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ABSTRACT 

The auditors' preliminary analytical review 

procedures (PARPs) have recently received increased 

attention in the accounting literature, because of the 

growing reslization that PA~Ps may significantly enhance 

audit effectiveness and efficiency. Although both 

judgmental and statistical PARPs (JARPs and SARPs 

respectively) are recognized in the profescional 

literature, earlier research has concentrated exclusively 

on statistical ARPs (SAP-Ps). This research bias is 

ineppropriate, given that SARPs merely supplement, but do 

not replace, auditor-judgments in PARPs. Enhancenent of 

audit effectiveness and efficiency requir~s. therefore! 

evidence bearing on several aspects of auditors' PARPs 

judgments. this dissertation uses a model based on Signel 

Detection Theory to provide evidence relating to the 

following aspects of auditors' PAP-Ps judgments: (a) 

judgmental accuracy, (b) decision errors, (c) implicit 

loss functions, and Cd) information required to facilitate 

PARPs judgments. 

The major findings of the study were: (1) 

auditors can make reasonably accurate AR judgments on the 

basis of limited information available at the onset of an 

xii 



audit; (2) their responses were affected by judgmental 

biases, with a propensity to flag for intensive audit 

account book values which are fairly presented; (3) the 

auditors' judgments were miscalibrated, being mostly 

overconfident; and (4) simple ARPs such as ratio 

analysis, scanning, and comparisons amongst data, are 

those preferred by auditors for their PARPs judgments. 

xiii 

This study's findings suggest the need to identify 

the causes, and subsequently mitigate the effects, of 

judgment biases before the potential of auditors' AR 

judgments at enhancing audit effectiveness and efficiency 

can be fully realized. 



CHAPTER I 

INTRODUCTION 

The ultimate objective of the external auditor is 

to express an opinion on the conformance of reanagement's 

financial statement representations with generally 

accepted accountinG principles (GAAP). The auditor 

chooses account items for investigation, on a select 

basis, as support for his/h~r opinion. Such audit 

evidence provides reasonable protection against two types 

of risks: (a) the risk that material errors will occur in 

the accounting process by which the financial state~ents 

are developed, and (b) the risk that any material errors 

that should occur will not be detected by the auditor's 

examinations. It is incumbent on the auditor, therefore, 

to employ an audit approach which maximizes the chence of 

selecting for audit those account items that are most 

likely to be materially misstated. 

To enable him/her to obtain the evidence required 

for this protection, generally accepted auditing standards 

(GAAS) suggest that the auditor (a) perform a proper study 

1 
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an~ evaluation of the existing internal control system, 

and (b) obtain sufficient. competent evidential matter, 

through substantive tests of the accounts. These 

substantive tests are (a) tests of details of transactions 

and balances, and (b) analytical review procedures. 

Although the choice of a specific audit procedure is a 

matter of professional judgment, GAAS require that 

effectiveness be the overriding criterion guiding this 

choice. 

The goal of enhancing audit effectiveness and 

efficiency has stimulated renewed interest in analytical 

review (AR) procedures, to the extent that some observers 

(e.g., Biggs, 1981) have speculated that the audit of the 

future might cons~st only of two elements: control 

reviews and analytical reviews. Two broad approaches to 

analytical review (AR) can be distinguished: judgmental 

analytical review (JAR) and statistical analytical review 

(SAR). JAR is characterized by the use of insight, 

experience, knowledge of the client firm's specific 

environmental data, and professional judgment by the 

auditor to determine (a) a reasonable range of values for 

the account balance, and (b) to evaluate the significance 

of any difference from the account book value. SAR, on 

the other hand, uses formal economic and statistical 

models to relate the account balance to environmental 



variables and related account items, as a basis for 

determining the reasonableness of reported book values. 

3 

Two roles of AR also have been identified in the 

professional literature: (a) preliminary AR (PAR) and (b) 

substantive AR. The former usually is applied at the 

onset of an audit to assist in identification of account 

book values which are likely to be materially misstated 

and, consequently, ones to which more of the available 

audit resources should be devoted. This AR role has been 

described as the "attention-directing" role of AR (Kinney 

and Felix, 1980). The latter typically is employed either 

(a) during the conduct of the audit in conjunction with 

other audit procedures (i.e., as a test-of-details 

substitute [Kinney and Felix. 1980]). or (b) at or near 

the end of an audit as an overall review of the financial 

information. 

In pursuit of the goal of enhancing audit 

efficiency and effectiveness, prior research studies 

(e.g., Akresh and Wallace. 1980; Kinney, 1978; Neter, 

1980; and Stringer, 1975) have focused on the 

attention-directing role of AR. Furthermore, previous 

studies have concentrated only on SAR. perhaps stemming 

from the belief that SAR is more objective than JAR (see, 

for example, Akresh and Wallace, 1980; Stringer, 1975, 

for fu~ther details). Consequently, the role of auditor 

judgment in AR hao largely been ignored. 



4 

A notable exception is the study by Blocher, 

Esposito, and Willingham (1981), in which the authors 

evaluated certain situational and individual variables on 

auditor judgment in AR procedures for a payroll audit. 

Their findings suggest that the perceived role of AR at 

the planning stage of an audit is likely to be subject to 

more inconsistent auditor judgments than its perceived 

role at the usage (substantive testing) phase. Blocher, 

et aI's (1981) study, however, did not address directly 

the effect of several aspects of auditor's AR judgments on 

audit effectiveness and efficiency. 

Background to This Study 

I consider the concentration of research efforts 

exclusively on SAR inappropriate in view of the following. 

First, in practice, the formulation, implementation, and 

interpretation of SAR require auditor judgments. In fact, 

the results of SAR merely supplement, and do not 

substitute for, auditors' AR jud&ments. The effectiveness 

of SAR ultimately depends, therefore, on the nature and 

characteristics of auditor judgments. Perhaps it is in 

recognition of this fact that some observers (e.g., Mock, 

Biggs, and Watkins, 1982) have suggested that research 

directed at understanding the auditors' judgment p~ocess 

in AR is required before appropriate statistical models 

can be developed. Second, many public accounting (i.e., 



CPA) firms employ only JAR. Due to cost considerations, 

SAR typically is applied only to "large" client 

engagement s. 

5 

Third, some researchers (e.g., Kinney and Felix, 

1980, p. 102) have indicated that the so-called objective 

(i.e., statistical) models necessarily use only a small 

part of the information which may be available to the 

auditor. Hence, they have suggested that rese~rch be 

conducted into the use of expert judgments in AR. It 

appears. therefore, that any realistic effort aimed at 

enhancing audit effectiveness requires, at the minimum, 

evidence regarding the characteristics of auditors' AR 

judgments. Chapter 3 of this study, therefore, provides a 

discussion of the need to study auditor judgment in 

preliminary analytical review (PAR). 

The validity of the results of any study designed 

to provide evidence on chosen characteristics of auditor 

judgments in PAR depends, to a large extent, on the 

appropriateness of the statistical and/or research 

techniques employed. Most of the earlier studies of 

auditor judgments, especially in the internal control 

context (e.g., Ashton, 1974) have employed measures such 

as correlation coefficients to evaluate auditor" judgments. 

Whether these measures are appropriate for the 

experimental tasks is, however, still an unresolved issue, 

given the criticisms and limitations noted in the 



literature about their usage for evaluating subjective 

judgments (for example, see Birnbaum, 1973; Remus and 

Jenicke. 1978). Furthermore, these studies simply 

concluded that there was a great variability in auditor 

judgments with little or no attempt to investigate the 

underlying causes. 

6 

In this dissertation, I use a statistical model 

which I consider to be most appropriate for analyzing 

auditors' PAR judgments. This belief is based upon the 

following logico To make a PAR judgment, the auditor 

evaluates the cues available to him/her at the onset of 

the audit. Using his/her prior knowledge regarding the 

possible co-occurrence of the cues and the characteristics 

of two audit populations (i.e., fairly presented book 

values and materially misstated book values), the judge 

(i.e., auditor) decides from which population the book 

value under consideration comes. If the auditor decid~E 

that the book value is materially misstated, that 

indicates that s/he believes the cues contain a signal 

(imbedded in noise). Otherwise, s/he believes that the 

uncertain relationship between the cues and the possible 

deviation of the book value from e!~ectation is merely due 

to chance (noise) alone. PAR, therefore, is essentially a 

detection task, for which the principles of signal 

detection theory seem applicable. 
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Ferrell and McGoey (1980) have developed a model 

for representing judgments in such detection tasks, which 

is suitable for the present study. The model, called the 

Decision Variable Pa_~~tition Model. breaks the judgmental 
f • 

tasks into two aspects: the detection aspect, and the 

probability encoding aspect. The detection aspect 

provides evidence regarding the accuracy of subjects' 

judgments independent of the motivational factors (e.g., 

implicit loss functions) which may affect the subject's 

judgments; the probability encoding aspect enables one to 

determine the calibration of the subjects' judgments. The 

details of the model are presented in Chapter 4. 

The accounting literature indicates that auditors' 

PAR judgments can be affected by factors such as the 

perceived quality of the internal control and the 

auditor's functional level. This study provides evidence 

bearing on the likely effects of these factors on auditor 

judgments in PAR. 

The accounting literature also indicates that 

differences in information search behavior can affect 

judgment accuracy and variability in experimental tasks. 

In addition, some researchers have suggested that the 

types of information which auditors require for their PAR 

judgments should be identified before appropriate 

statistical models can be developed. Hence, in this 

study, I request the auditor-subjects to indicate, in a 
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decreasing order of importance, the information items they 

would have required to facilitate their AR judgmentB in 

practice, regardless of those contained in the 

SBsq experimental materials. 

The background for this study can be summarized as 

follows. First, no study has been reported bearing on the 

characteristics of auditor judgment in PAR. Second, most 

of the previous studies have used statistical techniques 

with little or no regard to the appropriateness of such 

techniques for evaluating judgments under uncertainty. 

This study employs a signal detection model which is 

appropriate for evaluating auditor judgments in PAR tasks. 

Third, earlier studies merely revealed the observed 

variability in auditor judgments without jdentifying some 

of the potential causes of the observed results. In this 

study, I provide evidence regarding the possible causes 

(e.g., implicit loss functions) of the features of 

auditors' PAR judgments. 

Purpose of the Study 

My aim is to provide evidence bearing on several 

aspects of auditor judgments in PAR tasks, and to suggest 

the implications of the evidence from the perspeetive of 

audit effectiveness and efficiency. Specifically, 1 

investigate (0) auditors' detectability. which provides a 
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measure of the extent to which auditors can identify, on 

the basis of limited information available at the onset of 

an audit, account items which are materially misstated; 

(b) the implicit loss functions employed and the type of 

decision errors auditors have a propensity to comnit; (c) 

auditors' degree of sensitivity to their level of 

uncertainty in PAR tasks; (d) the effect of functional 

level and other environnental factors, such as the state 

of internal control, on auditors' AR judgments, and (e) 

the information items which auditors consider relevant to 

the formulation of PAR judgments. I performed an 

experiment in which practicing auditors provided responses 

to a set of questions. The responses were used to 

generate the data bearing on the above issues which were 

investigated. 

Each participant in the study was provided with 

two experimental cases: (I) a case in which the internal 

control is adjudged strong, and (2) a case in which the 

internal control is adjudged relatively weak. The 

participants' responses were evaluated overall, by state 

of internal control, and by functional level. This 

process led to the research design indicated in Figure 

I-I. 

The major findings of the research study are: 

1) The detectability aspect of auditors' PAR 

judgments is reasonably high, given the constraining 



10 

: ... 

INTERNA CONTROL 

WEAK STRONG 

~ SENIOR z 
O~ 
t-t~ 

tj~ 
~~ 

MANAGER 

Fig. 1-1. Experimental Design 



11 

factors inherent in the experimental task. This 

result indicates that auditors can make fairly 

accurate judgments on the basis of limited information. 

2) The auditors' responses were affected by judgmental 

biases. The predominant form of bias is the tendency 

to flag for intensive audit account book values 

which are fairly presented. This strategy suggests 

that auditors may be risk-averse when making 

audit decisions. 

3) The auditor-subjects' responses were miscalibrated, 

the responses being mostly overconfident. There was, 

however. no significant effect of AIC and functional 

level on the miscalibration of the subjects' 

responses. 

4) Consistent with findings reported in earlier studies, 

evidence indicates that simple AR procedures such as 

ratio analysis, scanning, and comparisons· amongst data, 

were the ones most often indicated by the auditor

subjects as being useful for formulating PAR judgments. 

Overview of the DiGsertation 

The remainder of the dissertation is divided into 

seven chapters. Chapter 2 discusses the audit decision 

process as it relates to the objectives of this study. In 



particular, I discuss (a) the audit task, (b) the nature 

of AR. and (c) the role of AR in both the audit process 

and other services which auditors provide to their 
'-

clientse 
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In Chapter 3, I provide a review of the AR 

literature and note that AR research efforts largely have 

been concentrated exclusively on SAR to the neglect of 

JAR. I then justify the need for a study of auditor 

judgment in the PAR context by indicating that SAR does 

not preer.lpt JAR, and that JAR l'1i11 always continue to be 

used in practice in the foreseeable future. Thereafter, I 

introduce the research issues addressed in this study. 

To provide a justification for th~ use of a 

statistical method based on the signal detection theory 

for analyzing this study's data, I descri~e the concept of 

calibration which has been used in prior studies to 

address some of the research issues (e.g., the concept of 

knowing that one knows) investigated herein. The 

shortcomings of using ~alibration only for evaluating 

judgments under uncer~dinty are then highlighted. 

Finally, I discuss the need to provide evidence regarding 

the calibration of auditors' PAR judgments, because of its 

relevance to audit effectiveness and efficiency concerns. 

Chapter 4 discusses signal detection theory and 

its relevance to PAR, and also the Decision Variable 

Partition Model developed by Ferrell and McGoey (1980) 
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which is used in this study. This is followed in Chapter 

5 by a description of the methodology of this study, 

inCluding a discussion of the specific research issues 

investigated. 

Chapter 6 reports the results of a simulation 

study designed to provide evidence regarding the effect on 

observer detectability of (a) prior signal probability, 

(b) number of stimulus observations (trials), and (c) 

pooling of responses. The results provide a basis for 

developing expectations regarding the likely effects of 

these factors on the performance of the auditor-subjects 

of this study. This is followed by a description of the 

data analysis in Chapter 7, while Chapter 8 presents the 

conclusions, implications, and suggestions for further 

research. 



CHAPTER 2 

THE AUDIT DECISION PROCESS 

The Audit Task 

The external auditor's ultimate objective is to 

determine whether the financial statements of a business 

firm "present fairly" its financial position, results of 

operations, and changes in financial position, in 

conformity with generally accepted accounting principles 

(Statement of Auditing Standards (SAS] No. I, 1979). 

Operationally, the auditor and those who rely on his/her 

opinion require a reasonable protection against two 

separate risks: (a) the risk that material errors will 

occur in the accounting process by which the financial 

statements are developed, and (b) the risk that any 

material errors that should occur will not be detected in 

the auditor's examination (SAS No. I, Sec. 320a.14). 

The professional literature indicates that the 

probability that the first type of risk will occur is 

inversely related to the strength of the accounting 

internal control (AlC) system. The auditor, therefore, 

14 
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has no control over the chances of the occurrence of this 

type of risk, since it is dependent on the data processing 

system for which management is responsible. Auditing 

theory, therefore. conservatively assumes that there is a 

100% probability that the first type of risk will occur. 

Hence, to enable the auditor to make a judgment 

regarding the reliability of the AIC. generally accepted 

accounting standards (GAAS) suggest that there be 

a proper study and evaluation of the 
existing internal control as a basis for 
reliance thereon and for the determination 
of the resultant extent of the tests to which 
auditing procedures are to be restricted (SAS 
No.1. Sec. 320.01). 

This recommendation is based on the assumption 

that the existence of a satisfactory accounting internal 

control (AIC) reduces the probability tha~ material errors 

in the accounts will occur and go undetected. However, 

since the AIC system is not perfect, the auditor cannot 

place complete reliance on AlC as the only means of 

gathering the relevant audit evidence. The extent of 

reliance to place on the AIC is, therefore. determined by 

the auditor after an evaluation and study of the AIC. If 

we denote by Q the degree of reliance the auditor places 

upon a given AIC, then (I-C) denotes the risk that 

material errors will go undetected through the AlC. 



Given the inherent imperfection of the Ate, the 

third standard of field work suggest that, to reduce the 

second type of risk, 

sufficient competent evidential matter is 
to be obtained through inspection, 
observation, inquiries, and confirmations 
to afford a reasonable basis for an opinion 
regarding the financial statements under 
examination (SAS No. I, Sec. 320.69). 

SAS No. I, (Sec. 320.70) notes that the 
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evidential matter required by the third standard of field 

work can be obtained through (a) tests of details of 

transactions and balances [TDTB], and (b) analytical 

review [ARP]. Both (a) and (b) are referred to as 

substantive tests in the professional literature. The 

auditor also decides upon the degree of reliance to place 

upon these substantive tests, say. ~. on the basis of 

information derived from applying these procedures. Since 

the substantive tests comprise TDTB and ARP, one can 

decompose ~ into the degree of reliance placed upon (a) 

TDTB. say. I, and (b) ARP, say!. Therefore, (I-T)(l-A) 

represent the risk that material errors which occur will 

not be detected by the substantive tests. 

The multiplicative effect of the risk that 

material errors which occur will not be detected by the 

combined application of these procedures is referred to as 

the ultimate risk (UR), the minimization of which is the 
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GAAS indicate that, in choosing an audit procedure 

or a combination of audit procedures, effectiveness 

necessarily is the overriding consideration (SAS No. I, 

Sec D 320.73, 1979, emphasis added). GAAS also suggest 

that efficiency is an appropriate consideration in 

choosing between procedures of similar effectiveness. It 

is noteworthy, however, that the study and evaluation of 

AIC is the only audit procedure available for reducing the 

first type of risk. Renee, a consideration of the choice 

of the most effective audit procedures actually relates to 

a choice of the most effective combination of the 

substantive tests to reduce the· second type of risk. 

Before discussing the need for a study of auditor 

judgments in AR, it appears reasonable to understand the 

nature and the importance of AR, and its potential 

usefulness as a means of enhancing audit effectiveness and 

efficiency. Renee, in the following sections I discuss 

(a) the nature of analytical review, and (b) the audit 

framework and the role of analytical review in the 

planning stages of an audit and other nonaudit services 

which accountants provide to client firms. 

The Nature of Analytical Review 

SAS No. 23 (1981) states that "analytical review 

procedures are substantive tests of financial information 

made by a comparison of relationships among data." It also 
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auditor's main objective. Specifically, UR is defined as 

follows: 

UR • K(I-C)(I-T)(I-A) (2-1) 

where K refers to the risk that material errors will occur 

in the accounting process by which the financial 

statements are developed. However, since GAAS assumes K 

to be equal to I, then 

UR ~ (I-C)(l-T)(I-A) (2-2) 

Equation (2-2) indicates that ~R is inversely related to 

the degree of reliability placed upon each of the audit 

procedures discussed above. 

The second standard of field work also recognizes 

that the extent of substantive tests required to 

constitute sufficient evidential matter under the third 

standard may properly vary inversely with the auditor's 

reliance on AIC (SAS No. I, Sec. 320A.19). It also 

recognizes that, regardless of the extent of reliance on 

AIC, the auditor's reliance on the substantive tests Day 

be derived from tests of details, from ARP, or from any 

combination of both, as the auditor deems appropriate in 

the circumstances. Rence, to enable the auditor to make 

use of the framework in equation (2-2), knowledge of the 

usefulness of AR, especially in the attention-directing 

mode, Is required. 
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states that a basic premise underlying the application of 

ARPs is that relationships among data may reasonably be 

expected by the auditor to exist and continue in the 

absence of known conditions to the contrary. 

The guiding framework for the evaluation of the 

results of AR is the auditor's expectations of what the 

recorded amounts should be, or what the range of possible 

values might reasonably be expected to be. The acceptable 

degree of variation from expectation would depend, for 

example, on other evidence, on the reasonableness of the 

identified relationships, on costs and, possibly, on the 

auditor's attitude toward risk. The determination of what 

constitutes "unusual" or "out-of-line" account items is, 

therefore, a matter of professional judgment. 

There are two use s of AR de s cr i be,d by SAS No. 23 : 

the AR may indicate (a) the need for additional 

procedures, or (b) that the extent of other auditing 

procedures may be reduced. Kinney and Felix (1980) have 

described these as "attention-directing" and 

"tests-of-details substitute" uses of AR respectively. 

These two uses of AR are, hovever, related to one another. 

For example, the higher the perceived effectiveness of an 

ARP as an attention-directing tool, the more reliance will 

be placed on such a procedure and, hence, the less other 

substantive tests will be required. 
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Corresponding to the varying objectives of AR. SAS 

No. 23 lists the following combinations of timing and 

objectives: 

~) In the initial planning stages to assist in 
determinming the nature, extent and timing of 
auditing procedures by identifying, among other 
things, significant matters that require consideration 
during the examination. 

b) During the conduct of the examination in 
conjunction with other procedures applied 
by the auditor to individual elements of 
financial information. 

c) At or near the conclusion of the 
examination as an overall review of the 
financial information (para. 5). 

AR performed at the initial planning stage of an audit is 

referred to as preliminary AR (PAR), while the AR 

performed at or near the conclusJon of the aucit is 

referred to as substantive AR. 

Analytical Review and Audit Planning 

ARls ability to enhance audit effectiveness and 

efficiency depends on its usefulness as an audit planning 

tool. Hence, in this section, 1 discuss the potential 

usefulness of AR in the audit planning prossss, as 

suggested by both the academic and professional 

literatures. 

Having accepted an audit engagement, prudence 

demands that the auditor plan and schedule the audit in 

the most efficient and effective manner. For example, the 
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auditor might wish to perform as much preliminary work as 

possible at an early date, rather than leave the entire 

task to the end of the period under audit. This requires 

that the auditor have a reasonable understanding of 

general busine~s and industry conditions, and the client 

firm's accounting policies and procedures. Based on this 

background knowledge and the findqings of the preliminary 

work performed, the auditor begins the engagement planning 

by scbeduling and programming the activities to be 

performed at each stage of the audit. 

Robertson (1979, p. 148) claimed that PAR plays a 

large role in this initial planning phase of the audit. 

It is useful for identifying potential problem areas in 

the financial statements and conditions that may require 

an extension and modification of anticipated audit 

procedures. Taylor and Glezen (1979) note that an 

understanding of the client firm's business operations 

allows the auditor to use audit techniques, such as 

analysis of operating and financial ratios, as more 

efficient audit tools. They also note that such an 

understanding facilitates detection of financial statement 

items that appear unusual. Hence, the auditor can be 

efficient in the sense of concentrating on the areas in 

which material misstatements are likely to be contained. 

In essence, PAR can be viewed as a means of 

identifying at an early point in the audit areas that may 

I 



present problems or require special attention later on. 

In fact, Taylor and Glezen (1979) labelled such tests of 

reasonableness "predictive auditing." 

Kinney (1981) also classifies PAR as part of the 

orientation stage of the audit process. He states that 

A part of the orientation stage would be a 
study of the available book values and 
comparison of relationships between and among 
the book values and other data such as sioilar 
data from other firms or other tioe periods or 
other data such as budgets. These comparisons 
may yield book values which seem to be "out of 
line" with what one would expect. The 
comparisons give the auditor some basis 
for an assessment of the probability that 
material error is present. The 
orientation stage also gives the auditor 
a basis for beginning the study of 
the internal accounting control (p. 4). 
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The discussion above suggestb that there is a high 

degree of consensus among researchers regarding the role 

of AR in the audit process. This consensus appears 

consistent with the role assigned to AR in professional 

practice. The methods currently being used by some CPA 

firms are discussed below to buttress this point. 

One audit approach, developed by Peat, Harwick, 

Mitchell and Co. (PMM) is called the Systems Evaluation 

Approach (SEA). It clearly identifies a role for AR at 

the planning, interim, and final phases of the audit. At 

the planning stage, the SEA indicates that the review of 

financial data constitutes the initial information on 

which the planning of the other phases of the audit is 
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based. Its main purpose is to assist the auditor in 

identifying unusual relationships of financial data that 

may have audit significance, and to assist in determining 

the scope and relative emphasis of the audit work (Taylor 

and Glezen. 1979). The final phase also indicates, again, 

the important role of AR, which takes place as soon as the 

year-end information becomes available. As in the 

planning phase, the purpose of this review is to identify 

unusual relationships that may have audit significance, 

thereby assisting the auditor in deterDining whether any 

modification to the audit program is warranted by changes 

in trends and conditions subsequent to the interim phase 

of the audit. 

The role of AR in SEA is identical with the one 

described by Toucbe Ross and Co. (1981) in its TRAP 

(Touche Ross Analytical Process) audit approach. In the 

TRAP, the audit is broken down into three phases, the 

first and the last of which are relevant to this 

discussion. Phase I. which is concerned with Planning and 

Evaluation, aims at assisting the auditor in identifying 

ares~ in which audit attention should be concentrated to 

satisfy standard audit objectives. Analytical comparisons 

both of financial and operating information, as well as 

planned control and other audit tests, are performed at 

this stage. Phase III is Completion of the Audit, when 
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analytical procedures again are used to assess the overall 

reasonableness of transactions and account balances. 

Discu8sions with representatives of other national 

CPA firms indicate similar AR roles and procedures in 

their respective firms. The importance of AR as a 

planning tool in the audit process, as described by SEA 

and TRAP, and through discussions with auditors from other 

CPA firms, is consistent with the procedures described by 

Robertson (1979:146-150), and Kinney (1981). Hence, it 

appears that, both in theory and in practice, there is 

consensus regarding the role of AR in the audit process. 

Of direct relevance to this study is the role of 

PAR in audit planning and the resulting allocation of 

audit efforts. One important factor which can have impact 

upon the decision of how to allocate audi~ efforts is the 

state of AlC. As indicated earlier, GAAS suegest that 

there should be an inverse relationship between the 

quality of lAC and the extent of substantive tests. In 

essence, SAS No. I, Sec. 320 indicates that after the 

auditor reviews the system of lAC and performs compliance 

tests of the IAC on which s/he intends to place 

significance reliance, it is then appropriate to 1ioit 

substantive tests (e.g., AR) in response to the presence 

of strong and effective lACs. The relationship between 

the state of AIC and the allocation of audit efforts is 

described in Figure 2-1. 
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The figure indicates that when unusual 

fluctuations are found in a situation in which the AIC is 

adjudged adequate, the auditor will ordinarily apply other 

substantive tests. Similarly, when unusual fluctuations 

are found when the AIC is adjudged weak, the figure 

indicates that the auditor should expand other substantive 

tests. However, since an effective PAR should assist the 

auditor in identifying some of these unusual fluctuations 

at the onset of the audit, application of substantive 

tests can be reduced if either (a) no unusual fluctuations 

are found, or (b) PAR were performed although unusual 

fluctuations are found. 

Analytical Review and 
Nonaudit Service 

AR also can be (and is being) used to facilitate 

the performance of other services which accountants 

provide for client firms. Specifically, AR presently is 

used during (a) reviews of Interim Financial Information 

(SAS No. 36) and (b) Reviews of Financial Statements of 

non-public entities (Statements of Standards for 

Accounting Review Services [SSARS] No.1. 1978). 

For both reviews, the professional standards 

suggest that AR end other similar forms of enquiries ere 

the only formal procedures the accountant is required to 

perform to enable him/her to provide "limited" assurance 
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regarding the client firm's financial representations. 

For conventional audits, however, SAS No. 23 requires the 

auditor to combine the internal control evaluation (unless 

s/he decides not to rely on AIC) with at least a minimal 

level of substantive tests. Hence, in situations in which 

the auditor is to provide such limited assurance, s/he 

typically relies exclusively on AR to support his/her 

opinion. 

Although the accountants' risk exposure in such 

engagements is presently unknown, but presumably is less 

than for actual audits, it still behooves the auditor to 

employ the most effective analytical review method for 

such engagements. For example, the information obtained 

from the performance of such services could be valuable 

for audit planning decisions. 

In addition to its importance in other services 

being rendered by accountants to their clients, the 

discussion above indicates that AR can be a cost-effective 

source of audit evidence. But. to assist the auditor in 

determining the most effective and efficient combination 

of audit procedures. research evidence relating to the 

effectiveness of alternative AR approaches is neeeded. 

However, relevant research reported so far has 

concentrated exclusively on SAR. 8S the literature review 

presented in the next chapter indicates. 



CHAPTER 3 

THE ANALYTICAL REVIEW LITERATURE 

The goal of enhancing audit effectiveness and 

efficiency has generated renewed interest in AR because it 

(AR) is viewed as a reasonably effective and relatively 

inexpensive source of audit evidence (Holder and Co1lmer, 

1980). Some observers (e.g., Biggs. 1981) have even 

speculated that the audit of the future is likely to 

consist only of two elements: control reviews and AR. 

Two broad approaches to AR identified earlier are: 

judgmental analytical review (JAR) and statistical 

analytical review (SAR). JAR is characterized by the use 

of insight. experience, knowledge of the client firm's 

specific environmental data, and professional judgment by 

the auditor to determine a reasonable range of values for 

the account balance and to evaluate the significance of 

any difference with the account book value. SAR, on the 

other hand, uses formal economic and statistical models to 

relate the account balance to environmental variables and 

related account items, as a basis for determining the 

reasonableness of reported book value. 

28 
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SAS No. 23 (para. 6) states that the methods 

selected by the auditor for performing AR are matters for 

his/her professional judgment. However, GAAS require that 

effectiveness be the overriding criterion in choosing 

between audit procedures. Research evidence relating to 

the relative effectiveness and efficiency of each approach 

will, therefore, assist the auditor in selecting the most 

effective AR procedure. 

In the following section, I present a review of 

research reported so far with respect to each AR approach. 

Thereafter, I will indicate the incompleteness of the 

existing research. thus formimg the basis for a need for 

the current study. 

Statistical Analysis Review (SAR) 

In order to enhance audit effectiveness and 

efficiency through the application of AR procedures, SOme 

researchers have developed and evaluate~ the relative 

effectiveness of various SAR models. For example. Deakin 

and Granof (1974), Stringer (1975). and Kaplan (1978) have 

argued in favor of regression analysis in AR. In fact, 

Stringer (1975) revealed that this method has been a 

formally accepted AR method by the public accounting firm 

of Deloitte. Haskins, and Sells (DHS) for a long time. 

Other writers (e.g., Albrecht and McKeown~ 1977. Kinney, 

1978) have identified other eligible statistical methods 
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like the integrated autoregressive-moving-average (ARIMA), 

Box-Jenkins. Trend Analysis, and Ratio Analysis. 

In general. these writers contend that regression 

analysis works as well as any other complex statistical 

model based on the criteria of forecast accuracy and/or 

prediction achievement (Kinney, 1978). Such accuracy snd 

prediction achievement evaluation relate to the deeree to 

which these different statistical methods identify the 

account book values in which material misstatements are 

likely to be contained and, hence. are most appropriate 

for further investigation. As a result, regression-based 

SAn methods are currently popular in practice. 

The primary reason for the suggested application 

of SAR in (professional) practice is its perceived 

objectivity, which some observers have as~umed would 

enhance audit effectiveness. For example, Stringer (1975) 

indicates that 

I am convinced that regression analysis 
provides a more objective basis for performing 
analytical review, and thereby a means for 
reasonable quantification of the reliability 
that may be assigned to this class of substantive 
tests. 

••••• Because of the increased objectivity 
provided by regression analysis, we think it 
is appropriate to assign a greater portion of the 
desired reliability from substantive tests to 
analytical review if regression is used than if 
it is not (p. 4). 



He also notes that another advantage of the 

regression-based AR is its ability to enhan~e related 

reduction in tests of details. 
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Akresh and Wallace (1980) also claim that the main 

advantage of the regression model is that it helps the 

auditor to test the reasonableness, not only of the 

direction of change, as does the nonstatistical model, but 

also the amount of change. They declared that "by 

formalizing the decision process for the acceptance of 

client representations, the objectivity of the auditor's 

evidential base is improved" (p. 15). 

Incidentally, the preference for SAR seems to be 

supported by an abundance of research evidence regarding 

the superior performance of statistical (form~l) models 

over judgmental models reported in the human information 

processing (HIP) literature (Meehl, 1957; Dawes and 

Corrigan, 1974; Hogarth. 1980). 

Others, however, have focused on a discussion of 

the methodological and statistical problems inherent in 

the application of regression-based AR procedures. These 

include the possible violations of the assumptions 

underlying regression models and the problem relating to 

the choice of predictor variables (Warren, 1975; Kinney 

and Bailey, 1976; Neter,1980); problems of model 

validity (Collins, 1981); and the effect of measurement 

errors on the regression results (Kinney and Salamon, 



1979). Some of the likely effects of these fa~tors have 

been discussed in the accounting literature. 
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Kinney and Salamon (1979) found that the existence 

of random measurement errors in the predictor variables 

can result in biased estimated regression coefficients. 

This problem leads to B situation in which (1) the ~ccount 

is subject to extensive audit tests when the account is 

not materially misstated (Type I error), or (2) the 

account is not extensively tested even though it is 

materially misstated (Type II error). 

Collins (1981) examined empirically the usefulness 

of the stepwise regression model (SRM) in an auditing 

context. He indicated that under SRH, variables are often 

selected on the basis of their ability to effect a 

reduction in the estimated residual variance. hence there 

always will exist an undrestatement of the standard error 

of prediction. Regarding the effects of errors in the 

choice of predictor variables, Collins identified the 

following problems: (i) if irrelevant predictor variables 

are used, the estimated coefficients will be overstated. 

In this case, SRM will be oversensitive to unusual 

fluctuations, thus reducing the efficiency of the AR 

procedurej (ii) if relevant predictor variables are 

omitted, the net effect is to make SRM less sensitive to 

unusual fluctuations, resulting in a reduction in the 

efficiency of the audit; and (iii) when (i) and (ii) 



exist simultaneously, the standard error of prediction 

will be understated, leading to a reduction in the 

effectiveness of the audit. 
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Akresh and Wallace (1980) indicate that, while 

many of the problems likely to arise from the violation of 

any assumption often can be corrected, regression analysis 

might not be applicable to all clients. For example, they 

suggest that regression analysis should not be used in a 

time series manner for a client that has had major changes 

in either the recent base period or the audit period. The 

same suggestion was made regarding a client that operates 

in many lines of business. For such clients, they note, 

regression analysis can be applied to different units of a 

client firm but not to predicting the book value of an 

account item. 

The amount of data available also may be 

insufficient for the employment of SAR in case of 

first-time audits and/or new clients. There will be no 

reliable (audited) data for the base period in the case of 

first-time audits, and in the case of new clients, the 

auditor may not want to rely on audited values reported by 

the predecessor auditor. Indeed, Wallace (1979) has 

advised that caution should be exercised in utilizing 

unaudited data of new clients when conducting SAR. The 

AICPA's exposure draft on AR (AICPA, 1978, p. 6) also 

suggests that in such situations, "the auditor should 



consider that financial information might not be 

reliable." 

Judgmental Analysis Review (JAR) 
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For reasons other than the problems relating to 

the application of SAR, as indicated above, some observers 

have argued in favor of JAR in practice. The main 

postulated advantage of JAR is that it enables the auditor 

to enploy his/her expertise, experience, knowledge of the 

client's business operations and industry characteristics, 

and professional judgment. 

Some writers (e.g., Kinney and Felix, 1980) have 

indicated that JAR is preferable to SAR because 

statistically-based AR methods necessarily use only a 

small part of the information which may b~ available to 

the auditor. They have, therefore, suggested that 

research be conducted into the use of expert judgments in 

AR. This suggestion seems particularly relevant for the 

following reasons. The accounting literature (e.g., 

Robertson, 1979. p.343) has acknowledged that AR is 

essentially judgmental. Yet, Hogarth (1980, p. 4) 

indicates that no mechanical prediction model can possibly 

capture the complicated cues; patterns, and other 

information which humans use for prediction. Hence, as 

Mock, Biggs, and Watkins (1982) rightly sugeest, research 

directed at understanding the auditor's judgment process 



35 

• 
in AR is required before appropriate statistical models 

can be developed. 

Despite the importance and postulated advantages 

of JAR in the audit process, prior research largely has 

concent~&ted exclusively on SAR. The only notable 

exception is the study by Blocher, Esposito, and 

Willingham, (1981), in which the authors evaluated certain 

situational and individual variables on auditor judgment 

in AR procedures. Consistent with the findings of auditor 

judgments in iniernal control studies (e.g., Ashton, 1974; 

Joyce, 1976; Mock and Watkins, 1980), Blocher, et al 

found significant variability in auditor judgment for all 

variables concerning planning, such as the choices which 

the auditor made in completing the audit program and the 

resultant time budget. They found, however, that 

variability of auditor judgment was not significantly 

affected by the application of analytical review 

techniques during the audit process. 

These findings have important implications for the 

quality of auditor judgment in the attention-directing and 

substantive testing aspects of AR. For example, the 

findings suggest that the planning (attention-directing) 

phase is likely to be subject to more inconsistent auditor 

judgments than the usage (substantive testing) phase. 

The apparent neglect of auditor judgment in AR 

seems inappropriate, despite the abundance of evidence 
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regarding the relative superiority of statistical and 

formal models over judges noted earlier. Since it has 

been aCknowledged that AR is essentially judgmental, the 

effectiveness of AR may. therefore, depend ultimately upon 

the quality of auditor judgments. 

In the following section, therefore, I elucidate 

the need for the study reported herein by describing the 

nature and importance of auditor judgment in AR. This is 

followed by a description of the specific research issues 

which I address. 

The Need for a Study of 
Auditor Judgment in AR 

The literature review presented above indicates 

that AR related research reported to date has concentrated 

exclusively on SAR. This orientation is inappropriate, as 

the following discussion s~ggests. 

First, some observers have expressed a preference 

for SAR over JAR because the former is perceived to be 

more objective than the latter. However, objectivity is 

neither 8 necessary nor sufficient condition for choosing 

among alternative AR methods. Rather, as noted earlier, 

GAAS indicate that effectiveness is the overriding 

criterion for choosing between audit procedures or in 

selecting a combination of audit procedures. Second, the 

distinction between SAR and JAR noted in the relevant 
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literature is more apparent than real, because ·in practice 

SAR actually requires a combination of judgmental and 

statistical methods. In practice, SAR involves the 

auditor (a) identifying the relevant predictor variables, 

(b) deternining the reliability levels and precision 

limits, (c) evaluating the plausibility of relationships 

suggested by the statistical analysis, and (d) 

subjectively deciding what action to take. The role 

assigned to the statistical model is merely to weight, 

perhaps optimally, the variables suggested by the auditor. 

In other words, the statistical aspect of SAR merely 

supplements human (auditor) knowledge and skill in 

practice. Given the pervasive role of auditor-judgment in 

AR tasks, it is inappropriate not only to assume the 

separate existence of a purely statistical AR approach, 

but also to suggest that the (nonexisting) "statistical" 

AR is preferable to JAR. 

Third, many public accounting (CPA) firms rely 

only on JAR, while others employ a combination of 

statistical and judgmental methods commonly known as SAR. 

Therefore, it is inappropriate to concentrate to 

concentrate research efforts only on the statistical 

aspect of AR. Fourth, even if a purely statistical AR 

method were to exist, there are situations in which it 

would not be applicable in practice. Discussions with 

practicing auditors indicate that SAR is applied only to 



large client firms, mainly because of the high cost 

involved in setting up SAR for each client firm. 
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Theref or e, JAR at ill is the convent iona 1 method for many 

clients even by those CPA firms which have an inclinatison 

towards enhancing the objectivity of the AR procedure. 

Also, as indicated earlier, the amount of data available 

may be insufficient for the employment of SAR in the case 

of first-time audits and/or new clients. 

Furthermore, Akresh and Wallace (1980) indicate 

that, while many of the problems likely to arise from the 

violation of any assumption often can be corrected, the 

statistical method might not be applicable to all clients. 

For example, they suggest that regression analysis should 

not be used in a time series manner for a client that has 

had major changes either in the recent ba~e perioe or the 

audit period. The same suggestion was made regarding a 

client that operates in many lines of business. For such 

clients, therefore, regression analysis can be applied to 

different units of a client firm but not to predictine the 

book value of an account item. This observation sugzests 

an additional limitation on the use of SAR-based ARP in 

practice. 

Finally, Kinney (1979) acknowledged that there are 

various specific local and other internal-to-the-firm data 

which are not available from published sources, which 

enable expert auditors to be quite skilled at predicting 



/ 

39 

potential audit adjustments. Furthermore, some of the 

evidence gathering procedures available to the auditor are 

not amenable to statistical modeling. For example, much 

of the information which influences audit judgment is 

derived from verbal discussions and written 

representations of client personnel and independent 

parties. 

Given that JAR will continue to playa sugnificant 

role in practice, it is desirable to know auditors' 

ability to detect account items which may require 

adjustments. as well as the factors which might affect 

these judgments. This desire is underscored by the fact 

that the ultimate effectiveness and efficiency of the 

audit may depend principally on auditor judgments in PAR 

tasks, since the initial allocation of audit efforts are 

made at this stage of the audit. That is. given the 

importance of the accuracy of auditor judgment in PAR on 

the allocation of audit efforts, it is desirable to have 

evidence relating to how much the auditor knows, how much 

s/he knows that s/he knows, and the factors that may 

influence his/her judgments. Also, to enhance an 

understanding of the auditors' decision process, it is 

desirable to identify the types of information they 

consider relevant for such (PAR) taskG. The following 

research issues addressed in this study will provide 

evidence bearing on these matters. 
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Research Issues: An Outline 

To provide a rationale for the research issues 

addressed in this study, 1 summarize the substance of the 

discussion above as follows. 

First, the discussion indicates that AR is an 

important tool for the audit planning process. Second, it 

indicates that AR can be an effective but relatively 

inexpensive source of audit evidence. Third, there are 

situations in which SAR may not be applicable. In 

addition, there are numerous methodological and 

statistical problems inherent in the applicatior. of SAP., 

as discussed earlier. Finally, the discussion suggests 

that AR is ultimately a judgmental task, even in 

situations in which statistical models are used to provide 

evidence as inputs into the auditor's judgmental process. 

This view is buttressed by an acknowledgment in the 

relevant literature (e.g •• Robertson, 1981. p. 367) that 

the AR (and other supplementary) procedures are highly 

judgmental. Yet. no research has so far provided direct 

evidence regarding the accuracy of auditor judgments in 

PAR. 

The aim of this dissertation is to fill this void, 

by providing evidence that will enable one to appraise the 

implications of several aspects of auditor judgments for 

the effectiveness and, ultimately, the efficiency of the 

audit. To achieve this objective, I provide evidence 
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bearing on the following research issues, the details of 

which are discussed fully in Chapter S. 

Research Issue Number One: 

Detectability of Auditor Judgments in PAR 

As indicated earlier, the main objective of PAR is 

to assist the auditor in identifying the account book 

values which may contain material errors. The greater the 

accuracy of auditor judgments, the more the effectiveness 

and efficiency of the audit is enhanced, since s/he will 

then be able to concentrate audit efforts in the areas 

likely to contain material misstatements. This study, 

therefore, provides evidence bearing on the degree of 

accuracy of auditor judgments in PAR. 

Research Issue Number Two: 

Implicit Loss Functions 
Affecting Auditors' PAR Judgments 

Many research studies have reported that human 

beings are generally suboptimal decision makers under 

uncertain conditions. They indicate that, in most cases, 

normative models tend to outperform human judges. Some of 

the explanations offered for these findings include the 

possibility that human decision makers are not able to 

optimally process the information provided in experimental 

tasks, and that they have limited memory. which limits the 
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amount of information they can process at a time. 

Consequently, the arguments continue, their judgments are 

less accurate than those of uormative models. 

An important variable which these studies have 

consistently failed to address is the effect of implicit 

loss functions on decision makers' judgments in 

experimental tasks. If the decision makers employ loss 

functions which differ from those assumed by normative 

models, then no meaningful comparison could be made 

between the accuracy of the normative model and the 

accuracy of the decision maker. 

What is required, therefore, is evidence regarding 

the implicit loss function(s) which decision makers employ 

in an experimental task as a basis for explaining 

performance. This evidence is obtainable: from an 

evaluation of the decision rules employed by the subjects. 

Such evidence is particularly important in the context of 

this study, since the decision rules employed could have 

impact upon the effectiveness and efficiency of the audit. 

Hence, in this study, I provide evidence relating to the 

decision rules and, consequently, the implicit loss 

functions, employed by the subjects in the experiment, and 

discuss their implications for audit effectiveness and 

efficiency. 



Research Issue Three: 

Effect of Nature of Task 
on Auditors' PAR Judgments 

One can make a distinction between experimental 

tasks which request for subjects' perceptions under 
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uncertain conditions, and those which require the subjects 

to specify what actions they will take under uncertain 

conditions. The first type merely asks for feelings 

regarding the items or content of an experiment, 

ordinarily in terms of subjective probability judgments. 

The second type requests the subjects to make actual 

decisions based on their assessment of the information 

provided. Howell and Burnett (1978) have classified these 

as prediction and choice (action) tasks, respectively. 

However, a major difference between the 

characteristics of the two types of tasks·which most 

earlier studies have not considered is the effect of the 

perceived importance of the task in each of these 

situations on the subjects' judgments. For example, in 

the first situation, the subjects normally will not be 

concerned with the consequences of their judgments, while 

in the second, the subjects should be more concerned about 

the consequences of their decisions (see Tukey, 1960; 

Rowell and Burnett, 1978). 

In this experiment. the subjects were asked to 

provide responses under both conditions. The former 
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provides a measure of the subjects' perception of the 

accuracy of the stated book values. The latter provides 

an approximate measure of what the subjects would have 

done in practice and, hence, is of direct interest to this 

study. A comparison of their decision rules under both 

situations also enables one to determine the extent of 

correspondence between the subjects' beliefs and their 

preferences. 

Research Issue Number Four: 

Effect of State of AIC on 
Auditors' PAR Judgments 

As indicated ear1ier~ the auditor relies on the 

AlC to reduce the risk that material errors will occur in 

the accounting process used to develop the financial 

statements. The level of reliance which the auditor 

places on an AlC is positively related to its perceived 

strength, since s/he expects a lower probability of 

material error occurrences when the AlC is perceived to be 

strong. Similarly, s/he expects a higher probability of 

occurrence of material errors when the AlC is adjudged 

weak. The auditor will be inclined to perform fewer tests 

of details in the first case than in the second. 

Specifically, if the AlC is adjudged strong, the 

auditor will be inclined to flag fewer account items for 

intensive audit relative to the number of account items 



a/he would have flagged for intensive audit had the AIC 

perceived to be weak. This study provides evidence 

relating to this idea. 

Research Issue Number Five: 

Effect of Functional Level 
on Auditors' PAR Judgments 
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The expected relationship between functional level 

and quality of job-related judgments under uncertain 

conditions is predicated on the following. 

First~ the relevant literature suggests that 

performance in job-related tasks may depend upon the 

amount of substantive knowledge possessed by the subjects. 

In particular, some researchers (e.g., Charness. 1976; 

Chase and Simon, 1973) have indicated that, through 

repetitive performance of job-related tasks, 

decision-makers accumulate relevant information about the 

intricacies of the task. They indicate that the 

development of expertise depends, to a great extent, on 

st~rage in long-term memory of a series of meaningful cue 

patterns which are prototypical of certain class 

memberships. 

Second, Waller and Felix (1982) have discussed the 

process through which auditors accumulate job-related 

experience, and how such experience enhances auditors' 

performance. They indicate that the auditor must acquire 
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knowledge regarding, among other matters, (a) professional 

standards for performing an audit and reporting the 

results thereof; (b) how to plan and execute the process 

of evidence collection and evaluation; and (c) the types, 

qualities, and interaction of evidence with the client 

environment. Some of this knowledge, the authors 

indicate, may be acquired through formal instruction. 

However, they admit that, for the most part, the auditor's 

cognitive structures that represent his/her knowledge of 

the practice of auditing, and which drive his/her 

perception and judgments, are the product of experiential 

action and observation. Furthermore, Waller and Felix 

suggest that the professional auditor's internal 

representation of the opinion formulation process is 

likely to develop as a hierarchical network of 

interactive, declarative, and procedural knowledge 

structures which are built upon experiential data o These 

data, they indicate, includ~ observations of event 

co-occurrences and action-outcome feedback co-occurrences. 

Third, the accounting literature indicates that 

good performance in PAR tasks requires a familiarity with, 

and an understanding of, the nature of the client firm's 

industry, business operations, accounting procedures, as 

well as other qualitative factors like the perceived 

quality of personnel and tile integrity of management. The 

longer an auditor is associated with a client firm, the 
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better his/her understanding of these factors. The 

discussion above suggests that the more experienced 

auditors should have a greater understanding of the nature 

of the task because of relevant kn~~l~uge u~:~mulated over 

time. As a result. they should outperform the less 

experienced auditors in job-related tasks. Specifically, 

1 hypothesize that audit managers' judgm~ntal accuracy 

should be higher than those of the audit seniors. 

Similarly, 1 hypothesize that managers' decision errors 

should be less than those of seniors. This study provides 

evidence bearing on this idea. 

Research Issue Number Six: 

Auditors' Sensitivity to 
Their Degree of Uncertainty 

When making judgments under uncertain conditions, 

a subject may be oversensitive or undersensitive to 

his/her degree of uncertainty. In such situations, the 

subject's probabilistic judgments may not conform with the 

stochastic process underlying the events of interest. The 

relevant literature (e.g., Beck. Solomon, and Tommasini, 

1982) has indicated that such nonconformance may lead to 

audit effectiveness and efficiency errors. 

This study, therefore, provides evidence regarding 

the auditors' degree of sensitivity to their uncertainty 

in PAR tasks. 



Research Issue Number Seven: 

Information Items Required by Auditors 
to Facilitate Their PAR Judgments 
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The accounting literature (e.g., Abdel-Khalik and 

El-Shesai. 1980) has indicated that the type of 

information chosen by subjects may affect the accuracy of 

their judgments in experimantal tasks. Also. in 

recognition of the potential effects of differences in 

information search and choice behavior on the degree of 

judgment consensus among auditors. some researchers (e.g., 

Mock, et aI, 1982) have suggested that studies of the 

information which auditors use for AR judgments be 

performed. So far, no study has been reported which 

provides direct evidence bearing on this issue. 

In this study, therefore, I provide evidence 

bearing on the relative importance of information items 

which auditors consider relevant to facilitate their PAR 

judgments. To enhance the validity of the evidence 

provided on these research issues, it is necessary to 

apply statistical measures that are appropriate for this 

purpose. For example, two prior studies (Shuford and 

Brown, 1975; Lichtenstein and Fischhoff. 1977) have dealt 

explicitly with the problem of knowing that one knows, and 

have attempted to measure it in relation to the extent of 

knowing. Both studies make use of the concept of 



calibration of subjective probability estimates, an 

approach to which other researchers (e.g. Ferrell and 

McGoey, 1980; Bosseini-Ardehali, 1981) have related some 

theoretical objections. 
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To provide justification for the use of a 

statistical model based on SDT for analyzing this study's 

data, I present below a discussion of the concept of 

calibration and a summary of its previously identified 

limitations as a measure of knowing that one knows. 

Finally, I present an argument regarding the need to 

provide evidence bearing on the nature of calibration of 

the responses of this study's subjects. 

Calibration ~f Subjective Probabilities 

Caltbration is concerned with the appropriateness 

of assessors' confidence in their subjective judgments. 

It has variously been called Realism of Confidence (Adams 

and Adams, 1961); Appropriateness of Confidence (Oskamp, 

1962); Secondary Validity (Murphy and Winkler, 1971); 

Realism (Brown and Shuford, 1973); Reliability (Murphy, 

1973); and External Validity (Brown and Shuford, 1973). 

Calibration measures the correspondence between 

the level of confidence an assessor has in his/her 

probabilistic judgments and the proportion of times those 

judgm~nts are true. For example, over the long run, for 
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all judgments assigned a probability of .63, 63% should be 

true if the assessor is to be adjudged well calibrated. 

When an entire probability distribution is assesoed, 

calibration refers to the correspondence between the 

fractiles of an ensemble of prior probability 

distributions (PPDs) and the relative frequency with which 

the actual outcome of the uncertain event falls at or 

below the specified fractile values. For example, 75% of, 

say. audit values should fall at or below the values 

assessed for the .75 fractiles of an ensemble of well 

calibrated PPDs (see Lichtenstein, Fischhoff, and 

Phillips, 1982). Calibration may be reported using 

calibration curves, as shown in Figure 3-10 

Calibration curves can be derived through the 

following steps described by Lichtenstein~ et aI, (1982): 

(a) collect answers and subjective probabilities of 

answers to a set of items whose "true" values are, or 

will shortly be, known to the researcher; 

(b) categorize the subjective probabilities, r, if they 

were not restricted in the first place. For example, 

all responses between .60 and .69 are placed 

in the same category, say r = .65; 

(c) compute for each r category the proportion c 

(i.e., P(c/r) of correct responses, and 

(d) for each category, plot the proportion correct 

against the nominal (assessed) probability. 
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Fig. 3-1. Example of Calibration Curves for a 
Two-Alternative, Forced-Choice Task 
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Calibration curves may indicate undercoufidence or 

overconfidence. In case of the former, the proportion 

correct is greater than the probability assigned; for the 

latter, the probability assigned is larger than the 

proportion correct. Figure 3-1 illustrates each of these 

situations. 

Several measures of overall calibration have been 

suggested. The overall tendency for a judge to be 

overconfident or under confident is measured by 

T 
Over/underconfidence a:: I/NLnt(rt-ct) 

td 
(3-1) 

where N is the total number of responses, nt is the number 

of times the response rt was used, ct is the proportion of 

all items assigned probability rt, and T is the total 

number of different response categoriesc Overconfidence 

is shown by a positive difference, underconfidence by a 

negative difference. 

A measure of the adequacy of calibration proposed 

by Oskamp (1962) replaces the parenthesis in equation 

(3-1) by an absolute value sign, thereby measuring the 

mean weighted distance between the calibration curve and 

the identity line. An alternative measure proposed by 

Murphy (1973) is to take squared deviations: 

Calibration so lIN Int(rt-ct) 
t-::{ 

(3-2) 
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A perfectly calibrated person would score 0 on this 

measure. The worst possible score, 1.0, can be obtained 

only by a respondent who always responds r ~ 1.0 when 

wrong and r c 0.0 when right. 

Murphy (1973) has shown the calibration score in 

equation (3-2) to be an additive component of a widely 

used quadratic scoring rule (i.e., Brier Score) for 

probability assessments. The Brier Score (Brier, 1950) 

for the discrete case is defined as 

(3-3) 

where K indexes the N events for which a probability was 

assessed and c = 1 or 0 depending on whether the event 

occurred or not. It is assumed that the probability of 

only one of the mutually exclusive and exhaustive events 

is assessed. The Brier Score can be further partitioned 

as 

S Ie P ( C )[ 1-P (C)] + 11 N f n t (r t - c t )2 .... 

t:i 

8 
I/N~nt[ct-p(C)] . 

t=1 (3-4) 

where t indexes the response categories which have n 

responses, p(c) is the overall proportion correct, and c 

is the proportio'n correct in each response category. The 

first term measures knowledge, the second calibration, and 

the third term measures resolution. Resolution reflects 
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the degree to which assessors can discriminate among 

different degrees of uncertainty, independent of numerical 

labels assigned. The best Brier Score is a minimum of 

0.0, and the worst a maximum of 1.0 attainable when all 

answers are wrong and all are assigned 1.0. 

The discussion above indicates that calibration 

essentially measures the extent of accurate quantitative 

representation of one's uncertainty. In the next section 

1 review the literature on knowing that one knows, and 

discuss the limitations of measuring this attribute using 

the concept of calibration. Thereafter, 1 present an 

argument t~ the effect that calibration measures are of 

direct relevance to the objectives of this study, 

regardless of its limitations as a measure of knowing that 

one knows. 

Prior Research on Knowing That One Knows 

Shuford and Brown (1975) addressed the question of 

knowing that one knows in an educational setting. They 

stated that a student's choice of an answer to a 

multiple-choice test question is a coar.se measure of 

his/her knowledge about the subject matter of the 

question. Much finer measurement, they suggest, might be 

achieved if the student were asked to estimate, for each 

possible answer, the probability that it is the correct 

one. Shuford and Brown also assume that each student 
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wants to maximize his/her score, the measurement of which 

they said requires a Bcoring rule that possesses the 

property that a student can maximize his/her expected 

score if and only if his/her probability response matches 

his/her true feelings about the likelihood of correctness 

of the answer. The authors indicate that the logarithmic 

scoring rule probably satisfies this criterion better than 

any other scoring rule. 

Using this scoring rule, Shuford and Brown (1975) 

calculated what they interpreted as an index of the amount 

of information each student perceives s/he possesses with 

respect to the subject matter (say, Ip). They then 

derived a measure of the information the student actually 

possesses (say, Ia) with respect to the test's subject 

matter. The authors then define 1a as a measure of 

knowledge, and lla-1pl as a measure of not knowing that 

one knows (i.e., the discrepancy between perceived and 

actual knowledge). 

However, H06seini-Ardehali (1981) has expressed 

concern about the validity of these measures. First, she 

said that it is not clear how Shuford and Brown (1975) 

think knowledge and knowing that one knows should be 

measured, since at one point they identify it with good 

calibration; that is, "the ability to assess their 

uncertainties accurately". Second, she indicated that the 

authors use an information measure to assess these 
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attributes which. she argued, also depends upon the degree 

of calibration. She then declares that "in any case, good 

calibration is at the heart of their conception of knowing 

that one knows" (p. 26) 8 

Given this premise, Hosseini-Ardeha1i (1981) 

raised two kinds of objections regarding Shuford and 

Brown's (1975) measures of knowledge and knowing that one 

knows. The first technical but minor Objection relates to 

the use of a linear fit to the calibration by the authors. 

The second and major objection is to equating knowing that 

one knows with accurate quantitative representation of 

one's uncertainty. Hosseini-Ardehali emphasized that 

knowing that one knows tends to give extreme probapilities 

and knowing that one knows the answers are concept~ally 

d iff er en t • She said, in Shuford and Brown's words, the ability "to '. 
discriminate with great accuracy what they know well from 

what they know less well" and ability to "assess their 

uncertainties accurately". 

Lichtenstein and Fischhoff (1977) attempted to 

provide an answer to the question, "Do Those Who Know Hore 

Also Know More About How Much They ~now". The criterion 

they used for measuring knowing that one knows was degree 

of calibration. The main findings of their study are: 

(a) subjective probability judgments are mostly 

overconfident (i.e., more extreme than the 

corresponding relative frequency; 



(b) 

(c) 

there is a systematic trend from 

overconfidence toward underconfidence as 

the overall proportion of correct 

responses increase; 

there is no difference between the 

calibration of those who are more expert 

or intelligent and those who are less so 

when the overall proportion of correct 

responses is the same; and 

(d) calibration can improve with training. 
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Based on these findings, LichtensteIn and 

Fischhoff conclude that those who know ~ore do not know 

more about how much they know. However, Hosseini-Ardehali 

(1981) indicates that, since these authors also use 

calibration as their criterion, the objec~ions raised 

against Shuford and Brown (1975) apply to them. She 

asserted that calibration per se is not a measure of 

knowing that one knows, but just the quality of its 

numerical expression. 

Nevertheless. evidence regardinu the calibration 

of the responses of this study's subjects will be provided 

for the following reasons. First, as will be shown in the 

next chapter, this study does not satisfy the condition 

specified by Hosseini-Ardehali (1981) which enables one to 

measure knowing (i.e., knowledge) independent of knowing 

that one knows. Second. the accounting literature (e.g., 
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Beck. et ai, 1982) indicates that the nature of 

{mis)calibration of auditor judgments has implications for 

audit effectiveness and efficiency errors, since 

overconfident auditors are likely to collect less than 

adequate audit evidence as a basis for their opinion. 

Evidence relating to the calibration of the subjects' 

responses is, therefore, of direct relevance to the 

objectives of this study and. hence, was used to evaluate 

the auditors' sensitivity to their level of uncertainty. 



CHAPTER 4 

SIGNAL DETECTION ANALYSIS 

As indicated in Chapter 2, both the importance of 

AR in the audit process and the pervasive role of the 

auditor judgment in AR suggest the need for evidence 

relating to (a) how much the auditor knows, (b) how much 

s/he knows that s/he knows, and (c) the decison rules 

employed for making his/her judgments. 

Prior research has employed calibration of 

subjective judgments as a measure of knowin~ that one 

knows. However, some researchers (e.g., Ferrell and 

McGoey, 1980) recently have questioned the adequacy of 

calibration as a measure of knowing that one knows. They, 

instead, have suggested that a model based on signal 

detection theory, called the Decision Variable Partition 

Model (DVPM), is more appropriate than calibration for 

measuring knowing that one knows. 

In this chapter, I present a discussion of (a) 

signal detection tasks, followed by a discussion of (b) 

signal detection theory. I also discuss DVPM baoed on the 

signal detection theory, which provides a measure of (a) 
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how much the subject knows, (b) knowing that one knows, 

(c) the decision rules employed by the subjects in a 

signal detection task, and (d) calibration of subjective 

judgments. Thereafter, I discuss the limitations of 

calibration as a measure of knowing that one knows. 

Finally, I argue that PAR tasks are analogous to signal 

detection tasks, to justify the use of a model based on 

signal detection theory for providing evidence bearine on 

the research issues identified earlier. 

Signal Detection Tasks 

The task of the detector (i.e., observer or 

subject) is to decide, on the basis of noisy (uncertain) 

evidence, whether the observed stimulus resulted from one 

category, usually called signal plus noise (SN), or from 

the other category, called noise (N). The fundamental 

detection task, therefore, involves the following two 

principal features: 

(a) the subject observes data in which there are randoo or 

probabilistic occurrences of two events, SN and N; 

(b) after each observation, the subject makes a decision 

"yes", (sn), corresponding to SN, or "no". (n), 

corresponding to N. 

These decision/state combinations have four possible 

outcomes: (1) [SN,sn], i.e., a hit; (2) [SN,n], a miss; 



(3) [N,en]. a false alarm. and (4) [N.n], correct 

rejection (see Figure 4-1). 
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The measures of performance in SDT use only the 

hit rate p(sn/SM) (i.e. the conditional probability of a 

"yes" response given that the signal occurred), and the 

false alarm rate p(sn/N) (i.e., the conditional 

pro b a b iii t y 0 f the II yes" res p 0 n s e g i v e nth a t the sign a I 

did not occur). The hit and false alarm rates can be 

computed from the frequencies (f) of the occurrence of the 

observable events (SH,N) and the two observable responses 

(sn,n). This computation of hit and false alarm rates is 

illustrated in Figure 4-1, in which fl refers to the 

number of hits, f2 the number of misses, f3 the number of 

false alarms, and f4 the number of correct rejections. 

Signal Detection Theory 

The fundamental idea underlying signal detection 

theory (SDT) is that detection of a signal or pattern 

under noisy (uncertain) conditions involves three distinct 

but related steps: (a) observing data, (b) organizing or 

processing the data, and (c) making a decision. SDT is 

applicable to those situations in which two (or more) 

classes of events are to be discriminated, on the basis of 

evidence which does not unequivocally support one of a 

number of hypotheses. 
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RESPONSE 

an n 

SN Hit Miss 
til 

~ 
N False Correct t-I 

~ 
til Alarm Rejection 

Where Hit and False Alarm Rates Are Determined as Follows: 

RES P 0 N S E 

sn n 

til SN fl f2 P{sn/SN) = fl/fl + f 2) 
::3 
~ 
~ 

P{sn/N) f3/{f3 + f 4) til N f3 f4 = 

Fig. 4-1. Example of a Decision-Making Matrix 
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The basic assumption underlying SDT is that each 

decision is made as if the observer, upon observing an 

event (or decision variable), say X. uses a statietic 

derived from the many characteristics of that event 

(Pastore and Schei:er. 1974). The optimum statistic for 

the decision is the likelihood ratio L(x) = 

p(x/SN)/p(x/N). It is the relative likelihood that the 

observation x came from one as opposed to the other class 

of events. SDT also assumes that the subject decides on a 

cut-off value of L(x), say c, and that the decision 

relating to any x is simply a statement of whether L(x) > 

c. The value of c is assumed to depend on p(SU) and both 

the rewards of correct, and costs of incorrect, responses 

(Sheridan and Ferrell, 1981). 

The ability of the subject to discriminate between 

the two classes of events (SN and N) is inversely related 

to the total area common to the two conditional 

probability density functions f(x), (i = 1,2). The hit 

rate, p(sn/SN). will be the integral of f(x/SN), the 

probability density function (pdf) of x conditional on SN, 

over the portion of the axis for which x > c. Likewise, 

the false alarm rate, p(sn/N). will be the integral of 

f(x/N) over the same region. This relationship is 

illustrated in Figure 4-2. 



64 

Fig. 4-2. Underlying Distribution for SN, N. 
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Relative Operating Characteristics 

The relative operating characteristic (ROC) is the 

locus of points representing the performance of a subject 

across all judgment criteria under a fixed experimental 

condition (Pastore and Scheirer, 1974). It is a curve 

whose overall location corresponds to a particular degree 

of discrimination while the position of any point along 

the curve represents a particular degree of bias (judgment 

criterion) in the observer's response (see Swets, 1973, p. 

991) • 

The ROC curve essentially represents the subject's 

ability to discriminate between the two events SN and N, 

each point on the curve representing a pair of hit and 

false alarm rates. It is used, graphically, to specify 

the relation between hit and false alarm rates. The 

ordinate of the ROC function is p(sn/SU), and the abscissa 

is p(sn/N), for each judgment criterion. Its shape is 

affected by, among other things, the extent of overlap of 

the underlying density functions of the events of 

interest. A ~ypical ROC curve is illustrated in Figure 

4-3. 

The effect of the extent of overlap of the SN and 

N events' dist·ri.butions on the shape of the ROC curve can 

be illustrated with the following example. Suppose that 

the two conditional distributions of the decision variable 

X differ very little. This means that the false alarm 
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Fig. 4-3. The ROC Graph 
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rate and the hit rate will be almost equal regardless of 

the cutoff value c. Detection performance iu this case is 

likely to be near chance level, represented by the 

diagonal line in Figure 4-3. If the two distributions 

differ considerably or. equivalently, have a low degree of 

overlap, the hit rate may be much greater than the false 

alarm rate given an appropriate cutoff, and the observer's 

detection performance could be quite high. 

When the decision variable X is monotonically 

increasing with likelihood ratio L(x) associated with the 

cutoff value c for that point, the slope of a segment of 

the ROC curve joining two adjacent points is numerically 

the same as the likelihood ratio. This can be illustrated 

by differentiating the expressions for the hit and false 

alare rates with respect to the decision ~ariable X as 

follows: 

dP(sn/SN)/dx = -f(x/SN) 

dP(sn/N)/dx = -f(x/U) 

from which, with the use of chain rule, one derives 

[dP(sn/SN)/dP(sn/N)] = -f(x/SN)/[-f(x/N)] c L(x) 

(4-1) 

(4-2) 

which is identical to f(Z/SN)/f(Z/N) = L(Z). When X is 

not monotonic~lly increasing with L(x), the slope of the 

ROC curve is the likelihood ratio based on the decision 

variable X itself. 

When the underlying distributions are normal and 

have equal variance, the ROC curve has a monotonically 



decreasing slope. With unequal variances, two normal 

distributions will intersect at two places, and the 

decision performance cannot be optimal with a single 

cutoff. 

Indices of Detectibility 
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An observer's detectability which, as indicated 

earlier, measures his/her ability to discriminate between 

two events SN and N. is related to the extent of overlap 

of the two conditional distributions. Several measures of 

detectability have been proposed, each of which is 

dependent on the assumed underlying distributions for the 

events SN and N. 

If one assumes that the two distribuutions are 

Gaussian normal with equal variances, their separation can 

be described by a single parameter d': 

d' = (Usn - Un)/r (4-3) 

where u is the mean and r the (common) standard deviation. 

Given experimental data, the normal distribution can be 

fitted to it and d' calculated. The probabilities 

P(sn/SN) and P(sn/N) then are transformed to Z 

coordinates, Z(sn/SN) and Z(sn/N), according to the 

relation 

(4-4) 
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i.e., the integral of the standard normal distribution. 

A straight line of unit slope is fitted to the points on Z 

coordinates. The index d is the value of Z(sn/N) at which 

Z(sn/SN) II: 0.0 

But when the variances are not equal. d l cannot be 

used. Instead, two othe~ measures are commonly adopted. 

The first, m, is the distance between the means of the 

signal and noise distributions measured in standard 

deviation units of the noise distribution. It is equal to 

z(S/N) at the po.int on the ROC curve where z(s/SN) is 

equal to zero. If Us is the SNls distribution mean. and 

Un is the mean of the N distribution, one can define 

m = (Us - Un)/~n (4-5) 

and, from the definition given earlier, it follows that 

m = z(s/n) - z(s/SN) (4-6) 

at the point where z(s/SN) is equal to zero. The virtue 

of m is that it is directly related to the distance 

between the distributions' means. 

A second method for measuring detectability when 

the variances of the underlying distributions are unequal, 

proposed by Egan and Clarke (1966), is die. It is defined 

as twice the absolute value of z(s/SN) or z(s/N) at the 

point where the ROC curve intersects the negative 

diagonal. The convention here is to read the value of 

z(s/SN) or z(s/N) at the point where the ROC curve 

intersects the negative diagonal. 
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Many reasons have been advanced for using dee. 

First. it gives equal weight to units of both the SN and N 

distributions, whereas in the case of m, detectability is 

scaled in units of the N distribution alone. A second 

argument which makes dee a desirable measure of 

detectsbility is that the point from which it is read from 

the ROC curve normally falls within the range of points 

produced by the observers' criteria. In the case of m. 

the criteria will not give points which lie as far down 

the ROC curve as the point from which m is read. 

Consequently, the m point may have to be obtained through 

extrapolation. with the attendant errors associated with 

such exercise. Third, Egan and Clarke (1966) report that 

the slopes of ROC curves tend to be unstable and to vary 

somewhat from session to session for the same observer. 

These changes in slopes, they indicate, appear to alter 

the value of m more than the value of dee, thereby making 

the latter a more stable measure. 

Nevertheless, Green and Swets (1966) indicate that 

it does not matter which measure one calculates. They 

suggest that it is possible to derive the values of m or 

dee through the following conversion formula: 

dee • 2 m(s/[l+s]) (4-7) 

where B • [dz(sn/SN)]/[dz(sn/N)]j that is, ~ is the slope 

of the'ROC curve. Similarly, it can be shown that 

ma d'e(1+s)/2s (4-8) 
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Another measure of detectability suggested by 

Green (1964) is the area under the ROC curve which. as 

indicated earlier. is the relation between P(sn/SN) [i.e., 

the hit rate1 and P(sn/N) [i.e., the false alarm rate1. A 

typical area under the ROC curve is illustrated in Figure 

4-4. 

Experimental Approaches in SDT 

Three modes of eliciting responses typically are 

used in SDT studies: (a) yes-no, (b) two-alternative, 

forced-choice (2AFC), and (c) rating scale response modes. 

(a) "Yes-Ro" Mode 

The subject is presented with sample data from SO 

and/or N and asked for a response sn or n. It is assu~ed, 

as in other experimental methods, that the subject is 

rewarded for correct responses according to a well-defined 

pay-off matrix. It also is assumed that the subject 

responds "yes" (sn) only if his/her decision vari~ble is 

greater than some cut-off value c, and "no" (n) otherwise. 

In SDT, the appropriate decision variable is the 

likelihood ratio P(SN)/P(N) because it is assumed that 

there is a strictly monotonic relation between L(x) and 

P(sn/x) (Egan, 1975, p. 19). This method does not 

account for differences in confidence in the responses; 

therefore, all that can be said about the subject's 
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Detectability 
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decision variable for a given stimulus is that it is 

greater (or less) than his cut-off value. 

(b) Two-Alternative, Forced-Choice Mode 
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The subject is presented with instances consisting 

of two stimuli, one SN and the other N, in random order. 

The subject then indicates the one s/he believes to be SN 

(Sheridan and Ferrell, 1981). Optimal performance would 

be to respond" sn" to the interval producing the higher 

likelihood ratio. If this strategy is employed, the 

probability of a correct response on a 2AFC task should be 

equal to the area under the ROC curve from "yes-no" and 

rating scale experiments. 

Cognitively, this task should be relatively easy 

for the observer, since one sample from each pair must 

come from each population, and s/he simply makes a 

comparison judgment as to whfch has the larger (smaller) 

value in relation to his/her decision variable (that is, 

the observer's subjectively determined cutoff criterion 

for responding Usn" or Un"). The 2AFC format also is 

particurlarly useful, since its score, say. p(c), provides 

a nonparametric measure of a subject's detectability, 

independent of the nature of the underlying conditional 

distributions (Sheridan and Ferrell, 1981). 
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c) Rating Scale Mode 

Rating scale and yes-no experiments are identical, 

except that in the former case it is assumed that the 

subject can respond with an indicator of the relative 

value of the scalar decision variable that results from an 

observation. This ~ethod makes it possible to generate an 

approximation of the underlying distributions, and to 

infer from them the ROC curve resulting from decisions 

based on the use of a cut-off c on that variable. 

For example. one can present a subject with 

instances of SN or N, and ask him/her to respond with a 

subjective posterior probability that the stimulus is SN 

or N. In addition, s/he is asked to express his/her level 
, 

of "certainty" on a scale of, say, I to 5, from which the 

distribution of responses r can then be constructed. Each 

r must be unambiguously defined for the subject. For 

example. each r on a I to 5 rating scale can be defined as 

follows: 

I = "quite certain it was N", 

2 = "fairly certain it was N", 

3 = "as likely to be N as SN". 

4 = fairly certain it was SN". 

5 = "quite certain it was SN". 

If one assumes that decisions are to be made using 

a single cutoff, an approximate ROC curve can be generated 

by taking each response category as a cutoff and 
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calculating the hit and false alarm rates for it, using 

the relative frequencies as approximations to the 

conditional probabilities. The hit and false alarm rates 

are then calculated as follows: 

5 
P{sn/SN)k =lp{i/SN) 

. £. t'=f 

P{sn/N)k =L.P{i/N). where 
1':~ 

(4-9) 

The number of responses "in when SN is the case 

P(i/SN) = ----------------------------------------------
The number of times SN was the case 

The number of responses "in when R is the case 

P(i/~) = ----------------------------------------------
The number of times N was the case 

The number of useful points fro~ a rating scale task for 

the ROC will always be one less than the number of rating 

categories used (McNicol, 1972, p. 28). If there are 

five response categories, there are four cutoff points: 

xl,x2,x3.x4, such that the observer will respond: 1 if 

x<xl; 2 if xl<x<x2; 3 if x2<x<x3; 4 if x3<x<x4; and 5 

if 4<x. This method yields a point on the ROC curve for 

each cutoff point. 

The relevant literature has identified several 

advantages of the rating scale mode, some of which are 

discussed as follows. From the ratings provided by the 

subjects, it is possible to determine the related ROC 

curves. The area under such an ROC curve, say Ac, has 
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been proposed by Green (1964) as a nonparametric measure 

of detectability. The importance of this measure cannot 

be overemphasized because, as McNicol (1972) notes, in a 

detection task one does not directly observe underlyine sn 

or N distributions. Rather, he said, the data one has 

consists of sets of hit and false alarm rates from which 

the underlying distributions must be inferred. The rating 

method also makes use of the fact that during a single 

series of observation intervals, the human observer is 

capable of adop~ing multiple decision rules (Egan, 

Schulman, and Greenberg, 1959). Pastore and Scheirer 

(1974) note, therefore, that such a nonparametric model of 

SDT whose measures are independent bf the exact nature of 

underlying distributions would be of general utility. 

The rating scale mode also compar,s favorably with 

the other methods on other dimensions. Green (1964) 

reported that the area under the ROC curve obtained with 

the Yes-No mode is equal to the percentage of correct 

responses in the two-alternative forced choice mode. His 

most important finding was that no assumptions had to be 

made about the form of the conditional distributions or 

the decision variable X. Furthermore. Egan, Schulman, and 

Greenberg (1959) indicate that the rating mode is the most 

efficient of the methods oince. for comparable validity. 

the rating method with four categories requires about one 

third the number of trials as that used for the binary 
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(yes-no) procedure. Also, Pastore and Scheirer (1974) 

acknowledge that the rating method is the most typical 

method for an ex post testing of the assumptions of SDT. 

Furthermore, Chapman and Feather (1971) indicate that when 

rating scale measures are employed, SDT becomes a 

versatile technique for the quantification of subjective 

reports. 

In the following section, I present a discussion 

of the DVPM based on SDT, which also enables one to 

measure knowing that one knows. 

The Decision Variable Partition Model 

Ferrell (1972) proposed a signel detection measure 

of knowing what one knows, or the extent to which one can 

distinguish what one knows from what one does not. Also, 

Ferrell and McGoey (1980) have proposed a model of 

subjective probability calibration in which knowing that 

one knows has a specific interpretation. A general 

description of the model, called the Decision Variable 

Partition ~odel (DVPM), is presented below. 

General Description of the Model 

Assuming that answers to questions can be 

classified as right or wrong, the DVPl~ model describes how 

to measure a person's ability to distinguish right from 

wrong answers. It models the task of giving one's 



78 

subjective probability that one has rightly performed a 

task or appropriately responded to a stimulus as 

consisting of two parts: (a) attempting to detect whether 

or not the response is correct, and (b) assigning a 

numerical probability value on that basis. 

The detection part of the task. the model assumes, 

can be described by a signal detection model. A value Yo 

of a scalar decision variable X is generated, in a manner 

that depends on the· task structure, from a joint 

consideration of the stimulus and response. Ideally, X is 

monotone increasing with the posterior probability that 

the response was actually correct. Called "indicated 

subjective certainty" by the authors, X is a random 

variable having a different probability density when the 

response is correct [f(x/C)] than when it is not correct 

[f(x/C)1. The individual is assumed to use a cutoff value 

on X to decide whether one is correct or not~ 

The numerical probability is assumed to be 

determined by partitioning the range of X into (m) 

intervals with a set of cutoff values fXiJo Then the set 

of m allowable probability responses {ri3 is mapped onto 

the intervalS, with higher values of r going to higher 

values of X. One then gives the response ri corresponding 

to the interval into which the observed value x falls. 

Figure 4-5 illustrates this process. 
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Independence of Knowing and 
gnowing That One Knows 

The DVPM specifies the conditions under which 

knowing (knowledge) can be measured independently of 

knowing that one knows. For example, a subject is 
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required to provide an answer to a question such as "Hhat 

is absinthe" and then to give a probability r on the full 

range [0,1] that s/he is correct. This is the sane as the 

signal detection task with a rating response. For this 

type of task, in which respondents supply their own 

answers, the detectability (say, Ac, which is the area 

under the curve) is a measure of how well the respondent 

can distinguish correct from incorreqct responses, and this 

is potentially independent of the proportion of correct 

answers (say, P(c)~ which is a measure of knowledbe). 

Hosseini-Ardehali (1981) reports the results of a study 

which supports the contention that Ac and p(c) are 

independent attributes (r = 0.0021) under this statcc 

condition. 

It is not feasible to distinguish between Ac and 

P(c) in this study because the respondents did not supply 

their own answers. They were required to respond merely 

"Yes" or "No" to a question as to whether the stated book 

value is materially misstated, and then give a probability 

response r on the half-range [.5, 1] that their chosen 

alternative answer is correct. This task is identical to 
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the two-alternative forced-choice task in which a question 

is given with two answers (Yes or No), from which the 

respondent is to choose one. In this situation, Ac and 

p(c) are dependent (Rosseini-Ardehali, 1981) • 

. Calibration and DVPM 

In this study, Ac and P(c) are equivalent, hence 

the Acs measured from the subjects' responses are 

interpreted as a measure of knowledge. To provide 

evidence relating to the degree of the subjects' 

sensitivity to their level of uncertainty. I provide 

evidence relating to the calibration of their responses. 

In this model, experimentally determined 

calibration probabilities p(e/ri) are the proportion of 

times one was correct when giving respons~ ri. The 

model's calibration is the proportion of responses that 

generate x values between xi-1 and xi that are in fact 

correct, and can be determined from the probability of 

correct response p(c). the cumulative distribution 

functions of X when the response is correct F(x/e) and not 

correct F(x/e). and the partition §xit. The computation 

of calibration based on the model is described by the 

following equation: 

(4-10) 
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The partition is assumed to be determined by information 

obtained prior to the task (e.g.,_ previous knowledge), 

which is not expected to change unless feedback about 

performance is given. 

The DVPM apqpears to be a versatile tool for 

analyzing detection tasks in view of the following. 

First, DVP~ provides a basis for predicting and evaluating 

the systematic effects of some relevant variables on 

calibration. In particular, it accounts for the effects 

of base rate and task difficulty on calibration. For 

example, the model predicts that there will be no effect 

of base rate on calibration in an experimental task in 

which subjects are to decide whether a proposition is true 

or false and, subsequently, to give sUbjective probability 

that the decision is correct. 

The DVPM also predicts the effect of task 

difficulty (measured as proportion of correct responses 

[p(C)])on calibration. It states that for difficult tasks 

(i.e., P(C) about .7 or less), subjects' judgments 

generally will be overconfident. Similarly, for 

relatively easy tasks, subjects' judgments generally will 

be underconfident. The model, therefore, provides a 

theoretical basis for predicting and evaluating the nature 

of calibration of the responses of this study's subjects. 

Second, the signal detection aspect of DVPM 

enables one to determine (8) a nonparametric measure of 
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subjects' detectability as well as the type of decision 

errors which the subjects are more likely to commit, and 

(b) the decision rules employed. The latter provides a 

measure of the subjects' propensity to favor "sn" or lin", 

a detailed discussion of which I present in the next 

section. 

The Criterion 

In simple terms, the criterion refers to the 

decision rule ernp1oy~d by an observer in a discrimination 

task under conditions of uncertainty. It reflects the 

extent'to which the observer favors one hypothesis over 

another. Criterion or bias suggests that, independent of 

the stimulus, not all responses are equally likely. As 

such, it is desirable to ensure that the ~riterion is not 

confounded with detectabi1ity. Craig (1979, p. 71) notes 

that a basic requirement for measuring performance in SDT 

is that detectability be independent of the criterion 

employed, since otherwise the former cannot be held solely 

to reflect the observer's ability to distinguish between 

the two events SN and N. One other reason for measuring 

the criterion in SDT tasks is to enable the researcher to 

determine whether one experimental treatment caused the 

observer(s) to favor, say, SN to a greater extent than in 

other experimental trentmentsc 
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The type of bias employed by an observer is 

determined by the subjective probability of item under 

consideration and upon the utility to the observer of the 

various possible decision outcomes. The concern with the 

decision rule is to provide answers to the following types 

of questions: Given an observation, what response 

alternative should be chosen? What is a good choice? How 

can one analyze these choices? These questions can be 

better answered by means of an example (see Green, 1960). 

Assume a set of observations, each observation 

(Xi) [e.g., a sealed package] represented by three numbers 

(Xi = [x1,x2,x3]) (e.g., length, width, and depth), and 

that there are two hypotheses HI and H2 (e.g., HI means 

the package contains a toy car, and R2 means the package 

contains an animal) about the observations. Given an 

observation, a subject is to decide whether the 

observation is an instance of HI or H2 (ioe., given the 

measurements of a sealed package, guess whether it 

contains a toy car or an animal). 

If someone were to make a decision about a 

particular observation, as above, s/he would probably 

guess it was HI if the probability of that observation was 

greater for HI than for H2. This statement is called the 

decision rule. It is usually defined in terms of a 

likelihood ratio (others call it the "odds"), which is the 

probability that a particular observation resulted from, 
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say, HI. divided by the probability that it resulted from 

H2. It can be represented by the following equation: 

P[Hl(xl,x2,x3)1 
B(xl,x2,x3) = ---------------

P[H2(xl,x2,x3)] 
(4-11) 

The likelihood ratio is a number, not a probability, which 

in this example is a function of three variables 

(xl,x2,x3). Hence, we have taken an observation which is 

specified by three values (xl,x2,x3) and related it to a 

single variable B(xl,x2,x3). This transformation was 

performed because not only is the decision based on a 

single dimensionless number. but also one can always make 

"optimum" decisions when the likelihood ratio is used. 

For example, in equation (4-10), a respondent will choose 

HI if B(X) is > 1. The number "1" is called the criterion 

or, more precisely, a likelihood-ratio crIterion. 

A decision procedure is "optimum" only if it best 

attains some specified objectives. Some such objectives 

in a judgmental task might be, but are not limited to: 

(1) maximization of the expected value of decisions, (2) 

minimization of risk, (3) estimation of a posteriori 

probability, or (4) maximization of the percentage of 

correct decisions. The literature indicates that the 

likelihood ratio criterion is optimum for all of the above 

objectives. Generally, an observer can make optimum 

decisions with the criterion defined for each of the 
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following situations (nee Sheridan and Ferrell, 1980, 

}lcNicol. 1972):): 

a) When P(SN) a peN) and the observer is indifferent 

to the costs of decision err~rs and the rewards 

of correct decisions, then B*(x) C 1. (4-12) 

b) When P(SN) ~ peN) but the observer is indifferent 

to the reward matrix, then B*(x) c P(SN)/P(N) (4-13) 

(c) When p(S~) • P(N), but there exists different 

payoffs for correct versus incorrect decisions, then 

B*(x) c (VnN + CnS)f(Vss + Csn) (4-14) 

where VsS ~ value of making a hit, 

CsN = cost of making a miss, 

CnS = cost of making a fal se alarm" and 

VnN = value of making a correct rejection. 

(d) If in (c) P(sn) • pen), 

B*(x) = [[(Vnn + Cns)][p(n)]]/{[(VsS + CSN)][P(s)]J (4-15) 

If the observer receives some information, say Sl, 

prior to making a decision, the likelihood ratio based on 

prior probabilities, i.e., P(Rl)/P(R2), is merely replaced 

by the posterior likelihood ratio 

P(RI/Sl) (P(Rl)][P(Sl/Rl)] 
-------- = ---------------- (4-16) 
P(R2/ s1) [P(R2)][P(Sl/R2)] 
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The defined criterion for each situation constitutes a 

benchmark for evaluating the appropriateness of the 

decision criterion used by an observer in a signal 

detection task. 

The decision criterion defined in equation (4-15) 

is particularly useful, since it enables one to infer 

unambiguously the observer's preference between the 

different values of correct decisions and the costs of 

incorrect decisions. 

An example will make this clear~ Note that 

equation (4-15) can be written as follows: 

[VnN + CnS][P(N)] 
B*(x) = ---------------- (4-17) 

[VsS + CsN][P(SR)] 

which further can be defined as 

[peN)] 
B*(x) = K------- (4-18) 

(P(SN)] 

where K = (VnN + CnS)/(VsS + CsN) 

K, the first term on the right side of equation 

(4-17) is a constant which depends on the reward matrix. 

It is the ratio of two quantities called regrets (Sheridan 

and Ferrell, 1981, p. 356). The numerator is the 

difference between what the observer would get for 

responding correctly and what he would get for responding 

incorrectly when N obtains (that is, the regret for 

incorrectly saying Usn"). Similarly, the denominator is 
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the regret for incorrectly responding Usn". It is 

apparent that K > 1 if and only if the regret for 

incorrectly saying Usn" is greater than the regret for 

incorrectly saying Un". while K < 1 if and only if the 

regret for incorrectly saying Usn" is less than the regret 

for incorrectly sayine "nne When K = I, it means th~ 

observer is indifferent to the consequences of his/her 

decision outcomes. 

Assume, for example, that P(SR) is 0.4, and the 

experimentally determined measure of bias, say, B(x), is 

1.40. To determine the observer's preference between the 

decision outcomes, one calculates 

B*(x) = K[.6/.4] = 1.SK (4-19) 

from which K = 0.933. This K value suggests that the 

observer would have less regret associate~ with 

incorrectly responding Usn" tban incorrectly responding 

"nne In the context of this study, this scenario suggests 

that the auditor will prefer to slate a materially correct 

account book value for intensive audit rather than 

incorrectly accept a materially misstated account balance. 

Calculating the Criterion 

In SDT, the method of calculating the criterion 

depends on the assumed underlying distributions for the 

eventsSN and N. In the equal variance Gaussian model, 

the criterion is independent of d and, according to 
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Pastore and Scheirer (1974, p. 947), is defined by the 

following equation: 

B = [f(b/l)]/[f(b/2)] (4-20) 

where feb/i) is the height of the probability density 

function for class i at the criterion or boundary l 

between the two response classes. Pastore and Schierer 

(1974) also note that P(sn/SN) and B are monotonically 

related. 

The statistical program used for analyzing the 

subjects' responses in this study provides a measure of 

the subjects' overall criterion for classifying the 

stimuli either as SN or as N. The measure, the details of 

which are discussed in Chapter 7, also is based on the 

likelihood ratio. The measure of bias for each 

experimental condition is compared with the B*(x) derived 

from the experimental data, as a basis for determining the 

subjects' preferences between the costs associated with 

their decision errors. 

PAR As A Signal Detection Task 

AR essentially involves a comparison of 

relationships amongst data whereby, through an evaluation 

of available evidence. the auditor decides whether the 

account book value is fairly presented, given his/her 

expect~tions of what the book value should be (or what the 

range of book values might reasonably be expected to be). 
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In essence. PAR enables the auditor to identify at an 

early stage of an audit the account items that are most 

likely to be misstated and, consequently, on which more 

audit efforts should be allocated. The accuracy of 

judgments in such tasks depends on the auditors' ability 

to discriminate those account items which are materially 

misstated from those which are fairly presented. Viewed 

in this manner, PAR is analogous to a detection task. 

Hence, a model based on signal detection theory» which is 

concerned with evaluating an observer's ability to 

discriminate between classes of events, is an appropriate 

tool for analyzing auditor judgments in this study. 

Although signal detection theory (SDT) is an 

outgrowth of studies into problems of statistical analysis 

of radar signals, it has been successfull~ employed in 

analyzing discriminability in many other contexts, 

including medical diagnosis (Lusted, 1971); memory 

(Banks, 1970); criminal justice process (Pease, Tarling, 

and Meudell. 1977); the performance of a group of on-line 

inspectors in an industrial setting (Drury and Addison, 

1973); and cost-variance investigation decisions in 

accounting (Brown, 1981). Also, Blocher and Moffie (1982) 

recently have suggested the use of the signal detection 

model for analyzing accounting and auditing judgments. 

The concepts of SDT discussed earlier can be 

described in the context of AR as follows. The external 
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auditor is the detector (or observer)i the stimulus is 

the reported book value. such that SN means the book value 

is materially misstated, while N means that the book value 

is fairly presented. Accordingly, 'sn' means that the 

auditor believes that the book value is materially 

misstated, while 'n' means slhe believes that the account 

book value is fairly presented. 

In terms of Statement of Auditing Standards No. 

39 (Audit Sampling), (S~,n) is equivalent to the decision 

error of incorrect acceptance of a materially misstated 

book value, while (N,sn) is equivalent to the decision 

error of incorrect rejection. In the AR context, the hit 

rate refers to the probability of rejecting a materially 

misstated book value, while the false alarm rate refers to 

the probability of rejecting a fairly pre~ented book 

value. Detectability in the signal detection sense is 

used as an approximate measure of auditor's knowledge. 

The area under the curve, which is the assumption-free 

measure of detectability described earlier, is used to 

compute auditors' detectability. 

The decision criterion defined in (4-15) is of 

direct relevance to this study, since one expects an 

auditor to attach different costs to the incorrect 

decisions in the decision matrix. For example, the 

literature (e.g., Robertson, 1979, p. 343) suggests that 

the error of incorrect rejection of a fairly presented 
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book value is not considered to be as serious as an error 

of incorrect acceptance of a materially misstated book 

value. By implication, the auditor perceives the cost of 

incorrect acceptance to be greater than the cost of 

incorrect ~ejection. Equation (4-15), therefore, is used 

to provide an unambiguous measure of auditors' preferences 

between the costs of their decision errors. An analogous 

comparison of the concepts of SDT in the PAR context is 

illustrated in Figure 4-6. 

In the next chapter, I describe the methodology of 

the study's experiment, and indicate the SDT-based 

performance measures used to provide evidence bearing on 

the research issues addressed by this study. 
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1) Detector 

2) Stimulus 

3) Signal-pIus-Noise (SN) 

4) Noise only (N) 

5) Detectability 

5) Judgment Bias 

7) Response Criterion 

8) Prior SN probability 
(or Base Rate) 

9) Number of Trials 
(or Observations) 

PAR 

External Auditor 

The dollar amount of account 
book value evaluated, and 
classified as N or SN, by the 
auditor, in light of his/her 
substantive knowledge and other 
information provided in the 
experimental materials. 

An account item which actually 
is materially misstated. 

An account item which actually 
is fairly presented. 

A measure of Auditor's ability 
to correctly recognize account 
book value which is materially 
misstated. 
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Implicit Loss Functions (i.e., 
motivational factors influencing 
auditor's decision to classify 
an account item as SN or N). 

Auditor's subjective standard 
(or critical value) for deciding 
whether an account book value 
is N or SN. 

The proportion of Account Items 
which actually are materially 
misstated. 

Number of account items on which 
each auditor provided a response. 

Fig. 4-6. Signal Detection Theory (SDT) and 
Preliminary Analytical Review (PAR): 
a Comparison of Concepts 



CHAPTER 5 

METHODOLOGY 

To accomplish the objectives set forth in Chapter 

3, I performed a research study in which practicing 

auditors provided responses to a set of questions relating 

to selected account balances for each of two experimental 

cases: (I) one case based on one client firm for which 

the internal control system was adjudged strong, and (2) 

another case based on another client firm whose internal 

control system was adjud~ed relatively weak. The 

subjects' responses were analyzed (1) in the aggregate, 

(2) by state of internal control, and (3) by functional 

level. An overview of the experimental design for this 

study is presented in Figure 5-1. 

Scope of the Study 

The study focuses on the evaluation of auditor 

judgments at the initial planning stages of an audit 

(i.e., preliminary analytic review), for reasons stated 

earlier. Furthermore, others (e.g., Holder and Collmer, 

1980, p. 31) have noted that substantive AR usually is 

94 
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INTERNAL CONTROL 

Weak Strong Number of Subjects 

:;] 

Sra 
Senior 20 

t>&3 
~t-l 

Manager 8 

TOTAL 28 

Fig. 5-1. Experimental Design 
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applied when preliminary ARs are not applied in the 

planning phase and/or material adjustments are made to 

financial statements during audit in light of factors or 

evidence not anticipated at the onset of the audit. They 

also suggest that, to enhance audit effectiveness and 

efficiency, the nature, timing and extent of substantive 

tests be based on both the evaluation of internal 

accounting control and the application of (preliminary) AR 

procedures during the planning process (stage) of an 

audit. 

In practice, audit adjustments are made only if 

the net effect of errors identified in account balances 

during an audit have a material effect on, for example, 

net income. Therefore, in the case of compensating 

errors, significant errors identified in individual 

accounts may not result in an audit adjustment. For 

example, assume that the net income of a client is $10 

million. If, for example, cost of sales is overstated by 

$3 million, and selling expenses are understated by $2.999 

million, the net effect on net income is only $1,000, 

which the auditor may consider immaterial and, hence. no 

audit adjustment may be proposed. 

The auditor, however, normally would devote audit 

efforts toward identifying the nature and magnitude of the 

errors in each account item before he could estimate the 

net effect of all the errors on net income. To enhance 
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audit effectiveness and efficiency, therefore, the 

auditor's objective should be the identification of each 

account book value which is materially misstated. Hence, 

the relevant task for the auditor, for the purpose of this 

study, is to identify account balances which, evaluated 

independently of any compensating errors in other 

accounts, are misstated. 

The Subjects 

The subjects for the study were twenty-eight 

practicing auditors employed by two of the "Big Eight" 

public accounting firms with offices in Phoenix, Arizona 

and Los Angeles, California. Having agreed to provide 

subjects for the study, each public accounting firm 

selected the specific participants. The .~ubject selection 

is, therefore, nonrandom; willingness to participate and 

availability were the selection criteria. 

To ensure a reasonable degree of substantive 

experience, I requested that subjects have about two years 

of experience in analytical review judgments. As a 

result, only senior- and manager- level auditors i who 

normally are directly involved in analytical review 

judgments, participated in the study. The participants' 

length of service ranged from 18 months to 97 months, with 

an average of 47 months. Also, they had worked on an 

average of 32 audit engagements, with a range of 4 to 100. 
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There are three measures of task-related expertise 

which 1 consider relevant for analyzing this study's data. 

These are (a) length of service in public accounting, (b) 

number of audit engagements, and (c) functional level 

(i.e., manager or senior). I used functional level for 

analyzing the study's data in view of the following. 

First, the number of audit engagements is not a true 

reflection of experience because of the differences in the 

size of the clients each auditor might be assigned to. 

The auditors assigned to large clients typically record a 

lower number of audit engagements than those assigned to 

small clients. In fact, for this study's subjects, the 

degree of association between functional level and nu~ber 

of audit engagements, measured by eta (see Nie, et al., 

1975) is only 0.67. Second, although length of service 

highly correlates with functional level (eta c 0.88), 

discussions with auditors in several CPA firms indicated 

that functional level is the sole criterion for 

participation in AR judgments. For exa~ple, the 

discussions revealed that staff auditors typically do not 

participate in AR judgments. Furthermore, AR-related 

judgment is a multi-stage process in which the senior's 

initial judgments are reviewed by the manager before a 

final decision is made. Hence, there seems to be an 

implicit assumption in practice that functional level is 

the best measure of expertise. 
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To motivate the auditor-subjects participating in 

the study, 1 solicited and obtained the subjects' 

enployers' sanction of the research study. Furthermore, 

the study was performed on the employers' premises during 

regular working hours. This served not only to remind the 

subjects that the study had been officially approved by 

their respective employers, but also to enhance the 

perceived importance of the study. 

The Case Studies 

To enhance the realism of the study, two 

experimental cases were developed from data provided by a 

national public accounting firm on two independent audit 

clients in the electronics industry. Deciding what 

information to provide was not an easy task, since 

auditing literature does not provide an adequate guide 

regarding the infor~ation which should be gathered and 

evaluated for PAP. judgnents. The following 

considerations, therefore, guided the choice of the 

information provided in the case studies. 

As indicated earlier, the auditinc literature 

notes that AR involves a comparison of relationships among 

data. On this basis, I consider it appropriate to provide 

audited financial statements for at least two previous 

years to provide evidence on the financial statements' 

trends for the two firms used in the case studies. 
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However, other financial data provided (e.g., financial 

ratios) were determined by data availability and the need 

to provide comparable data sets for the two cases. 

Auditing theory suggests that good performance in 

PAR tasks requires a familiarity with, and an 

understanding of, the nature of the client firm's 

industry, business operations, accounting procedures, and 

other qualitative factors such as the quality of 

accounting personnel. GAAS also indicate that the extent 

of substantive tests required to constitute sufficient 

evidential matter under the third standard (of field work) 

may properly vary inversely with the auditor's reliance on 

AlC. 

These observations suggest the need to provide 

information relating to the nature of ope~ations and 

industry of the firms whose data were used in the case 

studies. They also suggest the need to provide 

information relating to the quality of each firm's AlC 

system. 

To further enhance the reasonableness of the 

information provided in the case studies, an audit manager 

in the public accounting firm which provided the data 

assisted in determining what constitutes a "reasonable" 

information set typically available at the onset of an 

audit, particularly in respect of the two client firms 

whose data were used for the study. Consequently, each 
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case presented the following information: (1) brief 

background information on the electronics industry; (2) 

general, operating and financial data on each client firm 

for 1979 and 1980; and (3) a description of each firm's 

internal control system. Appendix A shows the 

experimental materials containing these data. 

Criteria for Selecting and 
ClassifYing Account Items 

SDT largely has been applied to sensory and 

auditory detection tasks in which the SN and the R items 

are clearly distinguishable. However, in other 

applications like auditing, there is no unequivocal basis 

for classifying the stimuli into SN (i.e., materially 

misstated) or E (i.e., fairly presented) categories. In 

such applications, the classification has to be made on 

the basis of arbitrarily determined criteria. For 

example, in a study in which SDT was applied to a 

compliance testing experimental task, Blocher and Hoffie 

(1932) assumed that a population with an arbitrarilv 

(emphasis added) low error rate is acceptable, while the 

high error rate population is unacceptable. 

While this arbitrariness may be an indispensable 

feature of the application of SDT to accounting and 

auditing judgment tasks, it is noteworthy that an 

arbitrary cutoff value (such as error rate in compliance 

testing) may have a differential impact on the perfor~ance 
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of each subject. given that what constitutes a low or high 

cutoff value may vary significantly between individual 

subjects. To alleviate the potential negative impact of 

this arbitrariness, it might be desirable to (1) identify, 

in whatever way possible, a reasonable cutoff value which 

is acceptable to most of the subjects or (2) perform a 

sensitivity analysis of the variations in the cutoff rate 

on the subjects' performances. 

In the AR context, the presence or the absence of 

an audit adjustment could be one criterion for classifying 

an account item into SN (i.e., as materially misstated) or 

as N (i.e., as not materially misstated). This criterion 

is, however, not unequivocal, in view of the followine. 

First, the audit process itself determines whether the 

"need" for an adjustment would be detected. Therefore, 

materially misstated book values still may go undetected. 

Second, the decision to record or not to record an audit 

adjustment in light of a detected error is a matter of 

individual auditor judgment. Therefore, two or more 

auditors may reach different conclusions on the same 

account item. Furthermore, in practice, auditors decide 

to slate or not to slate an account item for intensive 

audit for reasons other than the suspected presence of 

material errors alone, such as the perceived significance 

of an account item to the financial statement as a whole. 
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The discussion above indicates that the basis for 

classifying account items as N or SN necessarily will be 

arbitrary. Hence, it will be appropriate to provide 

evidence regarding the sensitivity of the subjects' 

responses to plausible alternative classification 

approaches that may be adopted. Before discussing the 

three classification alternatives adopted in this study, I 

discuss the nature of the errors reported in the accounts 

of each client firm used for this study. 

For the ABC company. in which the AlC system is 

adjudged strong, the auditor detected errors in four 

account items. The errors in two of these accounts would 

have overstated net income by about $80,000, while the 

errors in the other two accounts would have understated 

net income by about $40,000. Since the n~t effect of 

these compensating errors would have been an 

understatement of net income by about 4%, a proportion 

which the auditor considered immaterial, no actual audit 

adjustments were booked for ABC company. 

The auditor also detected errors in five accounts 

of company XYZ. in which the AlC is considered relatively 

weak. Actual audit adjustments were booked in only two of 

these accounts. The others were not booked as audit 

adjustments, since the dollar amounts involved were 

considered by the auditor to be immaterial. 
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In view of the above situation, I consider the 

following three approaches appropriate for classifying the 

study's account items as N or SN. First, I categorize as 

8N all the account items in which misstatements (both 

significant and insignificant) were detected in each 

company. This approach has a basis in practice. For 

example, some CPA firms control only for undetected errors 

and, therefore, they record any error detected during an 

audit. That is, all detected errors are considered 

signifi~ant and are hence treated as if they were all 

audit adjustments. 

Secone!, I cons ider as SH all the XYZ account s for 

which actual audit adjustments were booked. 

Correspondingly, for company ABC, I categorize as SM the 

account items with the larger dollar amou~t of error 

(i.e., $80,000). The decision is based on the assumption 

that the dollar magnitude of the error, considered 

independently of any compensating errors in other 

accounts, is large enough to warrant detailed 

investigation by the auditor. 

Third, as in the second approach, I again 

categorize as SM all the XYZ accounts for which audit 

adjustments were booked. However, for company ABC, I 

classify as SN the accounts with the lower dollar amount 
\ 

of error (i.e., $40,000). This categorization is baced on 

the assumption that, regardless of compensating errors 
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detected in other accounts, the auditor may not overlook 

any error which may overstate net income. 

The eventual categorization of the accounts under 

the three approaches described above is shown in Figure 

5-2. Note that the effect of the classification 

alternatives is to reduce the prior signal probability 

[P(SN)] from 0.4 and 0.5 for ABC and XYZ respectively 

under the first classification approach to 0.2 for both 

ABC and XYZ under the other tt'lO classification approaches. 

The data analysis will provide evidence regarding the 

effects of these classification approaches on the 

subjects' performance. 

Experimental Task 

This study's experimental task belongs to the 

class of one-alternative, probability-correct tasks 

described by Smith and Ferrell (1981). The subjects were 

requested to identify the current year's (1981) account 

items which they believe to be materially misstated. 

As indicated earlier, 1 intended to provide 

evidence regarding the nature of calibration of the 

subjects; judgments. But. as Lichtenstein, et a1 (1982) 

indicate, it is impossible to determine whether the 

judgment of an individual (or a group of individuals) is 

well calibrated when confidence is expressed on a rating 

scale. The subjects were, therefore, requested to state 
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I II III 

ACCOUNT ITEMS ABC. X Y Z ABC X Y Z ABC X Y Z 

Sales 

Cost of Sales X X X 

Income Tax Provision 

Inventory X X X X 

Accounts Receivable 

Allowance for Doubtful X X 
Accounts 

Bed Debt Expense X X 

Accounts Payable X 

Plant, Property & X 
Equipment 

Depreciation Expenses X X 

Note: I = Account Classification Approach Number One 
II == Account Classification Approach Number Two 

III == Account Classification Approach ~umber Three 

ABC = Strong Internal Control System Situation 
XYZ = Weak Internal Control System Situation 

x refers to those account items classified as SN (i.e., 
materially misstated), based on the errors documented 
in the audit working papers. 

Fig. 5-2. Categorization of Account Item as N or SN 
By ~ccount Classification Approach. 

X 

X 
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subjective probabilities on a half-range (.5, 1] 

probability scale regarding their degree of belief in the 

correctness of their responses. This half-range 

probability scale has been suggested by Smith and Ferrell 

(1981) as appropriate for this class of experinental 

tasks. 

Each subject provided responses to ten account 

items for each case. The presentation of the cases and 

the individual account itens within each case was 

randomized to c~ntrol for order effects. 

Conclusions Versus Decisions in 
Experimental Tasks: A Distinction 

The experimental task (described above) requires 

that the subjects state whether a stated book value is (is 

not) materially misstated, and also to provide a 

subjective probability regarding the correctness of the 

response. However, there is a potential difference 

between a judgment criterion and an action criterion. In 

other words, the criterion for deciding whether an accour.t 

item is materially misstated may differ from the auditors' 

criterion for slating that account for intensive audit. 

This distinction between the judgment criterion 

and the action criterion is analogous to the distinction 

between reaching a conclusion and making a decision noted 

by Tukey (1960). He stated that a conclusion is a 

statement which is to be accepted as applicable to the 
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conditions of an experiment or observation unless and 

until unusually strong evidence to the contrary arises. 

These conclusions, he said. are established with careful 

regard to evidence, but without regard to consequences of 

specific actions in specific circumstances. 

Decisions, on the other hand, are based not only 

on an evaluation of the available evidence. but also on 

the consequences of alternative courses of actions open to 

the decision maker. That is, a decision entails the 

weighing of both the evidence concerning the relative 

merits of two (or more1 alternative hypotheses and also 

the possible consequences of various actions, from which 

one decides that a particular course of action is the most 

appropriate to take under the given circumstance. Hence, 

a decision involves an attempt to choose the best risk in 

a given uncertain situation. 

The judgment criterion in this study is similar to 

the process of reaching a conclusion, while the action 

criterion corresponds to the process of makine a decision. 

These are two separate and important aspects of judgments 

which earlier studies have neglected. The relevance of 

this distinction in the context of this study is 

elucidated by the following. 

Discussions with practicing auditors indicate that 

even though the auditor might believe an account book 

value to be fairly presented. s/he may decide to slate it 
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for intensive audit efforts. Similarly, a/he may decide 

not to slate for intensive audit an account item perceived 

to be materially misstated. These decisions are, usually, 

influenced by considerations such as the perceived 

importance of the account item, or whether the incremental 

benefit of providing intensive audit efforts to ascertain 

the correctness of a stated book value justifies the 

additional audit cost involved. 

It is not possible to state a priori what the 

effect of each classification strategy on the subjects' 

responses would be. If the auditors' action (i.e., 

decision) criterion is more (less) strict than their 

judgment (i.e., conclusion) criterion, then the auditors 

are more (less) likely to commit the error of erroneously 

rejecting (acceptinz) fairly presented (materially 

misstated) book values. In either case, the auditors' 

decision rules for the action (decision) criterion may 

differ significantly from their decision rules for the 

judgment criterion. 

To provide evidence relating to this idea, the 

auditors also were requested to indicate the account items 

on which they would plan to provide intensive audit 

efforts in light of their responses and other subjective 

considerations, such as, for example, the perceived 

importance of the account item in relation to the 

financial statements taken as a whole. However, given the 
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absence of a suitable statistical method for analyzing the 

point estimates (index) of auditors' decision rules by 

task criterion, only a qualitative description and 

evaluation of the significance of these indices could be 

made. as will be shown in Chapter 7. 

Ehe.Pilot Study 

Two senior- and manager level auditors employed by 

one of the "Big Eight" public accounting firms 

participated in the pilot study. They were similar in 

terms of functional level to the participants in the 

actual study. They also performed under experimental 

conditions similar to those used in the actual study. 

The purpose of the pilot study was (1) to 

determine the clarity of the experimental.materials and 

the adequacy of the limited information provided, and (2) 

to identify and rectify any potential problems the 

subjects might have with the experimental materials. 

Administration of Jhe Study 

Subsequent to the pilot study, I administered the 

experiment at the subjects-auditors' offices. Initially, 

the participants were oriented through a brief discussion 

of the objectives and the focus of the study. Limited 

training also was provided by "walking through" an example 

of the experimental task and experimental materials. 
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Having answered the questions posed by the participants, I 

provided the actual experimental materials (shown in 

Appendix A) to them. I was present during the performance 

of the experimental task to answer questions and to assist 

the subjects as necessary. 

Kadane and Lichtenstein (1982) indicate that to 

evaluate the calibration of judgments for nonexchangeable 

items (such as account items used in this study), the 

subjects should be provided with feedback after each 

response. Providing feedback to the subjects in this 

manner would have resulted in a significant departure from 

audit practice, since feedback is normally not available 

to auditors at th is stage of an audit. Rence, no I did 

not provide feedback to the subjects of this study. 

The subjects were given t,>,o and one-half hours to 

perform the experimental task, and this time limit 

appeared to be adequate. However, I did observe tha t, in 

general, the seniors took more time than the managers to 

complete the experimental task. 

No interaction between the subjects was permitted. 

Furthermore, the subjects were separated physically and 

instructed not to pay attention to the others in the room. 

Having completed the experimental task, the 

subjects were requested to provide responses to a set of 

background questions relating to the following: (1) 

present position; (2) professional qualification(s); (3) 
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college educational level; (4) number of years and 

variety of work experience; (5) number of college courses 

taken in probability and statistics, inCluding the number 

of hours of in-house statistical training received. and 

(6) specification of the materiality threshhold. if any. 

used by the subjects for their judgments. 

Discussions were held with each participant after 

the exercise to evaluate their interest in the experiment. 

Without exception. they expressed satisfaction with having 

participated in the study. They also found the experiment 

interesting and worthwhile, and each one of them requested 

a copy of the study's findings. 

Research Issues Addressed 

The study provided data useful fo~ evaluating 

several aspects of the nature and characteristics of 

auditor judgments in PAR tasks. In this section. I 

present a detailed discussion of the specific research 

issues addressed in this study. 

Research Issue Number One: 

What is the detectability 
of Auditors' Judgments? 

Detectability is a measure of the extent to which 

an observer can appropriately distinguish the two events 

SN and N independent of any judgment criteria (or biases) 
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employed. In the context of this study, it provides a 

measure of the accuracy of the subjects' judgments. The 

higher the index of detectabi1ityp the higher the accuracy 

of their judgments. Ac which, as indicated earlier, is a 

nonparametric measure of detectabi1ity, is used in this 

study. 

A computer program written by Grey and Morgan 

(1972) was used to ana1yz~ this study's data. The 

program, which assumes that the events are normally 

distributed, uses the maximum-likelihood estimation method 

to derive the parameters of interest given data fron 

detection tasks. 

This program is appropriate for analyzing the data 

for this study because, as Ogilvie and Creelman (196S) 

have shown, the conventional least-square~ curve fittine 

procedures are inapppropriate for ROC plots, since both 

axes represent dependent variables and are both subject to 

error. The normal distribution model also is considered 

appropriate, since Bush (1963, p. 454) has shown that the 

normal distribution model compares favorably to other 

eligible models (e.g., the logistic model) for analyzing 

this type of data. Furthermore, Luce (1963, p. 61) has 

indicated that ROC curves generated by the logistic and 

normal models are virtually indistinguishable. 

To enhance the reader's understanding of how the 

evidence bearing on this study's research issues was 
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generated, I present in Appendix B (a) an overview of the 

statistical model suggested by Grey and Morgan (1972) used 

in this study. and (b) the procedures used to analyze the 

subjects' responses. 

Ideally, Ac could be regarded as a measure of 

auditor's detectability in this study. However, unlike 

sensory and auditory tasks to which SDT largely has been 

applied, in this experiment there is neither a 

well-defined infor~ation set nor are the stimuli 

controll~ble by the experimenter. Furthermore. auditors 

normally have oore information available in practice than 

was providee in the experiment. It appears, therefore, 

inappropriate to regard Ac strictly as a measure of 

auditors' knowled~e in PAR tasks since the Acs reported 

for the subjects in this study would like~y be 

underestimated to an extent which is, however, unknown. 

Research Issue Number Two: 

What Type of Response Biases Are 
Exhibited by the Auditors? 

The answer to this question provides an overall 

quantitative index of the judgment criteria (or biases) 

employed by the subjects in the aggregate and both by the 

(a) state of Ale and (b) functional level. It provides an 

indication of the subjects' propensity to respond Usn" 

more than "n", or vice versa. 
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The computer program used for this study also 

computes the measure of response bias for each cutoff 

point (say, Zm) on the probability scale. As explained in 

Chapter 4, the measure of response bias (say, Beta) 

usually is defined in terms of the likelihood ratio, that 

is, the distribution of SV at each cutoff point divided by 

the distribution of N at the same cutoff point. For 

example, the beta can be defined 2S follows: 

Beta = fsn(Zm)/fn(Zn). (5-1) 

Of interest, however, is the likelihood criterioc 

around the 0.5 response category, since it provides a 

measure of the subjects' criterion for classifying the 

stimuli either as SN or as N. As indicated earlier, each 

data set was collapsed into ten categories. Therefore, to 

derive an overall measure of bias for each data set, I 

used the average of the Zm values for the fourth and fifth 

cutoff points to calculate the Beta criterion. That is, 

Beta' = fsn(Zm')/fn(Zm'), (5-2) 

where Beta' refers to the overall measure of response bias 

for each data set and Zm' refers to the approximate value 

of the median cutoff point. Beta> 1 suggests that the 

subjects were more inclined to respond."sn", while Beta < 

1 suggests an inclination towards responding "nne A Beta 

of 1 indicates an equal disposition (indifference) by the 

subjects towards classifying the stimuli either as SG or 

as N. 
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The optimum Beta value (ioe., B*{x) for equation, 

4-12 in Chapter 4) also is derived for each data set from 

which K (defined earlier) was determined. The value of K 

provides a basis for determining the subjects' preferences 

between the consequences of their decision outcomes, as 

demonstrated in Chapter 4. There, it was shown that K>l 

(K<l) indicates that the observer believes the regret for 

incorrectly responding "sn" is greater (less) than the 

regret for incorrectly responding "nne K = 1 means the 

observer is indifferent to the consequences of the 

decision outcomes. 

A virtue of this measure is that it enables one to 

avoid the problem of identifying or measurine the specific 

utility function employed by the observer (or subject). 

Thus, almost all the assumptions about the values in the 

payoff matrix are neutralized or cancelled by this measure 

(Licklider, 1964, p. 113). 

As suggested earlier, the measure of judgment 

criteria employed provides a "validity" check on the type 

of decision errors which auditors are likely to comnit. 

If the subjects have a propensity to respond "sn", there 

is a likelihood of an increase in the false alarm rate, 

suggesting that the auditors are more likely to commit 

errors of incorrect rejection of stated account balances. 

A propensity to respond "n" results in a likelihood of 

increasing the number of misses, in which case auditors 



will be more prone to an incorrect acceptance of 

materially misstated account balances. 

Research Issue Number Three: 

What is the effect of Task 
Criterion on Auditors' Performance? 

As indicated earlier, Tukey (1960) has made a 

distinction between conclusions and decisions in 

experimental tasks. The distinction suggests that the 

auditor should be more conscious of the consequences of 

his/her judgnents while making decisions than when 

reachinb conclusions. 
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Evidence bearing on the effect of this distinction 

should be of interest. For e,:ample, if significant 

differences were found in the subjects' decision rules by 

task criterion, this will indicate that their beliefs may 

not be independent of their preferences. Such a finding 

may have implications for the application of nayesian 

principles to the audit decision process, since the 

princ~ples require that the judges' beliefs be independent 

of their preferences. Evidence bearing on this rese~rch 

issue will indicate the impact of this distinction of the 

subjects' decision rules. Unless the subjects are risk 

neutral, one expects, apriori, that their decision rules 

for the action criterion will be more strict than their 

decision rules for the judgment criterion. 
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Statement of Auditing Standard (SAS) No. 39 

suggests that there are two types of decision errors 

concerning stated book values which auditors might commit: 

(1) the errox of incorrect acceptance, and (2) the error 

of incorrect rejection. stated book value. SAS No. 39 

also states that the error of incorrect acceptance relates 

to the effectiveness, while the error of incorrect 

rejection relates to the efficiency, of the audit. Hence, 

an evaluation of the effect of task criterion on decision 

errors will, indirectly, provide evidence relating to the 

effect of task criterion on the effectiveness and 

efficiency of the audit. 

I used the parametric test for differences in 

proportions between matched samples, suggested by several 

researchers [for example, McNemar (1949); Cochran (1950); 

Glass and Stanley (1970)], to provide evidence relating to 

this research issue. It is appropriate for evaluating the 

significance of the differences between the values of the 

cells in contingency tables, like the one shown in Table 

7-4. The details of this test are discussed in Chapter 7. 

Research Issue Number Four: 

What is the effect of the state 
of AlC on Auditors' performance? 

When internal controls are adjudged strong, the 

auditor might expect more account book values to be fairly 
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presented than if the internal control is adjudged weak. 

This idea is derived from auditing literature which. as 

discussed earlier, assumes that the existence of a 

satisfactory AIC reduces the probability that material 

errors in the accounts will occur and go undetected. In 

that case. the extent of substantive tests may be reduced. 

A potential problem, however, relates to the 

reasonableness of an auditor's reliance on a given 

internal control situation. For example, the auditor may 

overrely on an internal control adjudged strong, or 

underrely on an internal eont~ol adjudged weak. SAS No. 

39 indicates that overreliance on internal control can 

lead to an incorrect acceptance of an account balance, 

while an underreliance may lead to an incorrect rejection 

of an account balance. One expects, ther~fore, that the 

auditor would slate more account items for intensive audit 

when the internal control is adjudged relatively weak. An 

answer to this research question was provided by 

calculating (1) Ac, and (2) the decision errors auditors 

are more likely to commit by Ale environment. 

Research Issue Number Five: 

What ie the effect of functional level 
on auditors' performance? 

I have discussed in Chapter 3 the basis for an 

expectation that audit managers should outperform audit 
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seniors in PAR tasks. In addition, Taylor and Glezen 

(1979) suggest that the accuracy of auditor judgments in 

preliminary AR tasks requires a reasonable understanding 

of the client firm's general business and industry 

conditions, its peculiarities, and its accounting policies 

and procedures. Furthermore, in practice, AR involves a 

multi-stage process in which, for example, the judgment of 

the audit staff is reviewed by the supervising senior 

auditor, whose judgment is in turn evaluated by the audit 

manager in charge of the engagement. 

By implication, the more experienced auditors are 

expected to possess greater expertise and should, 

therefore, be able to make more accurate judgments. The 

differences in Ac by functional level will provide an 

answer relating to this research question. Also, evidence 

regarding the effect of functional level on (a) type of 

decision errors likely to be cooroitted, and (b) the 

preferred judgment biases will be provided. 

Research Issue Number Six: 

How Effective Are Auditors at 
Communicating Their Knowled8e in 
Preliminary Analytical Review Tasks? 

Subjective probabilities are used to indicate 

uncertainty about events of interest. A desirable 

property of such probabilities is that they be consistent 

with relative frequencies in the sense that the proportion 
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of actual occurrence of events which were assigned a given 

probability number should, in the long run, approach that 

number. Otherwise, the subjects' judgments will be 

miscalibrated, in which case they may be overconfident or 

underconfident. Such calibration's effects on audit 

effectiveness and efficiency have been noted earlier. For 

example, overconfident judgments may result in auditors' 

collecting less than adequate sample information on which 

to base their audit judgments. Similarly, underconfidence 

implies that auditors might collect more sample 

information than is required to make audit judgments. 

In general, assessors either overestimate or 

underestimate their perceived degree of uncertainty in a 

given situation, either of which could affect the ability 

to effectively comounicate their knowledg7 about the 

event(s) under consideration. As Ferrell and McGoey 

(1980) indicate, there are two aspects to knowing about 

one's ability to answer questions under uncertain 

conditions: (1) the capacity to distinguish correct from 

incorrect responses, and (2) the capacity to encode the 

distinction in a useful numerical form. The first of 

these is closest to the idea of "knowing how much they 

(the assessors) know"; the second is the effective 

communication of that knowledge and requires good 

calibration. 
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An appropriate measure of the capacity to 

distinguish is the detectabi1ity of correctness, in the 

signal detection theory sense. The answer to research 

question number one provided evidence bearing on this with 

respect to this study's ubjects. To evaluate the 

subjects' capacity to effectively communicate their 

knowledge, I also evaluated the calibration of the 

subjects' judgments using the DVPM described earlier. If 

the subjects are able to conmunicate their knowledge 

effectively, they should be well calibrated. Otherwise, 

calibration may indicate oveconfidence or underconfidence. 

In case of overconfidence, the subjects would have 

overestimated their ~apacity to detect account items which 

actually were materially misstated, with the opposite true 

in case of underconfidence. 

The accounting literature suggests that the nature 

of auditor's subjective probabilities may be sensitive to 

the relative strength of internal control. For example, 

Solomon, Krogstad, Romney, and Tomassini (1982) report 

that auditors' prior probability distributions (PPDs) for 

account balances assessed for the stronger Ale system 

cases were less dispersed than the PPDs assessed for the 

weak Ale system cases. They also found that auditors V 

judgments were in closer accord when they faced the 

stronger Ale environment than when they faced the weaker 

Ale environment. This finding, Solomon, et al (1982) 
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indicate, provides preliminary evidence of auditors' 

sensitivity to the validity of their subjective judgments. 

Accordingly, they suggest a more direct investigation of 

the calibration of auditors' account balance PPDs. The 

DVPM also assumes that the partitioning of a subject's 

decision variable will depend to a large extent on his/her 

accumulated relevant knowledge prior to the task (e.g •• 

previous experience). One expects. therefore. that these 

two factors should affect the calibration of auditors' 

probabilistic judgments in PAR tasks. Hence. the effects 

of the (1) relative strength of intern31 control and, (2) 

functional level on calibration were evaluated. 

Finally. as indicated earlier. DVPM enables one to 

predict the effects of base rate and task difficulty on 

the calibration of the subjects' responses. If the 

proportion of correct responses is high (e.g •• greater 

than .7). then one would expect the subjects' responses to 

show a tendency towards overconfidence. Similarly. onc 

expects the base rate (i.e., P(SH)] to have no significant 

effect on the calibration of the subjects' responses. 

Research Issue Number Seven: 

What Types of Information do 
Auditors Require for PAR Judgments? 

The evidence-collecting process for an external 

audit is generally thought to consist of three major 
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classes of evidence: (1) internal control evaluation and 

compliance tests, (2) tests of details, and (3) analytical 

review procedures (ARPs). As Mock, et al (1982) indicate, 

ARPs are probably the least well specified conceptually in 

the authoritative literature and within the audit judgment 

process. Specifically, ARPs are thought by pr~cticing 

auditors to include a wide variety of auditinS tasks, 

including the gaining of a general underst.anding of the 

client and its environment, the judgmental scanning of 

financial data, and the use of rigorous statistical models 

and tests. Also, Blocher, et al (1981) acknowledge that 

AR is not clearly defined, and that SAS merely sets forth 

a concept of AR which can be interpreted in many ways. 

A revie~ of the liternture indicntes that 

differences in the type of information used may affect the 

accuracy of, or be a potential source of variability in, 

auditor judgments. For example, Abdel-Khalik and 

El-Shesai (1980) indicate that the subjects' choice of 

inform~tion rather than their processing of chosen cues 

was the limiting factor in predicting the default on debt. 

Also, in recognition of the potential effect of 

differences in information search and choice behavior on 

consensus of auditor judgments, Mock, et al (1982) have 

luggested studies of information which auditors use for 

ARPs. 
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Prior research, however, has concentrated 

exclusively on aspects of information usase by auditors in 

experimental tasks. In such situations, the experimenter 

provides the types of information which s/he considers 

relevant to the given task. The intensity of usnge of 

each type of information provided, and their effects on 

the accuracy of the participants' judgments, are then 

analyzed. For example, in a recent AR-re1ated 

experimental study, Blocher, et a1 (1981) provided 

forty-four participants with trend analysis and operatin~ 

data. They reported thet thirty-three (75%) of the 

forty-four porticipants chose trend analysis, while only 

eieht (19%) used the operatinc data in any sienificant 

way. The authors indicate that a simple reasonableness 

test usinz available operatine data would have identified 

a material difference between reported payroll expense and 

the amount of payroll expense implied by operating data. 

But, they note, none of the participants detected this 

difference. 

This approach, however, presumes that the 

experimenter knows either (a) the types of information 

that are really appropriate for the given task, or (b) the 

types of information which the participants would have 

required in practice to facilitate their judgments. These 

conditions are not likely to be satisfied,. given the 

unstructured nature of AR noted above. What is required, 
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therefore, is evidence regarding the types of information 

which auditors belip.ve are relevant for their AR 

judgments, at least in a given situation. 

To provide evidence bearing on this issue, I 

requested the auditor-subjects to specify, in a decreasing 

order of importance, the information items which they 

would have required in practice to facilitate their AR 

judgm~nts with respect to each account item, irrespective 

of the information provided in the experimental materials. 

The relative importance of the information items specified 

for each account item was measured by the wei2hted average 

of the ranks assigned. The information with the highest 

average mean rant is considered the most important for 

each given account iten. Also, to evaluate the degree of 

consensus among the auditors regarding th~ relative 

importance of each type of information, I calculated the 

coefficient of variation of the ranking derived for each 

type of information. When there is a high degree of 

consensus among auditors regardinz the importance of an 

information item. the coefficient of variation should be 

very low. Perfect agreement would be indicated by a zero 

coefficient of variation. 

Applicability of SDT to Groups of Subjects 

SDT is ideally applicable to situations in which 

the experimenter controls the signals given to individu2l 
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subjects over short experimental sessions. Furthermore, 

the ideal SDT experiment requires a very large number of 

trials per subject. In this study, SDT was employed to 

analyze the performance of a group of subjects, each of 

whom was presented only a small nunber of trials because 

of (a) dat& limitations, and (b) the enormous cognitive 

demands which the evaluation and processing of information 

provided in the experiment would have placed on the 

subjects. 

The applicability of SDT in this manner and the 

summation of data across groups of subjects has been 

attested to in the relevant literature. Angus and Daniel 

(1974) applied SDT to a marketing experiment in which a 

panel of judges was asked to rate the richness of 27 

different ice cream products on a ten-point certainty 

scale. They found that SDT is an appropriate method for 

separating the observers' judgment criteria from their 

ability to perceive differences in richness, despite the 

small number of trials per subject. 

Drury and Addison (1973) analyzed the records of 

the performance of a group of on-line inspectors of glass 

items over a ten-month period, using the SDT. All of the 

data refer to the total weekly performance of the 

inspectors in the group on all shifts and over a wide 

variety of faults. Therefore, "the data are radically 

different from the usual SDT data where the experimenter 



• 

128 

controls the signals given to individual subjects over 

short experimental sessions" (p. 161). They found that 

the inspectors as a group behaved as SDT predicts, and 

hence conclude that "SDT. derived from carefully 

controlled experiments on individual subjects over very 

short periods of time, provides a useful description of 

the performance of groups of industrial inspectors over 

considerable periods of time" (p. 167). 

Chapnan and Feather (1971) studied the effects of 

deep muscle relaxation in a systematic desensitization 

context. Two groups of (student) subjects were exa~ined: 

one set of 15 subjects imaGined scenes while under deep 

muscle relaxation, while another set of 15 subjects were 

not relaxed while imagining scenes. Each subject rated 

every phobic scene imagined with regard ~o the amount of 

threat evoked on a seven-point rating scale. SDT was 

applied to the data by accumulating the category ratings 

to form a dichotomy across stimuli at each of the rating 

levels used to evaluate each image. Specifically, the 

responses in each of the rating categories to each of the 

six im~ges were averaged over subjects and converted to 

conditional probabilities. 

Other relevant studies include those in which 

differences in recognition memory were analyzed by sex 

groups (Barr-Brown and White, 1971), and the signal 

detection analysis of the aesthetic judgment of different 



landscapes by two groups of subjects (Daniel, Wheeler, 

Boster& and Best, 1973). 
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It should be noted, however, that the collection 

of data summed over a group of subjects may result in 

values of detectability and bias which, for individual 

subjects. may be in considerable error. This procedure 

also will likely underestimate to an unknown extent the 

detectability index derived for each group (McNicol, 1972, 

pp. 111-113). These are issues which prior studies have 

not addressed. Hence, I performed a simulation experiment 

t~ evaluate not only (1) the effect of grouping of 

individual responses, but also (2) the signal prior 

probability and (3) the number of stimulus observations, 

on detectnbility. The details and the results of this 

simulation experiment are presented in Ch~pter 6. 



CHAPTER 6 

EFFECTS OF PRIOR SIGNAL PROBABILITY, 
NUMBER OF TRIALS, AND POOLING OF 

RESPONSES ON DETECTABILITY 

As indicated earlier. signal detection theory 

(SDT) was first used for investieations of radar sign~ls. 

Since its beginning, however. SDT has been applied to many 

sensory detection tasks in psychology (Banks. 1970; Green 

and Swets. 1966). Most of the requirements of SDT. some 

of which are discussed below. are satisfied in such 

contexts. 

First, signal detection analysis is primarily 

applicable to experiments in which there is a large number 

of observations. The proportion of signal-plus-noise (sr) 

and noise-only (N) events in a given set of observations 

is usually set at 0.5 (McNicol, 1972. p. 100). The 

sequence of presentation of these events is assumed to be 

random or random appearing. Second. most of the 

assumptions underlying the application of SDT could easily 

be satisfied in such experiments. Third. these types of 

experiments normally assume that the subject uses a fixed 
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judgment criterion under a given experimental condition. 

To derive the ROC curve, changes in the criterion could be 

'induced by (1) explicit instructions to the subjectB to 

change their judgment criterion, (2) changes in the payoff 

functions for correct and incorrect responses, and (3) 

changes in the prior signal probability [i.e., P(SN)] 

(Egan and Clarke, 1966). 

The basic features of signal detection analysis 

can, therefore, be summarized as follows: (1) a laree 

number of trials for each subject. essentially because of 

the need to estimate a pair of distributions, (2) 

responses analyzed for each observer since detectability 

is normally considered a property of individuals, and (3) 

the proportion of sn and N events should, ideally, be 

equal [i.e., P(SM) = PCC)], unless it is ~aried to obtain 

different operating points on the ROC curve. 

Recent developments, especially the extended 

application of SDT to other types of detection tasks where 

some of the usual assuoptions of SDT are not satisfied, 

have encouraged researchers to evaluate the likely impacts 

of the violation of any of these assumptions [e.g., P(SN) 

• peN)] on observers' performances. The purpose of this 

chapter, therefore, is to provide evidence on (1) the 

effects of variations in the number of trials, (2) the 

effects of prior signal probability, and (3) the effect on 

detectability of the pooling of responses across subjects. 
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Since in this study, p(sn) is not equal to 0.5 and 

there is a small number of trials which will have to be 

~ pooled, evidence obtained relating to the likely effects 

of these factors will provide a basis for developing 

expectations about the performances of the participants. 

Before discussing the details of a simulation analysis, 

herewith is a discussion of the three factors noted above. 

Prior Signal Probability 

As noted earlier, the prior signal probability 

P(SN) is usually set at 0.5 in signal detection 

experiments. However, p(Sn) could be varied when the 

experimenter is interested in the effects of P(SU) on the 

observers' performances (l~cNicol, 1972, p. 100). In 

particular, such variations could be used to encourage the 

observer to change his/her judgment criterion in order to 

derive an ROC curve. SDT essentially assumes that 

variations in P(SN) can be used to alter an observer's 

judgment criterion without any change in his/her degree of 

sensitivity. 

However, interest in evaluati~g the effects of 

variations in P(SN) arose from questions regarding the 

validity of the assumption that chnnges in P(SN) affect 

only the judgment criterion but not detectability. If 

this assumption holds, then it is possible to manipulate 

P(SN) to obtain a locus of points on the ROC curve each of 
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which represents a different judgment criterion. But, as 

Schulman and Greenberg (1970) indicate, only if evidence 

indicates that variations in p(sn) do not affect 

detectability is it possible to summarize the locus of 

points by a single fitted operating characteristic. 

Previous studies on the issue of the effects of 

variations in P(SN) on observers' detectability heve 

produced mixed results. For example, Naehmias (1968), 

Burne (1974) have reported that there was no relationship 

between changes in P(SN) and detectability (d'e) or slope 

of ROC line(s). These studies, however, foune a 

consistent relationship between variations in P(SN) and 

hit and false alarm rates. The nature of this 

relationship also was found to be dependent on whether or 

not the subjects were informed that P(SN)~will vary for 

each experimental session. Results indicate that. with 

uninformed subjects, both the hit and false elarc rates 

decrease as P(SN) increases (nachmias, 1968). With 

informed subjects, however. both the hit and false alar~ 

rate~ increase as p(Sn) increases (Tanner, Haller and 

Atkinson, 1967). In all cases, these studies conclude 

that observers' performances under all P(SN) conditions 

could be summarized by the same ROC curve. 

The results reported by other studies, however, 

suggest a relationship between variations in P(SN) and 

die. Markowitz and Swets (1967) report that higher die 
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values could be expected for higher P(SN). In particular, 

their study's results indicate that die does increase with 

increasing frequency of signal presentation. at least at 

the higher signal-to-noise ratios. They conclude. 

therefore. that it does seen es if various a priori 

probabilities of signal presentation will yield distinct 

ROC curves. Also, Ogilvie and Creelman (1968) reported 

that for n given number of trials in an experiment, equal 

numbers of sn and N stimuli give the most reliable (least 

error variance) estinate of the points for the ROC curve. 

The inconclusive results of earlier studies could 

be attributed to many unknown factors. including the 

effects of the experi~ental setting or the characteristics 

of the subjects used. For example, those studies which 

suggest a relationship between variations in p(SU) and die 

did not indicate vhether (a) the subjects were informed of 

the changes in P(SN) between one experimental session and 

the other. or (b) if any feedback is provided to the 

subjects after each experiment. Nevertheless. this 

inconclusiveness suggests that additional evidence is 

needed regarding the effects of variations in P(SR) on 

detectability. 

Number of Trials 

As indicated earlier. detection analysis is 

ordinarily applicable to experiments in which a large 

¥ • 



number of responses is elicited from a subject. The 

primary motive for this requirement is to enable one 
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reliably to estimate the index of detectability and other 

attributes calculated from these responses. 

The number of responses required for a signal 

detection experiment depends on the degree of reliance the 

researcher intends to place on the results of a study. 

For example, Pollack and Hsieh (1969) have, through a 

simulation experiment, provided an estimate of the 

variance of the area under the ROC curve (i.e., Ac). They 

indicate that the variance of Ac, say V(Ac), would be 

consistently somewhat less then the binomial variance 

associated with a score on a two-alternative, 

forced-choice task of n/2 questions; that is, 

V(Ac) = [Ac(I-Ac)1I(n/2) (6-1) 

A somewhat conservative estimate of the sample 

size (number of responses) required for a 90% confidence 

that the estimated Ac is within plus or minus 0.05 of the 

true value of Ac then can be deternined through the 

following equation: 

2~ A(1-A) = 0 OS 
2/2 • (6-2) 

so that 
2 n a 2A(1-A)/(0.025) = 672 for Ac = 0.7 
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This huge data requirement is seldom met in even 

the most thorough studies but the need is well recognized. 

For example. Green and Swets (1966) suggest that about 250 

SN and 250 U events are desirable. In many applications 

when the stimulus material or the judgments to be made are 

complex, it is impossible to have as many trials as is 

desired to estimate individual detectabilities accurately. 

The alternative is then to use a number of subjects for 

each condition and average over subjects, a enough large 

number to offset the inter-subject variability. As 

indicated earlier, Angus and Daniel (1974) applied snT to 

an experiment in marketing, in which a panel of judges 

rated the richness of only 27 di~ferent ice crea~ products 

on a 10-point certainty scale. It is anticipated that SDT 

will continue to be used in such cases with few a s~all 

nUMber of trials. However, no previous research except 

Pollack and Hsien (1969) has reported which evaluates the 

likely effects of the number of trials (say, liT) on 

observers' detectability, and they used model that did not 

assume fixed criterion response categories. Moreover~ 

there may be an interaction between P(SN) and NT. This 

also is an issue not previously addressed for the measure 

Ac. A preliminary simulation experiment is reported in 

the next section providing evidence bearing on the main 

and interaction effects of variations in P(SN) and number 

of trials on observers' performances measured by Ac. 
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Pooling of Responses 

Because of the problem associated with generating 

a sufficiently large number of trials to satisfy the 

requirements of SDT, Some researchers (e.g., Drury and 

Addison, 1973; Chapman and Feather, 1971) have resorted 

to pooling the small number of responses across individual 

observers. But, aa HcNicol (1972) indicates, this 

procedure likely will underestimate to an unknown extent 

the detectability index derived for each group. Be, 

therefore, advised that neither the hit and false alarm 

rates nor the ra~l data for each subject be combined. He 

suggested that only the z(s/S) and z(s/R) values derived 

from the raw data should be combined since only these will 

give an unbiased estimate of detectability, d'. 

The responses provided by this study's subjects 

were pooled, in view of the following. First, each 

subject provided only twenty (20) responses across two 

experimental cases. Consequently, there will be many 

cells with zero observations if the responses were 

analyzed by individual, since the responses had to be 

spread over eleven response categories (see Appendix r. for 

procedures used to analyze this study's data). However, 

the Grey and Morgan's (1972) program used in this study 

requires no cells with zero observations. Second, the 

number of individual responses is so small tha~ the Beta 

estimates would be quite ambiguous without pooling. 
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It is not possible to state a priori the effects 

of pooling on Ac. for the following reasons. The pooled 

data is derived from subjects with different decision 

criteria and different detectabilities. If there is 

sample size bias, a~ will be indicated shortly, pooling 

reduces'it to the extent that the subjects are similar in 

their response generation process. However, pooline may 

significantly increase the bias to the e~tent that 

individual differences, when pooled, increase the sn and N 

variance. The mOre dominant of these effects will, 

therefore, have to be determined empirically for each 

situation. 

Although empiriccl evidence regarding the effect 

of pooling of the responses by this study's subjects is 

provided in Chapter 7, a thorough investi~ation of the 

effect of pooling of responses on Ac is left for future 

research. 

Simulation Experiment 

I performed a simulation e~periment to provide 

evidence bearing on the main and interaction effects of 

prior signal probability [P(SN)] and the number of 

observations on Ac. I used Ac as an index of 

detect~bility in this simulation because (1) as indicated 

earlier, it is a distribution-free measure of 

detectability (Green 1964) and (2) it allows for a direct 



comparison of the results of the simulation to the 

performance of the subjects in the actual experiment. 
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To generate the SH and N observations for each 

cell, I assumed the population index of detectability, d', 

to be fl. Then, I used the cutoff values that ",ould mal~e 

the subjective probability response set §.l, .3, .5, .7, 

.9t perfectly calibrated [reported in Ferrell and McGoey 

(1980)] to partition into cells the observations 

generated. For simplicity, the probability density 

function f(y/T) ~f the decision variable Y when the 

proposition is true, and fey/F) when the proposition is 

false, are assumed to be normally distributed with means 

d'/2 and -d'/2 respectively and with unit variance (see 

Figure 4-6 for a graphical representation of the model's 

assumptions). A pseudo randon number generator produced 

responses according to this conventional signal detection 

nodel. 

To provide evidence reearding the effects of p(SP) 

and number of trials on Ac, I performed a two-way analysis 

of variance (ANOVA). The nunber of observations used for 

the simulation ranged from 50 to 1000 (i.e., 

50,100,200,300 e400,500,600.700,800,900,1000) while the 

P(SN) set used ranged from .1 to .9 (i.e., .1, .2, .3, .4, 

.5, .6, .7, .8, .9). Each trial and p(sn) pair was 

replicated four times, thus generating four Ac values per 

pair. I used the computer program written by Grey and 
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Morgan (1972) to analyze the data. 

Also, to provide a basis for evaluating the 

impacts of P(SN) and number of observations on the 

performance of this study's subjects, I generated another 

set of Ac values from a set of observations ranging from 

20 to 1000 (i.e., [20,50.100,500,1000] and a P(SH) set of 

[.4,.5]. These values of P(SN) correspond with those in 

the first account classification category used in the 

actual experiment (see Figure 5-2 for details). The 

observation set 'includes a sample size of twenty (20), 

which also corresponds with the number of responses 

elicited from each subject in the actual experiment. 

Analysis and Discussion of Results 

The 44x9 matrix of Ac values generated in the 

first simulation experiment is shown in Table 6-1. This 

data matrix was used to run a two-way ANOVA test of the 

following hypotheses: 

HoI: 
Hal: 

P(SN) has no significant effect on Ac 
P(SN) has a significant effect on Ac 

H02: The number of trials (N) does not 
significantly affect the value of Ac 

Ha2: The number of trials (N) does 
significantly affect the value of Ac 

The results, which are shown in Table 6-2, indicate the 

significance of both the main and the interaction effects 
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Under the ROC Curve 
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Table 6-2. Two-Way Analysis of Variance: Effects of Number of 
Trials (NT) and Prior Signal Probability P(SN) on 
Area Under the Curve. 

Main Effects .303 18 .017 18.71 .001 

N .057 8 .007 7.90 .001 

P(SN) .246 10 .025 27.36 .001 

2-Way Interactions 

(N & P(SN» .122 80 .002 1. 70 .001 
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of P(SN) and number of observations on Ac. The observed 

significance of the effect of P(SN) on Ac agrees with the 

results of the study reported by Markowitz and Swets 

(1967). in which they experimentally found that different 

p(SW) may yield distinct ROC curves. However, the 

mechanism may be entirely different in the two cases. 

An overview of the results indicates that the Acs 

calculated for small NT are generally less than those for 

large NT. Furthermore, Acs for low peSO) have a higher 

de~ree of variability (i.e., have a wider range of values) 

than those of higher P(SN) in accord with Ogilvie and 

Creelman's (196~) observations that. for a given number of 

observations in an experiment, p(sn) = P(C) c 0.5 gives 

the most reliable estimate of the points for the ROC 

curve. Relative to the expected Ac of 0.$4 for the 

population from which the sample observations are asssumed 

to have come, there seems to be a consistent 

underestimation of Ac. The degree of underestimation is 

lower for large NT, although the effect of this (sample 

size) on the degree of underestimation is reduce~ as P(SN) 

approaches 0.5. This finding suggests an interaction 

effect of P(SN) and NT, as indicated earlier. This result 

is presented graphically in Figure 6-1. 

To provide further evidence regarding the effects 

of variations in P(SN) and the number of observations (or 

responses) on the performance of this study's subjects, I 
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NT-SOO ...-
0 

NT-IOO "0 

h. 

Note: Values are from Table 
6-1. By nymmetry, values for 
P(SN) • P averaged with those 
from P(SN) • (l-p) to maximize 
the sample size for P(SN) p .5. 

NT-SO 

--------+-------~------~------~----~~--o .1 .2 .3 

P(SN) 

.4 .5 

Fig. 6-1. Effect of P(SN) and Number of Observations (NT) on the 
Underestimation of Area Under the ROC Curve. 

* Expected Ac for the population with a detectability of ~ • 
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generated two hundred and twenty-five (225) Ac values 

according to the above simulation model for each given 

number of trials (N) for values of prior signal 

-~robability P(SN) of 0.4 and 0.5. The results are shown 

in Table 6-3. 

Comment on the Simulation Results 

In the simulation, the signal detection model was 

assumed and pseudo random numbers generated according to 

that model were used as responses to calculate Ac as a 

function of P(SN) and number of trials. The results 

indicate an underestimation bias which is greater with 

smaller P(SN) and number of observations. Such bias was 

not found by Pollack and Esieh (1969) and has not been 

reported elsewhere, and no clear theoretif81 explanation 

for it has yet emerged. 

Moreover, the standard deviations for Ac are a 

little more than half the corresponding binomial standard 

deviation and in the case of the estimate most closely 

corresponding to the conditions of Pollack and Hsieh 

(1969) simulation (i.e., 100 total samples and P(SN) = 

0.5), they obtained a substantially larger standard 

deviation, 0.055 J as compared with 0.034 in Table 6-3. 

Their value is based on 100 independent simulations and 

that in the table are over 200. so the effects is not due 

to small sample bias in estimation of variance. 
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Table 6-3. Effects of Number of Trials (NT) and Prior Signal 
Probability P(SN) on Variability of Area Under 
the Curve 

AREA U N D E R THE CURVE 

RANGE 
Standard Binania1 Coefficient 

Lowest Highest Mean Deviation Standard of 
Deviation Variation 

.4 .402 .782 .614 .066 .108 
20 

til .5 .442 .740 .646 .063 .15 .097 ,.., 
-< 
H .4 .593 .810 .730 .047 .065 
r:;:: 50 
E-4 .5 .600 .832 .743 .050 .09 .067 

~ 

0 .4 .668 .840 .773 .035 .045 
100 

r:;:: .5 .692 .842 .780 .034 .06 .044 
w 
rtI 

~ .4 .754 .835 .803 .018 .022 
::;l 500 
z .5 .759 .837 .805 .018 .03 .022 

.4 .761 .836 .803 .014 .016 
lOOO 

.5 .773 .833 .809 .013 .02 .016 
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Although much effort and care has been put into 

checking the simulation program and the meth~d ,of 

calculating Ac, it is still possible that the simulation 

is faulty. Until the bias and variance properties of Ac 

are confirmed by an independent simulation that uses 

different procedures but the same underlying model, these 

results must be considered tentative. If correct, their 

implications are quite serious, so further research on 

this matter is imperative. 

It is concluded that with the number of responses 

per auditor (20) and the number of auditor-subjects (28) 

both as large as it was feasible to make them, it is 

suitable to pool the results in order to calculate Ac and 

decision criterion (Beta). If the measure Ac is biased ~s 

the simulation suggests, pooling will re~uce the bias. 

Additionally, there can be expected underestimation due to 

the pooling of different criteria and detectability, but 

it will be slight. P(SN) has been made as near 0.5 as 

feasible and, even if the simulation is correct, the 

effect of P(SN) = 0.4 on the pooled data should not 

produce a very substantial underestimation • 

; 'It 



CHAPTER 7 

THE DATA ANALYSIS 

In this chapter, I present an analysis of the 

subjects' responses in accordance with the research issues 

identified in Chapter 5. 

>, 

~ Discussion of Results by Research Issue 

Research Issue Number One: 

Detectability of Auditors' Responses 

To provide evidence relating to this research 

issue, a computer program based on the maximum likelihood 

estimation model su'ggested by Grey and Morgan (1972) was 

used to derive the index of detectability of auditors' 

respons~s. For reasons stated earlier (see Chapters 4 and 

5), Ac, which is e~uivalent to the area under the ROC 
~ :' 

curve, was ~h;'chosen measure of the subjects' detect-

ability. 

Table 7-1 shows the Acs derived from these 

responses across all experimental conditions. An overview 

of the results indicates that, overall, the Acs range from 

0.574 to 0.714 across the three account classification 

approaches. 

148 



Table 7-1. Area Under the ROC Curve 

Level of 
Analysis 

Overall 

Internal 
Control 

Functional 
Level 

Item 

ABC 

XYZ 

Manager 

Senior 

149 

Account Classification 

Approach 

I II III 

.648 .574 .714 

.673 .482 .751 

.616 .679 .673 

.716 .587 .782 

.620 .567 .689 
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Of interest also is the effect of the experimental 

variables on Ac. Table 7-1 indicates that, in general, 

the Acs attained when the internal control system is 

adjudged strong are higher than the Acs attained when the 

internal control is adjudged weak. This finding suggests 

that auditors are likely to make more accurate judgments 

when they face a stronger AlC environment than when they 

face a weaker AIC environment. A discussion of the 

effects of the state of internal control on the 

characteristics of the subjects' responses is provided 

be 10,·,. 

An evaluation of Ac by functional level also 

indicates that, for all account classification approaches, 

audit managers' Acs arc greater than that of the audit 

seniors. This finding is consistent with the expectatior. 

that the more experienced audit managers" judgmental 

accuracy should be higher than those of the less 

experienced audit seniors. An evaluation of the 

differences in the characteristics of the judgments by 

functional level accounting for these differences in Acs 

will be presented shortly. 

In general. the auditors' Acs range fron 0.482 to 

0.782. This should not be unexpected, however, given the 

danpcning effects of. say, the small number of responses 

per subject on Ac noted in Chapter 6. Relative to the 

results of the simulation experiment reported in Chapter 



6, the Acs sugggest a reasonably high degree of 

detectability by the auditor-subjects. 
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Consistent with the findings reported for the 

simulation experiment, there seems to be an effect of 

P(SN) on the variability of the subjects' Acs. The Acs 

reported for the higher P(SN) in respect of the first 

account classification approach are less variable (they 

range frorr. 0.616 to 0.716) than those of the second and 

the third account classification approaches (which range 

fron 0.482 to 0.714). As indicated in Chapter 6, it is 

impossible to state a priori the effect of pooling of 

responses on Ac. To provide preliminary evidence on the 

effect of poolong of responses on this stuqy's subjects, I 

calculated the Acs by ineividual subject for the first 

account classification category, which were then avera~ed 

for each level of analysis. The Acs calculated both by 

averaging and pooling are reported in Table 7-2. The 

results sugBest that in general, pooling causes an 

underestimation of Acs, although this effect appears 

insignificant. However, as indicated in Chapter 6, 

further research on this matter is suggested. 

Research Issue Number Two: 

Subjects' Judgment Bias 

Evidence bearing on this research issue indicates 

the nature of the subjects' preferences for one category 



Table 7-2. Effect of Pooling of Responses on Area 
Under the ROC Curve 

Procedure 

Overall 

Internal Control: 

ABC 

XYZ 

Functional Level 

Manager 

Senior 

Averaged 
Acs 

0.660 

0.675 

0.646 

0.703 

0.643 

Pooling of 
Responses 

0.648 

0.673 

0.646 

0.716 

0.620 
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of response (say, "sn") to another (say, "n"). It also 

allows an evaluation of the effects of the account 

categorization approaches on the subjects' decision rules. 

As shown in Chapter 4 and in Chapter 5, the value 

of the ratio of the regret for incorrectly responding "sn" 

to the regret of incorrectly responding "n" (i.e., K) 

provides a measure of the subjects' response bias. A 

value of rr greater than one indicates that the subjects 

are more prone to responding "n", while K < 1 suggests 

that the subjects were more inclined to respond "snIt. A K 

value equal to one (rr = 1) indicates indifference on the 

part of the subjects. 

Table 7-3 presents the derived measure of bias 

(Beta) and the associated K values for each account 

classification approach. The K values indicate that, 

overall, the auditor-subjects were not ineifferent to the 

costs of decision errors they are likely to co~mit. The K 

value of O.~9 reported suggests that the auditors were 

more prone to respond "sn" than "n". This finding 

suggests that, in general, auditors tend to avoid, or at 

least minimi~e, the costs of incorrect acceptance of 

materially misstated account book values. 

The AlC environment appears to have the most 

pronounced effect on the nature of the subjects' judg~ent 

bias. When the internal control is adjudged stronG, the 

subjects were more prone to respond "n" (K r: 1.19) than 
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Table 7-3. Index of Response Bias by Account Classification Approach 

Level of 
Analysis 

Overall 

Internal 
Control 

Functional 
Level 

Item 

ABC 

XYZ 

Manager 

Senior 

1 

Beta K Beta 

1.09 .89 1.15 

1.45 1.19 1.64 

.89 .69 .93 

1.04 .85 1. 23 

1.09 .89 1.12 

II III 

K Beta K 

.29 .967 .24 

.41 1.13 .28 

.23 .92 .23 

.31 •• 86 .21 

.28 •• 99 .25 
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"sn". However, when the internal control is perceived to 

be relatively weak, the subjects were more prone to 

respond "sn" (K = 0.69) than "nne This finding suggests 

that the subjects were generally more skeptical of the 

fair presentation of the account book values when facing a 

weaker AlC environment. Similarly, they were more 

confident of the fair presentation of the account book 

values when facing a stronger AIC environment. As a 

result, consistent with professional standards, auditors 

would prefer to perform more tests of details when the Ale 

system is adjudged weak than when the AIC system is 

perceived to be strong. 

Functional level does not seem to have a 

significant effect on the subjects' decision rules. Eoth 

the managers and the seniors displayed e ~endency towards 

responding "sn" rather "nIl. This finding suggests that 

both groups of auditors are equally disposed to minimizing 

the costs associated with errors of incorrect acceptance 

of materially misstated book values. 

The K values reported under the second an~ the 

third account classification approaches should, however, 

be interpreted with caution, given the potential 

confounding effects of p(Sn) on these K vslues. For these 

two approcaches, P(SN) is 0.2. Fron equation (4-17), it 

should be apparent to the reader that a low P(SN) will 

have a dampening effect upon the value of K. Therefore, 
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since the low K values reported in these situations are 

confounded with the effect of the low P(SN) values, no 

meaningful inferences about the subjects' preferences 

could be made under these two situations. 

An overview of both the Beta and the K values, 

however, suggest a relationship similar to those observed 

under the first classification approach. For example, the 

differences in K values are greatest ~or the AIC variable, 

but they are almost inperceptible for t~e functional level 

variable. In relative terms, the E values for the weak 

AlC environment are greater than the K values for the weak 

AlC environment. Therefore, the observations made about 

the subjects' preferences under the first account 

classification approach appear applicable to those of the 

second and the third account classification approaches. 

Research Issue Number Three: 

Effect of Task Criterion 
on Auditors' Performance 

As indicated earlier, Tukey's (1960) distinction 

between conclusions and decisions suggest that the 

responses provided by this study's subjects should be 

affected by the task criterion. In particular, the 

subjects are expected to be more sensitive to the 

consequences of their decision errors under the action 

criterion than under the judgment criterion. To provide 
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evidence bearing on this idea. I evaluated the 

significance of the differences in the subjects' responses 

by task criterion in terms of (a) proportion of correct 

responses, (b) false alarm rates, and (c) miss rates. I 

also compared the subjects' index of bias by task 

criterion. 

A priori, one can state that, if the subjects are 

more concerned with the consequences of their decision 

errors under the action criterion, then their decision 

rule under the action criterion should be more stringent 

than their decision rule under the judgment criterion. 

That is, the auditors will be more prone to respond "snit 

than "n" under the action criterion. 

This scenario also implies that, when making 

actual audit decisions, the reeret which auditors 

associate with false alarms should be less than those 

associated with misses. Renee, the K values for the 

action criterion should be lower than those of the 

judgment criterion. I provide evidence bearing on this 

idea through a comparison of the auditors' jud£rnental 

biases (Beta) and regret ratio (K values) by task 

criterion. 

Table 7-4 presents a summary of these 

characteristics for each classification approach by task 

criterion. To determine the effect of task criterion with 

respect to a given classification approach, the test for 
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Table 7.-4. Characteristics of Auditor's Responses 

A: Account Classification I 

(i) Judgment (if) Action 

RESPONSE RESPONSE 

sn n sn n 

~~I 
SN 140 112 

N 97 211 

~ ~ SN 147 109 
~~~ 
~o< N 135 169 
til z 

B: Account Classification II 

(i) Judgment (11) Action 

RESPONSE RESPONSE 

sn n sn n 

~~~ SN 57 55 

~ < N 180 268 
til z 

~~i SN 74 38 

Eof°< N 223 225 
til z 

C: Account Classification III 

(i) Judgment (ii) Action 

RESPONSE RESPONSE 

sn n sn n 

~~~ ~N 76 36 
..:s:o~ 
~ < N 157 291 
til z 

~ ~ SN 73 39 ~~~ ~o 
N 221 227 til < z 



differences in proportion for nonindependent samples 

suggested by some researchers (for example, McNemar 

[1949]; Cochran (1950]) was used to analyze the data. 
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The samples were considered nonindependent since the same 

set of subjects provided responses twice for each account 

item, since the experimental task requests the subjects to 

provide a second response (that is, to state whether nn 

account item would require special audit attention) in 

light of their earlier responses. The statistical test 

enables one to evaluate the significance of the changes in 

the characteristics of the subjects' responses (e.g., frOD 

being "correct" to beine "incorrect") due to a change in 

the task criterion. An example will make this clear. 

In Table 7-5, I present a sumnary of the chsnees 

in the number of correct responses for each subject with 

respect to the account items under the first 

classification category. For example, 14 of the first 

subject's responses under the judgment criterion were 

~orrect, while only 13 of these responses were correct 

under the action criterion. The net effect of the chan~e 

in response criterion, therefore, is to reduce by one the 

number of this subject's responses under the action 

criterion. Similarly, with respect to the tenth subject, 

the net effect of the change in response criterion is to 

increase by two the nuober of correct responses under the 

action criterion. The totals of these changes (43 and 8 
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Table 7-5. An Example of the Procedure for Evaluating the Effect of 
Task Criterion on the Subject's Responses. 

Item: Proportion of Correct Responses With Respect To 
Account Classification Category I 

Correct Responses Net Difference 

Subject Judgment Action Judgment Action 

1 14 13 1 
2 14 9 5 
3 17 15 2 
4 14 12 2 
5 11 8 3 
6 12 12 
7 12 14 2 
8 14 9 5 
9 11 12 1 

10 11 13 2 
11 9 9 
12 16 17 1 
13 13 11 2 
14 15 10 5 
15 11 11 
16 12 13 1 
17 13 11 2 
18 11 9 2 11 
19 11 11 
20 9 9 
21 11 10 1 
22 13 12 1 
23 11 12 1 
24 11 10 1 
25 14 12 2 
26 13 10 3 
27 13 12 1 
28 15 10 5 

Total 351 316 43 8 
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for judgment and action criterion respectively) are also 

shown. It is these totals which are used to evaluate the 

significance of the differences in the subjects' responses 

due to a change in the response criterion. 

This scenario has been represented graphically by 

Glass and Stanley (1970) and could be adapted for 

evaluating this study's data as follows: 

Incorrect 

Correct 

J U D G HEN T 

Correct Incorrect 

A 

C 

B 

D 

The test for differences in proportions for 

non independent samples focuses only on A and D, which arc 

the number of responses that changed with respect to a 

defined attribute from one situation to another. For 

example, from Figure 7-5, the total of 43 net responses 

for the jucgnent criterion is analogous to A. while the 

total of 8 net responses under the action criterion is 

analogous to D. Note also that the test statistic docs 

not require a calculation of the proportions A/(A+n) or 

D/(C+D); the only values required are A and B. 

Glass and Stanley (1970) indicate that the 

appropriate test statistic to be used to test the null 

hypothesis (that is, that there is no significant 
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difference in the proportion of the responses) against the 

alternative hypothesis can be representee as follows: 

D - A 

z = ~(~-~-~) (7-1) 

where z is normally distributed with a mean of zero and 

variance of 1 if and only if (D + A) is greater than 10. 

Table 7-6 presents the results of the test for (a) 

judgmental accuracy (thct is, the total nuober of correct 

responses), (b) false alarms, and (c) misses for eacr. 

experimental variable. The nU2bers under the headines A 

and D represent the total net responses under the jud£ment 

and action criteri~ respectively, calculated as shown in 

the Figure 7-4 by attribute (i.e., correct responses, 

false alarms, and misses). There appears to be n 

significant effect of task criterion on t~e subjects' 

judgmental accuracy, with Table 7-4 indicating that this 

significant difference could be attributed mainly to the 

substantial increase in the subjects' false alarms under 

the action criterion relative to their false alarms under 

the judgment criterion. 

Note that, except for the second classification 

approach, task criterion has no effect on the magnitude of 

the changes in the subjects' misses. This finding may be 

attributed to the fact that auditors generally tend to 

minimize the likelihood of erroneously accepting 

materially misstated balances, a strategy which results in 



Table 7-6. Test for Differences in Characteristics of 
Auditors' Responses by Task Criterion 

Account 
A+ D+ Classification Item 

Approach 

Correct Responses 45 8 

I False Alarms 5 45 

Misses 21 16 

Correct Responses 44 18 

II False Alarms 12 55 

Misses 20 3 

Correct Responses 77 10 

III False Alarms 10 74 

Misses 6 9 

* Significant at the 99% confidence level. 

Z 

* -4.90 

* 5.66 

-0.82 

* -3.30 

* 5.25 

* -3.54 

* -7.18 

* 6.98 

0.77 

+ See Table 7-4 for the procedure used to derive 
these values. 
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low miss rates regardless of the task criterion. This 

finding also corroborates those findings reported under 

the second research issue which indicate that, in general, 

auditors tend to minimize the regret of incorrectly saying 

"sn" more than the regret of incorrectly saying "n". 

In summary, it appears that the task criterion has 

a significant effect on the subjects' performance. It 

also appears that the main cause of this significant 

difference is that the subjects were more concerned with 

minimizing the error of incorrectly accepting materially 

misstated book values than the error of incorrect1r 

rejecting fairly presented book values. 

Discussions with many of the participants after 

each experiment lend support to the findings reported 

above. They indicated that, in practice,:there are 

account itens which always are examined in detail because 

of their nature and/or perceived importance, even vhen the 

reported book value conforms with the auditorrs 

expectations. These account items, they indicate, 

typically include sales, accounts receivables, inventory 

and fixed assets. It appears, therefore, that when making 

audit program decisions, auditors prefer to be safe rather 

than be sorry. It is this strategy which, as shown above, 

accounts for the higher incidence of false alarm errors 

committed under the action criterion. 
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I present in Table 7-7 a comparison of the Beta 

and the corresponding K values by account classification 

approach as a basis for evaluating the stringency of 

auditors' decision rules under each task criterion. As 

hypothesized, the results indicate that auditors are more 

prone to responding Usn" than Un" under the action 

criterion. This finding is consistent with the idea that, 

when making actual audit decisions, auditors attach 

greater importance to the re~ret of incorrectly acceptinz 

materially misstated book values than the reGret 

associated with incorrect rejection of fairly presented 

book values. 

The quality of AIC also seens to have a mitigatinz 

effect on the stringency of the subjects' biases. In all 

cases, the subjects' biases were less severe when the AlC 

was adjudged strong. That is, auditors are less prone to 

slating for intensive audit account balances which ere 

fairly presented when the AIC was adjudged strong than 

when it was adjudged weak. 

In general. the auditors' decision rules seem 

insensitive to the prior signal probability (i.e., the 

base rate). This is not unexpected, since the subjects 

were not informed of this at any stage of the experiment. 

Future researct should, however, endeavor to investigate 

the impact of base rates on the characteristics of 

auditors' PAR judgments. 
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Table 7-7. Effect of Task Criterion on Judgment Bias 

Account 
Classifi-
cation Level of BET A K 
Approach Analysis Judgment Action Judgment Action 

Overall 1.09 .64 .89 .53 

Internal 
Control: 

ABC 1.45 .57 1.19 .47 
I XYZ .84 .72 .69 .59 

Functional 
Level: 

Manager 1.04 .53 .85 .44 
Senior 1.09 .70 .89 .57 

Overall 1.15 .84 .29 .21 

Internal 
Control: 

ABC 1.64 1.03 .41 .26 
II XYZ .93 .70 .23 .17 

Functional 
Level: 

Manager 1.23 .85 .31 .21 
Senior 1.12 .85 .28 .21 

Overall .97 .57 .24 .14 

Internal 
Control: 

ABC 1.13 .44 .28 .11 
III XYZ .92 .65 .23 .16 

Functional 
Level: 

Manager .86 .52 .21 .13 
Senior .99 .59 .25 .15 
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The potential implications of this finding are 

twofold. First, it suggests that auditors will be less 

efficient at performing the audit task, given the inherent 

desire to minimize the error of incorrect acceptance of 

materially misstated book values. Second, the fincline 

suggests that auditors' beliefs may not be independent of 

their preferences, as postulated by Bayesian theory. The 

implications of this finding regarding the application of 

the Bayesian model to the audit decision process is left 

for further research. 

Research Issue Number Four: 

The Effect of Internal Control 
on Auditors' Responses 

To provide evidence bearing on this research 

issue, the test for differences in proportions for 

independent samples was usee to analyze the subjects' 

responses by state of internal control for each task 

criterion and account classification approach. As in the 

third research issue, the characteristics of interest ere 

the subjects' ju~gmental accuracy and decision errors. 

Unlike the third research issue, however, the subjects' 

responses were regarded as having been obtained from 

independent samples. As stated earlier, the experimental 

cases ~ere based on data from two independent audit 

clients. Therefore. there is no basis for conclu~ing that 
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the subjects' responses for each case were dependent. 

The test statistic for differences in proportions 

for independent samples suggested by Glass and Stanley 

(1970, p.32S) was used to analyze the data. The test 

statistic can be described as follows. Assume that there 

are two populations, Nl and N2. from which the samples nl 

and n2, respectively, were taken. The number of persons 

in the sample from nl possessing the characteristic of 

interest is f1 such th&t the proportion pI is f1/nl. 

Similarly. the respective value for n2 is f2 such that p2 

is f2/n2. Therefrom. the follo~ing test statistic is 

defined: 

pl-p2 
---------------------~-------

f1 + 2 £1 + £2 -
K -----:_:--. ) (1 - ) (1:. + 1. ) 

n1 + n2 n1 + n2 n1 ~2 

z = (7-2) 

The quantity (£I+f2)/(nl+n2) is the proportion of 

responses in both samples nl and n2 that possess the 

characteristic of interest. Also, (fl+f2)/(nl+n2) 

multiplied by 1 minus the same quantity. is an estimate of 

the variance of the dichotomously scored variable X with 

mean P. 

If. for both populations, nlPI [or nl(I-Pl) 

whichever is smaller] and n2P2 [or n2(1-P2) whichever is 

smaller] are greater than 5. then z in equation (7-2) has 

a normal distribution with mean 0 and variance lover 

repeated pairs of independent samples. 
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Table 7-8 presents the results of the test for 

differences in proportions for the relevant 

characteristics of the subjects' responses. The results 

indicate that, in general. the significance of the 

differences in the subjects' perfor~ance for each AlC 

environment is inversely related to peSE). For exa~pleJ 

nost of the differences were not statistically siznificant 

for th~ first account classification approach, whereas 

most of the differences were significant for the secone 

and the third approaches. 

The results also reveal a tendency to overrely on 

the good internal control system or to underrely on the 

bad internal control systen. For exanple, the miss rates 

were generally higher when the internal control is 

adjudged strong. That is, the subjects were more prone to 

erroneously accepting materially misstated account items 

when the internal control system was adjudged good. 

Sioilarly, the subjects were more prone to slating for 

intensive audit account balances which are fairly 

presented when the AlC is adjudged weak. The implications 

of this behavior for both the efficiency and the 

effectiveness of the audit have been noted earlier. Th~t 

is, overreliance on good internal control negatively 

affects the effectiveness of the audit, while an 

underreliance on weak internal control will adversely 

affect the efficiency of the audit since, in the latter 



Account 
Classifi
cation 
Approach 

I 

II 

III 

Table 7-8. Effect of Quality of Internal Control on Auditoris Responses 

C R I T E RIO N 

JUDGMENT ACTION 
Internal Control Internal Control 

Item 

Judgment Accuracy 

False Alarm Rate + 

Miss Rate ++ 

Judgment Accuracy 

False Alarm Rate 

Miss Rate 

Judgment Accuracy 

False Alarm Rate 

Miss Rate 

** 
ABC 

.64 

.43 

.52 

.57 

.35 

.71 

.p 

.24 

.36 

XYZ 

.62 

.50 

.39 

.59 

.45 

.27 

.58 

.46 

.29 

z 

.50 

-1.32 

* -2.06 

-0.54 

* -3.05 

* 6.59 

* 3.73 

* -6.90 

1.12 

* Significant at the 95% confidence level. 

ABC X Y Z 

.60 .54 

.55 .57 

.45 .39 

.58 .49 

.42 .58 

.43 .25 

.59 .48 

.40 .58 

.45 .25 

z 

1.43 

-0.48 

0.96 

'* 3.02 

'* -4.79 

* 2.84 

'* 2.61 

* -5.39 

'* 3.14 

** Number of Correct Responses as a Percentage of Total Responses. 
+ From Figure 4-2, Miss Rate = f2/(f2 + f4); 

False Alarm Rate = f3/(f3 + f4). 
..... 
" o 
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situation, the auditor will perform more tests of details 

than the situation warrants. 

Overall~ it appears that the subjects were able to 

make more accurate judgments uhen the internal control 

system is adjudged strong than when the system is adjud~cd 

weak. For example, the subjects' judgment accuracy was 

hieher for the strong internal control situation than for 

the weak internal control situation. Also, there appears 

to be a slight evidence of the effect of task criterion on 

the subjects' judgment accuracy. For example, other then 

for the second classification approach, the proportion of 

correct responses (decisions) were generally hieher 

(lo~er) under the judgment (action) criterion. 

Research Issue Humber Five: 

The Effect of Functional Level 
On Auditors' Performance 

As indiceted earlier, SDT assumes that 

detectability is positively related to an observer's 

accumulated relevant experience in the subject matter of D 

detection task. Furthermore, the structure of the A~ 

process in practice suggests that the more experienced 

auditors should be able to make more accurate judgments. 

To provide evidence bearing on this idea, the subjects' 

responses were evaluated by functional level. For reasons 

similar to those stated for the fourth research issue, the 
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test for differences in proportions for independent 

samples was used to analyze the data, since the responses 

by, say. the managers are in no way dependent upon the 

seniors' responses. 

Table 7-9 presents the results of the test for the 

effect of functional level on the subjects' performances. 

The table indicates that, other than miss rates (that is, 

the error of incorrectly accepting materially misstatec 

book values), the audit managers' perfornances were 

generally not statistically different from those of the 

seniors. That is, at least for the first and the third 

classification approaches, it appears that the seniors' 

decision errors of incorrectly accepting materially 

misstated account balances were more severe than those 

committed by the managers. This findins ~uBgests that the 

managers may ~e more effective than the seniors at making 

PAP. judgnents. 

Despite the statistical insignificance of the 

differences in other aspects of the subjects' responses, 

an overview of Table 7-9 suggests an overall superior 

perfornance by the managers. In all situations, the 

managers' judgmental accuracy was slightly greater than 

that of the seniors. Similarly, in most cases, the 

decision errors co~mitted by the managers were lower than 

those committed by the seni~rs. A closer look at the 

results also suggests that under the judgment criterion, 



Table 7-9. Effect of Functional Level on Auditors' Performance 

Account C R I T E RIO N 

Classifi- JUDGMENT ACTION 
cation Functional Level Functional Level 
Approach Manager Senior z Manager Senior 

+ Judgment Accuracy .68 .61 1.55 .61 .55 

I False Alarm Rate + .32 .31 0.17 .41 .46 

Miss Rate + .33 .49 * -2.31 .36 .45 

Judgment Accuracy .57 .59 -0.43 .55 .53 

II False Alarm Rate .44 .39 0.98 .48 .50 

Miss Rate .41 .53 -1.15 .38 .36 

Judgment Accuracy .66 .66 0.00 .57 .52 

III False Alarm Rate .38 .34 0.80 .48 .50 

** Miss Rate .19 .38 -1.94 .22 .40 

+ See notes at the bottom of Table 7-7. 
* p 0.03 

** p 0.08 

z 

1.29 

-0.80 

-1.31 

0.32 

-0.38 

-0.81 

1.07 

-0.38 

-1.81 ** 

.... ..., 
w 
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managers appear to be less prone to comnitting the error 

of slating for intensive audit account book values which 

are fairly presented (i.e., greater false alarms) than the 

seniors. This scenario seems to persist uunder the action 

criterion, thus suggesting that. in practice, managers may 

be nore capable at detecting materially misstated book 

values than seniors. 

Research Issue Number Six: 

Calibration of Subjects' Responses 

As stated earlier, the aim of this research issue 

is to provide evidence relating to the auditors' 

effectiveness at communicating their knowledGe or, 

equivalently, the extent to which they are sensitive to 

their level of uncertainty in the accurac~ of their 

responses. Calibration is considered the appropriate 

measure for providing evidence bearin~ on this feature, as 

discussed in Chapter 4. Calibration is measured by 

matching the subjects' proportion of correct responses for 

each response category [P(C/ri)] with the given response 

category ri (that is, each subjective probability value on 

a scale [.5. 1]). 

Table 7-10 summarizes the relationship between the 

subjects' proportion of correct responses (along each row) 

aeainst each subjective probability value (i.e., response 

category) ri for all account classification approaches. 



Overall 

ABC 

XYZ 

Manager 

Senior 

* .Table 7-10. Calibration of Subjects' Responses 

ACCOUNT CLASSIFICATIION APPROACH 
I II III 

Subjective Probability Subjective Probability Subjective Probability 

.5 .6 .7 .8 .9 1.0 .5 .6 .7 .8 .9 1.0 .5 .6 .7 .8 

.7 .5 .6 .7 .7 .8 .6 .6 .6 .6 .6 .4 .6 .6 .6 .7 

.7 .5 .5 .7 .8 .8 .7 .5 .5 .6 .6 0.0 .7 .6 .7 .7 

.7 .5 .6 .7 .6 .9 .4 .6 .6 .7 .6 .6 .4 .6 .6 .7 . 

.8 .5 .6 .7 • 7 1.0 .7 .5 .5 .6 .6 .6 .6 .5 .6 .7 

.6 .5 .6 .6 .7 .7 .5 .6 .6 .7 .6 .2 .6 .6 .6 .7 

* Figures along the row represent the subjects' proportion of correct 
responses per given subjective probability. 

.9 1.0 

.8 .6 

.9 .8 

.7 .6 

.8 :.;8 

.7 .5 

.... .... 
V1 
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To facilitate an interpretation of this summary. the 

results are reproduced in graphical form in Figures 7-1 to 

7-7. 

Fi~ure 7-1 indicates that, as one might expect, 

the subjects' responses were less than perfectly 

calibrated. The figure also indicates that overconfidence 

is the predominant nature of the miscalibration, except 

for the judgment criterion at the 0.5 response category, 

which suggests a tendency towards underconfidence. 

Figures 7-2 to 7-4 present the calibration of 

subjects' responses by state of internal control for the 

three account classification approaches. The figures 

indicate that the nature of miscalibration is, also, one 

of overconfidence, excepqt for the responses at the 0.5 

response category for the judgment crite~~on, which 

indicate a tendency towards underconfidence. There does 

not seem to be a significant effect of the state of 

internal control on the calibration cf the responses. 

Finally, Figures 7-5 to 7-7 show, for each account 

classification approach, the effect of functional level on 

the calibration of the subjects' responses. The pattern 

of miscalibration is identical to those described above, 

that is, predominant overconfidence. Also, it appears 

there is no significant effect of functional level on the 

calibration of these responses. 



..-.. 
"" ~ -tJ 

'-" 
~ 

01-1 
CJ 
Q) 
~ 
~ 

8 
c:: 
0 

"" 01-1 
~ 
0 
~ 
0 
~ 
~ 

177 

1.0r-------------------------------------------~ 

.9 

.8 

.7 

.5 

.4 
.5 

Fig. 7-1. 

\ 
\ 
\ 

o 
\J:r 

o 

.6 .7 .8 .9 
Subjects' Response r i 

Overall Calibration of Subjects' Responses by 
Account Classification Criterion. 
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1.0r-------------------------------------------~ 

.9 

.8 

.7 

.6 

.5 ~------~~~~----~--------------------------~ 
.5 .6 .7 .8 .9 1.0 

Subjects' Response ri 

Fig. 7-2. Account Classification Criterion I: Effect of 
Quality of Accounting Internal Control (AIC) System 
on Calibration of Subjects' Responses. 

~ = Good AIC System (ABC) 

~ c Bad AIC System (XYZ) 
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Fig. 7-3. Account Classification Crite~i~n II: Effect of 
Quality of Accounting Internal Control (AlC) Syst .. 
on Calibration of Subjects' Responses. 
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Subjects' Response ri 

Fig. 7-4. Account Classification Criterion III: Effect of 
Quality of Accounting Internal Control (AIC) System 
on Calibration of Subjects' Responses. 

~ D Good AIC System (ABC) 

~ = Bad AIC System (XYZ) 
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Fig. 7-5. Account Classification Criterion I: Effect of 
Functional Level on Calibration of Subjects' 
Response. 
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Fig. 7-6. Account Classification Criterion II: Effect of 
Functional Level on Calibration of Su~jects' 
Responses. 
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Fig. 7-7. Account Classification Criterion III: Effect of 
Functional Level on Calibration of Subjects' 
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The following comments seem appropriate regarding 

the calibration results reported above. It should be 

noted that the experimental task requires the subjects to 

state whether an account balance is materially misstated 

(judgment criterion) and to indicate confidence in the 

correctness of their responses. Then, in light of these 

two answers, the subjects were required to indicate 

whether the account item under consideration will require 

special audit attention. The subjects' ~onfidence 

ratings, therefore. apply to the responses under the 

judgreent criterion rather than to those of the action 

criterion. To evaluate the calibration of auditors' 

responses under the action criterion, the subjects would 

have had to provide another set of subjective probability 

judgments inGicating the level of confide~ce auditors have 

in the appropriateness of their decisions. 

Overall, the findings reported here on the 

calibration of auditors' responses are consistent with the 

findings reported in the subjective probability 

elicitation literature which indicate that subjective 

probabilities are most often overconfident (see 

Lichtenstein, et aI, 1982). These findings, however, 

contrast with those reported by Solomon (1982) who 

report~d that the prior probability distributions (PPDs) 

of the responses of the auditors in his study indicate 

little tendency towards overconfidence and Bome tendency 
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towards underconfidence. Also, this study indicates that 

the nature of miscalibration of auditors' responses in 

this study was not sensitive to the state of internal 

control. It appears, however, that the subjects' 

responses indicate less overconfidence when the internal 

control is strong. 

The nature of miscalibration of the subjects' 

responaes also provides support for the DVPM. In 

• 
conformity with the predictions of the model, the base 

rate [P(SN)] seemS to have no effect on calibration. 

Similarly, the overconfidence noted with respect to the 

subjects' responses is consistent with DVP~!s prediction, 

given that the subjects' proportion of correct responses 

range frore 0.57 to 0.73, an indication that the 

experimental task was difficult. 

The relevant literature (e.g •• Beck, et aI, 1982) 

suggests that overconfident auuditors are likely to 

collect insufficient audit evidence on which to base their 

opinion. This study's findings suggest that this 

relationship may hold only under certain conditions. 

Given the reported overconfidence of this study's 

subjects, one expects that they should be less prone to 

responding "sn" than "n", since in the latter case the 

auditor will have to perform less tests of details and, 

hence, obtain less audit evidence. However, the results 

reported in Table 7-3 indicate that this condition holds 
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only when the Ale system is adjudged strong. A plausible 

reason for this finding is the discrepancy between 

auditors' beliefs and their preferences, which the 

literature postulates should be identical. However, more 

research is required before definite conclusions can be 

drawn. 

A plausible cause of the differences in the 

calibration of auditors' responses noted above end those 

reported by Solooon (1982) for similar (professional) 

auditor-subjects might be attributed to differences in the 

probability elicitation techniques employed in the two 

studies. In this study, the auditors were provided the 

boo~ values for each account item, and were required to 

specify whether the stated book value was (or was not) 

materially misstated and also to provide ~he level of 

confidence in the correctness of their responses. The 

nature of the task could, therefore, be considered from a 

signal detection point of view. But in the other studies 

referred to above, the cu~ulative distribution function 

(CDF)-fractile elicitation method was used, in which the 

subjects were required to state a book value for each 

fractile category. These differences in the calibration 

of auditors' responses could. at least in part. be due to 

differences in the elicitation techniques employed, since 

other researchers (for example. Chesley 1976) have 

indicated that the elicitation technique is the greatest 



source of variation in the resulrs of studies on 

subjective prohabi1ity. 

Research Issue Number Seven: 

Information Required for PAR Judements 
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Table 7-11 presents the (wei~hted) mean rank (~.R) 

of information items that the auditor-subjects considered 

relevant to PAR judgments. The infornation iteu 

cons idere d mo s t r e 1 evant for each ac count it en is ranl.e cl 

number 1. with the others ranked in descendine order. The 

table also presents the coefficient of variation (C.V) of 

these rankings. 

The table indicates that there are some 

information items which the subjects consider relevant for 

PAP. judgments across various account items. These include 

ratio analysis, history of audit adjustments, quality of 

internal control system and/or client personnel, and 

discussions with client management/personnel. Other items 

of information also considered relevant across many 

account items include the state of the economy, the nature 

of the client's industry, and the relationship of the 

given account item to other related account items. For 

example, the auditors expect the nature of changes in, 

say, the Sales Account to be positively related to the 

nature of changes in the Accounts Receivable account, 

provided there are no confounding effects of significant 
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changes in other variables like credit policies, the state 

of the economy, or the customers' ability to pay. 

Auditors are generally able to asess the impact of these 

extraneous variables through discussions with client 

personnel as well as familarity with sdevelopments in the 

economy and the client's industry. 

This study's findings provide both support and 

contrast to those of other relevant studies. For example, 
• 

ginney (1979) repo~ts that the existence of audit 

adjustments in an account iten in the prior year was the 

most important indicator of the existence of a material 

error in the current period's book value. The results 

reported in Tsble 7-11 also support the relevance of this 

infornation in the context of this study. However, 

history of audit adjustment was never con~idered the most 

important ite~ of information for PAR jud£ments with 

respect to any of the account itens. It was considerec 

the second most important for only two account items 

(Allowance for Doubtful Accounts ancl Accounts Payable), 

and the least important with respect to three other 

account items (Sales, Cost of Sales and Inventory). It 

was not even mentioned as a relevant piece of information 

for PAR judgments with respect to Accounts Receivable. 

Rylas and Ashton's (1982) study provides empirical 

evidence regarding the perceived diagnostic value of 

discussions with client management/personnel in the 
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detection of materially mistated book values. The authors 

indicate that less rigorous audit procedures such as AR 

and discussions with client personnel led to the detection 

of a large proportion of errors. They also indicate that 

client personnel problems, such ,as inexperience and 

insufficient knowledge of accounting, and various types of 

cut-off or accrual problems are important causes of 

errors. 

This study's findings appear to~e consistent with 

those reported by Rylas and Ashton (1982)0 For example, 

discussions with management were required by the subjects 

for all but one (Cost of Sales) account item. This is not 

surprising, since the auditor can obtain relevant 

information regarding the reasonableness of thc Cost of 

Sales book value fron other related accou.nt items, such as 

Sales or Inventory. The fact that the subjects ranked 

activities in related accounts as the most important piece 

of information required for their PAR judgments with 

respect to Cost of Sales provides support for this ide~. 

The results also indicate that information regarding the 

quality of the internal control systcm and/or personnel 

was considered necessary for' PAR judgments for all account 

items except Bad Debt Expense~ The explanation offered in 

respect of Cost of Sales regarding the availability of 

information from other account items also is true with 

respect to Bad Debt Expense. 
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The coefficient of variation (C.V.) reported in 

Table 7-11 was ranked and used as an index of the 

subjects' degree of consensus on the perceived importance 

of the information items for PAR judgments with respect to 

each account item. The lowest (hiehest) C.V. indicates 

the highest (lowest) degree of consensus. Of particular 

interest to this study is auditors' degree of consensus 

regarding the relative importance to PAP. judgments in 

general the information identified acro;s account items. 

To provide evidence bearing on this, I used the 

"Breakdown" procedure (see liie, et ai, 1975) to calculate 

the descriptive statistics reported in Table 7-12. 

The analysis indicate that the mean index of 

consensus for all infcrmation items considered most 

important for PArr judgments is 1.30 with ~ standard 

deviation of 0.483. Similarly, these values are 22.00 and 

1.9149 respectively for nil information items considered 

least important. This finding is consistent with the 

notion that, across account items, the auditor-subjects 

attained the highest degree of consensus regardine 

informetion items considered most important for PA~ 

judgments. 

This findine seems encouraging, since it indicates 

the potential for identifying information items considered 

most relevant for PAR judgments in general. This augurs 

well for the development of a behavioral model for 
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Table 7-12. Auditor's Overall Degree of Consensus Regarding the Rela-
tive Importance of Information Items Required for PAR 
Judgments. 

OVERALL 
INDEX OF CONSENSUS 

Code+ 
,Standard Sum of ~~umber 

Sum Mean Deviation Squares of Items 

1 13.00 1.30 0.483 2.10 10 

2 32.00 2.91 1. 700 28.91 11 

3 36.00 4.00 1.581 20.00 9 

4 38.00 3.80 1.549 21.60 10 ... 
5 55.00 5.50 1.179 12.50 20 

6 56.00 5.09 1.578 24.91 11 

7 41.00 5.85 2.268 30.86 7 

8 22.00 5.50 1.915 11.00 4 

+ The mean rank of information item across all account items. 

-++ Number of information items within each', code level. 
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auditors' PAR judgments suggested by some researchers 

noted earlier. llowever, additional research is required 

before any generalizable conclusions can be drawn. 



CHAPTER 8 

SUMMARY, LIMITATIONS, IMPLICATIONS OF 
RESEARCH FINDINGS, AND SUGGESTIONS 

FOR FURTHER RESEARCH 

This final chapter of the disse~tation presents 

(1) the limitations of the study, and (2) a summary of the 

major findinzs of the research study, including their 

likely implications for public accountin& practice. The 

chapter concludes with su~cestions for further study. 

The Limitations of the Study 

First. it should be recalled that the 

auditor-subjects were selectee on the basis of 

availability and willingness to participate. Therefore, 

in a strict sense, it is inappropriate to generalize the 

findin~s of this study beyond the auditors who 

participated herein. 

A second limitation relates to the use of case 

studies in the experiment. Although an attempt was made 

to enhance the realism of the experiment as much as 

possible, some aspects of the real-world AP. decision 
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process were not captured in the experimental setting. 

For example, the case studies do not capture the 

real-world reward structures and time pressures in AI 

tasks. They also did not capture the real-world AR 

decision process which, as indicated earlier, is 

multi-stage in nature. Furthermore, the case studies 

could not present all the information the subjects 

desired, or what they would normally have had in practice. 

Nevertheless, it should be noted that tffe cases were base~ 

upon realistic accounting data and inforoation on actual 

audit clients. In addition, an audit manager in the 

public accounting firm which provided the data asisted in 

the determination of the relevant information set for the 

purpose of the experiment. 

A third limitation of the study concerns the 

absence of an unequivoc&l criterion for classifying the 

account items as sn or R. Also, in practice, the audit 

process determines the "need" to flag an account item for 

intensive audit. That is, the auditor still may not 

detect account items which are actually materially 

misstated. Consequently, there always will be some 

elements of arbitrariness in classifying account items as 

SN or N in this type of experimental task. 

But, in recognition of the likely effects of the 

arbitrary classification approach adopted both on the 

subjects' observed detectability and evaluation of the 
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external validity of their responses, the subjects' 

performances were comparee under three account 

classification criteria. The results suggest that. for 

this study's subjects, the three classification approaches 

adopted had no significant effect on detectability and 

judement biases. However, consistent with the results 

reported for the simulation experiment, there is a higher 

degree of variability in the subjects' judgmental accuracy 

(i.a., Acs) for low p(Sn) values. 

A final limitation relates to the use of 

calibration as the only measure of e?ternal validity of 

the subjects' responses. Undoubtedly, this is a narrow 

perspective from which to evalu~te judgments. In 

addition, so~c rese~rchers (e.g., Yates, 1982) have 

suggested that resolution of responses should be preferred 

to calibration as a measure of external validity of 

judgments. Nevertheless, calibration seems particularly 

relevant to evaluating the validity of judgrr-ents in the 

auditing context because of the implications of the nature 

of miscalibration on aucit effectiveness and efficiency. 

For example, overconfident auditors may collect 

insufficient sample information on which to base thei~ 

audit judgments. Similarly, underconfidence implies that 

auditors might collect more sample information than is 

required to make audit judgments. Therefore, while 

admitting that calibration alone is not a complete measure 
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of validity of judgments, the information from calibration 

analysis is directly relevant to the purpose of this 

study. 

The Major Findings of the Study 

A summary of the major findings of the research 

study is presented in this section, followed by n 

discussion of the implications of the findings. 

Overall, the empirical results vrescntec in 

Chapter 7 indicate that: ,(1) the detectability of the 

auditors' responses are relatively high, considering the 

nature of the data used for the signal detection analysis; 

(2) the responses were affected by the subjects' biases, 

suggesting thet the auditors confounded their beliefs with 

their preferences in nakine their jud£men~s; (3) the 

auditors' judgments were miscalibrated; and (4) the 

aucitor-subjects displayed a higher degree of consensus 

regardine the information items considered most relevant 

to PAR judenents than those considered least important. 

The specific research findings by each rescnrch 

issue are summarized as follows: 

Research Issue One 

The Acs reported for the subjects ranged from 

0.482 to 0.782. Considering the nature of the data used 

in the experiment, this finding sugsests a reasonably hieh 
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degree of detectability by the auditors. Both the state 

of internal control and functional level appear to have an 

effect on the subjects' Acs. 

Research Issue Two 

The subjects' responses were affected by their 

biases. They appear to be concerned more with avoiding. 

or at least minimizing, the costs associated with 

incorrect acceptance of materially misstated account 

balances. Hence, they were more prone to committing 

efficiency errors by flagging for intensive audit account 

balances which are fairly presented. 

Research Issue Three 

There is a significant effect of task criterion on 

the subjects' performances. Their judg~ental accuracy 

was, generally, higher under the judgment criterion, while 

their decision errors were higher under the action 

criterion. The predominant type of decision error, also. 

is the tendency to flag for intensive audit fairly 

presented account balances. This findin~ suggests that, 

when planning for an audit in practice, auditors prefer to 

play it safe rather than to be sorry. It also suggests 

the need for an explicit recognition of the effect of 

implicit loss functions on auditors' judgnents under 

uncertainty. 
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Research· Issue Four 

The state of the internal control system has an 

effect on the characteristics of the subjects' responses. 

In general, the subjects were able to make more accurate 

judgments when the internal control system was adjudged 

strong. 

Research Issue Five 

Functional level, in general, appears to have no 

statistically significant effect on the subjects' 

responses. However, the seniors committed more 

effectiveness errors of incorrect acceptance of materially 

misstated account balances than did the managers. In 

general, the managers' responses tend to be superior to 

those of the seniors. 

Research Issue Six 

The subjects' responses were miscalibrated. The 

subjective probabilities were mostly overconfident for all 

account classification criteria. 

Research IS6ue Seven 

Consistent with the findings reported in earlier 

studies, simple AR procedures such as ratio analysis, 

scannirig, and comparisons amongst data, were the ones most 

preferred by the auditor-subjects to facilitate their 
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preliminary analytical review judgments. Furthermore, the 

auditors displayed a higher degree of consensus regarding 

the information items considered most ioportant for 

facilitating PAR judgments than those considered least 

important. 

Implications of Research 
Findings and Suggestions 

For Further Research 

This section discusses the implr-cations of the 

research findings noted above, upon which suggestions for 

further research are made. 

Despite the pervasive role of auditor juclbment in 

PAR procedures, existing research has focused only on 

evaluating the performance of alternative statistical AR 

models. This research study has demonstrated thet 

auditors are reasonably good at identifying, at the onset 

of an audit, account items which are likely to be 

materially misstated. However, more research of this 

nature is called for before definite conclusions can be 

dral1n. 

Also required is more research comparine the 

ability of auditors and the ability of statistical models 

at identifying, at the onset of an audit, account items 

which ar~ materially misstated. But, as stated earlier, 

statistical models merely supplement human judgments in 

practice. Of interest. therefore. should be evidence 
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regarding the incremental value of statistical models at 

enhancing the accuracy of auditors' PAR judgments. 

This study's findings indicate that the behavior 

of subjects in an experimental task could be affected by 

the perceived consequences of their judgment errors. For 

example, auditors' responses under the judgment criterion 

significantly differ from their responses under the action 

criterion. Under the former criterion, the subjects were 

required merely to state whether an accaunt balance wes or 

was not materially misstated p without regard to the 

consequences of their responses. Under the latter 

criterion, the subjects were required to indicate wha't 

specific actions they would have taken in practice. In 

this case, one expects the subjects to be conscious of enG 

sensitive to the consequences of their de~isions. 

Earlier studies have confounded these two aspects 

of judsments in experimental tasks. Yet, this study's 

findings suggest that the subjects' decision rules might 

differ significantly for each of these situations. For 

example, they suggest that the subjects' decision rules 

are more stringent under the action criterion than under 

the judgment criterion. The nature of the difference in 

stringency of decision rules also suggests that auditors 

are more likely to be risk-averse when actual audit 

decisi~ns are bein~ made. 
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It appears, therefore. that auditors' beliefs oay 

not be independent of their preferences. This observation 

has an implication for the application of the Bay~sian 

approach to audit decision making, which postulates that 

auditors' beliefs be independent of their preferences. 

However, further research is required before any definite 

conclusions can be dr~wn. 

A useful byproduct of the distinction between 

judgments and decisions is the finding ~iat, althoush 

auditors might perceive an account balance to be not 

materially misstated, they may still decide to slate such 

an account for intensive audit. This findine provides a 

useful insight into the auditors' decision-making 

stategies, and paves the way for a better understanding of 

the behavioral factors which affect audit~rs' judgments. 

For example, this revelation helps in explaining why 

auditors might be more prone to committin~ the error of 

slating for intensive audit fairly presented account 

balances. 

In a wider conteAt, this finding has implications 

for inferences oade in the human information processin~ 

(HIP) literature which merely indicate that judges perforc 

less optimally than normative models. A better 

understanding of the specific decision strategies employed 

by the'judges in each experimental tast should help to 

explain the reasons for the alleged suboptimal behavior, 
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assuming that the given normative models with which 

judges' performances were being compared were appropriate. 

The identical nature of (mis)calibration of the 

subjects' responses under the three account classification 

criteria provides additional support for the DVPM 

developed by Ferrell and McGoey (1980). This result also 

is consistent with the findings reported by Smith and 

Ferrell (1981), who applied the DVPM to a task in which 

the subjects provided responses to a ser of general 

knowledge (almanac) items. Also, as indicated earlier, 

the model predicts that, in an experimental task in which 

subjects were to decide whether a proposition is true or 

false and subsequently to give the subjective probability 

that the decision was correct, base rate should have no 

effect on calibration. It also elucidates the effect of 

task difficulty on calibration, as predicted by DVP~. 

This model thus SUgbests a means of removing so~e 

extraneous factors which may affect the evaluation of the 

nature of {mis)calibration of subjective judcments. 

Renee, the feasibility of its adoption for evaluatin~ 

auditor judgments under uncertain conditions should be 

investigated. 

The information items that auditors consider 

relevant for PAR judgments are consistent with those of 

other studies. In addition, there was a low degree of 

variability in auditors' rankings of information items 
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Considered most relevant for PAR judgments. This finding seems 

promising for the identification of information items which may be 

useful for developing a behavioral model of auditors' PAR judgments. 

However, more research is required before any generalizable conclu

sions can be drawn. 

In view of the above, the following recommendations are made 

for further research: (1) more research using the signal detection 

model in the AR context is suggested as a basis for evaluating the 

usefulness of the model for analyzing accounting and auditing judg

ments; (2) research should be conducted on the effect of the reward 

structure on auditors' attitudes towards risk and judgment biases; 

and (3) further research should be conducted on the relative importance 

of information considered necessary for PAR tasks, possibly by type 

of firm and/or industry, to enhance the development of a behavioral 

model for AR judgments suggested by some researchers. 
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APPENDIX A 

EXPERIMENTAL MATERIALS 

1) Letter Informing Participating CPA Firms About the 
Date of Administration of the Experiment 

2) Introduction 

3) Background Information on the Electronics Industry 

4) ABC, Inc. : Background Information 

5) ABC, Inc. : Response Sheets 

6) XYZ, Inc. : Background Information 

7) XYZ, Inc. : Response Sheets 

8) Subjects' Background Data 
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this letter Is a follow-up to the talephone dlscussron you recently 
had with Dr. Ira Soloaon on your fIrm's partIcipation In my audit 
researCh study. I em a doctoral student In Accounting at The 
University of Arizona, end Dr. Solomon Is supervising thIs research 
proJect. 

As already discussed with Dr. Solollon, the ecperll1ent Is to be 
IIdllllnlstered on Thursday, July _ 1982 et __ A.N./P.M., and If I II 
proceed as follows. InItIally, I wIll orIentate the partIcIpants 
through a brief dIscussIon of the fOCUi and objectIves of the study. 
I elso will provide IIl1lted traInIng by going through en exampl e of 
the experl.ental task Identical to that contaIned In the actual 
experillental _aterlals. HavIng ans .. red tho questIons posed by the 
participants to clerlfy any problems arIsing from the orientatIon, , 
will then provide them with the ecfual experl.ontal aaterlals. 

I 8uggest that eaCh participant bring a calculator for ulnor 
CCICIplrtat Ions lind aater I a I s for lIIak I"g persona I notes. I a I so req uest 
'ttIat a rooII be lIado eva II Db 10 wh I Ch Is I erge enough to accomodat. a I I 
tho participants at once. 

Your .. ,I,tence In these .ett.,., end your wIllingness to provide 
partiCipant, fF"Olll your offfce era greatly appreciated. I look 
forward to ...,Ing you ,hortly. 

Sincerelyp 

AdeIIela Arlyo 
(Doctoral Student) 
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INTRODUCTION 

This research project is concerned with how professional 

auditors' preliminary analytical review judgments, based on limited 

information available at the onset of an audit, are used to identify 

account items which are likely to be materially misstated, and, 

hence, may require special audit attention. As you read over the 

following pages and provide the required responses, you are to assume 

the role of the audit team member -who is responsible for allocating 

audit efforts on the engagement. You may be assured that neither 

you nor your firm will be identified as a participant in the study. 

Thank you for your participation. 

Two cases have been developed from data provided by a national 

public accounting firm on two different audit clients in the electron

ics industry. On the pages that follow, you will be presented with 

(a) general operating and financial information on the two independent 

audit clients, (b) background information on the electronics industry, 

and (c) a set of unaudited 1981 account book values for each firm. 

Given this limited information, you will be asked to respond to each 

of the following questions for ~ account book value: 
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1) Do you think this account book value is materially misstated? 

Yes No 

2) What is your subjective probability regarding the correctness 
of your answer to (1)? 

.5 .6 .7 .8 .9 1.0 

(I am com- (1 am 
pletely absolutely 
uncertain certain 
whether my that my 
answer is answer is 
correct or correct.) 
incorrect.) 

3) Do you think this account book value will require special audit 
attention? 

Yes No 

4) Please list below in descending order of importance five (5) 
relevant items of information you normally require in practice 
for making the type of judgment in question (1) for this account 
item. 

These questions are reproduced later at the appropriate points. 

You are free to go back and change any of your responses anytime you 

feel like doing so. The questionnaire ends with a set of debriefing 

questions. 



BACKGROUND INFORMATION ON 

THE ELECTRONICS INDUSTRY 

The electronics industry has witnessed a sustained dramatic 

growth in recent years, with the demand for all types of electronic 

products rising steadily for the past 10 years. Domestically, the 

government, especially the Department of Defense, usually accounts 
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for about 50% of all shipments of electronics products. The projected 

increases in defense expenditures by the public sector, therefore, 

augur well for the future growth of the industry. 

Traditionally, the industry has been resilient against reces

sionary trends. The industry's growth in 1981 has, however, been 

adversely affected by tie continued economic downturn, such that its 

1981 growth in real terms was about one half of one percent (0.5%). 

Nevertheless, the anticipated economic upturn, coupled with the ever 

broadening application of electronic products in various sectors both 

domestically and internationally, suggest a bright future for the 

industry as a whole. 

The electronics industry is both highly competitive and 

characterized by rapid technological changes such that, as a conse

quence, there is a high rate of inventory obsolescence. Intensified 

domestic and international competition also has resulted in a drastic 

reduction in the gross margins for most electronic products. The 

ability of many firms to maintain their market shares in the future ma~ 

therefore, depend significantly on product quality and lower prices. 
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ABC, Inc. 

BACKGROUND INFORMATION 

General 

ABC, Inc. is a privately-held 24-year old company, whose main 

activity is the application of electronic technology to industrial, 

commercial, and military markets worldwide. All manufacturing activi

ties take place at the company's facilities in the U.S. The company's 

annual sales rose from about $16,000,000 in 1976 to about $61,000,000 

in 1981, and the .company has exceeded its targeted annual growth rate 

of 25% in earnings for almost ten years. ABC's growth rate both in 

sales and in earnings compare favorably to those of its competitors. 

As of 1981, half of the total annual sales is accounted for by 

foreign subsidiaries, nearly all of which are in Europe. The company 

has over 10,000 customers representing a healthy balance of markets, 

geographies, industries, and end products worldwide. The largest 

customer accounts for only about 2% of the firm's total annual sales. 

Both the level of operations and cash flows of some of these customers 

are, however, being adversely affected by the current downtown in the 

economy of the U.S. and those of the foreign customers' countries. 

Because of the current worldwide economic downturn, especially 

in those countries in which it operates, ABC's rate of growth of sales 

backlog declined in 1981, resulting in a lower inventory turnover. 

Some workers also were laid off. There was, however, only a slight 

decline in the growth rate of the company's sales (relative to that of 
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prior years) because the full impact of the reduction in labor force 

was partially offset by an overall increase in worker productivity. 

This achievement was attributed to the effectiveness of the company's 

training center and education program aimed at increased productivity 

and employee development. 

Internal Control 

ABC's internal control system is, generally, very good, with 

competent accounting and EDP personnel, as well as adequate segrega

tion of duties. The company typically acts promptly on the external 

auditor's recommendations contained in the management's letter. Con

sequently, significant improvements have been made in accounting 

problem areas identified earlier by the auditors. ABC also seeks 

advice from the auditors before embarking on any program that is of 

accounting significance. For example, the comp~ny requested internal 

control advice before implementing a new cash management system to 

accelerate collection of accounts receivables. The company also 

recently initiated a material resource planning model as part of its 

continuing efforts to enhance the management effectiveness. 

Historically, the internal control subsystems have been found 

to be reliable, with compliance exception rates ranging from 1% to 3%. 

However, ABC has neither an internal audit function, nor an audit 

committee. 

The following pages present financial and operating data, sup

plemental notes to the financial data, and response sheets for you to 

indicate your analytical review judgments. 



ABC, INC. 

FINANCIAL AND OPERATING DATA 

AU1JlTED ---- UNAUDITED 

1981 
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ACCOUNT ITEM (Thousands of $)(Thousands of $) 

SALES: Domestic 
International 

COST OF S.a.LES 

INCOME BEFORE TAXES 

INCOME TAX PROVISION 

NET INCOME 

INVENTORY: 
Finished Goods 
Work-in-Process 
Raw Materials 

Excess Inventory Reserve(b) 
NET INVENTORY 

Inventory Expenses as Obsolete 

ACCOUNTS RECEIVABLE: 
Consolidated Balance 
Allowance for Doubtful Accounts 
NET ACCOUNTS RECEIVABLE 

BAD DEBT EXPENSE(c) 

ACCOUNTS PAYABLE 

PLANT, PROPERTY & EQUIPMENT (PPE) 
Land 
Total Depreciable Assets 

Accumulated Depreciation 

NET PPE 

DEPRECIATION EXPENSE 

22,504 
20.773 
43,277 

31,838 

3,511 

1,701"-

1,810 

2,384 
2,431 
3.218 
8,022 

(177) 
7,856 

-0-

8,558 
(60) 

8,498 

25 

3,939 

191 
14,218 
14,409 
(3,476) 

10.933 

1,810 

28,620 
27,496 
56,116 

40,150 

3,709 

1,070 

2,639 

3,325 
4,287 
4,614 

12,226 
-0-

12,226 

152 

10,145 
(60) 

10,085 

27 

4,125 

191 
20.040 
20,231 
(5,154) 

15,077 

2,808 

30,684 
30,684 
61,368 

42,830 

4,065 
2,236(a) 

1,829 

4,378 
4,881 
4,028 

13,287 
(1,350) 
11.937 

307 

10,702 
(60) 

10,642 

52 

4,110 

191 
20,466 
20,657 
(6,666) 

13,991 

2,606 



SUPPLEMENTAL NOTES TO FINANCIAL DATA 

a) The domestic tax rate was 46%, but the tax rate in one of ABC's 
most important foreign subsidiaries was about 58% for 1981. 
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b) "Excess Inventory Reserve" represents inventory reserve for slow
moving and obsolete inventories of finished goods and raw materials 
which exceed 12-month projected usage for related products. 

c) The Accounts Receivable Aging Analysis is as follows: 

AUDITED UNAUDITED 

1979 1980 1981 

$(OOOs) % $(OOOs) % $(0005) % 

Current 4,536 53.0 6,493 64.0 5,672 53.0 

31-60 days 2,738 32.0 2,029 20.0 2,676 25.0 

61-90 days 599 7.0 812 8.0 856 8.0 

Over 90 days 685 8.0 811 ~ 1 2498 14.0 

TOTAL 82558 100.0 10 2145 100.0 10 2702 100.0 



ABC. INC.: RESPONSE SHEETS 

Please respond to the questions provided 

on the following pages for each of the 

following ten (10) account book values 

of ABC, Inc. 

Thank,You. 
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ABC, INC. 

ACCOUNT ITEM: SALES (1981) 

The unaudited Sales book value for 1981 is $61,368,000. 

1) Do you think this account book value is materially misstated? 

Yes No 

2) What is your subjective probability regarding the correctness of 
your answer to (I)? 

.5 .6 .7 .8 .9 1.0 
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(I am completely 
uncertain whether 
my answer is cor
rect or incorrect.) 

(I am absolutely 
certain that my 
answer is 
correct.) 

3) Do you think this account book value will require special audit 
attention? 

Yes No 

4) Please list below in descending order of importance five (5) rele
vant items of information you normally require in practice for 
making the types of judgment in question (1) for this account item. 

1. 

2. 

3. 

4. 

5. 



XYZ, INC. 

BACKGROUND INFORMATION 

General 

XYZ, Inc., a new audit client, is a closely-held publicly

traded company, in which members of the same family own about 44% 

of the voting shares. Since its incorporation about thirty years 

ago, XYZ has engaged in the design, development, manufacture, and 

sale of computer related products. Its annual sales have risen 
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from about $10 million in 1976 to about $19 million in 19B1. Foreign 

subsidiaries accounted for about 15% of total sales in 1981, while 

one customer alone accounted for about 21% of domestic sales for the 

same fiscal year. All manufacturing activities, however, take place 

at the company's facilities in the u.S. 

Both the adverse effects of continued inflation and reduced 

margins on some of the company's products, caused by intensified 

domestic and international competition, have accounted for the down

ward trend in profitability for the last few years. Also, the rate 

of growth of the firm's sales is lower than those of its competitors. 

Furthermore, because of increases in short term borrowings, interest 

expenses have increased substantially for the past two years, increas

ing by about 27% from fiscal 1979 to fiscal 1980, and by about 30% 

from fiscal 1980 to fiscal 1981. The company, however, has been able 

to achieve a gradually declining rate of growth in expenses relative 

to that of sales, through a combination of cost reducing measures and 

efforts aimed at improving employee productivity. 
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Most of XYZ's competitors are larger and have greater finan-

cial resources. XYZ believes that its ability to continue to compete 

successfully in its present markets is dependent on a combination of 

product quality, service, and price. Management also believes that 

the company has sufficient financial resources and personnel to main

tain its competitive position in its present business. 

Internal Control 

XYZ's internal control is on the lower end of a spectrum of 

internal controls systems upon which the external auditor may place 

reliance. In 1981, there was a large turnover of accounting personnel, 

including both the controller and the accounting supervisor. Their 

respective successors are less familiar with the electronics industry, 

and the new accounting supervisor is yet to fully comprehend XYZ's 

accounting practices. 

Discussions with the predecessor auditors indicate that 

historically, XYZ booked several adjustments as a result of the ex

ternal audit. Most such adjustments could be attributed to uninten

tional errors (mostly relating to purchases and costing of inventories), 

or nonconformity with company accounting principles on a consistent 

basis (especially relating to capitalizing versus expensing certain 

expenditures). The firm also rarely seeks the advice or services of 

the auditors on issues of accounting significance. For example, XYZ 

usually files quarterly reports without prior review. Hence, such 

review~ typically are performed retrospectively. 
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The EDP systems are out of date, and new ones are urgently 

required. In addition, XYZ's cost accounting system is unreliable. 

Although there appears to be a reasonable segregation of duties 

between related employees, four members of the same family hold key 

corporate positions enhancing the likelihood of management override 

of the internal control system. The firm has no internal audit 

function, but does have an active three-member audit committee (two 

of which are nonemployee directors). 

The following pages present the financial and operating data, 

supplementary notes to financial data, and response sheets relating 

to each account book value of XYZ, Inc. 
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XYZ, INC. 

FINANCIAL AND OPERATING DATA 

AUDITED UNAUDITED 

1979 ~ 1981 

ACCOUNT ITEM (Thousands of $) (Thousands of $) 

SALES: Domestic 11,918 10,995 16,168 
International 4 1 286 4 1646 2.844 

16 1 204 15 2641 19.012 
COST OF SALES 10,967 11,851 14,338 

INCOME BEFORE TAXES 1,429 255 289 
,. 

INCOME TAX PROVISION 597 47 110 

NET INCOME 832 208 179 

INVENTORY: 
Finished Goods 283 204 481 
Work-in-Process 555 874 912 
Raw Materials 21 624 32158 22647 

Inventory Valuation Reserve(a) 
3,462 4,236 4,040 

-0- (185) -0-
NET INVENTORY 3,462 4,051 4,040 

Inventory Expensed as Obsolete 15 189 360 

ACCOUNTS RECEIVABLE: b 
Consolidated Ba1ance( ) 3,344 3,045 3,775 
Allowance for Doubtful Accounts (77) (77) (115) 
NET ACCOUNTS RECEIVABLE 3,267 2,968 3,660 

BAD DEBT EXPENSE 26 1 61 

ACCOUNTS PAYABLE 1,354 1,407 1,080 

PLANT, PROPERTY & EQUIPMENT (PPE) 
Land 302 302 302 
Depreciable Assets 5 2040 5 2156 5.286 

5,342 5,458 5,588 
Accumulated Depreciation (1%490) (l z845) (2 2186) 
NET PPE 32852 3 2613 3,402 

DEPRECIATION EXPENSE 311 371 502 
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SUPPLEMENTAL NOTES TO FINANCIAL DATA 

a) "Inventory Valuation Reserve" repre.sents reserve for slow-moving 
inventories of finished goods and raw materials Which would have 
to be sold below current prices because of obsolescence. 

b) The Accounts Receivable Aging Analysis is as follows: 

Current 

31-60 days 

61-90 days 

Over 90 days 

AUDITED 

1979 

$(OOOs) 

2,508 

602 

134 

% 

75.0 

18.0 

4.0 

_.....;;1 __ 0~0 -2.& 
3,344 100.0 

1980 

$(OOOs) 

1,857 

731 

244 

% 

61.0 

24.0 

8.0 

~.~ 
3,045 100.0 

UNAUDITED 

1981 

$(OOOs) % 

2,227 59.0 

679 18.0 

189 5.0 

* 680 18.0 

3,775 100.0 

* Includes $363,000 of long-term extended Accounts Receivables. 
Otherwise, the aging percentage for this category would have 
been 8%. 



XYZ. INC.: RESPONSE SHEETS 

Please respond to the questions provided 

on the following pages for each of the 

following ten (10) account book values 

of XYZ. Inc. 

Thank you. 
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XYZ, INC. 

ACCOUNT ITEM: SALES (1981) 

The unaudited Sales book value for 1981 is $19,012,000. 

1) Do you think this account book value is materially' misstated? 

Yes No 

2) What is your subjective probability regarding the correctness of 
your answer to (I)? 

.5 .6 

(I am completely 
uncertain whether 
my answer is cor
rect or incorrect.) 

.7 .8 .9 1.0 

(I am absolutely 
certain that my 

answer is 
correct.) 

3) Do you think this account book value will require special audit 
attention? 

Yes No 

4) Please list below in descending order of importance five (5) 
relevant items of information you normally require in practice for 
making the type of judgment in question (1) for this account item. 

1. 

2. 

3. 

4. 

5. 
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BACKGROUND DATA 

I. GENERAL 

Present Position in firm: 

Are you a CPA? Yes No 

II . EXPERIENCE 

How long have you been working as an independent auditor? 

_________ months 

How many different audit engagements (count each year's examina
tion of a given client as a separate engagement) have you worked 
on: 

Number of Audit Engagements 

Total 
Electronics 

Industry 
Other 

Industries 

On how many of 
in preliminary 

these engagements have you been directly 
analytical review judgements: 

involved 

Total Electronics 
Industry 

.. 
Other 

Industries 

How would you describe the degree to which computer statistical 
packages (e.g., regression analysis) are employed in analytical 
review in your CPA firm? (Circle one) 

Low Medium High 

On what percentage of your analytical review tasks have you 
employed these computer statistical packages? 

--~% 



III • TRAINING 

College Education (circle the highest level attained): 

Bachelors Masters Doctoral 

How many college courses have you taken in auditing? 

HOlo7 many college courses have you taken in probability 
and statistics? 

Please describe briefly any other relevant training 
(relating to analytical review) you have received: 

IV. MATERIALITY THRESHOLD 

(a) Did you employ any particular materiality threshold 
for your judgments? 

Yes No 

(b) If your answer to (a) is "yes", did you use a common 
materiality threshold for all account items? 

Case Yes No 

ABC 

XYZ 

(c) If you answer "yes" to (b), please state the threshold 
value you used: 
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ABC _______________ _ 

XYZ ____________________________ ___ 

If your answer to (b) is "noll, please specify the materiality 
threshold used for your judgments relating to each account 
item: 



Account Item 

Sales 

Cost of Sales 

Income Tax Proviaion 

Inventory 

Accounts Receivable 

Allowance for Doubtful Accounts 

Bad Debt Expense 

Accounts Payable 

Fixed Assets 

Depreciation Expense 
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Materiality Threshold 

ABC XYZ 



APPENDIX B 

An overview of Grey & Morgan's model and 

the Procedures for Analyzing the Study's 

Data. 
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AN OVERVIEW OF GREY AND 
MORGAN'S STATISTICAL MODEL 

The computer program used to analyze this study's 

data estim~tes the maximum likelihood estimntes (~LE) of 

the parameters of a normal distribution, and is written by 

Grey and Horgan (1972). I present an overview of the . 
model as folious. 

The model assumes that the stimulus is normally 

distributed. It also assunes that the distribution of the 

noise stimulus (~) is of the forn Fn(:) = F(x), and that 

of signal-plus-noise (SN) is of the form Fsn(x) = F(Ex-L), 

where F is norm~l. 

The ratio of the standard deviati6n of sn to C is 

then lIn; that is, 

1 Standard deviation (SM) 
- = -----------------------
B Standard Deviation (n) 

The separation of the mean (which is equivalent to 

detectability) of the distributions for srr an~ ~ can then 

be defined by AlB. That is, 

Usn - Un = AlB 

Hence, if one assumes that the distribution of ~ 

is standard normal, that is, Fn(x) = F(:) is normally 
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distributed with mean zero and standard deviation of I, 

then the standard normal distribution of SO, that is 

Fsn(x) m F(Bx-A). is normally distributed with mean of A/n 

and standard deviation of (lIB). 

Procedures for Data Analysis 

As indicated in Chapter 5, the rating Bcnle 

e~perimental approach was used to elicit responses from 

each of the auditor-subjects, who specified a level of 

confidence in the correctness of their responses (i.e., 

answers) on a half-range [.5,1] probability scale. 

Since the subjects responde~ to both types (E and 

SP) stimuli on the half-ran~e probability scale, their 

responses were coded in a v~y consistent with the 

uneerlying distributions assureed for each type of 

stimulus. This leads to eleven response tategories shown 

in Figure AF.-l. 

The hatched areas represent the d~ta points, in 

which 

A represents the false alar~s; 

B represents the correct rejections; 

C represents the hits, and 

D represents the misses. 

The probability levels were converted to response 

categories, while data points were re-grouped into Nand 

St categories. The format for the data set derived for 



N 

SN 

N 

SN 

S 

N 

S 

N 

A = False Alarms C == Hits 
D == Misses B = Correct Rejects 

Fig. AB-l. 

1 2 3 

Fig. AB-2. 

The Symmetric Probab1lity Scale Used 
to Code the Subject's Responses. 

4 5 6 7 8 9 

Response Categories for Coding the 
Subjects' Responses*. 

10 
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* Categories (1) and (2) were collapsed for the purposes of 
data analysis. 
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each level of data analysis [i.e., overall. by (a) quality 

of AIC. and (b) functional level] is shown in Figure AB-2. 

Since the computer program used allows for a 

minimum of three. and a maximum of ten, response 

categories, categories (1) and (2) were collapsed, leaving 

a total of ten used for the data analysis. 

For each response category, which is equivalent to 

a cut-off (say, Zm), the corresponding value of the 

likelihood ratio [i.e., Beta(Zm)] was c~puted as follows: 

Beta(Zm) = Fsn(Zm)/Fn(Zm) 

for m = 1,2, ••••••••••• ,10. 

To derive the area under the ROC curve (i.e., Ac', 

which is equivalent to a nonparametric measure of 

detectability, Simpson's Rule was used to integrate the 

area covered by the curve which passes through the locus 

of points representing the hit and the false alarm rates 

derived for each Zm. 

To compute the median Beta [say, Beta(Z*n)] which 

represents the subjects' cut-off criterion for separatin£ 

the N and the SN stureuli. I used the average of the Bets 

values of the cut-off points Z4 nnd Z5. That is, 

Beta(Z*m) m Beta[Z4 = Z5)/2]~ 

This value represents the subjects' index of bias from 

which the K values reported in the stuuy were computed • 
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