) NIL change
direction function)

(RECOGNITION~-PATTERNS NIL (TEST-RECON-PATTERN (*VAR%*
NEW-VALUE) (*VAR* NAME) (*VAR* CLASS)) (DELETE-PRINTNAME
(*VAR* NEW-VALUE) (*VAR* NAME)) recognition patterns)

RECON-LIST: (("+!"™ +!) ("plus" +!))
CHILDREN: (+!)

Printing contents of +!

CLASS: (OPERATOR)

SAVE: SAVE-OBJECT

PRINT-NAME: "plus®

CALCULATE-CHANGE: PLUS
CALCULATE-CHANGE-ARGUMENT: PLUS-CHANGE-ARG
RECOGNITION-PATTERNS: NIL

CHILDREN: NIL
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Printing contents V. - T

The primary use o
display and print fe

R

by the system.

cts is to provide nice

r various concepts used

o o

CLASS: (SYSTEM-OBJECT)
PISPLAY: CHECK-PRINTNAME

SPECIFIC-SLOTS: ((DISPLAY DISPLAY-VALUE-OBJECT (FBOUNDP
(*VAR* NEW-VALUE)) NIL "display function name"))

USER-ACCESSIBLE: (PRINT-NAME RECOGNITION-PATTERNS)
MULTI-VALUE: (RECOGNITION-PATTERNS)

Default fields -

(SAVE SAVE-OBJECT NIL NIL NIL)

(PRINT-NAME NIL (TEST-PRINTNAME (*VAR* NEW-VALUE) (*VAR*%*
NAME) (*VAR* CLASS)) (DELETE-PRINTNAME (*VAR* NEW-VALUE)
(*VAR* NAME)) priant name)

(RECOGNITION~PATTERNE NIL (TEST-RECON-PATTERN (*VAR*
NEW-VALUE) (*VAR* NAME) (*VAR* CLASS)) (DELETE-PRINTNAME
(*VAR* NEW-VALUE) (*VAR* NAME)) recognition patterns)

RECON-LIST: ({"more" MORE) ("more than" MCRE) ("greater than
it is" MORE))

CHILDREN: (MORE)
Brinting contents of MORE

CLASS: (VALUE-OBJECT)

SAVE: SAVE-OBJECT

PRINT-NAME: "greater than it is"
RECOGNITION-PATTERNS: ("more than")
CHILDREN: NIL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



269

Frocedural pata Structures
Printing contents of CHECK-LIST

CLASS: (SYSTEM-OBJECT) PRINT-NAME: "check list" EXECUTE:
EXECUTE~CHECKLIST EXPLAIN: NIL

USER-ACCESSIBLE: (DISPLAY TRACE-MESSAGE VARIABLES PROCEDURES
PRINT-NAME RECOGNITION-PATTERNS EXPLANATION)

MULTI-VALUE: (VARIABLES PROCEDURES RECOGNITION-PATTERNS)
Default fields -

(DISPLAY NIL (AND (SYMBOLP (*VAR* NEW-VALUE)) (FBOUNDP
(*VAR* NEW-VALUE))) NIL display procedure name)

(DISPLAY NIL NIL NIL display function) (SAVE SAVE-OBJECT1
NIL NIL NIL)

(VARIABLES ((PARENT NIL NIL) (STCP NIL ﬁIL) {SKIP NIL NIL))
(AND (LISTP (*VAR* NEW-VALUE)) (EQ (LENGTH (*VAR*%*
NEW-VALUE)) 3)) NIL variables)

(EXPLANATION NIL (STRINGP (*VAR* NEW~VALUE)) NIL
explanation)

(PROCEDURES NIL (OR (OBJECT-TYPE (QUOTE PROCEDURE) (*VAR¥*
NEW~VALUE)) (OBJECT-TYPE (QUOTE CHECK-LIST) (*VAR*
NEW-VALUE)) (OBJECT-TYPE (QUOTE RULE) (*VAR* NEW-VALUE))
(OBJECT-TYPE (QUOTE KS) (*VAR* NEW-VALUE))) NIL operations)

( TRACE-MESSAGE NIL (LISTP (*VAR* NEW-VALUE)) NIL trace
message)

({PRINT-NAME NIL (TEST-PRINTNAME (*VAR* NEW-VALUE) (*VAR*
NAME) (*VAR* CLASS)) (DELETE-PRINTNAME (*VAR* NEW-VALUE)
(*VAR* NAME)) print name)

(RECOGNITION-PATTERNS NIL (TEST-RECON-PATTERN (*VAR*
NEW-VALUE) (*VAR* NAME) (*VAR* CLASS)) (DELETE-PRINTNAME
(*VAR* NEW-VALUE) (*VAR* NAME)) recognition patterns)

End of default fields, returning to class definition
object slots.

RECON-LIST: (("event-search" EVENT-SEARCH) ("event search"
EVENT-SEARCH) )

CHILDREN: (EVENT-SEARCH)
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Printing an example of an instance of the Checklist
class of objects, event search.

Printing contents of EVENT-SEARCH

CLASS: (CHECK-LIST)

DISPLAY: NIL

DISPLAY: DISPLAY-ASSESSMENT-CHECKLIST

SAVE: SAVE-OBJECT1

VARIABLES: ((PARENT NIL NIL) (STOP NIL NIL) (SKIP NIL NIL)
(EVENTS NIL NIL) (DIRECTION NIL NIL) (FINAL-EVENTS NIL NIL)
(TEMP-EVENTS NIL NIL) (TEMP-EVENT NIL NIL))

EXPLANATION: "triggers a search for events that would
explain an expectation mismatch and then cleans up any
duplicate hypotheses"

PROCEDURES: (SEARCH-MISSING-EVENTS EOE2 MERGE-HYPOTHESES)
TRACE-MESSAGE: NIL

PRINT-NAME: "event search"

RECOGNITION-PATTERNS: NIL

CHILDREN: NIL
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Printing contents of KS

CLASS: (SYSTEM~-OBJECT) PRINT-NAME: "knowledge source"
EXECUTE: RUN-KS

USER-ACCESSIBLE: (DISPLAY TRACE-MESSAGE RULES VARIABLES
PRINT-NAME RECCGNITION-PATTERNS ACTIVITY-DESCRIPTION)

MULTI-VALUE: (RULES VARIABLES RECOGNITION-PATTERNS)
Default fields -

(DISPLAY NIL (FBOUNDP (*VAR* NEW-VALUE)) NIL display
procedure name)

(SAVE SAVE-OBJECT1 NIL NIL NIL)

(RULES NIL (OBJECT-TYPE (QUOTE RULE) (*VAR* NEW-VALUE)) NIL
rules)

(VARIABLES ((PARENT NIL NIL) (STOP NIL NIL)) (AND (LISTP
(*VAR* NEW-VALUE)) (EQ (LENGTH (*VAR* NEW-VALUE)) 3)) NIL
local variables)

(PRINT=-NAME NIL (TEST-PRINTNAME (*VAR* NEW-VALUE) (*VAR¥*
NAME) (*VAR* CLASS)) (DELETE-PRINTNAME (*VAR* NEW-VALUE)
(*VAR* NAME)) print name)

(TRACE-MESSAGE NIL (LISTP (*VAR* NEW-VALUE)) NIL trace
message)

(ACTIVITY-DESCRIPTION NIL NIL NIL activity description)
(RECOGNITION-PATTERNS NIL (TEST-RECON-PATTERN (*VAR*

NEW-VALUE) (*VAR* NAME) (*V2aR* CLASS)) (DELETE-PRINTNAME
(*VAR* NEW-VALUE) (*VAR* NAME)) recognition patterns)

End of default fields, returning to class definition
cbiect slots.

RECON-LIST: (("check-base" CHECK-BASE) ("check base"
CHECK~BASE)

CEILDREN: (CHECK-BASE)
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Printing an example of an instance of the KS class of
objects, check base. KS is an abbreviaticn for
Knowledge Source. These are the objects referzed to
as production systems throughout this dissertation

Printing contents of CHECK-BASE
CLASS: (KS)

DISPLAY: NIL
SAVE: SAVE-OBJECT1
RULES: (CHBl1 CHB2 CHB3 CHB4 CHBS5)

VARIABLES: ((START NIL NIL) (EXPECTS NIL NIL) (EXPECT NIL
NIL) (PARENT NIL NIL) (STOP NIL NIL))

PRINT-NAME: "check base"
TRACE-MESSAGE: NIL

ACTIVITY-DESCRIPTION: "screens out firm model elements who
don't need to have their base states checked"

RECOGNITION-PATTERNS: NIL

CHILDREN: NIL
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Printing e CEDUR

CLASS: (SYSTEM-OBJECT) PRINT-NAME: "“procedure" EXECUTE:
EXECUTE-OPERATION EXPLAIN: NIL

USER-ACCESSIBLE: (DISPLAY TRACE-MESSAGE EXPLANATION
VARIABLES PRINT-NAME RECOGNITION-PATTERNS)

MULTI-VALUE: (RECOGNITION-PATTERNS VARIABLES) o
Default fields -

(DISPLAY NIL (FBOUNDP (*VAR* NEW-VALUE)) NIL display
procedure name)

(SAVE SAVE-OBJECT1 NIL NIL NIL)

(VARIABLES ((PARENT NIL NIL)) (AND (LISTP (*VAR* NEW-VALUE))
(EQ (LENGTH (*VAR* NEW-VALUE)) 3)) NIL variables)

(TRACE~-MESSAGE NIL (LISTP (*VAR* NEW-VALUE)) NIL trace
message)

(PRINT-NAME NIL (TEST-PRINTNAME (*VAR* NEW-VALUE) (*VAR*
NAME) (*VAR* CLASS)) (DELETE-PRINTNAME (*VAR* NEW-VALUE)
(*VAR* NAME)) print name)

(RECOGNITION~PATTERNS NIL (TEST-RECON-PATTERN (*VAR¥*
NEW-VALUE) (*VAR* NAME) (*VAR* CLASS)) (DELETE-PRINTNAME
(*VAR* NEW-VALUE) (*VAR* NAME)) recognition patterns)

(EXPLANATION NIL (STRINGP (*VAR* NEW-VALUE)) NIL
explanation)

RECON-LIST: (("build-event-score" BUILD-EVENT-SCORE) ("build
event score" BUILD-EVENT-SCORE))

CHILDREN: (BUILD-EVENT-SCORE}
inti ntents of B - -

CLASS: (PROCEDURE)

DISPLAY: NIL

SAVE: SAVE-OBJECT1

VARIABLES: ((PARENT NIL NIL))
TRACE-MESSAGE: NIL

PRINT-NAME: "build event scozre"
RECOGNITION~PATTERNS: NIL

EXPLANATION: "builds an event score object®
CHILDREN: NIL
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Printing contents of RULE

CLASS: (SYSTEM-OBJECT) DISPLAY: DISPLAY-RULE-PARENT

PRINT-NAME: "rule" CHECK-CONDITICNS: CHECK-RULE-CONDITIONS
- EXECUTE: EXECUTE-RULE EXECUTE-ACTION: EXECUTE-RULE-ACTION

PROVE-CONDITIONS: PROVE-RULE-CONDITIONS
DISPLAY-INSTANTIATION: DISPLAY-INSTANTIATED-RULE

USER-ACCESSIBLE: (TRACE-MESSAGE VARIABLES CONDITIONS ACTION
DESCRIPTION DEDUCTIVE-STRENGTH ABDUCTIVE-STRENGTH)

MULTI-VALUE: (VARIABLES)
Default fields -
(SAVE SAVE-OBJECT1 NIL NIL NIL)

(CONDITIONS NIL (LISTP (*VAR* NEW-VALUE)) NIL rule
conditions)

(ACTION NIL (LISTP (*VAR* NEW-VALUE)) NIL rule action)

(DESCRIPTION NIL (STRINGP (*VAR* NEW-VALUE)) NIL description
of rule activity)

(TRACE-MESSAGE NIL (LISTP (*VAR* NEW-VALUE)) NIL trace
message)

(DEDUCTIVE-STRENGTH NIL (NUMBERP (*VAR* NEW-VALUE)) NIL
deductive weight)

(ABDUCTIVE-STRENGTH NIL (NUMBERP (*VAR* NEW-VALUE)) NIL
abductive weight)

(VARIABLES ((PARENT NIL NIL)) (AND (LISTP (*VAR* NEW-VALUE))
(BEQ (LENGTH (*VAR* NEW~-VALUE)) 3)) NIL local variables)

End of default fields, returning to class definition
object slots.

RECON-LIST: (("case5" CASES))

CHILDREN: {(CASES)
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Printing an example of an instance of the Rule
class of objects, CASES.

tin t
CLASS: (RULE)

SAVE: SAVE-OBJECT1

CONDITIONS: (EQ (*VAR* KIND) (QUOTE Q))

ACTION: (SETS (*VAR* PARENT) (QUOTE RESPONSE) NIL (QUOTE
(PARENT) ))

DESCRIPTION: "calls for a new response if the user enters a
'Q class"

TRACE~-MESSAGE: NIL
DEDUCTIVE-STRENGTH: NIL
ABDUCTIVE~-STRENGTH: NIL
VARIABLES: ((PARENT NIL NIL))

CHILDREN: NIL
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CASE SPECIFIC DAT& STRUCTURES

The data structures presented in this section
duplicate those presented in the previous appendix
that dealt with input screens. This duplication
should help the reader relate input screens to
internal data structures.

Printing contents of ASSESSMENT

CLASS: (CASE-OBJECT)

USER-ACCESSIBLE: (ASSESSMENT FACTOR FIRMNODE)
MULTI-VALUE: NIL

COUNT: 18

DISPLAY: DISPLAY-ASSESSMENT

GET-INSTANCE: GET-INSTANCE2

GET-NEW-NAME: GET-NEW-NAMEl

Default fields -

(FACTOR NIL (MATCH-TEST (QUOTE CHECK-LIST) (*VAR¥
NEW-VALUE)) NIL factor name)

(ASSESSMENT NIL (MATCH-TEST (QUOTE VALUE-OBJECT) (*VAR*
NEW-VALUE)) NIL assessment (H M L))

(FIRMNODE NIL (MATCH-TEST (QUOTE FIRMNODE) (%*VAR%*
NEW-VALUE)) NIL firm model element)

CHILDREN: (ASSESSMENT17 ASSESSMENT16 ASSESSMENT15
ASSESSMENT14 ASSESSMENT13 ASSESSMENT12 ASSESSMENT11
ASSESSMENT3 ASSESSMENTZ ASSESSMENT1 ASSESSMENTO)

q n ts o SMENT

CLASS: (ASSESSMENT)

FACTOR: REPCRTING~STANDARD-VOL
ASSESSMENT: HIGH

FIRMNODE: F-ACCRUED-LIABILITIES
CHILDREN: NIL

TILITY

-1
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PRINT-NAME: “éeneral ledger data"

277

The GL-DAT2A slot of the FINANCIAL-DATA object
contains a copy c¢f the general ledger data read in
to the system with each case. It is used to
facilitate displaying this information when
requested by the usexr. Only on field is shown here
to reduce the size of this appendix.

GL-DATA: ((F-SALES NIL NIL NIL NIL NIL NIL NIL NIL NIL NIL
NIL NIL NIL 617154 540192 508486 449430 318826))

ADD: GL-ACCESS-ERROR
DELETE: GL-ACCESS-ERROR
MODIFY: GL-ACCESS-ERROR
GET-INSTANCE: GL-INSTANCE
REVIEW: DISPLAY-GL

CHILDREN: NIL
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Printi tents o ENERAL-DATA
CLASS: (CASE-OBJECT)

ADD: ADD—GENERAL—DATA
GET-INSTANCE: GET-GENERAL-DATA
MULTI-VALUE: (SPECIFIC-MATERIALITY)

USER-ACCESSIBLE: (CASE-NAME AUDIT-PERICD QUARTERS-COVERED
DEFAULT-MATERIALITY SPECIFIC-MATERIALITY OWNERSHIP)

Defau jelds -~
(DELETE DELETE-OBJECT1 NIL NIL NIL)
(CASE~NAME NIL NIL NIL case name)

(AUDIT-PERIOD YEAR (MEMBER (MATCH-TEST {(QUOTE VALUE-OBJECT)
(*VAR* NEW-VALUE)) (QUOTE (YEAR Q1 Q2 Q3 Q4))) NIL audit
period)

(QUARTERS-COVERED 4 (MEMBER (*VAR* NEW-VALUE) (QUOTE (0 1 2
3 4))) NIL number of quarters covered by current data)

(OWNERSHIP NIL (MEMBER (MATCH-TEST (QUOTE VALUE-OBJECT)
(*VAR* NEW-VALUE)) (QUOTE (PUBLIC WHOLELY-OWNED
CLOSELY-HELD))) NIL type of ownership)

(DEFAULT-MATERIALITY
(F-INCOME-BEFORE-EXTRAORDINARY-AND~TAXES 0.05)
(MATERIALITY-MATCH (*VAR* NEW-VALUE)) NIL default
materiality base and level)

(SPECIFIC-MATERIALITY NIL (MATERIALITY-MATCH1l (*VAR%
NEW-VALUE)} NIL account specific materiality bases andgd
levels)

CHILDREN: (CASE-DATA)
i j o) nts =-DA

CLASS: (GENERAL-DATA

DELETE: DELETE-CBJECT1

CASE-NAME: TEST3

AUDIT-PERIOD: YEAR

QUARTERS-COVERED: 4

OWNERSHIP: PUBLIC
DEFAULT-MATERIALITY: (F-SALES 0.003)
SPECIFIC-MATERIALITY: NIL

CHILDREN: NIL
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i ontents o NCENT
CLASS: (CASE-OBJECT)
MULTI-VALUE: NIL
CALCULATE-BOUND-VALUE: CALC-INCENTIVE-BOUND-VALUE
CHECK-BOUND: CHECK-INCENTIVE-BOUND
COUNT: 3
DISPLAY: DISPLAY-INCENTIVE
CALCULATE-DIRECTION: CALCULATE-INCENTIVE-DIRECTION
USER-ACCESSIBLE: (IMPACT FORMULA PRINT-NAME)
GET-NEW-NAME: GET-NEW-NAMEL
GET-INSTANCE: GET-INSTANCEZ2
Default fields =
(IMPACT MEDIUM (MEMBER (MATCH-TEST (QUOTE VALUE-OBJECT)
(*VAR* NEW-VALUE)) (QUOTE (HIGH MEDIUM LOW))) NIL estimated
impact strength on management)
(FORMULA NIL (AND (LISTP (*VAR* NEW-VALUE)) (EQ (LENGTH
(*VAR* NEW-VALUE)) 3) (FORMULAP (*VAR* NEW-VALUE))) NIL
incentive formula)

(PRINT-NAME NIL (STRINGP (*VAR* NEW-VALUE)) NIL print name)

RECON-LIST: (("incentive2" INCENTIVE2) ("incentivel"
INCENTIVEl) ("incentive(O" INCENTIVEOQ)])

CHILDREN: (INCENTIVEZ INCENTIVEl INCENTIVEO)

Printi tent _ ; l

CLASS: (INCENTIVE)

IMPACT: HIGH

FORMULA: (> F-GROSS-PROFIT (*! 1.2 (F-GROSS-PROFIT PRIOR)))
PRINT-NAME: "gross profit bonus™

CHILDREN: NIL
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nts of OBSER =
CLASS: (CASE-OBJECT)
MULTI-VALUE: NIL
ADD: ADD-OBSERVED-EVENT
EXPAND-SLOT: EVENT-NAME
DISPLAY: DISPLAY-OBSERVED-EVENT
COUNT:.13
GET-INSTANCE: GET-INSTANCEZ2
GET-NEW-NAME: GET-NEW-NAMEl
USER-ACCESSIBLE: (EVENT-NAME)
Refault fields -

(EVENT-NAME NIL (MATCH-TEST (QUOTE EVENT) (*VAR* NEW-VALUE))
NIL event)

CHILDREN: (OBSERVED-EVENT12 OBSERVED-EVENT11l
OBSERVED-EVENT10 OBSERVED-EVENT7 OBSERVED-EVENTS
OBSERVED-EVENTZ2 OBSERVED-EVENT1)

Bripting contents of OBSERVED-EVENT1Z

LASS: (OBSERVED-EVENT)
EVENT-NAME: REPORTING-STANDARD-~CHANGE
TRANSACTION: PENSION-ACCRUAL
FIRMNODE: NIL
DIRECTION: INC
USER-ACCESSIBLE: (EVENT-NAME TRANSACTION FIRMNODE DIRECTION)
CHILDREN: NIL
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Printing contents of PREDICTION

CLASS: (CASE-OBJECT)

MULTI-VALUE: NIL

DISPLAY: DISPLAY-PREDICTION

COUNT: 26

GET-INSTANCE: GET-INSTANCE2

GET-NEW-NAME: GET-NEW-~-N2ME1l

USER~ACCESSIBLE: (FIRMNODE CHANGE TYPE CONFIDENCE SOURCE)
efau i =

(FIRMNODE NIL (OR (MATCH-TEST (QUOTE FIRMNODE) (*VAR*
NEW-VALUE)) (MATCH-TEST (QUOTE ASSOCIATION) (*VAR¥*
NEW-VALUE))) NIL firm model element or relationship)

(CHANGE 0 (TEST-PREDICTION-CHANGE (*VAR* NEW~VALUE)) NIL
percentage change)

(TYPE S (OR (EQ (*VAR* NEW-VALUE) (QUOTE S)) (EQ (*VAR*%
NEW-VALUE) (QUOTE T))) NIL change type (S or T))

{CONFIDENCE LOW (MATCH-TEST (QUOTE VALUE~OBJECT) (*VAR%*
NEW-VALUE)) NIL confidence (H M L))

(SOURCE NIL (STRINGP (*VAR* NEW-VALUE)) NIL source)
(PROCESSED NIL NIL NIL processed flag)

CHILDREN: (PREDICTIONZS PREDICTION24 PREDICTION23
PREDICTION22 PREDICTIONZ21 PREDICTION20 PREDICTION19
PREDICTION18 PREDICTION17 PREDICTION16 PREDICTIONLS
PREDICTION14 PREDICTIONG)

Printi tent ¢ PREDICTIONO

CLASS: (PREDICTION)

FIRMNODE: F-CUMMULATIVE-TRANS-ADJ
CHANGE: -0.6

TYPE: S

CONFIDENCE: HIGH

SOQURCE: "change in the value of the dollar"
PROCESSEL: NIL

CHILDREN: NIL
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TEMPORARY DATA STRUCTURES

Printi centen

CLASS: (TEMPORARY-OBJECT)

COUNT: 16

DISPLAY: DISPLAY-ANALYSIS

Default fields -

(SUPPORT-STRUCTURES NIL NIL NIL support structures)
(FIRMNODE NIL NIL NIL firm model element)

(EXPECTATION-INFORMATION NIL NIL NIL expectation
information)

(HYPOTHESIS—-INFORMATION NIL NIL NIL hypothesis information)

CHILDREN: (ANALYSIS15 ANALYSIS14 ANALYSIS13 ANALYSIS12
ANALYSIS1l ANALYSIS10 ANALYSISY9 ANALYSISS ANALYSIS7
ANALYSIS6 ANALYSISS ANALYSIS3 ANALYSISZ ANALYSIS1 ANALYSI

4]

0)
Pripti £ 7
CLASS: (ANALYSIS)

SUPPORT-STRUCTURES: (EXPECTATION1ll EXPECTATION2 HYPOTHESIS1l
HYPOTHESISO)

FIRMNODE: F-INVENTORY

EXPECTATION-INFORMATION: ((HIGHER LOW (HISTORICAL-VALUES
ASSOCIATIONS)))

HYPOTHESIS-INFORMATION: ((ACTUAL-VALUE 3.5 ((ERROR ((AFSL3
((NODE F-INVENTORY) (ASSESSMENT LOW) (ADDED-WEIGHT 2)))
{(AFCCL ((NODE F-INVENTORY) (ASSESSMENT HIGH) (ADDED-WEIGHT
2))))) (NOT-ERROR ((AFGCEl ((ASSESSMENT HIGH) (ADDED-WEIGHT
=0.5)1))))))
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Printing contents of EVENT-SCORE

CLASS: (TEMPORARY-OBJECT)

DELETE: DELETE-EVENT-SCORE

COUNT: 1

Default fields -

(EVENT NIL NIL NIL event)

(OCCURRENCE NIL NIL NIL event occurrence)
(SCORE NIL NIL NIL event score)
(INCENTIVE-SCORE NIL NIL NIL incentive score)
(ABILITY-SCORE NIL NIL NIL abllity score)
(HISTORY NIL NIL NIL history)

CHILECREN: (EVENT-SCOREQ)

Printing contents of EVENT-SCOREQ

CLASS: (EVENT-SCORE)

EVENT: PREDATE-INVOICES

OCCURRENCE: T

SCORE: 3

INCENTIVE-SCORE: 2

ABILITY-SCORE: 1

HISTORY: ((INCENTIVElL EXPECTATION1))

CHILDREN: NIL
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Printing contents of EXPECTATION

CLASS: (TEMPORARY-OBJECT)

REMOVE~-EFFECT: REMOVE-EXPECTATION

DELETE: DELETE-EXPECTATION

COUNT: 15

DISPLAY: DISPLAY-EXPECTATION

Default fields -

(CHAMCGE-TYPE NIL NIL NIL change type)

(FIRMNODE NIL NIL NIL firm model element)
(EXPECTED-CHANGE NIL NIL NIL expected change value object)
(ACTUAL-CHANGE NIL NIL NIL actual change value)
(HYPOTHESES NIL NIL NIL hypotheses)

CHILDREN: (EXPECTATION14 EXPECTATION13 EXPECTATION12
EXPECTATION1l EXPECTATION1Q EXPECTATIONY EXPECTATIONS

EXPECTATION7 EXPECTATION6 EXPECTATIONS EXPECTATION4
EXPECTATION3 EXPECTATIONZ2 EXPECTATION1 EXPECTATIONO)
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Printing contents of EXPECTATIONS

CLASS: (EXPECTATION)
CHANGE-TYPE: HISTORICAL-VALUES
FIRMNODE: F-ACCOUNTS-PAYABLE
EXPECTED-CHANGE: VALUE1l2
ACTUAL-CHANGE: 6.0916F-02
HYPOTHESES: NIL CHILDREN: NIL

The following FIRMNODE-VALUE objects are included to
demonstrate how the system maintains a complete
history of the calculations supporting the expected-
change slot of the expectation object.

Pxinting contents of VALUEI12

CLASS: (FIRMNODE-VALUE)

TYPE: S

VALUE: 3.99069F-01

FIRMNODE: F-ACCOUNTS-PAYABLE
HISTORY: ((ASSOCIATION VALUEll))
SOURCES: NIL

CHILDREN: NIL

Brinting contents of VALUE1l

CLASS: (FIRMNODE-VALUE)
TYPE: S

VALUE: 0.0

FIRMNODE: ASSOCIATION3
HISTORY: ((% 0 VALUE4))
SOURCES: NIL

CHILDREN: NIL

Printing contents of VALUE4

CLASS: (FIRMNODE-VALUE)
TYPE: S

VALUE: O

FIRMNODE: F-INVENTORY
HISTORY: NIL

SOURCES: NIL

o -

CHILDREN: NIL
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inting contents of FIRMNODE-VALU
CLASS: (TEMPORARY-QOBJECT)
DELETE: DELETE-FIRMNODE~VALUE
COUNT: 34
Default fields -
(TYPE S NIL NIL type)
(VALUE NIL NIL NIL value)
(FIRMNODE NIL NIL NIL firm model element)
(HISTORY NIL NIL NIL value's calculation history)
(SOURCES NIL NIL NIL predictions that lead to value)
CHILDREN: (VALUE34 VALUE33 VALUE32 VALUE31l VALUE30 VALUEZ29
VALUEZ28 VALUEZ27 VALUE26 VALUE2S VALUE24 VALUE23 VALUE22
VALUGEZ21 VALUEZ0 VALUElS VALUEl8 VALUEl7 VALUEl6 VALUELS
VALUEl4 VALUE1l3 VALUElZ VALUEll VALUEl0 VALUES VALUES8 VALUE7
VALUE6 VALUES VALUE4 VALUE3 VALUEZ VALUEl)
Pri i V. ®2
CLASS: (FIRMNODE-VALUE)
TYPE: S
VALUE: O
FIRMNODE: F-INTEREST

HISTORY: ((+! (PREDICTION PREDICTION21 "debt retirement")
(PREDICTION PREDICTION23 "new debt issuance")))

SOURCES: (PREDICTION21 PREDICTIONZ23)

CHILDREN: NIL
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Printing contents of GOAL-QBJECT
CLASS: (TEMPORARY-OBJECT)

ACTIVE: NIL

COUNT: 7

PRINT-NAME: "goal structure®
SET~-GOAL: SET-GOAL

EXECUTE-GOAL: EXECUTE-GOAL

efau ie -

(CONDITIONS NIL NIL NIL conditions)
(ACTION NIL NIL NIL action)

CHILDREN: NIL

orinti tent £ GOAL3

This goal causes the system to pickup the analysis
of inventory where it left off (i.e. from the point
that the expected balance and been compared to the
actual balance) when both ASSOCIATION3 and
ASSOCIATIONS have been processed. Both these
associations involve inventory. Since goals are
deleted as they are executed, this printout was
made during the processing of the test case, not
after.

CLASS: (GOAL-OBJECT)

CONDITIONS: (ALL-EVALUATEDP (QUOTE (ASSOCIATIONS3
ASSOCIATIONS)))

ACTION: (DEFER (QUOTE RECHECK-EXPECTATIONS) (QUOTE
PROCESS~NODE) {(QUOTE (CURRENT-NODE F-INVENTCRY)) (QUOTE

{NOT ﬁ—ﬁ'VDE‘I"’F&ﬂ‘TﬁMQ NTT, Y (OITATLD (MMIDDTDNT_UIVDNAMUDCTS NTT Y )
N Whiss  sdema - 7 7 ad A wwa LAk Wil

Ll N e & o LY N AN e b A MWW & VAN EIAY & AN 3L ]

(QUOTE (CURRENT-EXPECTATIONS NIL)))

CHILDREN: NIL
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Printing contents of HYPOTHESIS

CLASS: (TEMPORARY-OBJECT)

DISPLAY: DISPLAY-HYPOTHESIS
SPECIFIC~-ASSESSMENTP: SPECIFIC-ASSESSMENTP
DELETE: DELETE-HYPOTHESIS

GET-FIRMNODES: GET-HYPOTHESIS-FIRMNODES
COUNT: 29

Pefault fields -

(EXPECTATIONS NIL NIL NIL expectations)
(ASSERTION NIL NIL NIL assertion)
(ASSERTION-SUPPORT NiIL NIL NIL assertion support)
(WEIGHT 0 NIL NIL weight)

£ (A
TR T W

T NIL NIL NIL weight supporti

123

CHILDREN: (HYPOTHESIS28 HYPOTHESIS27 HYPOTHESIS26
HYPOTHESIS25 HYPOTHESIS24 HYPOTHESIS23 HYPOTHESIS22
HYPOTHESIS21 HYPOTHESIS20 HYPOTHESIS19 HYPOTHESIS18
HYPOTHESIS17 HYPOTHESIS16 HYPOTHESIS1S HYPOTHESIS1l4
HYPOTHESIS13 HYPOTHESIS12 HYPOTHESIS1l HYPOTHESIS10
HYPCTHESISS HYPOTHESIS8 HYPOTHESIS7 HYPOTHESIS6 HYPOTHESISS
HYPOTHESIS4 HYPOTHESIS3 HYPOTHESIS2 HYPOTHESIS1l HYPOTHESISO)

Printi ! L £ HYPOTHESISO
CLASS: (HYPOTHESIS)

EXPECTATIONS: NIL

ASSERTION: (REPLACE F-INVENTORY CURRENT-VALUE 99282 DIFF)
ASSERTION-~SUPPORT: MECHANICAL-ERROR

WEIGHT: 3.5

WEIGHT-SUPPCRT: ((AFSL3 ((NODE F-INVENTORY) (ASSESSMENT LOW)
(ADDED-WEIGHT 2))) (AFCCl ((NODE F-INVENTORY) (ASSESSMENT
HIGH) (ADDED-WEIGHT 2))) (AFGCEl ((ASSESSMENT HIGH)
(ADDED-WEIGHT -0.5))))

CHILDREN: NIL
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BPrinting contents of SUMMARY
CLASS: (TEMPORARY-OBJECT)

COUNT: 11

DISPLAY: DISPLAY-SUMMARY

Defauylt fields -

(FIRMNODE NIL NIL NIL firm model element)
(WEIGHT 0 NIL NIL summary weight)

(ANALYSIS NIL NIL NIL related analysis object)
(POMINANCE NIL NIL NIL dominance relationships)

CHILDREN: (SUMMARY10 SUMMARYS SUMMARYS8 SUMMARY7 SUMMARY6
SUMMARYS5 SUMMARY4 SUMMARY3 SUMMARY2 SUMMARY1 SUMMARYO)

Printi ! ! f SUMMARYS
CLASS: (SUMMARY)

FIRMNODE: F-INVENTORY

WEIGHT: 8.5

ANALYSIS: ANALYSIS7
DOMINANCE: NIL

CHILDREN: NIL
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AFPPENDIX E

EVALUATION QUESTIONNAIRES
This appendix contains copies of the two gquestionnaires
used to evaluate the system's performance on three cases.
The questionnaires were sent to each subject with a cover
letter. That letter included the following paragraph that
further defined the nature of the expected responses to the
guestionnaire:

"I would like you to answer the gquestions on a
separate sheet of paper but with a clear reference
back to the guestion number. If you feel it is more
appropriate for a given question, you may also
reference the case materials or make marginal
comments on these materials. 1In general, I am not
concerned with the form of your answers just so long
as I can relate your comments to a given question."”

Questionnaire 1 was given to the subjact with the first of

three cases to evaluated and it includes general questions

about the research project as a whole. Questionnaire 2 was
given to the subject along with the second and third cases

and includes only questions concerning a specific case.
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Evaluation Questionnaire 1

I would 1like you to answer the fellowing gquestions
concerning the enclosed test case and system analysis. I
have blocked series of guestions on major issues together in
an outline format. I appreciate your taking to time to
review the case materials and provide me with this feedback.

In responding to the fcllowing guestions, assume the
following scenario. The case is designed to be used as a
training exercise for junior accountants. Its purpose is to
help expose them to issues of general risk assessment during
audit planning. Assume the analysis produced by the system
was developed by a junior accountant who had been given the
case materials and asked to identify potential risk areas
based on the information. The trace of the system's
analysis has been annotated to avoid the difficult problem
of creating complex natural language explanations that are
not rigid. Your review of the analysis should include the
annotations since these represent expanded explanations of
the system's reasoning processes.

I. Evaluation of the case

A. 1Is the case cecmplete in that it covers the major
relevant 1issues for the audit period being
planned? 1If not, what items should be included?

B. Is the information contained in the case
accurate? If not, what items need to bhe
corrected?

C. 1Is the scenario realistic? That is, would a
case like this have potential value as a
training exercise for junior accountants?

II. Evaluation of the system's analysis

A. Please identify any specific problems you £f£ind
in the analysis. That is, identify any issues
the system raised that you feel shouldn't have
been raised, were given too much attention or
weighed too heavily, or were raised for the
wrong reasons. Also indicate why you feel the
system's treatment of the issue was in error.

B. 1In addition, please identify issues that you
feel the system should have raised but didn't
and why you feel the issue was important.
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C. In general, how would you characterize the
system's analysis? I am lcoking for comments on
the system's overall performance as well as the
appropriateness of its analysis given the
scenario.

III. Evaluation of the research project

A. Do you see any potential value to a system like
this one? Do not limit you comments to the
scenario that I have described above (i.e.
training of junior accountants). Wwhat role(s),
if any, could you envision a system like this
playing in either audit training or on an
engagement?

B. What basic changes : improvements need to be
made to the system before it could fulfill any
roles you identified above at an acceptable
level of performance?
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Evaluation Questionnaire 2

I would like you to answer the following questions
concerning the enclosed system analyses. 1 appreciate your
taking to time to review the case materials and provide me
with this feedback.

In responding to the following questions, assume the
same scenario as in the previous case I asked you to
evaluate. That ls, assume the case is designed to be used
as a training exercise for junior accountants. 1Its purpose
is to help expose them to issues of general risk assessment
during audit planning. &Assume the analysis produced by the
system was developed by a junior accountant who had been
given the case materials and asked to identify potential
risk areas based on the information. As before, the trace
of the system's analysis has been annotated. Your review of
the analysis should include the annotations since these
represent expanded explanations of the system's reasoning
processes.

Evaluation of the system's analysis

IV. Please identify any specific problems you £ind in
the analysis. That is, identify any issues the
system raised that you feel shouldn't have been
raised, were given too much attention or weighed too
heavily, or were raised for the wrong reasons. Also
indicate why you feel the system's treatment of the
issue was in error.

V. In addition, please identify issues that you fseel
the system should have raised but didn't and why you
feel the issue was important.

Vi. 1In general, how would you characterize the system's
analysis? I am looking for comments on the system's
overall performance as well as the appropriateness
of its analysis given the scenario.
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APPENDIX F

EVALUATION RESULTS

This appendix contains the two evaluation subjects'
responses to the two evaluation questionnaires presented 1in
Appendix E. Only the detailed analysis of the case used in
Chapter 5 to demonstrate the system's behavior is presented
in order to maintain client confidentiality agrsements with
the participating CPA firm. The subjects' responses are
presented in bold type after the each question and are
labeled S1 ox S2 for subject 1 aad subject 2. Since the
case the subjects are responding to was developed by the
author, the subjects' could not judge the completeness and
accuracy of the case and so these questions are nct

considered here.
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Evaluation Questionnaire 1

I would like you to answer the following questions
concerning the enclosed test case and system analysis. I
have blocked series of questions on major issues together in
an outline format. I appreciate your taking to time to
review the case materials and provide me with this feedback.

In responding to the following gquestions, assume the
following scenario. The case is designed to be used as a
training exercise for junior accountants. Its purpose is to
help expose them to issuss of gereral risk assessment during
audit planning. Assume the analysis produced by the system
was developed by a junior accountant who had been given the
case materials and asked to identify potential risk areas
based on the information. The trace of the system's
analysis has been annotated to avoid the difficult problem
of creating complex natural language explanations that are
not rigid. Your review of the analysis should include the
annotations since these represent expanded explanations of
the system's reasoning processes.

I. Bvaluation of the case

C. 1Is the scenario realistic? That is, would a
case like this have potential value as a
training exercise for junior accountants?

51 - It may have some value, but not as a primary risk
assessment tool. That process must be driven from the top
down (primary input from the partner and manager), not from
the bottom up as would be the case here. The value in this
case might be in the area of a financial performance review
or assessment of financial factors which could indicate
potential future problems. However, the case analysis does
not display any of the financial ratios so that the analysis
developed by the system (i.e. amount of risk) can b=
validated. I understand it may be cumbersome to incorporate
additional ratios and financial performance indicators in
the system, but believe some are needed in additisn to the 2
factors presently used.

S2 - Yes. Such a training exercise would not be appropriate
for a first yvear percen but would be useful in training a
person heading for an in—-charge position.

II. Evaluation of the system's analysis

A. Please identify any specific prebliems you £ind
in the analysis. That is, identify any issues
the system raised that you feel shouldn't have
been raised, were given too much attention or
weighed too heavily, or were raised for the
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wrong reasons. Also indicate why you feel the
system's treatment of the issue was in error.

S1 - Inventory = I am not comfortable with the decision
rule that management will not be as vigilant in an area that
had a problem in the past. 1 believe that management is
awvare of the areas of greatest risk and in most cases will
devote attention to those areas. I believe the inventory
should be evaluated on the basis of how often the company
turns it over, based on average invantory for the year. I
am unable to determine whether this has been considered
based on the phrase "relationship to sales". In addition, I
believe that inventory levels are (hopefully, at least)
built up and reduced based on anticipate future sales and
manufacturing leoad time conc.derations. 1 think the
analysis should consider what projected sales look like
during the first inventory turn compared to the prior year.
Finally, the case intro mentions problems in determining how
much software cost should be capitalized in inventory. This
is not addressed in the system analysis.

Deferred revenue — If the risk is that sales are
ovaerstated, I would noct sxpect that deferred revenue wouilid
be up. In Tack, I would think this area is one wihere the
manipulation could take place easier that predating invoices
since the latter would also require some adjustment to
inventory and cost of sales which might be sasier to spot,
particularly in a standard cutoff test.

= The potential error in this caption is
rzlated sciely to the change in pension accounting according
to the system analysis. However, not all the pension
ad justment flows through this line item. The amount which
flows through admin expenses is dependent on the employee
mix (i.e. production vs. administrative employees) and other
factors.

S2 - Sales = The system registered its concerns about the
significant sales growth. I certainly agree withh these
CoREETnS. One point of documEntasion warrants your
consideration. The system focused on a “predating of
invoices” as the source of a potential error of
overstatement. Although this is most certainly one way for
management to manipulate sales, there are several others
(use of fictitious invoices, recording of sales with
subsequent issuance of credit memeos, etc.). I raise this
point only for you consideration in evaluating the system’s
recommend=2tion.

Administrative Expenses -~ Administrative expenses were
flagged only because of the change in accounting standard.
I would have been concerned about total operating expenses
(not just administrative expenses) because they have
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remained relatively czonstant despite the significant
increase in sales activity. In other words, the system
apparently did not focus on these costs in the total as a
percentags of sales.

B. 1In addition, please identify issues that you
feel the system should have raised but didn't
and why you feel the issue was important.

81 - QOther than in the areas noted above, I found no areas
that ware worthy of further aralysis or investigation.

82 - (S2 left this question blank indicating no other areas
worth noting).

C. 1In general, how would you characterize the
system's analysis? I am looking for comments on
the system's overall performance as well as the
appropriateness of its analysis given the
scenario.

S1 - Overall, I would characterize the system’s per formance

as adequate given the design constraints it operates under.

Refer to my comments at I11.A. ebove for specifiz critique of
the analysis.

§2 - In general, I thought that the system’s evaluation and
prioritization were sound given the evidence of this case.

III. Evaluation of the research project

A. Do you see any potential value to a system like
this one? Do not limit you comments to the
scenario that I have described above (i.e.
training of junior accountants). Wwhat role(s),
if any, could you envision a system like this
playing in either audit training or on an
engagement?

€1 = I can see potential value to the system as 2 vaiidaotion
toel. 1 tThink its greatest contribution would bhe to
automate the financial performance review or ratio analvsis
toc highlight any potential problems that do not surface as a
result of identifying current year events that could impact
the company.

The system may have some training value in alerting junior
staff to the potential risks that may exist due to financial
relationships being out of syc.

However, I think the system is too "numbers" driven in it
evaluation. I believe that general risk analysis focuses to
a larger extent on the audit history with the client, the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



298

analysis of management’s integrity and the pressures on them
and on changes in the company’s business envirorment
(including competition, financing pressure, etc.). Specific
risk analysis (that done at the account level) is based to a
degree on materiality of the account and other factors the
system analyzes, but also focuses on the internal contrels,
and the adequacy of those controls, to detect and correct a
material error or irregularity. I was unable to note any
differentiation in the analysis in those areas where strong
internal controls were noted to be in operation.

S2 - 1 feel the system has value as a training tool, either
in public accounting or in an academic setting. The system
is good in that it gets you thinking about how you would
.evaluate risk. The system is also fun to work with, I
enjoyed evaluating its analysis. The system may also be
useful in the field but it would have to be refined
somewhat. The auditor would never rely totally on the
system’s analysis but could provide a useful second opinion.

B. What basic changes or improvements need to be
made to the system before it could fulfill any
roles you identified above at an acceptable
level of performance?

S1 - See aarlier comments regarding displaying key financial
ratios to validate the system analysis: I also found some
of the nomenclature to be confusing, but that may be due to
unfamiliarity with the system.

Overall: I am torn about how much a system such as this can
contribute to the risk analysis process. There are so many
intangibles, such as relationsnip with the client,
historical problem areas, significant current events and
assessments of management that I have reservations that a
computer sgystem, even an “intelligent" system, would be able
to properly consider these variables. There may be some
valuea from a "number crunching” stand point as a supplement
to the analysis of intangible factors.

82 - Initially I found the system?’s method of expression
rather stiltad and hard to interoret but I got used to it
over time. However, smoother expression would help the user
interpret the system?s analysis. The system does a good job
of identifying areas of risk but needs to have weighting
factors refined, primarily in more subjective areas. It is
also not clear how sensitive it is to industry specific
factors. In general, I continue to be impressed with the
system?’s evolution and capabilities.
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