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ABSTRACT 
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THE AUDITOR'S APPLICATION OF ANALYTICAL PROCEDURES: 
THE EXTENT OF THEIR USE AND THE EFFECTIVENESS OF SUCH 

PROCEDURES 

by Robin Napier Swan 

The audit profession is under great pressure to provide a service at the lowest price 
consistent with their professional standards. Burton and Fairfbrd (1982) observed: 
Pressures on prices should lead to greater audit efGciencv as firms strive to reduce costs 
to remain competitive. Thus audit efBciencv will likely occur primarilv at the level of 
hnnrs nnmmitted to an engagement. These are hours that can be best replaced bv the 
increased use of analytical techniques (now known as Analytical Procedures) and 
modem computer technology. This prediction has been proved correct. Analytical 
Procedures (APs) are now widely used; for example, the time devoted to them is 
claimed to be at least 33% of an audit engagement. 

Auditors regard the procedures as very powerful and, since 1982, have consistently 
claimed that over 40% of all errors are initially identified by the application of an AP. 
Despite this, doubts have been raised about the effectiveness of APs. For example: our 
findings appear to support Blocher and Willingham and others that analytical review 
may be good at spotting the presence of errors, but does not reliably indicate the 
absence of errors (Loebbecke and Steinbart (1987)). 

This thesis examines the environment in which APs are used. It considers surveys 
about the application of APs, including the extent of use of such procedures and 
explores whether APs are reliable, effective and efGcient. An AP is defined as effective 
if both false-positive and false-negative indications of material error have low 
probabilities. 

It is shown that APs are an important audit tool at all stages of the audit process, 
including as substantive procedures. APs are used extensively and simple techniques 
are the most common. Auditors perceive that APs are effective. New experiments show 
that certain APs have high frequencies of false signals. Our investigations imply that 
APs may be low cost but, in certain circumstances, they are ineSective, rather than cost 
effective. 
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Chapter 1 

7 ; / i r g jProcg</wrg» a proA/gm / o r ^Ag aw^^^or? 

7.7 7M(ro(AfcffoM 

Auditing depends on trust, and as one audit partner has stated: /oâ e r W 

mtyf Am/g /oĵ f eve/yfAmg^'. Recent events have fbcussed the pubhc spotlight on 

the audit profession in a way that has called that trust into question. For example there 

have been a series of serious errors of judgement by auditors in their work with m^or 

companies such as Enron, WorldCom, Sunbeam, Cendant Corporation etc. These have 

led to accounting problems and even company collapse. The surmner of 2002 saw a 

climax to this phenomenon with the disintegration of one m^or audit firm: Arthur 

Anderson. 

As well as this issue of a lack of trust there are different perceptions of what auditing 

provides. In his article on this subject, Humphrey (1997) identified a role-perception 

gap where there are differing views of what is expected &om an audit between the 

auditor and a variety of the users of the audited financial statements. Those users can 

include shareholders. Parliament and the general public. This is sometimes known as 

the expectation-gap. Humphrey (1997) provided a definition of the expectation-gap, it 

was: 'a yeg/mg f/zaf ayg m a af 

variancg wzf/z fAe f/zg (̂ g&irgâ  q/^fAoggybr Agng^f f/ig aWif 6gmg 

ca/T-fg /̂ owf'. In the light of recent developments, such as those referred to in the first 

paragraph, some might say the expectation-gap has widened or, at least, become more 

apparent. 

Financial Audit is not a static process; rather it is continually evolving. The reasons are 

many. They include attempting to meet changing requirements such as the expectation-

gap, or an attempt to orientate the audit to the needs of the management of the audited 

organisation. Another reason may be to provide a particular audit 6rm with an audit 

methodology that they perceive is to their advantage in the marketplace. 

The emphasis of the most recent developments in audit methodology is concerned with 

achieving a better understanding of the audited organisation's business and its related 

risks. This is accomplished by a structured approach to risk assessment with an 

^ From - 'Auditors can restore trust with professional credentials': an article by a partner &om the audit 
firm BDO Stoy Hayward and printed in the Times: Business Section page 27 (1 August 2002). 



Chapter 1 

evaluation of those risks, plus acquiring an understanding of how the management of 

the organisation addresses those risks through their own management strategies and 

systems of internal control, together with a subsequent evaluation of the residual risks 

to the auditor. This approach is known as the Business Risk Audit Model (BRAM). It is 

variously known as Business Measurement Process (KPMG), Business Audit (Arthur 

Anderson), Audit Innovation (Ernst and Young), PricewaterhouseCoopers Audit 

Approach (PWC) and Audit! 1 (National Audit OfRce). Other audit firms have their 

own brand names. At least one of these approaches was in place in 1997. 

A feature of all of these approaches is a reduced emphasis on substantive tests and, in 

particular, the time devoted to such tests. Eilifsen, Knechel and Wallage (2001) while 

identifying V/zaf arg 

aW ^frafeg/c (/wrmg fAg aWzf' pointed out that Vo fAg eucfgnf 

fAaf ĵ wWaMfĥ g fg^fmg fj' (/gcrg<zyg(f or gZ/m/wzfee^ aw aW/Yor fAg 

q/"ovgrZooAzMg g/rorf fAaf zM/g/zf /Kzvg 6gg» <jĝ gĉ g<̂  z/nakr ^Aoj'g (^proacAga^They 

also counselled some caution about the new approach: 'ZTzerg M a'o/Mg MMc/grâ faWmg q/" 

Âg q / ^ m g ^ A o d k (fwg fo /̂ rgv/owiy rgj^garc/z; a Zgvg/ q/̂  

g.)̂ g/'fgMcg aw/ fMfzgA^ 6g aA âmgcf Zi^rg x'g can Âg »gw aW/Y 

7MgfAo<̂ '. In the light of ± e reductions in the use of substantive tests, or in the extent of 

such tests, and the unproven nature of the methodology of BRAM, it is important that 

the procedures used as substantive tests are effective and do not provide significant 

levels of fWse signals to the auditor. 

On the 16 April 2002, the Times newspaper ran a feature that highlighted a number of 

outstanding court cases against the large UK audit firms - the big Five as they were 

then known. For example, it was reported that PricewaterhouseCoopers (PWC) 'Facg^y 

a fgngj^ q/"ZggaZ /» rg^gcf q / "aWzfmg q / " A c c o r d i n g to the Times 

newspaper, Gazprom is the world's largest gas company. Similar examples were 

provided for KPMG, Deloitte and Touche, Emst and Young and Arthur Anderson. 

These examples may, or may not, be the result of the revised methodologies. But a 

shortcoming, or failure, of any widely used audit procedure (test) could have additional 

adverse repercussions for the audit profession. This is particularly so now that there is a 

wider, more sceptical, audience for the work of the audit profession. 
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1.2 Outcomes of an audit test 

The outcomes from the application of a substantive audit test can be divided into four 

categories according to (i) whether significant error is or is not present, and (ii) whether 

the audit test signals that significant error is, or is not, present. These four categories are 

shown in Figure 1.1 and lead to three different types of signal. For this thesis the 

signals are called correct, false-negative or false-positive. Such false signals are 

equivalent to type I and type II errors that are associated with statistical tests. 

For the auditor, the consequences of a false-negative or a false-positive signal are very 

different. As a result of a test signalling significant error, the auditor should carry out 

further work to obtain evidence that either confirms the result indicated by the test, or 

establishes that there is no significant error. If it turns out that there was no error in the 

financial statements then the consequence is an economic one for the auditor. They 

have carried out additional, probably expensive, audit work because of a false-negative 

signal. 

T r u e Position 
There is no 

significant error 
There is significant 

error 

11 
The audit test signals that 
there is no significant error 

Correct signal False-positive signal 11 The audit test signals that 
there is significant error 

False-negative signal Correct signal 

Figure 1.1: Possible outcomes from the application of a test. [Source; This thesis], 

A false-positive signal could have much more serious consequences: it may cause, or 

be a factor in causing, the auditor to wrongly accept a set o f financial statements. While 

a particular test is only one of many signals received by the auditor, it may be a key 

signal, and so any failure might have consequences for the performance of the audit. 

For example a substantive test might be such a key test, perfomied as a result of a 

number of judgments by the auditor. Such judgements may include an assessment of 

the risk to the business of its systems failing, other matters such as the business 

environment, and the consequent residual risks to the auditor. The substantive test may 

be a key source of evidence with the role of confirming or challenging the prior 

assumptions and judgements. 
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A Wse-positive signal may also have consequences for those who rely on the auditor's 

opinion. For example the users of the financial statements may suffer financial loss as a 

result of taking action based on the auditor's incorrect opinion. For the auditor their 

professional integrity is at risk, and they may also incur financial loss in the form of the 

payment of damages to those relying on his/her attestation of the financial statements. 

Examples of such losses include a settlement by Coopers and Lybrand of $95m in an 

out-of-court settlement over its work as auditor to MiniScribe, a bankrupt hard disk 

manufacturer. The Accountancy magazine for December 1992 reported that this 

settlement came months after the firm paid between $40m and $50m in a separate 

settlement over the affair. More recently the High Court in the UK has stated: VAaf an 

/zm/e <jb/ze ZzaAZe /̂ze r/ze a/Moz#zf owf' (Sasea Finance 

Ltd [in liquidation] v KPMG [a firm]. The Times, 25 August 1998). These cases, and 

those described earlier, illustrate that the consequences of an incorrect opinion can be 

serious for an auditor: both to their reputation and financially. 

The subject of this thesis is Analytical Procedures (APs). These are audit procedures 

that are about the analysis of relationships. To carry out this analysis auditors collect, 

analyse and interpret data. The Glossary of Terms in the Auditing Standards define 

Analytical Procedures 'izy f/ze a/zaZ /̂fẑ  rgWzoMjf/zzpj'.' 

BefM/eeM zYe/w or Aefyvgg/z ẑ eT/zf MOM n̂aMCza/ 

(fgrzvz/zĝ OTM f/ze ĵ az/ze /̂ erzocf," or 

(2^ co/?^am6Zeyz»a/zcza/ z/^nMafzoM 6fgrh;zMg^o7M /̂ grzofiy, fo 

rgWzo/z.y/zzpf, a/ẑ f f/zg rgj'Zf/̂ ^ zMvĝ ẑgafzoMf ̂ Agrgq/̂ . 

This definition is entirely congruent with the definition of statistics given by Chatfield 

(1995): '5'fafzj'fzcj' ^ coMcgmg /̂ wzf/z coZ/gcfrng, a/m/xĵ zMg mfg/yrgfzMg (fafa ZM f/zg 

6gff/70j^a'z6/g ifay, w/zgrg /̂zg /Mga»z/zg 'Aĝ yf' (f^g/Ziiy OM f/ze jparfzcz/Zar czrcz/7%yfa»cg.y\ 

The concepts and structures of a statistical approach are appropriate for APs. This does 

not necessarily, nor is it likely to, involve the application of sophisticated statistical 
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procedures such as Box-Jenkms time-series models. But what the two approaches 

should have in common is a consistent, structured strategy to the analysis. For a 

statistician, that approach is to formulate the problem, collect appropriate data, assess 

its structure and quahty, carry out an initial examination of the data, select an 

appropriate analysis, interpret and communicate the result. Such a strategy would be 

consistent with the audit process, but is more exphcit than is set out in the Auditing 

Standards, otherwise known as the 'Statements of Auditing Standards' (SASs). For 

example the Auditing Standards require the auditor to consider things such as data 

quality. In the SAS on APs, the auditor is required to: 'aww/re of /MaMagg/meMf 

fAe re&w/f,;' 6]/ fAe enfify' The part 

underlined is, providing the auditor uses a critical analysis of the responses, about 

assessing the quality of the data. All the relevant factors that a statistician would expect 

are in paragraphs 12 to 16 of SAS 410, but nowhere does the SAS provide, or invite the 

consideration of̂  a structure to ensure that all the factors are explicitly considered. The 

components are there, but the SASs appear to be drafted for the auditor to interpret. 

This might be said to be a characteristic of all the SASs. 

7. ̂  7 fMy rgfgarcA 

Until I retired in October 2000,1 was Director of Research and Statistics at the National 

Audit OfGce (NAO). Through my interaction with the audit firms, I saw an increasing 

application of Analytical Procedures (APs) by those firms, both as a planning tool and a 

substantive tool. I wanted to find out more: to say something about APs in their 

substantive role and Wiether those APs are effective. For this thesis, an effective audit 

procedure is taken to be one that does not provide high frequencies of false signals. 

The question of the level of false signals is important since the audit approach relies 

heavily on judgements about the management of the organization being audited and the 

systems of controls that are in place. One question resulting from this is: when carrying 

out a substantive test, do auditors collect sufficient evidence to contradict, when that is 

appropriate, their judgements on the systems and the management? In particular if 

auditors use APs: are those procedures capable of doing that? So a further question is: 

what are the levels of false signals given by APs, particularly false-positive signals? 
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7.5 jfgggorcA MgfAoffo/ogy 

The concern about Ae potential for fWse signals is only of interest if APs are an 

important source of audit evidence. This will be established in the thesis by two 

approaches: a consideration of the perceptions of auditors about the use of APs and a 

series of experiments to investigate the effectiveness of APs. 

First, the thesis reviews a number of surveys which have considered the use of APs and 

which have been published in the literature. Then the thesis reports a survey based on a 

series of interviews with the technical partners in the largest sixteen audit firms in the 

UK. The interviews were structured conversations with the aim of gathering 

information to illustrate the extent of the use of APs, how auditors perceive the 

effectiveness of such procedures, their role in the audit process, and what quality 

checks the auditors require of the data, or of the structure of the APs etc. 

It is established that APs are an important audit tool, both in terms of the extent of their 

use and their perceived effectiveness. This is a Gnding that is reinforced by a series of 

seminars run by the Audit Faculty of the Institute of Chartered Accountants of England 

and Wales (ICAEW) in 1998. They were called 'Tomorrow's Audit Today' and the 

theme was that the audit should be economic and add value for the client. A key theme 

of the seminars, that was re-enfbrced in the official session notes, was the 

aW fAezr f rocgAfwrgf'. Although this 

was not a formal statement of policy by the ICAEW, it was clearly an active 

encouragement from a leading professional body to increase the use of APs. 

In the light of the importance of APs in the overall audit process, it is appropriate to 

establish whether APs are as effective as they are perceived to be by auditors. This 

thesis takes the definition of effective, to mean that 

the AP will correctly signal the presence or absence of significant error. So the thesis 

will address the problem of the potential levels of false signals. This is first considered 

through a review of the literature that reported the results of a number of different 

experiments into the use of APs and the levels of type I and type 11 errors that were 

observed (false-negative and false-positive signals as defined in the thesis). Then the 

levels of false signals are explored through a series of experiments that use three 

Concise Oxford Dictionary: Tenth Edition 
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distinct sets of data as a basis for computer simulations. Two sets are based on pay data 

&om different government agencies. These data were chosen because they are well 

controlled: they are of high quality and without large fluctuations. In a sense they are 

the ideal data for a procedure that explores relationships, such as APs. For example, if 

the AP produced high levels of false signals with such data, then any data set that is 

from a less well-controlled area, and/or data that is subject to more fluctuations, is 

likely to produce even higher levels of false signals. 

The third set of data was created to be similar to that used by Knechel (1988a and 

1988b). Knechel (and others) reported that APs were effective; their experiments used 

the reduction of other substantive tests as the criteria for effectiveness. One purpose of 

the new experiments was to investigate whether, if the criterion of test reduction had 

not been used, there would have been a different conclusion. The new experiments 

therefore measured directly the levels of false signals, using data and APs similar to 

Knechel's. 

The thesis concludes by considering the implications of its findings, with particular 

reference to the use of the Business Risk Audit Model approach to audit. 

1.6 The contribution to the knowledge of Analytical Procedures 

This thesis contributes to the fimd of knowledge about the application of APs: it 

introduces some new concepts and information about the use of APs and their 

effectiveness. 

As part of the research, the idea was developed of false-negative and false-positive 

signals for APs. These were discussed on page 3 of this Chapter. The idea of false-

negative and false-positive signals derives &om the social sciences, but has not been 

used in the audit arena. In part, the use of this terminology was to overcome the 

misconceptions of some people that false signals (type I and type n errors) are only 

associated with statistical procedures. The concept of false-negative and false-positive 

signals was well received by a group of Directors from the National Audit Office at a 

presentation given to them in August 2000 as part of the development of ideas for this 

thesis. The concept allows the auditor to focus on the potential for an AP to give false 

signals, without a concern that such values can only be formally evaluated for statistical 
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procedures. It also makes clear that all estimates, or estimation processes, can 

potentially involve false signals. 

A new survey, which is reported in Chapter 6, extends the scope of a number of earlier 

surveys (summarised in Chapter 5) by additionally investigating aspects of quality. 

These include data quality, data checking, the documentation of the AP process, 

measuring the closeness of the predicted value to the value being audited, and exploring 

whether and how the auditors validate the differences between those values. Issues 

about the extent to which APs replace other substantive tests are also explored, as are 

the auditors concerns about the application of some APs 

Some earlier experiments, which are reported in Chapter 7, used the reduction of other 

substantive tests as the criterion for the effectiveness of APs. It is argued that the 

rationale they used is flawed. New computer simulations v^ere carried out; using 

similar data and APs, to demonstrate that if the potential for false signals is measured 

directly, then the earlier experiments did not demonstrate the effectiveness of the APs. 

Then, using real data as a basis for the simulations, these findings are then extended 

into other types of AP to show the levels of false-negative and false-positive signals. 

Finally, in order to provide some focus for some of the deficiencies in APs, a structure 

for the AP process is proposed. It involves disaggregating the AP process into three 

rules that enables the auditor to focus on the discrete stages of an AP, however simple 

or complicated it is. 

The initial stage is to develop an expectation-value for the figure in the financial 

statements. This wiU be caUed the 'investigation-rule'. It seeks to incorporate causal 

links between different sets of data and utilises the auditor's understanding of the 

plausible relationships when using procedures such as ratio, trend or modelhng 

analysis. It may be expressed as a sentence or as a formula. 

The next stage is concerned with assessing the closeness of the expectation-value 

to the book value (Yg) that is being audited. The rule for assessing this closeness will 

be called an outcome-rule. The criterion that is associated with this rule, to help in the 

judgment of whether the closeness is significantly different from some norm, will be 

called the 'outcome-value'. 
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The third rule is the procedure for minimizing the so called 'explanation effect'. This is 

the phenomenon of accepting without question the first plausible explanation that is 

given for a difference between the two values: between the expectation-value (^y) and 

the book value (YB). In the AP situation the 'explanation e fkc t ' can arise when the 

auditor seeks management explanations when significant difkrences occur for the 

outcome-rule. 

1.7 The Structure of the rest of the thesis. 

The thesis is structured as follows. After a consideration of the audit process in Chapter 

2, the structure of an AP is addressed in Chapter 3. Chapters 4,5 and 7 report various 

findings from the literature review. First, Chapter 4 considers the environment under 

which APs are used, that is the requirements of the standards and the standard setters. 

They include the Auditing Practices Board (APB), the Courts and Parliament: the latter, 

either directly or through agencies such as the Department of Trade and Industry (DTI). 

The perceptions of those who make use of APs are considered in Chapter 5, which 

reviews a number of surveys carried out in the USA and the UK that have been 

published since 1982. That is followed, in Chapter 6, by discussion of the survey 

conducted for this thesis. The literature review is then completed, in Chapter 7, by an 

analysis of a number of investigations by academics into the effectiveness of APs. 

Chapter 8 then reports a number of extensive computer simulations to address 

identified deficiencies in the earlier experiments and also to provide some new work 

that looks at the occurrence of false signals when the investigation-rules are used with 

well controlled data 6om the pay function of two Government Agencies as referred to 

in section 1.5. The frequency of false signals is measured for all combinations of the 

parameters of outcome-value (< 10%) and seeded error (< 15%). This is done both in 

terms of frequency of the false signals and under what combination of outcome-rule 

and seeded error they occur. Finally in Chapter 9, the implications for auditors are 

considered in respect of their strategies for substantive tests. 
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2.1 Introduction 

One of the goals of the auditor is to provide an opinion either that there are no material 

anomalies in the financial statements that camiot be explained, or that there is a 

signiGcant error. To reach either conclusion, the auditor must gather evidence. The 

audit process can be thought of as an accumulation of knowledge in which diSerent 

sorts of evidence are brought together to yield an audit opinion. Alternatively, it can be 

viewed as interactive planning; different sorts of evidence are collected until no more is 

needed. This process is shown diagrammatically in Figure 2.2. 

Auditors are under commercial pressures to minimise their charges and hence their 

costs. In the light of this the auditor's aim is to collect the minimum amount of 

evidence that is sufficient to support the audit opinion. Most audits are on a continuing 

basis and that is useful because, before auditors start the audit, they have a large 

amount of information about the audited organisation. For example, &equently they 

will have already completed an audit of the same organisation for the previous financial 

year. Thus the auditor has a prior opinion based on first hand knowledge. For example, 

they may suspect that there is sufEcient error to mislead the user of the financial 

statements. In a sense auditors are adopting a Bayesian type argument. 

There are many sources of audit evidence, including APs, which are deGned in the next 

chapter. Before discussing the role of APs in the process of evidence gathering, this 

chapter will outline the audit process and define some key audit concepts. Fundamental 

to this process are the standards set by auditors for their profession. In the UK these 

standards are issued by the Audit Practices Board^ (APB) and are set out in the 

Statements of Auditing Standards (SASs). The authority of the Standards is set out by 

the APB as: 

% li/AfcA are fWzcafgc/ 6)/ aW w/fA wAzcA aWfYora' are 

(Scope of Statements of Auditing Standards (paragraph 

4)). 

' All the major accountancy bodies in the UK and the Republic of Ireland are members of The Audit 
Practices Board. 

10 
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2.2 M (Ag q/yimzMCw/ ffof^mgwA? 

Financial statements (sometimes called accounts) are prepared for organisations that 

trade or collect and/or disburse money, ranging 6om commercial companies and 

government agencies to private clubs such as sports clubs or those related to hobbies. 

Such organisations are generally referred to as entities in the Auditing and the 

Accounting Standards and other professional literature. 

European Law, the 4*̂ ,̂ 7^ and 8^ Directives, underpins the statutory nature of financial 

reporting. The International Auditing Standards are the standards recognised by 

European Law and the UK Standards comply with those. Each UK SAS has a statement 

about this compliance. For example SAS 410, on the subject of APs, has the following 

statement at paragraph 22: wfY/z m a// 

Proceffwg.y''. For the remainder of this thesis we will refer to the UK Standards, 

recognising that above them is European Law. For example, as with all community law, 

the 4*̂  Directive has primacy over the UK Companies Acts. 

The Audit Practices Board (APB) defines the purpose of the financial statements in the 

following way: are aW 

aW are (fzrecfet/j?rz7Marz(y ^owor /̂ fAe z^r/wafzoM Meê k aM eMfzfy \ fAare/zoZf/era', 

/^rcyr/eforjr or eg'z//vaZe»f 6oa^ q/^erj:ow. Ge»era//y, are /^r^arec/ 

wffA f/ze o^ec^zve f/zaf prea'eM/̂  a frz/e aW^a/r v;ew q/"f/ze j'̂ a^e q/^a^^/rj' q/̂ f/ze 

eMf̂ z(y af /̂ze /?erzoc/ eW aM(f q/"̂ /ze ̂ rq/z^ or Zoâ gybr /̂zâ  /?erzo< '̂ [SAS 100]. The persons 

referred to in this definition might be the shareholders of a publicly quoted company, 

an individual or group of members at a private company or Parliament for Government 

Departments or Agencies: the stakeholders. The stakeholders include the wider public. 

For example there is a statutory requirement for all financial statements to be deposited 

with Companies House: this forms a database of information for the society at large 

(e.g. creditors, debtors, potential buyers etc.). 

Interestingly, the Auditing Standards do not define a key concept, true and fair, even 

though there are 317 references to the phrase in the standards and associated guidance. 

In essence 'true and fair' means that the financial statements present sufBcient relevant 

information that provides the user with all the iMbrmation they need and that the 

11 
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financial statements fairly represent the truth. European Community Legislation places 

a requirement on entities to prepare accounts, which give a: 'frz/g /azr v/ew f/zg 

/zMa/zcW The Directive does 

not define this concept. 

A very good technical definition of true and fair comes from Hatherly and Skuse 

(1991). It is: 'F/MOMcW q/"aw gMfg/prwe gh;g a ^rz/e a W v f e w ^ 

^oggfAgr yg/aW Mô gj', arg f/^n»ar;vg q / " f A g z r ztyg, 

aW mfg/yrgfaf/oM 6y f/zoĵ g wAo/M f/zgy are m ê/Wgâ  aW Âgy arg 

/^r^arg^/ m accor&fMCg w/fA accoz/Mfmg (%prqprzafg fo fAg cfrcz/TTŴ aMcgâ  q/" 

fAg 6w;ymgĵ f'. In relation to true and fmr, a point that is 6equently overlooked is that 

the primary responsibility for the financial statements belongs to the entity whose 

affairs ±ey represent. The sequence of events is that the Directors of the entity assert 

that the financial statements provide a true and fair view of the organisation's financial 

affairs. The auditor's subsequent responsibility is to provide an independent attestation 

that the financial statements provide a true and fair view. 

In case it might be thought that there is no room for uncertainty or imprecision, the 

APB make an important point about the non-uniqueness of a set of financial statements. 

(/ggrgg q/̂ z??̂ rgcMfo/% M z»gvzYa6/g m /̂zg q/̂ a/Z fAg ^ q / ^ 

/zMaMcW f̂afg/MgMfj' Agcawa'g q/"mAgrgMf wMcgr̂ amffgĵ  fAa Mggt/ fo wagyz/a^g/»gMf m 

accowM ẐMg ga/̂ z/Mâ gf aW â g/gcfzMg a^z-qpr/afg accowMfmg po/;cfg& 

r̂ĝ ygMf̂  o ^z/g vfgw' (Paragraph 4 of SAS 100). 

Although all companies are legally required to prepare financial accounts, not all 

financial statements are audited. Until 2000, UK law required companies with a 

turnover greater than €350,000 to have their financial statements audited to attest the 

truth and fairness of them. From 26 July 2000 companies with a turnover of less than 

Elm can claim exemption 6om a statutory audit of their accounts^. 

An example will be used to illustrate some of the concepts discussed in this and 

subsequent chapters. It is taken 6om a Government Agency: the UK Passport Agency, 

which is now the UK Passport Service, whose main source of income is the fees from 

' Press release &om Companies House (Part of the Department of Trade and Industry). 

12 
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the issue of, and amendments to, passports. There are two items in the income part of 

the financial statements: the income from the issuing of passports and income from 

amendments to passports. These are shown in table 2.1. Such items are &equently 

known as hne items, account areas or balances. 

Extract from the Financial Statements showing Income Income 
Issues of passports BO,600,000.00 
Amendments to passports (e.g. change of 
name/photographs) 

fl7,000,000.00 

Total Income E107,600,000.00 
Table 2.1: Extract 6cmi the Financial Statements relating to Income for the UK Passports Agency ibr 
the financial year 1998/1999. 

In the UK the Auditing Standards define the objective of an audit of financial 

statements as follows. q/"an aWrf q/yznancza/ ^ fo enaA/e 

/zmancw gh;e a /rwg ya/r v/gw 

a w /zm/g 6ggm zn accor^^mcg vyzfa rg/gvamf accoz/m/zzzg or 

of/zgr rĝ z/z/'gTMgMfj'.' (SAS 100: Objectives and general principles governing an audit of 

financial statements). They ±en define how that is to be achieved: V/z z/Wgr/̂ ah)zg â z 

ozâ zf q/yzmwzcza/ o wzyora: j'/zoz/m; 

^ car/y oz/f̂ /̂ rocgc/zyrgj' (/gfzgmg(/ fo oafam j'ẑ ĉzgmf̂  q^roprzafg azâ zy gvzc/g/zcg, zm 

accor(^»cg wzfA y4Wzf̂ z/zg coM âzngc/ z)z d!efgr/MZ»g wzYA rga^o/zaZi/g 

coy^cfgmcg wagfaer f/zg/zyzamczaz j:fafg7mgm^̂  arg^gg q/^zmafgrw zmẑ fafgzmgmf; 

^ gva/z/afg f/zg ovgmzz /̂ rgĵ g/ẑ afzo/z q/̂  f/zg /zmayzcw zm or(/gr fo owcg/faz/z 

wagf/zgr ẑ /ẑ  /zm;g aggn jpr^arg^f zm accor<j!a7zcg wzfa rg/gvamf /ggw/afzom a w 

accoz/m/̂ mg a w 

Mj'z/g a coMfammg a c/gar g;î /'gĵ ẑoM q/̂ f/zgzr qpmzoM o» f/zg/z/zaMcza/ 

An excellent general definition of the audit process comes from the USA: 'az/<̂ zYzMg zâ  a 

jyf fg/tzafzc q/̂  o^gc/zvg^ o6̂ azmzmg a w gva/z/af̂ zmg evmg/zcg rggarc/z/zg 

agggrfzow a6oz/f gconomzc acfh ẑyy gvg/zfĵ  fo aâ cgr̂ azm f/za (/ggrgg q/̂  

corrgaipom^̂ gmcg 6gafggfz fagĵ g gr/̂ zomf aw/ gj^foa/^agf/ crz/grza co/m/mz/»zcafz»g 
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r/ze /o f/zg ztygr' (American Accounting Association (AAA) (1973)). 

This makes clear the process of obtaining the evidence so that the auditors can issue the 

report that contains their audit opinion. 

The importance of the auditor's work is emphasised by SASlOO: az/cf/forj'' 

qpmfom crec/zaz/z!)/ q/"f/ze/zmamczaz 6ypmvz(amg reayomaa/e 

aa ĵ̂ z/mnce^o/M aM zW^eM^gMf ĵ oz/rce fAaf fAer*//̂ /-gâ eyzf a Arz/e aW^az/- vzew.' The APB 

implicitly recognises that audit cannot provide complete assurance. The Auditing 

Standards caution '. .. /̂ze z^gr cazzMof â j'z//Mg f W /̂ze ' oprnzon M a gzzoraMfee 

ay /o f/zgywfwre vzaazzzyy q/̂ fag g»/zyy »or om (zyĵ z/m/zcg ay fo fag gj^czg/zcy or 

eĵ c^h'gMgafj; wẑ /z wAzcA managgmgn^ coWwĉ gcf fAg q;^zr& q/"fAe gn^zfy.' (SASlOO: 

Objective and general principles governing an audit of fbiancial statements.) 

In a nutshell therefore, when undertaking an audit, the Auditing Standards require the 

auditor to obtain, sufficient appropriate evidence to enable them, with reasonable 

confidence, provide an opinion about the financial statements. 

2. ̂  f frocggj 

The process by which the auditor collects suKicient appropriate evidence will be 

described with the aid of the schematic diagram on the audit process at Figure 2.2 on 

page 15. By convention there are three phases to an audit: plaiming, evidence collection 

and review. These are not distinct: one audit partner during the information gathering 

phase of this thesis said 'a/z az/(Af cg/z 6g fAoz/g/ẑ  a coMfzMz/ozz,y, gvoZvzMg, ^/a/z 

}y/zgrg f/zg c/za»ggj' aa' a rgj'wZf̂  q/̂ f/zg gvz(/gMcg gafAgrg<^ aW a/za/yfg(/'. 

The three phases are coloured in the boxes as yellow for planning, green for evidence 

gathering and blue for the review phase. At any stage in this process, information 

gathered might suggest that the auditor returns to the planning assumptions and re-

assesses the plan and the audit work. The subject of this thesis, APs, is involved at all 

phases of the audit. But before describing APs in the next chapter we explain some of 

the concepts involved in the audit process. 
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Flow diagram of the Audit Process 

Understand the business 

* -

Audit Policy 

Set materiality 

c n 

Assess risks 

/ 

Design Audit Procedures - what evidence is required for the 
different parts of the financial statements? 

(Sufficient and reliable evidence) 

Collect the different evidence 
Assess the financial systems/controls, collect substantive 
evidence 

1 r 

4-— 
r 

Assess and combine the evidence 

1 r 

'4 Form an overall conclusion 

Figure 2.2; Flow diagram of the audit process. At any stage in this process information gathered might suggest that the 
auditor returns to the planning assumptions and re-assesses the plan and the audit work. 
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Decisions about the nature and amount of audit work are based on judgements about 

materiahty and perceived risks. These are the key concepts that drive the work in an 

audit. The UK Auditing Standards define materiahty to be: '^4^ q/"fAe 

7'gwh;g fzgmz/zcamce or a m f/ze q/yzwrncw 

ajr a w/zo/g. ^ w tmaferw ^ o / m f o r 

z/^z/emce j'/omj' q/̂ am q/"fae 

/moy a/w 6e m q/"amy wfy/z/» fae 

or q/̂  w / v / c f w mc/we<^ m mzferw/fy m mô  c(ya6ze 

q/̂ ggmgra/ tmaf/zg/maffcaz (zy gw/fyaf/vg a w ao^gcfĵ ' 

(Glossary of Terms contained in the Auditing Standards - UK). Clearly auditors assess 

materiality using their professional judgement. As part of that they should address 

issues that might influence ± e decisions of the addressees of ± e auditors' report. The 

need for flexibihty is also clear &om the latter part of this deGnition. The strength of 

the auditor's belief that the account figures are within materiality is couched in terms of 

'Reasonable Assurance'. For example Glossary of Terms to the Standards contain the 

statement: ' o»//MaMC/a/ a Zgvg/ q/" 

otj'jfwamcg li/azca rgayo/zaa/g m comfg.%/ 6g a6^owg, faaf f/zg 

w ĵ fafg/mgmay a m//zo7g arg ̂ gg /ma^grw m;â j'fa/gawgm '̂. 

As an example the auditor might decide that for the Passport Agency, Table 2.1, Ae 

important figure is income. The total income is tl07.6 million. The auditor might 

decide that as long as the income was correctly stated to within tlOOk (0.1% to one 

decimal place), then that would not unduly influence the user of the auditors report: 

Parliament in this case. Another audit might not require such a tight materiality and 

f Im (0.9%) might be sufficient). However if the auditor knew that the line in the 

financial statements 'amendments' was of particular interest then the materiahty might 

be based on that figure. It could be set at £0.25 million (1.5% of the line item, to one 

decimal place). The chosen materiahties are arbitrary in the sense they are not based on 

a formula, but are an expert judgement. 

A link to the amount of audit work is contained in SAS 220, which states that: 

q/̂ aWzY/̂ rocgc/wrg '̂ (SAS220.2 Materiality and the Audit). SAS 220 goes on to say, 
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wA/cA rgj'z/Zf m f/zg revMfOM q/"fAe/r/^feATMrna/y TMâ grWffy 

a&ge&&7mema faey congfofer r/ig imp/zcafiom;/or faezr awif (%progca a w ;may f/ze 

wf̂ wre, r/TMfMg q/)?/a»Mg(f aWzY^mcgcfwrej''. That includes additional work. 

The Standards go to make the point that a change in the level of materiality may lead to 

a change in the amount of audit work. 'For q/?er ̂ ZaM/imgybr &pgc(/?c aWif 

/'rocecfz^gj^, (/efer/mmg /eve/ ^ /ower wau; 

/7revfom/y fae q/ya/zmg fo a /mafgria/ mzf mecej'j'a7';7y 

mcrgaĵ e& 7%ev co/Mpg/wafe /or fA/f 6v com/fw oŵ  /More aW/f wor/t:' (my underlining). 

This additional work may be an extension of existing work or entirely different 

procedures. Thereby the standards are acknowledging the connection between the 

materiality and the amount of work. 

Another key concept. Audit Risk, is defined in the following way: r/â A: /Meam 

fag /aaf azfc/fyorf g/vg m6%prqpr;afg az/(//f om y?»amcfa/ f/a/g/mgmfa'' 

(SAS 300). It is the probability that the auditor through their judgements, collection and 

interpretation of evidence comes to the wrong conclusion. It is not clear from the 

definition whether this includes the risk of the wrong decision if the auditor concludes 

there is material error when none exists: the type I error. 

2.4.2 Planning the Audit 

The audit cycle begins with the planning phase (the yellow boxes in Figure 2.2). 

Fundamental to the whole process is 'understanding the business'. This informs the 

important decisions about materiality and risks. Using those assessments to focus on 

parts of the financial statements that may be at risk of material error or misstatement, 

the auditor decides what evidence is needed. The amounts and types of evidence may 

be different for areas perceived to be at risk, as opposed to those not at risk. For 

example areas not at risk may only need some simple work, while an area at risk may 

require the testing of all transactions of a particular type or sampling. 

In the Passport Agency example, the auditor might decide that although the income 

firom amendments to passports is not the largest source of income (at j^l7 million it is 

less than 16% of the total income), it is particularly at risk. There may be many reasons 

for that, for example poor controls. For that reason the risk of error in 'Income from 

Amendments' might be set at high, and it might be given particular attention. 
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2.4.3 Evidence gathering: auditing the systems of control 

At the evidence-gathering stage - the green box in figure 2.2 - there are two strategies 

that might be employed. They are an assessment of the reliability of management's 

systems of control and/or substantive procedures. If the auditor decides to place 

reliance on the systems, then as well as reviewing those systems to assess whether they 

are working properly, the auditor will identify and test key controls. 

2. ^ (kffcg g o f f r o c g a f r g y 

Another part of the evidence-gathering phase is Substantive Procedures. These are 

described in the Glossary of Terms in the Auditing Standards as - fo oA/am aW/f 

tma/erw m fae /f/zamcw ttzey are 

/wo apf," a w a^eco/kf/y o/aer j'wc/z aw 

(/gfaz/j; q/^/ra»j'ac/zow o w rev/gw q / ^ q / " ( / / r e c f o r j : ' /mgg/mgf 

aW e/zgrz/z/y'. (Statements of Auditing Standards (1995)). Such tests are always 

required, as the Standards make clear: nafwe, fz/MZMg ex/eM/ q/" 

/'/"ocgcfz/rgj! a/Mongy/ o f A g r o / z /Ae azA f̂/Yorĵ ' q/̂  f/zg go»rro/ 

gmvzrom/zzgmf om<^accoz /̂zfmg ge/zgraz/y q/'//zg m/zgrg/z/ a/zcf co»/ro/ 

ygZa/mg /o gacA â ŷ grfzoM, ay wg/Z o/z awy gvf<jgMcg oAfaz/zg^/^oz/z az/(fz/ worÂ  

pg/ybrzzzg /̂ (fzvrzMg f/zg ̂ r^ara/zoM q/̂ f/zg /zMa/zczaZ j'/afe/zzgMfj-. //% z7arfzcz/Zar. wAgrg /gj'fj' 

ofcomfroz a^a/m/ac/on/ gvz(/g»cg a^ /o fag g#ec/zvgmgfa^ of accoz^fzzzg a w 

ZM/g/TzaZ coM/roZ fgzM& fAg gx/gfzf ofre/gvaMf j'zzWa/z/zve gfrocgcA/rgf /zzav 6g /"gtfz/gg 

6zy/ Tzof gM/zrg/v gZz/Mz)zafg(/'. (SAS400 Audit Evidence, paragraph 14). The SAS 

requires that there should be sufficient and appropriate evidence. What constitutes 

sufficient and appropriate evidence is described in the fbllovying way. ';$'z(i$?gzg/zcy aW 

(^prqprza/g/zgj'j^ arg zM/gzTg/a/g(f azẑ / /o az/cfz/ gvẑ kzzcg oA/az/zgcf^o/?z 6o//z /gf/f 

qfcoM/roZ aW jfz/Wa»f^g ̂ rocg(/z//'e& 5'zz#zczg/zci/ w //zg zzzgafz/rg of/Ag az/aM/zfy of 

azAafzf gvz6k/zcg.' awrowza/gyzgf j' zj? f/zg zzzgâ z/re of f/zg <yz/a/zfv or /-g/za6zZzfv of azÂ zf 

gvz<jg/zcg aW z/ĵ  rg/gvancg /o a parfzcz^ar ayfer/zo/z. L%̂ZAz/(x, az/c/zf gvz(/gMcg M 

ĝrĵ zza-y/vg raf/zgr f/za» comc/ztyh;g, anĉ  az/g/zforj: f/zgr^re q/̂ gyz ĵ gga: az^z/ gvfdle»cg 

^om (̂ ẑ r̂gMf jroz/rcgj' or qf a «aAzrg /o ^z^or/ fAg j'a/Mg aa'ĵ gr/zozz. ŷ zẑ /zYorĵ  

fgg^ fo /)rovzak rgafo/zaA/g. no/ a6ĵ o/z/fg. a f̂z/raAzcg /Aa/ /Ag /zAzaMcW ̂ rafg/zzg/zfarg 

^gg^ozm /zza/grzaz zzzzj'j'fafe/zzgtzf. /zzybrzzzz/zg ̂ agzr azâ zy qpzmzow, f/zgr^rg, az/<̂ zyorj' ak 

zzo/ /zorzzzaZ/y gxazzzzzzg a// qf /Ag zz r̂zwafzoM avaz/a6/g. v4;:y7rqprza/g cozzc/ẑ zom^ cazz 6g 
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a/ fnancw f ( i 9 . 9 e r f ; o m ztymg a var/efy q/"/mganâ  q/"oarammg 

gvfc/eMcg, mcWmg '. (SAS 400: Audit Evidence). This makes clear &at total 

assurance is not a realistic goal. 

We can illustrate how understanding the business might drive the audit. Information 

gathered as a result of reviewing the systems should improve the auditor's 

understanding of the business. That additional information might change the 

understanding of the business and that in itself could lead to a change of plan. That 

illustrates the iterative nature of the audit process - in doing the audit, the auditor 

should gain a better understanding of the business, to plan the audit an appreciation of 

the business is also necessary. The auditor obtains more evidence and information as 

the audit develops. Thus their knowledge of the business develops and that should 

feedback into audit work: changing its nature and improving the quality of the audit. 

In the Passports Agency example, if the systems controlling the 'Issue of Passports' 

were considered to be good, then it might be that the audit would focus on those 

systems and there would be a reduction in the amount of substantive work for that line 

of the financial statements. The systems controlling the 'Amendments to Passports' 

account area might not be so strong or there might be a perceived risk, so it would be 

the subject of some fbcussed substantive procedures. It might be some form of stratiGed 

sampling or a combination of APs and sampling. So the two areas of the income part of 

the financial statements might have different audit approaches. 

2.4.5 Review of the audit 

The final phase of the audit is to bring the audit evidence together and to assess whether 

the different parts of the financial statements fit together and are consistent. The 

Standards state that: ca/Ty oz/f j'wcA a revzew /fwiMc/aZ 

(SAS 470.1) 
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2 j coma; v4 .^aorf (ag xm&f miofk/ 

2.5.1 Introduction, 

The purpose of this section is to put into context the rationale auditors employ to 

combine their audit evidence and bring together all the signals from the various pieces 

of audit work. The rationale can be characterised as a framework, or structure, for 

combining the infbrmation/data/evidence &om the different stages of audit work. A 

common structure for this purpose is known as the Audit Risk Model (ARM). There are 

references in the literature to the Audit Risk Model dating back to the early 1960s, 

although there is evidence of its application^ in the 1950's. This section traces the 

history, and suggests why the terminology and concepts have confused the issue of 

combining evidence. It is discussed in more depth than some of the other concepts 

because some of the work described in Chapter 7 depended on the Audit Risk Model. 

The Auditing Standards provide the auditor with some guidance on the assessment of 

risks and on combining the evidence from different sources. The relevant risks are 

defined in a glossary of terms attached to the Auditing Standards. The abbreviations 

AR, IR, CR and DR will be used in the rest of this chapter. 

# Audit Risk (AR) - The risk that auditors may give an inappropriate audit opinion 

on financial statements. Audit risk has three components: inherent risk, control risk 

and detection risk. 

# Inherent Risk (IR) - The susceptibihty of an account balance or class of 

transactions to material misstatement either individually or when aggregated with 

misstatements in other balances or classes irrespective of related internal controls. 

# Control Risk (CR) - The risk that a misstatement that could occur in an account 

balance or class of transactions and that could be material either individually or 

when aggregated with misstatements in other balances or classes would not be 

^ As part of a survey of Audit Firms I visited the New York Headquarters of Coopers and Lybrand (USA). In a 
discussion with A.J. Lorie, a partner of Coopers and Lybrand, he described the use of a simple form of the Audit 
Risk Model. 
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prevented or detected and corrected on a timely basis by the accounting and internal 

control systems. 

# Detection Risk (DR) - The risk that auditors' substantive procedures do not detect 

a misstatement that exists in an account balance or class of transactions that could 

be material either individually or when aggregated with misstatements in other 

balances or classes. 

The type of substantive procedure used by the auditor and the amount of work are 

driven by their assessment of inherent and control risks. The SAS 300 on Accounting 

and internal control systems and audit risk assessments says that: 

a w gjcfgmf q/" /pmcecfwrej' fo fgta/cg awfy fo am 

/eve/' (SAS 300.7). The International Standards make the clear coimection 

between the assessment of risk and extent of the substantive procedures: VAe A/gAer fAe 

zm/zeremf a w com/roz rwa, fae /wore evzc/e/zce f/zg aw/yoy 

r/ze /7er/b/7MaMce q/̂  j^rocecfz/ref' (International Standard on Auditing 

400 'Risk Assessments and Internal Control'). 

2. ^ a f / p o f g cm f moffg/ 

It is clear that some structure/rationale can be helpful in bringing together the results of 

different audit tests and other information that the auditor acquires during the progress 

of an audit. Research indicates that most humans have difficulty in integrating the 

effect of several interrelated factors that are relevant to their decision about, in this 

context, the truth and fmmess of a set of Financial Statements. For example, Libby 

commented on YAe /f/MzYecf q/peqp/e fo mfegrafe fM/brma/fOMyro/M 

foz/z'cej' <%peam 6e f/ze moa-f q/̂  zzferafwe rev/ewetf;» 

6oot' (Libby (1981)). One of the pieces of research that Libby reviewed"^ came to the 

conclusion that 'e;i;yer̂ .y are mwc/z 6ef^er af ĵ e/ec^mg aW cocfmg fAaw cAgy 

are af mfegrafzmg zy 

There is a need to ensure that auditors make consistent judgements when planning an 

audit and making a decision on the acceptability of an audit result. The auditor has 

^ R. M Dawes [1979]: The Robust Beauty of hnproper Linear Models in Decision Making. American Psychologist 
(My 1979). 
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many different sources of evidence, including judgements they make about the 

organisation, the audit work on the adequacy of the management's systems of controls 

and the results of tests of detail. There is a need to ensure that evidence is combined in 

a consistent and defensible way: 6om audit to audit, and between auditors on a 

particular audit. 

The Audit Risk Model (or an Audit Assurance Model) is one attempt to achieve 

consistency. It's validity is disputed by some, but O'Hagan summed up the requirement 

for some process:' C y g A y e r z g M c g , aW fAe q/" 

fa/y^/g ̂ /zg' (van Batenburg, O'Hagan and Veenstra (1994)). Aldersley 

(1989) made the point that even if the auditor fails to recognise the practical limitations 

of the risk model as an operational formula, they will at least be complying in some 

qualitative sense with the spirit of the requirement to consider overall risk. Steele 

(1992) made a similar point in commenting on the necessity for some form of model 

f/zg rwa: tmook/ dbgj' mgg^ j-oamg apgcw m ore/gr 6g 

coagygn^, ^ fo co/m/mz/nfcafg aw fag 

yzÂ g/MgM^ gvf<jg»cgSo in the light of these comments what is the Audit Risk 

Model and what are its origins? 

2 . t w a f w v g [/fg fae modef/or im/brmadom 

Before describing the models, it is worthv^tile considering the auditor's use of the word 

'Risk'. This appears to have two different meanings within the audit context. It could 

be the risk attached to a part of an account or organisation. For example debtors might 

pose more risk than payroll. Within a firm a particular branch might pose more risk 

than the others. This is the organisational risk or Entity Risk. The other meaning of risk 

refers to the risk that the auditor's own procedures will fail to detect/identify significant 

error (should it exist). This is the auditor's personal risk or Auditor Risk. This 

distinction is important since the Audit Risk Model contains variables, which are 

different aspects of risk as it affects the organisation being audited on one hand and the 

work of the auditor on the other. 
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2 j. j fro/w/fom fag cwfrewf afb<kk 

The current models developed over a period of time. They started out as extremely 

simple models and were refined in an attempt to model the complexity of the audit 

process. The significant developments of the Audit Risk Model are described below. 

They represent attempts to take account of the different stages/aspects of the audit 

process. Earlier models based on just two components, were decomposed in attempts to 

reflect more realistically the different parts of the audit process. 

Mautz and Sharaf (1961) published a monograph on the 'Philosophy of Auditing', 

which reflects the simpler approach to auditing of the 1950's. It provides an excellent 

perspective of the rationale of auditors in that era. For example it is clear that much of 

the audit thinking focused on the application, and extent, of sampling to test controls 

and sampling for the tests of detail. Perhaps because of this concentration on sampling, 

the concepts of confidence and probability were the focus of much of the work. Mautz 

and Sharaf considered the audit opinion, at an overall level, and at an account area 

level, in terms of 'probability'. When discussing whether the 'cwLffo/Ma/y aW 

re/zej' are f o y o p m f O M t h e y 

pointed out that Vr we are x/fYA ̂ ro6a6f7/Aej^Here 

they were thinking about the overall probability that the audit work, of which sampling 

may be a part, is su@icient for the auditor to conclude that the accounts are 6ee of 

material error or that there is material error. The aggregate of the work, if it is not 

contradictory, tends to increase the probability that the proposition can be accepted 

with little chance of making a false decision: VAe %?ef q/"evzc/ewce a// 

m q/"̂ Ae ' (Mautz and Sharaf (1961)). 

From this it was natural for auditors to think in terms of a simple model that dealt in 

probabilities: those associated with the sampling at the controls testing and substantive 

testing phases of an audit. The simplest model was: AR = CR x DR, where 0 < AR < 1. 

The intention was that AR would be close to 0, for example < 0.05. This can be 

considered as a model of two important parts of the audit work: the identification and 

testing of the systems of control and sample based substantive tests. It was simplified 

model of the whole audit process. The model was first promulgated by the AICPA in 

1972. 
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Carmichael (1968) also focused on sampling as a specific test, and consequently the 

discussion of audit tests was in terms of 'confidence' achieved. In some published 

works, the reliability of a procedure is treated as if it were equivalent to the confidence 

associated with sampling and the concepts Risk / Confidence / Probability became 

interchanged with each other. It was not until the 1970s that the focus started to shift 

from sampling (and confidence) to audit risk as a broader concept covering, in a 

qualitative sense, the likelihood of the elements IR. and CR permitting the occurrence of 

undetected material error. In practice, a further difficulty for the current model is that 

the different components are not really probabilities but are numbers assigned to the 

different sources of information: controls assessment, inherent risk assessment, APs 

and other substantive tests. They are set in a way that, for auditors, produces logical 

combinations and weightings of the different parts. 

In 1975 Stringer, who had pioneered the use of regression as an AP, proposed an 

enhanced model that split the assurance arising &om substantive work into the AP and 

sampling elements and so disaggregated the Detection Risk into a risk that the APs 

would not detect material error (Ar) and a risk that the sampling would not detect 

material error (SR). That was a logical development, attempting to reflect the different 

types of work being done: AR = CR x Ar x SR. Some researchers hypothesised that 

the Control Risk element included Inherent Risk, the propensity of the organisation to 

allow material error. Anderson (1977) proposed a model that had inherent risk (IR) as a 

component. The model became: AR = IR x CR x Ar x SR. 

It is at this point, when IR was separated out from control risk, that the model ceased to 

be a barometer of the auditor's own work and attempted to encapsulate the whole audit 

process; from the propensity of the accounts to contain significant error, to the auditor's 

chance of detecting such events. Thus the model had started to reflect the Entity 

(organisation) being audited and the auditor's own work on the controls and the 

substantive tests. However, it still did not reflect all the auditor's different sources of 

evidence. 

Leslie, Teitlebaum, Anderson (1979) proposed a model which allowed the auditor to 

input judgements of the likelihood of 'material' significant error occurring within an 

organisation. The model was AR = CR x SR x ME, where ME represents the 

likelihood of material error, subjectively assessed by the auditor. In a way this concept 
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of ME is similar to IR, it is making the auditor focus on the likelihood of error rather 

than the less specific definition of inherent risk. This appears to have gained no 

acceptance. 

In 1981 the American Institute of Certified Public Accountants (AICPA) published, in 

SAS 39, a model that reflected Stringer's ideas. It was AR = CR x Ar x SR. Two years 

later the model changed to AR = IR x CR x DR (AICPA in SAS47: 1983). Comparing 

the Anderson model to the 1981 AICPA model or the Stringer Model (1975) we can 

see that they are all refinements of a common model. This can be seen if IR is set to 1, 

then the Anderson model is the same as 1981 AICPA model or the Stringer Model 

(1975). Table 2.3 below shows all these models for convenience. 

Originator of Model Model 

AICPA (1972) AR = CR X DR 

Stringer (1975). AR = CR X Ar X SR 

Anderson (1977). AR = IR X CR X Ar X SR 

Leslie, Teitlebaum, Anderson (1979). AR = CR X SR X ME 

AICPA (1981)-SAS39. AR = CR X Ar X SR 

AICPA (1983)-SAS47. AR = IR X CR X DR 

Table 2.3: This shows the different Audit Risk Models discussed in this Chapter. 

These are just a few of the models that have been developed over the years: they all 

evolved from one simple model. 

2 j. 6 a'igcgkhfy / o r fomgybrwi f awf w m g cndcwmf 

In attempting to combine different evidence sources in a consistent and coherent way, a 

structure, framework or model is useful. Many researchers felt that, although the audit 

risk models were deficient, they did offer a mechanism that provides some structure to 

assist with the combination of evidence. For example, in relation to the model AR = CR 

X DR, Andrews and Smith (1987) said: wAfcA 

are f/zg g/wz/mg w e f ew/6/e a w zeaef fo fae zo/i 

w/// f w / z e w f/zg m goocf az/f /arge .yayy /̂gj: are mggdgc/ w/zgn 

zY . Andrews and Smith went on to construct a new model that exphcitly took 

account of the prior information the auditor had. At each stage there would be an 

information gain: from planning work, assessing the systems of control, substantive 
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testing etc ... Also at each stage the model took account of the information already 

gathered and incorporated the new information. It was a Bayesian formulation and 

attempted to assess how much more information was required at each stage to ensure 

that the auditor's assessment of the level of potential error in the Gnancial statements 

was less than some critical value such as materiahty. 

From the early stages of the development of the Audit Risk Model doubts were raised 

about whether such a model represented the way the audit process functions. As an 

early example of such concern. Smith (1972) commented that: Wb /ogzcaZ Aof 

/or geffrng fae /eve/ li/zya f/zg q/̂  

con/roA fg/gc /̂oM (^/gvg/f fo 6g wff/wgt/ M co/?^/g^g(y arAfrraTy' (Smith 

(1972)). His 'internal controls' are the same as the 'accounting and internal control 

systems' in the definition of control risk. Although Smith's comments were in respect 

of measuring the contribution of the assessment of the systems of control (CR), relative 

to the rest of the audit work, the comments are also valid about the IR and Ar 

components of the Audit Risk Model. In those cases there is no mathematical 

measurement of the risks, as there might be from a statistical sample where we can 

assess the probability of the result being from a sample that is not representative of the 

population being audited. 

Some authors have taken the view that the Audit Risk Model never reflected the way 

auditors combined information. This can be illustrated by looking at the work of 

Jiambalvo and Waller (1984). They carried out an experiment to investigate whether 

the auditor might make better judgements about setting the amount of substantive 

testing that should be undertaken to audit a particular value within a set of financial 

statements, if overall audit risk (AR) was decomposed into the component risks 

associated with controls work (CR), and with the analytical review work part of 

substantive testing (Ar). The auditor then decided on AR, CR and Ar before assessing 

test of detail (SR) as part of substantive testing. 

The experiment involved 13 qualified auditors each with at least four years audit 

experience. They were from one of the m^or audit firms in the USA. The auditors were 

split into two groups, both using the same data, contained in four case studies. The 

experiment required the first group (6 auditors) using the information in the case 

studies to consider the components of the Audit Risk Model individually and then 

26 



Chapter 2 

assess a risk for each of AR, CR, Ar, before making an assessment of SR in each of the 

four case studies. The second group of seven auditors were required to make a holistic 

assessment of SR in each of the four case studies. Jiambalvo and Waller then compared 

the assessments of SR of the two groups and concluded that there was not a statistically 

signiGcant difference between the two groups assessment of SR. This implies that the 

auditors did not use the information gained from the decomposition to help decide SR. 

This may be because they did not view the Audit Risk Model as a means of 

determining SR, or it could be because the experiment was ill founded. 

Jiambalvo and Waller then carried out a second analysis using the data from the first 

group. The comparison was of the auditor's intuitive assessment of SR to the value of 

SR calculated by using the model AR = CR x Ar x SR (i.e. SR - AR / (CR x Ar) 

utilising that group's intuitive assessments of AR, CR and Ar. There were significant 

differences. The calculated values for SR were, with 2 exceptions, greater than 1 and 

for many cases much greater than one: in 7 out of 24 case studies they were >10. 

Clearly, the auditor's assessments were not compatible with the concepts behind the 

Audit Risk Model. The results of the experiment, however limited it was, were 

particularly worrying in that, at the time of the experiment, the audit firms made 

extensive use of the Audit Risk Model. In the light of that, Jiambalvo and Waller's 

results therefore suggest that many auditors do not understand the concepts behind the 

methods they use. The conclusion of the paper was that: error 

m q/'L/R, /C, a/zcf 7%) rwAg, zf ^ c/gar f/zaf ̂ /ze 

az/c^zfor^ mfz/zfzve co/»6z»a^zom q/̂ f/ze rẑ a (/z(̂  mof correjgpom f̂ wzy/z f/zaf 

/?re(fzcW ̂  (Jiambalvo and Waller (1984)). The UR, IC, AR, 

and TD risks were respectively audit risk (AR), control risk (CR), analytical risk (Ar) 

and sampling risk (SR) as defined on page 20. 

The result that decomposition did not appear to improve the auditor's judgement 

appears, at first sight, to contradict Libby's (1981) argument that such a decomposition 

process would aid the auditor's judgement. But if we consider the hypothesis that the 

Audit Risk Model does not replicate the audit process and thus may not reflect the way 

auditors combine information, we see that Jiambalvo and Waller's results are not 

inconsistent with Libby's ideas. Daniel (1988) lends support to this hypothesis. Her 

analysis of an experiment indicated, Y/zg aWzYorĵ  6/z(/ f/ze q/̂  
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aWzf m a /waMMgr 6)/ q/̂ fAe awf/zorzYaffve '. She also 

observed Aat it is r W f W e are of/zer^crorj^ or co;?̂ oMgMAy m azAfzf /"wA: 

(/ecmfom /zm;e mof aem ^rqpgr^ z<jg» f̂/fe6/ a w a c / c b r e m exf^mg ' 

(Daniel (1988)). 

The conclusion that the Audit Risk Model does not reflect the auditor's process of 

combining information and making judgements forms part of the argument of OUagan 

and van Batenburg (1994) who described the Audit Risk Model in terms of Assurance 

calling it an Audit Assurance Model, assurance being the converse of risk. They put 

forward ±e proposition Aat: YAe JWbak/ M a 

7mo<̂ e/, mof 6e m zy, wzya mz/mgrfca/ va/z/gĵ  cawiof 

6e awgh/mg faa/ are /mgf/zo&)/ogzca//y zmva/zdi (ycowa^e fag 

awzfor 'j- anc/ ea^rzemce, a w 

mof 6e w/zem ẑ  co/»gj^ fo aiefg/tmrnzmg fae j'^wan^/ve j'a/?zp/g ẑzg. vana6/ej' 

zm fae y4w(fzf m)dg/ are goo(/ fo <jgĵ crz6g f/zg awzyor 'a- ^rq/ej'jfzow 

yz/6^gme»f̂ '. however f/zoj'g varza6/ej^ cfo Twf coA^c/gMce /eve/ 

f/ze ĵ rê gMcg g/ror, 6%/̂  ĵ /zowM z/^Me»ce fAe afz^zAz^zoM q/"f/zg Zevg/ q/"error zf.ye(/̂  

(van Batenburg, O'Hagan and Veenstra (1994)). This is the formation of the model that 

Andrews and Smith (1987) addressed in their paper, which was referred to on page 25. 

All of these criticisms have some substance. The Audit Risk Model has developed 

signiScantly from its origins of over forty years ago when it was about the combining 

the results of two sampling exercises: one to test the systems of control and one to carry 

out a substantive test. It was not a model of the audit process. Over the years auditors 

have tried to make it so by decomposing the controls risk into IR and CR and the risks 

from different types of substantive test into Ar and SR. The recent models no longer 

reflected the original simple concept. But in addition to these developments being, Aere 

is an issue Aat few of the models attempted to address. They assume that the relative 

worth of the different audit evidence is of similar value. This leads to the question as to 

whether control evidence is stronger than substantive evidence, or vice versa? 

Andrews and Smith (1987) were trying to broaden the argument: when forming the 

overall conclusion, in addition to the amount of assurance achieved, they considered 

another attribute: how strong should the evidence be? Such a strategy would be 

consistent with the ideas of Mautz and Sharaf (1961), who put forward the proposition 
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that more compelling evidence is required for material assertions than for those that are 

not material. They drew a parallel with US law, which distinguishes between two 

degrees of proof For civil cases those propositions must be established with probability 

of over one haK or on the basis of q/"evftfeMcg. For criminal cases, 

on the other hand, the truth of a proposition requires a degree of probabihty that differs 

from certainty by so little, that anyone acting on that difference would be regarded as 

unreasonable; such strength of evidence is termed 

Mautz and Sharaf proposed that the preponderance of evidence criterion should apply 

to assertions that are not material, while the proof beyond all material doubt is required 

for material assertions. It follows that a single source of evidence for a material 

assertion must be compelling or a combination of different types of evidence must be 

obtained. All the audit evidence should indicate a high probability of the truth of any 

material assertion. 

If we consider reliability theory, we can see some parallels with the structure of the 

Audit Risk Model. The theoiy of reliability conceives that an output as being built up 

from components in a sequence. At each stage the outcome is a zero / one component. 

An example is in the Figure 2.4 below. 

INPUT OUTPUT 

Figure 2.4: This diagram shows a sequence made up of three components. For each component, the outcome is 
either zero or 1. 

If a component fails, the system fails. Each component can fail with probabilities PA,PB. 

and pc, aU which are assumed to be independent. We can write the combined 

probabilities in the following way. 

Pr (Output Achieved) = Pr (no component fails) 

= ( 1 - P A ) ( 1 - P B ) ( 1 - P c ) 

Pr (System Fails) = l - ( l-pA ) ( l-pB ) ( l - p c ) 

A question is whether this represents the audit process? The form of the Audit Risk 

Model is similar: AR = IR x CR x DR. But this format is not the way the audit process 

works. In reliability theory if any component fails, the system fails. With the audit 

process, if the audit work on the systems indicates that they cannot be relied upon then 
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the result is not, necessarily, that the audit has failed. Rather alternative evidence is 

collected to conGrm or deny the evidence from the systems audit. Thus the audit 

process does not follow reliability theory although the ARM appears to use that 

rationale. 

The audit process is an accumulation of information 6om a variety of sources; it is not 

a reliability type system. What is required is some process that allows the combination 

of many sources of evidence, both qualitative and quantitative, is a structured way. One 

such approach could use Bayes Theory. In principle such methods allow the auditor to 

use their prior information from previous audits, other audit work they have done and 

their knowledge of the organisation to influence how the substantive phase of the audit 

is conducted, and to infer an audit conclusion firom such work and the prior 

information. 

2.6 Conclusion 

There are three criteria the auditor must meet in order to provide assurance to the users 

of a set of financial statements about the 'truth and fairness' of those financial 

statements. The first is that the financial statements are presented clearly and are in 

accordance with the relevant legislation. The second is that the auditor obtains with 

reasonable assurance, sufficient rehable evidence that the financial statements are 6ee 

of material error. And the third is that the opinion of the auditor is unambiguous. This 

thesis is concerned primarily with the second requirement, and in particular with one 

source of evidence - APs and whether APs can provide sufficient, reliable evidence. 

Section 2.5 described how many auditors have tried to combine audit evidence. While 

there is not yet a universally agreed methodology, some strategy is required for 

demonstrating that the combination of the different sources of evidence is sufficient to 

satisfy the 'proof beyond all reasonable doubt' criterion. We demonstrated that the 

Audit Risk Model is an imperfwt way of combining the audit evidence and conclusions 

from its apphcation may be flawed. This will be relevant to some of our considerations 

in Chapter 7. 

In order to set the scene for the rest of the thesis, the next chapter will provide a 

description of APs and the different categories of AP. It will also propose a formal 

structure for APs. 
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j ; dgycnpfzow ^ 4 a awff ^ag;r j ( o / g w a a m ^ag y4ff(% proceyg^ 

j .7 7w/ro<afcfw/r 

This chapter describes the basic concepts of an AP. As part of the analysis, APs are 

categorised into four broad groups, since it is more elective to compare a limited 

number of subsets, rather than many individual procedures. The categorisations are 

chosen to be consistent with earlier pieces of research, thereby making it easier to 

compare the findings with those studies. 

j . 2 f m w are a a ? 

This section discusses the concepts underlying APs, first by giving examples of typical 

APs, then by defining and discussing APs. In broad terms, APs involve thinking about 

relationships between the figures within, and data from, the financial statements being 

audited. APs may also use data external to the financial statements, or even to the 

entity. In using an AP the auditor should be addressing the question: 'Is this figure 

credible in relation to these other pieces of information?' rather than asking 'Is this 

figure credible?' APs can be conceptualised as a framework for data extraction, 

analysis and description which provides information to the auditor thereby allowing 

him/her to make judgements about a set of financial statements, or an item within those 

statements. The methods include comparison and predictive analysis as well as 

descriptive summaries. 

An AP can be thought of as an indicator function that provides a signal that there is not, 

or there is, material error. The function takes the value '0' if the AP indicates that there 

is no evidence of material error, and' T if there is evidence of material error. This 

concept will form the basis of the analysis, of the effectiveness of APs in providing 

reliable evidence. 

3.2.1 Examples 

A few examples are set out below that may give an indication of the ideas that underlie 

APs, and the variety of available techniques. 
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# The income 6om fees for licences should be roughly in proportion to the number of 

licences issued, perhaps with an a(^ustment for the composition of the mixture of 

licences of different values. 

# An organisation's pay costs in a given year should be similar to those in the 

preceding year, modified to take account of wage inflation and of changes in the 

numbers and grades of those on the payroll. 

# The expenditure at a particular location within an organisation should be roughly 

proportional to some measure of the volume of activity at that location. 

# The income from the sale of passports can be predicted by using information about 

published fee rates and data from the controls of the issue of blank passport books 

# The amount paid out in Child Benefit should be proportional to the number of 

eligible children. 

Taking the last example, the need to understand the business is crucial. It is not just the 

number of children that is important, but also obtaining data on who is eligible. For 

example, it will include children of those overseas servicemen who fulfil certain 

requirements. 

First we extend the example given at the start of Chapter 2. It will be used to illustrate 

some of the concepts discussed in this chapter in a situation favourable to the use of 

APs. The UK Passport Agency's main source of income is the fees from the issue of̂  

and amendments to, passports. The fees for the three types of passport and the passport 

amendments are set by Parliament; they are shown in Table 3.1. The auditor wishes to 

predict the income for the financial year. There are two items in the financial 

statements: the income from the issuing of passports and income from amendments to 

passports. These are shown in table 3 .2. 

Passport type Fee 
Standard adult 10 year passport (32 pages) 08.00 
Large size adult 10 year passport (48 pages) €38.00 
Child's passport (0 -15 years, valid for 5 years) fl4.80 
Amendments (e.g. change of name/photographs) fl7.00 

Table 3.1: The Passport fees authorised by Parliament. [Source: Passports Agency Web Site - May 2001]. 
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Extract from the Financial Statements Income 
Issues of passports E90,600,000.00 
Amendments to passports (e.g. change of name/photographs) fl7,000,000.00 
Total Income fl07,600,000.00 
Tabk 3 J: An extract &om the Financial Statements relating to Income to the Passports Agency. [Source: 
Passports Agency Web Site - May 2001]. 

The two types of substantive procedure are tests of detail and APs. The first deals with 

individual transactions, whereas APs concern data that have some degree of 

aggregation. Knechel (1988a) encapsulates the rationale of APs with the statement: APs 

are 'a fAaf guca/wrngĵ  f/zg accz/racy accowzfmg 

aazamcgf cow/t/grmg f/zg q/" vvazc/z /wajk /̂zg 

accowz/mg 6a/aMcg'. This clearly makes the point that APs deal with aggregated data. 

Another feature of APs is the formation of an expectation value based on the 

relationships between different systems and their data. According to Knechel (1988a): 

rgvzgvi/̂ rocg /̂wrgĵ  rg/y z^om am az/cfzfor ro gewra^g a/z gu ĝĉ â zo/z 

an accoz/mf aâ 'gcf z^o/z ^owgd^g q/"a coy/^a/zy 'f a w qpgmfzmg 

g/ryzroyz/yzg/za' 

In the same year, 1988, a statement by the AICPA set out clearly the requirements for 

a good AP: znvo/vg co/z^arzj'OMj' q/̂ rgcor /̂ecf a//zoz/MAy, or mz'zoj' (fgvg/qpg^f^o/?z 

/-gco/-(fg(/ o/Mozmfj', fo g.)̂ gcfafzoAty c^vg/qpg^f 6y r/zg az^zYor. TTzg azA ẑfor davg/qpj' fz/c/z 

g.)^gcfafzo/zj^ zy z<^g»f^z)zg ẑ yzng j?/az^z6/g rgwzow/zzpj' f/zaf arg rga^ofzaa^ 

gjgpgcfga^ fo glxzj'f 6afgc/ om faa aza^zfor ẑ yzf̂ grĵ â/ztifzazg q/̂  fag c/zg/zf a w f/zg zwz/l9/7y zm 

w/zzc/z ̂ Ag cZzg/zf qpgra^g^y' (AIPCA - SAS No. 56 (1988)). The two key words are 

comparison and expectation. The former means the estimation or measurement of some 

similarity or dissimilarity between two figures. The latter is a predicted value of a 

relevant variable. A very simple AP may involve the comparison between two values. 

A potentially more powerful AP may involve the development of an expectation and 

then a comparison. Both involve comparison but the latter involves the explicit 

development of an expectation value. 

The Auditing Standard for the UK and Ireland is less explicit. The Auditing Standard 

on APs sets out the basic description of an AP, which is: 'TTzg afza(yfM q/̂ rgWzo/z /̂z ĵ̂ .' 

^ zigfwggm ẑ g/?zĵ  q/yzma/zczaz or 6ga4/gg7z ẑ g/?zf q/yzm^mcw o w w 
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fame /7grfo(y,' ^ agfw/ee/z co/a^ara6zey?mamcw f»/b/7ma f̂om 

cfer/vrng^o/m ^erzodk or g/zfzyfgj',' or fckm//;)/ co/wf jtemcz&y 

ĵ rgc/fc^e /̂̂ a^ferMf or ^wcfz&zffom z/»e;i^ecfe<^ reZaffOwA^f, aW fAe 

refw/ff q/̂  zm/ea'̂ /gaffOfw ^Aereq/̂  (SAS 410). 

As in the USA Standards, ± e UK guidance has ± e concepts of comparison and 

prediction. However, the USA Standards set out the structure for ± e expectation 

process and the need for a 6aniework to ensure that the auditor establishes an estimate 

of the expectation values in a structured way. The UK Standards tell us what an AP is, 

but do not say how it will work. Clearly the effectiveness and reliability of APs will 

depend on the quahty of the methods and the data used. These are within the control of 

the auditor. The UK Standards describe APs as the analysis of relationships. Given sets 

of data, and relationships that are unique to a particular entity, the performance of an 

AP by one auditor should produce a similar (comparable) result to that of another 

auditor. The application of an AP and its outcome should not be arbitrary. That requires 

having a framework for developing an expectation value. 

j.2. j ygofwrgg aw yjf ; jexygcfafwm o/iff iygcmow 

The definitions in 3.2.2 highlight the need for the auditor to form an expectation value 

as a critical stage of the development of the AP. They also imply some concept of 

measurement of the acceptability of the auditor's estimate, or expectation value. 

Expectation can be taken to be exactly what it says; the value the auditor expects to be 

in the audited statements based on knowledge of the business and the relationships 

between the difkrent data sets. For this thesis, the expectation process is defined to be a 

statement of the auditor's understanding of the relationship between the explanatory 

variables and the response variable (the account figure being audited). The result of that 

formulation is a value or range of values for the account figure. It may be an sAip/fCff 

formulation, although frequently the assumptions behind the formulation are only 

The examples given in 3.2.1 all imply that the account figure being audited should, in 

some sense, be 'close' to what is 'expected' when other available information is taken 

into account. That is, the acceptability of the expectation value should include some 

measurement of its accuracy: for example, how precise is the expectation value. For 
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statistical models there are direct ways of measuring the precision. If informal models 

are used, then the estimate of precision must be based on the auditor's judgement. In 

practice, auditors use informal methods and exercise judgement in determining what 

figure they would expect, or what they think is reasonable. The essential difference is 

that with a statistical model the auditor has a quantifiable value on which to base his / 

her judgement. It may be that in some situations (such as the use of APs in audit 

planning) there is no need for a formal definition of 'close'. But if the auditor is to base 

an opinion on the evidence produced by the substantive procedure, some measurement 

of closeness of the expectation value to the figure being audited is required. That is, 

some measure of what is a 'significant difference' is required. In this thesis we use 

'significant difference' to refer to one that is important for some reason. We distinguish 

that from a 'statistically significant difference' where the probability is very low of 

getting a result (a value) that is as extreme as the one obtained. Both are important and 

these issues will be addressed later in the thesis in Chapter 8. 

The UK Standards do recognise that the accuracy is a factor in the use of AP. 'APj' caw 

o/fo gvfakmcg 

an q/^fegfrng/br fag com 6g 

/)rg(yfc^g(/ a rg<%yoma6/g <jkgrgg q/^rgcmzom a w co^(/g»cg. 

g.;i^gcfg(/ /may fwfca^g f6/g wA/cA aarvg mof 6ggm â ĝ gcfgc/ ^ 

of/zgr ' (Practice Note 13: 'Audit of Small Businesses', September 

1997). The introduction to PN13 explains that: '7%g racf/cg M)fgj: 

gg»gm/ c;rcm7?w/amcgf a w 7%^ arg /'gryzaiy/vg 

m^agr j^rgfcrfp^/vg. ^owgvgr, faey w g ;wfcaf(vg q/"goo(f/'mcf/cg, gvgm faowga 

fAey 6g JlsvgZqpgc/ w/fAoz/f /̂Ag /^rocg^^ q / ^ a W g.̂ ôâ wrg z^ga^/br 

&afg/mgmff q/'y^w/fmg '. 

The Auditing Standard on APs (SAS 410) recognises that the extent of reliance auditors 

place on the results of substantive APs may depend on ' fAg accuracy wA/c/z /̂Ag 

gj^gcfgf^ rgWfj^ q/̂ APĵ  ca» 6g /'rg^ f̂c^g* '̂. (SAS 410, paragraph 15(b)). The Standards 

then go on to say, '^owgvgr, rg/za»cg OM fAg rgj:wZfj: q/^APf fAg ' 

q/"fAg rwA; fAaf Âg APa' g.:i^gcfg6^ x/Agrgaj', m 

^cA a /TzafgrW gzM^ '̂. (SAS 410: APs). The Auditing Standards 
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therefore recognise that precision and reliability of the AP are issues, but offer no 

further guidance than their impact is a matter for the auditor^ s judgement. 

j . j arg a p y wfgff waam aw 

A flow diagram of the audit process was given in Chapter 2. In this section of Chapter 3 

we discuss APs in the context of the audit process, which can be thought of as an 

iterative process that continues until there are no identiGed anomahes to explain. Since 

the evidence requirements are not the same at each phase of the audit, it is convenient 

to follow the auditor's classification of the process into three phases: planning, 

implementing the planned work and review. 

At the initial planning and review phases, the use of APs is mandatory. The Auditing 

Standards require that '̂ 4 ovem/Z rev/eif 

ffagef q/"/Ag ' (SAS 410.1). The purpose of APs is to direct attention to issues that 

the auditor should investigate or at least consider because of the likelihood of potential 

problems. The use of APs at this stage of the audit also aids understanding of the 

entity's business, and assists in planning the audit investigations. 

q / " q / " w a / c a fae were 

a w m a w exfenf of/zer az/(fz^ 

j D f o c e ^ f z / r g j ' ^ 7 0 , 77/ APs at this stage are 6equently based on 

interim financial information, budgetary information and management accounts, using 

high level data (data at an entity level). For example Loebbecke and Steinbart (1987) 

reported the use of very simple techniques using annual, not disaggregated, data. 

Following the initial planning work, the auditor usually examines the systems 

producing the financial statements and other business information pertinent to those 

statements. As a result of this examination and the initial planning work, a decision is 

made regarding what other evidence is required. Auditors call the determination and 

gathering of this evidence 'substantive procedures': it is a key phase of an audit. The 

purpose is to obtain audit evidence to detect whether there are material misstatements 

in the financial statements. There are two categories of substantive procedure, APs, and 

other procedures, such as tests of details (requiring inspection of documents) of 

transactions and balances. APs often provide sufficient substantive audit evidence on 

their own, but may also be used to supplement other substantive procedures. A typical 
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use of substantive APs is to test for completeness of income provided the results could 

be predicted with a reasonable degree of precision and confidence. Variations from 

expected results might indicate possible omissions that have not been detected by other 

substantive tests. 

The final step is overall review, where APs confirm that there is no issue remaining. 

The conclusions drawn from the application of such procedures should normally 

corroborate conclusions formed during the audit regarding individual elements of the 

financial statements. Of course they may also identify areas requiring further work. The 

Auditing Standards describe the role of APs at the review^ stage as producing ' 

vt/afca m arrh/mg af fae ovemz/ comc/z/a'wm aw w/zef/zer f/zeyzmayzcw 

ay a w/zo/g are coMj'wfeMf wz/̂ /z f/zazr Ayzowq/" r / zg eMfzfy 'j' 6ztyz7zefj'' (SAS 470.3). 

The Auditing Standards recognise the importance of APs at this stage of the audit: -

co/?^zgfzmg fae aza ẑf, az/c/zforâ  â /zozz/tf apj? zm ybr/mz/zg overa// 

comc/ẑ r̂zom aj: fo w/zef/zgr /zazamcw ow a m//zo/g are cowzĵ fem^ ifzf/z faezr 

q/"fAe gMfzfy 6z/j'ZMej'̂ ' (SAS 410.3/ 

The auditor is encouraged to use simple procedures at the planning stage to help their 

understanding of the business. Later in the audit cycle, APs are developed with the aid 

of the auditor's understanding of the business in order to gather evidence. This apparent 

contradiction is no more than apparent. The roles of the AP at both planning and 

substantive stages involve using the relationships within the data to explore when 

planning the audit and to predict at the substantive stage. These roles are separate but 

complementary. 

There is an analogy with the analysis of data by a statistician. The first step is data 

exploration, to help the statistician's understanding of the source of the data. That 

understanding assists the statistician in deciding upon an appropriate method of 

analysis. The analysis is then carried out. A range of statistical procedures may be used, 

ranging 6om simple descriptive statistics such as calculating means and variances to 

possibly fitting a complex statistical model, if that is appropriate. Different statistical 

methods at each stage: in general simple for the initial analysis to understand the data 

and the problem, more complex methods if appropriate to solve the problem. Chatfield 

(1985) described such an investigation strategy as Initial Data Analysis (IDA). 
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jt/f dkaci&rhhpm fag a p 

APs can take many forms ranging from simple comparisons to sophisticated statistical 

models. As explained in the introduction it is convenient to categorise the procedures. 

The categories we adopt are those that use a single variable, those that use two 

variables and multivariate techniques. Single variable techniques are commonly those 

where a vector of values from a single variable are reviewed to identify something out 

of the ordinary. An example would be to compare this years travel and subsistence bill 

to that of last year. Such methods are implicit in the sense that there is no formal model 

relating the values. Two variable techniques allow the auditor to relate two pieces of 

different information. An example is the calculation of a ratio, which is then compared 

to other ratios. For example, it could be the ratio of bad-debt to revenue. In such a 

method the model formulation may be explicit or implicit. Frequently it will be implicit 

if standard ratios are compared automatically. For example, the audit manual of one of 

the large firms hsts a number of ratios to aid the understanding of the balance sheet, 

e.g. fixed assets / intangible assets and current assets / liabilities. Multivariate methods 

require the auditor to build a model that explicitly acknowledges the relationship 

between the variables. 

Other researchers (e.g. Fraser, Hatherley and Lin (1997)) have adopted another 

categorisation: of [1] scanning, [2] trend analysis, [3] ratio analysis and [4] modelling 

techniques. The last of these is split into reasonableness tests and statistically based 

methods such as regression. The two categories (by one, two or more variables or by 

type) are linked. Scaiming and trend analysis use a single variable, ratio analysis 

normally uses two variables and modelling techniques, including bivariate techniques, 

are multivariate. The link between the two categorisations is discussed in more detail in 

section 3.5 and illustrated in Tables 3.13 and 3.14. The following paragraphs describe 

the categories. Clearly, the categorisations are used for convenience; there is an overlap 

between them. For example ratio analysis, using two variables might be used to 

compare in a convenient way parts of the profit and loss account (gross profit / cost of 

sales), but equally when using two or more variables this can be a modelling procedure. 
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j . ' / . j 

Scanning is a simple comparison procedure. For example, it might compare last year's 

account value to the unaudited value, using high-level data. For example it 6equently 

compares annual data. The comparison could be measured as a percentage change, an 

absolute change in jB, or a combination of both. It is a subjective evaluation based on 

knowledge of an audited organisation and past experience. A simple example of 

scanning is to compare one year's total pay bill with the previous years. The technique 

could be thought of as a natural consequence of the way many auditors set up their 

working papers. When doing the initial work, the 'current year' balances in the 

financial statements are put ac^acent to the previous year's comparable figures. The 

purpose is to identify significant change, so that the change can be investigated. An 

anomaly might be that the difference between the value being tested and the 

expectation value is greater than some specified amount. Critical to this, is the 

judgement about what is a tolerable difference. Frequently differences of between 5% 

and 10% are set as the criteria. These ranges are arbitrary in that they are not explicitly 

linked to the overall materiality. They are based on past experience and common 

practice amongst auditors. 

At its simplest the procedure involves a single variable compared between successive 

observable points, for example year 1 and year 2. A variant of the method is to scan a 

list of the balances (or transactions) to identify anomalies (outliers). Scanning is 

credited as being valuable as a pointer for further work. For a statistician, it is typical of 

something that should be done prior to the formal analysis of data. Chatfield (1985) 

discusses why this is a necessary prerequisite for analysis, and hence for APs. Implicit 

in the scanning technique is an assimiption that there is a logical projection of the prior 

observation into the current year, that the two figures are comparable and have the 

same basis. Because of its superficial nature, the application of scanning may not take 

account of underlying changes in the organisation. It is often claimed by auditors (e.g. 

(AICPA 1998)) to be part of the next set of techniques: trend analysis. If the auditor is 

scanning many points this may be so, but two points do not provide a basis for a trend. 
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A collection of values occurring sequentially in time is known as a time series. One set 

of techniques used by auditors to examine such a series, at the planning, substantive 

and review audit phases, is trend analysis. The purpose is to analyse changes in account 

balances over a period of time. An example is the pay bill over time, the analysis being 

based on past observations of a single variable rather than some algorithm. Is the figure 

for pay, in the accounts currently being audited, compatible with the trend in pay over 

the last few years? The criteria for this assessment may be different for planning and 

substantive work. When considering the difference between their estimate, the 

expectation value, and the figure in the financial statements, the auditor, when doing a 

substantive test rather than using the AP as a planning aid, may apply more rigorous 

criteria for assessing whether the AP is signalling material error. The Audit Standard on 

APs, SAS 410, only refers to the accuracy of APs in the context of substantive APs. It 

says fAaf aW/forf p/ace OM f/ze wAe?; (w 

may ako on fae qj ofaer awif 

foifardly fae fo/mg /fmomcw â fafgtmgm̂  aj'fgrffom'. f o r g%a7?̂ /g, 

ofagr jcrocgf/wgj^ wkkrfaae m rgvzgwmg f/zg co//gcfz^f/z(y 

fag rgvzg#' fz/â ggrz/gmf cowa rgcg^^a:, or (f/ape/ gwĝ ffomâ  arm/ng^om 

f/zg opp/zcafzom q / " ^ r o c g < ^ z / r g j ' fo an agg^f/?rq/z/g q/"cztyro/mgra'' accoz/mf^; ... 

(7̂  f/zg acczg-acy wzf/z w//zzc/z fAg g)ygcfg(/ /'gj'Z/Z(̂ &' q/'APj^ ca/z jprgafzcfgf/'. The 

standards do not expect APs to be as robust at the planning stage: af fAzj" .ŷ agg 

(planning) arg ẑyzA3Z(y Ziayĝ / OM m f g r z / M w z c f 

/Ma/zaggmg/ẑ  accoz/Mfj^The standards acknowledge that the 'c^grgg ro w/zzc/z 

zŷ r/MaTzoM ca/z 6g (Aj^aggrgga^gff' is a factor in the performance of an AP. This taken 

with the use of interim information implies that an AP such as simple trend analysis is 

more appropriate for the planning phase of an audit. 

In trend analysis, the data being compared are financial, and trend analysis can take 

many forms. These are described using examples: simple trend analysis, graphical 

analysis, and average change over time analysis. 
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3.4.2.1 Simple Trend Analysis 

Simple Trend analysis is a form of scanning that uses several years' data. For example, 

it might take the form set out in the Table 3.3. 

Year 1990 1991 1992 1993 1994 1995 1996 1997 

Pay Bill in millions of pounds: 12.5 129 13.5 13.9 14.6 15.1 16.0 16.9 

Absolute Change (in millions) 0 0.4 0.6 0.4 0.7 0.5 0.9 0.9 

As a percentage of 1990 value 100.0 103.2 108.0 111.2 116.8 120.8 128.0 135.6 

Year on Year % Change 3.2 4.7 3.0 5.0 3.4 6.0 5.6 

Table 3.3: An example showing three different APs based on trend analysis. 

The first two rows document the data, the year and the pay bill. Suppose the year being 

audited is 1997 and the auditor has to assess the acceptability of the figure of £16.9m. 

Scanning the years 1996 and 1997 provides less information than reviewing the 

performance over the period since 1990. To get the best information from the data it is 

necessary to isolate changes such as a pay rise or staffing changes and apply that 

information to the audited figure of f 16.9m for 1997. For trend analysis such 

considerations are informal; no explicit model is constructed. While the pay rises can 

be evaluated, the other variables such as staff changes are not taken into account in 

trend analysis. Methods in which the auditor takes account of more than one variable 

are considered as part of the modelling techniques such as reasonableness and statistical 

modelling in section 3.4.4. 

Table 3.3 illustrates three different criteria for measuring the change: absolute change 

from year to year, percentage of a base figure (1990), and year on year percentage 

change. The criterion for a change that is material (sometimes known as 'tolerable 

difference', a concept that is described in Chapter 7) will be expressed differently for 

each of these. It might be an amount greater than £0.5m for absolute change or a year 

on year percentage change greater than 5%. In the example, the absolute change 

measure will flag a potential material error, since the £0.9m change is greater than the 

tolerable difference of £0.5m. Similarly, the year on year change also signals a potential 

problem. 
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3.4.2.2 Graphical Analysis 

Another version of simple trend analysis is a review of the data through the inspection 

of a graph - Graphical Analysis. The same basic data used in the example at Table 3.3 

form the basis of the example at Figure 3.4. 

Paybill over the period 1990 to 1997 

11 

10 ^ 1 1 1 1 1 J 

1990 1991 1992 1993 1994 1995 1996 1997 

• Upper Bound 

-Pay 

Lower Bound 

Figure 3.4: This graph shows the pay data plotted over the period 1990 to 1997. The 1997 
figure is the projected value (f 16.6m) to be compared to the value in the accounts. The graph 
indicates a steady increase in pay over time. The account value is £16.9m, which is more than 
the expectation value and below the upper bound of £17. Im. Note that the y-axis is scaled to 
start at 10. This was to make the graph more distinct. 

Here the comparison is between some projected value and the value shown in the 

accounts together with a tolerable difference to recognise the closeness of the projected 

figure. Such a projection is done by eye in graphical analysis. A simple approach is to 

measure the difference and compare it to tolerable error. In the above example, based 

on the years 1990 to 1996, the predicted (projected) value for 1997 is £16.6m ± £0.5m. 

When compared to the value in the financial statements of £16.9m, this is within the 

'acceptable' range. In some ways this tolerable difference is an informal version of the 

probability the statistician associates with the predicted value. If the observed value had 

been £18m, then that is clearly outside of the tolerable range of £16. Im to £17. Im, and 

would have signalled an unacceptable result and the potential requirement for a more 

detailed investigation. 

If a large volume of data is available, it is preferable to use disaggregated data. This can 

take the form of breaking the data down into its components or more frequent 
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observations. For example, if there were four years' data, then forty-eight observations 

of monthly data are usually more informative than four observations of annual data. 

This is demonstrated by the data from a government agency for the period 1989 to 

1993, as shown in Figures 3.5 and 3.6 below. 

Annual Paybill for the period 1989 to 1993 
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Figure 3.5. This graph shows the pay data for the agency over four years. Note 
that the y-axis commences at £8m. 
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Figure 3.6. Pay data for the agency over four years (48 observations). It clearly 
shows the fluctuations in pay that the auditor may want to explore. 

The graphs clearly show that looking at only the annual data would reveal a steady 

increase in the pay bill. The auditor might find this to be in agreement with his/her 

conceptions of the audited body. However, looking at the monthly data (figure 3.6) 
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reveals some dramatic changes 6om month to month around a steady growth in the pay 

bill. There is clearly more information here on which the auditor can base further 

investigations. Although the auditor is attesting that the annual financial statements are 

true and fair, they also wish to satisfy themselves that the underlying statements do not 

have compensating errors that might cause them to qualify their opinion. An example 

of this, although in a more general consideration, is the qualification to the Accounts of 

the Department of Social Security. There for many years the NAO put an estimate on 

the total value of error (overpayments, frauds, etc.). The net value was not large, but the 

compensating over and underpayments were indicative of something being wrong with 

the financial statements. 

Using the data in figure 3.3, the calculation of averngg cAayzge over rf/we can 

be used to predict the pay for the year being audited. First calculate the average change 

for the period 1990 to 1996 (7 observations). This would be: 

Pay in 1996 - pay in 1990 
(Number of observations - 1) 

= 16.0-12.5 
(7-1) 

= jE0.58m 

So the prediction for 1997 is the value for 1996 + average change per year = £16.Cm + 

50.58m = f 16.58m. When comparing this to the financial statement figure of €16.9m 

and allowing for the tolerable error of jB0.5m, the predicted value is said to be 

'acceptable'. 

Trend analysis is appropriate when a relationship is stable, but less so when there are 

operational or regulatory changes. The process is heuristic, the development of 

expectations being implicit. The number of years required for trend analysis to be 

appropriate is a function of stability of the environment of the AP. Because of the 

unstructured nature of the process, it is essential that the auditor understands how the 

environment of the audited body changes, both internally and externally. The example 

illustrated by Figures 3.5 and 3 .6 demonstrates that trend analysis is likely to be more 

effective if disaggregated data is used. 

44 



Chapter 3 

Chatfield (1975) provided he called a 'loose description' of trend analysis. It is 

one that fits perfectly here: fgr/M cAaMge This raises the question of 

what is long term? That must be a subjective judgement informed by some knowledge 

of the data: for example, taking account of cycles in the data. As will be seen 6om the 

surveys described in Chapter 5, the auditors' application of trend analysis implies that 

the prediction is exact: a deterministic model, where the future is exactly determined by 

the past. Although their models are representing accounting identities, they are 

incomplete because their interpretation and knowledge of the audited organisation is 

incomplete. Thus for most implementations of trend analysis, the model is not exactly 

determined by the past. Such series are stochastic and an exact prediction is impossible. 

A range of other potential values that could arise 6om the same data series surrounds 

the predicted value. These potential values have a probability distribution that is 

conditioned by past values. The task is to infer that range of values. 

j . v . j 

Ratio analysis looks at the relationship between values: put simply it transforms two 

variables into a single number. The ratio might involve the relationship between the 

sales of a shop and the floor area devoted to sales. The ratio will report a single 

number: the sales per square metre. In this simple deGnition there is no restriction on 

the units of either variable. Financial ratios are a subset of ratios and consider the 

relationship between values in the financial statements or between values in those 

statements and the accounting systems underlying those statements. These are the ratios 

we consider in this section. 

Ratios can be traced back to the Greeks: Euclid analysed the properties of ratios as part 

of his work on geometry. The first modem use of ratios can be traced back to the time 

of the Civil War in the USA, when the increase in US bank credit gave rise to the 

segregation of current and non-current items and the development of the ratio of current 

assets to current liabilities. Another landmark was the du Pont Company's ratio 

'triangle system' to evaluate its operating results (1919). These are examples of the 

normative use of ratios, which summarises the relationship between Y and X in a single 

number, which can then be compared to some standard. That standard can be 

theoretical, or based on past experience of the organisation being audited or past 

experience of other organisations (e.g. Trade Associations) or by specific enquiry. 
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One application of normative ratios could occur at the planning phase of the audit, 

where they might be used to highlight areas that are performing differently from the 

norm. The areas might be branches of a chain of shops, social-security offices or 

railway stations on the underground. Different in this sense is not necessarily bad, but 

worth investigating. 

In addition to the normative role for ratios, they are also used in a predictive way. In 

their predictive role, the ratios are part of the estimation of a functional relationship, 

usually for the purposes of prediction. Here they might, for example, seek to predict the 

future profit of a company by using the ratio of profit to sales. In his paper reviewing 

the use of̂  and analysis of̂  Financial Ratios, Barnes (1987) expanded Whittington's 

(1980) description of these predictive uses. Barnes (1987) defined two main users of 

predictive ratios: raffoa' 

f o y b r e c a j f e . g . 

/preg/fcfgc/ wgj ' 6y fae a w /wore 

wAzcA '. The first of these would include accountants in their 

role as auditors. 

The use of ratios as a management tool has a long history. Accountants and economists 

have advocated them over the years. Auditors are trained accountants, so the transition 

6om the management role to an audit one was a natural one. To the internal manager, 

whatever the theoretical grounding of ratio analysis, there is a practical consideration: 

do the ratios provide the user with valuable information? Deakin (1976) captured the 

essence of this point fga:̂  fAg va/wg j'wcA a moĉ g/ Z/gf 

m a< âgrgmcg fo cgrfazn c/afa rafaer, m aij%grg»cg fo 

m (fgcM/oM-zMaArmgThat argument is attractive to the manager of a business 

whose decisions affect his own business: an internal matter. 

Unlike the manager, whose role was to serve the internal management, the auditors 

have a different audience: ± e public in the form of the shareholders or the wider public 

such as those who might act on the financial statements. In the public sector it is 

Parliament and the public at large. It is the auditor's role to attest to the truth and 

fairness of the financial statements. Their use of ratios (or any procedure) can affect the 
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decisions of others; so they have an implied responsibility to ensure that their work is 

reliable and can be shown to be so. To be defensible, the use of ratios as an AP should 

be consistent with the assumptions underlying the method, both implicit and explicit. 

Whittington (1980) argued that those using ratio analysis should understand and be 

aware of the assumptions that underlie their use. He put it this way: 'TTzere a 

/-gwfow /ag ̂ rg6//crh;g comfe/zf q / ^ m f/zm z/fgrna/rg 

a/fo, m fo aâ â zy/mg r/zaf f/zg ra/zo m fae orpt-qprzafg yb/7m 

fz^/wfrmzmg f/zg (&z% wzyaoẑ ^ gxy/ammg i f w arg mgggj'ĵ a/}'ybr /aw /o 6g 

fAg cafg' Whittington (1980). This debate about the use of ratios has been going on for 

many years. In 1968, Altman alluded to the differences in the consideration of 

appropriateness of the use of ratios between academicians and practitioners. He wrote 

'CaM wg arzd^g fag gap, rafagr fa^m ĵ gvgr /̂ ag zz/za, agfx/ggm r̂af̂ zfzo/zaz mfzo ' 

aW /Ag /Morg rzgoroziy ĵ fafzj'fzcaZ /gcAMzgz/gj' wAzcA Aavg 6gco/?zg pqpw/gr amowg 

aca f̂grnzcza/zf zn rgcgfzf )/gar9?' (Altman 1968). He was alluding to the application of 

ratios without consideration of the appropriateness of a ratio in a particular set of 

circumstances. To apply a standard range of ratios without consideration of the 

circumstances and whether they are theoretically correct can lead to erroneous 

conclusions. 

Such an application would have analogies to the application of IDA techniques by a 

statistician. ChatGeld (1985) described such a strategy in his paper on Initial Data 

Analysis (IDA). There the statistician will explore the data to understand it better 

without worrying about the theoretical appropriateness. But they do not draw 

conclusions 6om that: it is purely exploratory. 

The Auditing Standards encourage the use of ratios. In Practice Note 13 (The Audit of 

Small Businesses) they give an example of a type of AP that uses a ratio. The Practice 

Note says: 'TTzg ztyg q/̂ wzc/g/y rgcogTZMĝ f frat/g rafzof (fz/cA ay/?rq/z/̂  /?zargz%y 

%)gf q/"rgfazZ Aztymgj'fg^ co/z q/̂ gfz 6g g/^cfzvg^ z/fgaf ZM fo pmvzt^ 

gyz6/gmcg m f z ^ o r f fag rgafomaa/g/zg^^y q/^rgcordgc/ zyg/yzĵ .' 

A survey of auditors reported by Daroca and Holder (1985) found that over 50% of 

auditors used ratio analysis. Three of the most common ratios were current ratio (e.g. 

current assets/current liabilities), gross margin on sales and profit margin on sales. In 
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ratio analysis the comparison may be over time, either within a particular company or 

between organisations. The former is time series analysis, also known as longitudinal 

analysis. For example, the ratio might be sales as a percentage of capital, and the 

analysis comparison with last year's ratio. Indeed ratio analysis could be part of trend 

analysis if ratios for several years were used. In contrast, cross-sectional analysis 

compares the same ratio, at the same time period, across many similar companies 

and/or to some industry norm. For example, the comparison may be between the sales 

per square foot of Safeway's and Sainsbury's, or may be measured against some 

industry/business norm (comparing the sales per square foot to the 'average' of all 

supermarkets). 

If both the numerator and denominator are in the same units, as they are in financial 

ratios, the ratio has the potential to transform the variables to a relative value and so 

compensate for the effects of size or changes in purchasing power; the value of money. 

Figure 3.7 below shows the ratio of stock to sales for 16 companies in the same 

industry category (brewing) for one particular year: 1991. The comparisons were of 

companies of very different sizes from small family firms to large multi-national 

companies. The sales ranged from £ 1.75m to £1,46 Im. It can be seen that most 

companies have a comparable ratio: within the range 0.04 to 0.10. 

Ratio of stock to sales 
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Figure 3.7: This shows the ratio of stock to sales for the year 1991. It can be seen that the 
ratio varies over a small range for most companies but there are also wide variations. 
[Source: Compiled from an analysis company accounts of Brewing Companies undertaken 
for this thesis]. 
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However, the mterpretation of such ratios can be complex because, for example, of the 

nature of the businesses. They are all from the brewing industry, that classification 

being based on the FT Extel database. The information in Figure 3.7 is from that 

database. But in fact investigations revealed that some are also distillers and/or are in 

the catering trade. One company that was rejected 6om the analysis had quit the 

brewing business and now ran homes for the elderly. 

The full range of values is made clear when inspecting the data in Table 3.8. It 

transpires that companies 18 and 19, although they are classified as brewing, are also 

m^or distillers. The stock holding for such companies is entirely different; brandy is 

aged for years, whereas many beers have a short shelf life. The stock patterns are very 

diSerent. The way things can dramatically change between years is illustrated by 

results for company 1: inspection of Table 3 .8 makes it is clear that some m^or change 

occurred between 1993 and 1994. In fact further investigation revealed that there had 

been a takeover that increased the stock and sales. 

Stock (j Em) Sales (fm) 
1991 1992 1993 1994 1991 1992 1993 1994 

1 0.06 0.03 0.02 3.04 1.75 1.22 0.64 22.93 
2 0.60 0.63 0.64 0.52 11.65 12.54 12.65 12.11 
3 0.71 0.66 0.88 0.82 10.97 13.31 13.79 17.74 

5 1.21 1.49 1.26 1.09 22.54 25.74 28.03 28.09 
6 1.20 1.18 1.72 1.54 16.94 18.61 28.07 33.07 
7 2.41 2.46 3.16 3.04 27.04 29.58 32.20 32.07 
8 1.94 1.71 0.99 1.15 28.21 32.12 34.52 35.94 
9 3.02 3.57 2.40 2.61 31.34 35.82 39.11 43.81 

10 3.80 3.39 3.27 3.60 42.17 43.07 42.73 42.15 
11 4.99 5.31 5.02 4.06 58.52 68.14 72.90 72.34 

13 10.70 11.98 11.19 9.07 126.26 128.58 62.55 61.00 
14 5.12 6.53 2.81 2.79 88.32 98.33 102.94 104.21 

16 24.54 35.61 46.64 40.32 487.68 529.06 596.05 720.36 
17 54.66 86.01 50.86 49.05 844.83 1,333.15 1,326.13 1310.20 
18 936.00 902.00 1,031.00 859.00 7,952.00 8,798.00 8,892.00 8,709.00 
19 2,370.00 2,490.00 1,830.00 1,820.00 14,610.00 15,730.00 16,140.00 17,110.00 
Table 3.8: The Value of Sales and Stock for 16 different companies for the year 1991-1994. The units are £m. The 
blank lines are firms excluded here because there were missing data in one or more years. It will be seen that there is a 
wide variation in size. [Source: Analysis of company accounts of Brewing Companies undertaken for this thesis]. 

Thus interpretation is an issue, particularly in cross-sectional analysis. As demonstrated 

by this example, seemingly comparable industries may have very diGerent 
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characteristics. Salmi, Dahlstedt, Luoma and Laakkonen (1988) looked at the 

possibility of using ratios to predict the industry classification of a firm. This is the 

reverse of the problem discussed in this thesis, but an interesting one. They concluded, 

f/ze This makes the point that the choice of comparators 

is one that should be done carefully. The accepted industry classification may not be 

appropriate. 

The example given above illustrates one of the basic assumptions underlying ratios. It 

is that of proportionality with the basic form x/y = P, or does it involve some constant, 

a. In the above example, it is because there is a basic underlying stock holding, the 

relationship between x and y might be y = a + p x + e. To obtain the ratio we divide by 

X to give: y/x = o/x + P + e/x. For proportionality we want a = 0. If a 9;̂  0, then y/x the 

proportionality assumption does not hold. 

In the example, industries had very different components for their business. We can 

illustrate the problem with a simplified example, ignoring the associated beverages and 

snacks that the brewers dispense. Suppose it was initially thought that only beers made 

up the sales, and suppose the sales and stock were y and x respectively. Suppose the 

model was thought to be y = a + P x + g, but then it was discovered that there were 

sales (y), stocks of beer (xi), spirits (xi) and food (xg). So the model is now more 

complex: y = a + p xi + y xi + 8 xg + e. The question is: what is the ratio. Should one 

use a comphcated model, or three simple models such as: yi = ai + p xi + Gi, 

yi = a2+ 7 X2 + E2, and ys = as + g X3 + 63. This simple example illustrates that it might 

be necessary to disaggregate the analysis and hence the data to an appropriate level. 

A distinction between trend analysis (described in 3.4.2) and ratio analysis is that trend-

analysis only looks at the behaviour through time of the data for one account figure, 

while ratio analysis measures the relationship between different data sets. Given the 

inter-relations between the account figures, one might expect ratio analysis to be more 

likely to give consistent measures or ones that are not subject to sudden changes unless 

there is a change in the underlying relationship. For example, it might be that as sales of 

goods increase, so the cost of materials used to produce those goods would increase in 

proportion. If the relationship is linear, then simple ratio analysis has the potential to be 

a useful analytical tool. While a single account figure can vary for a number of reasons. 
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an assumption commonly made in using ratio analysis is that there is a stable 

relationship between the chosen account figures. A variation in a ratio may be a signal 

of a change in circumstances of the business or of a potential problem (e.g. error or 

6aud). The development of the expectation is implicit, and is a function of stability of 

the environment in which the AP is applied, and the data available for the analysis. This 

area will be picked up and discussed later in Chapter 7: wAef/zgr 

or grror. In particular we review some work 

by Berry and Nix (1991), who did some interesting work comparing simple ratio cross-

sectional analysis to regression based analysis. 

Trend analysis described in 3.4.2 looked at the performance of a variable over time. 

One way of conceptualising the time variable is as a proxy for other variables. Time 

might be used instead of changes in the market, caused by the growth of the 

organisation. It is simpler and easier to conceptualise than the inter-related changes of 

interest rates, market changes and other economic variables. When considering the 

expectation value for pay over time in trend analysis, the auditor could think of other 

things that influence the pay figure. But if the auditor explicitly used the variables such 

as staff numbers, staff changes and pay, then the technique can be categorised as 

modelling. Similar arguments to those about disaggregated data indicate that the use of 

the variables rather than the time proxy should give more precise and reliable 

expectation values. 

APs that use multivariate data and are characterised as 'modelling' are distinguished by 

the identification of meaningfW, stable relationships between financial and non-

Gnancial data. Two examples of this approach are reof and 

(such as ordinary least squares regression, or nonparametric regression.) The 

data may be from within the audited body, external to it or a mixture of the two. 

3.4.4.1 Reasonableness Analysis 

Reasonableness analysis is a structured model that attempts to estimate the expectation 

value using information that the auditor considers relevant to that expectation. Such 

procedures are considered by auditors to allow them to use their intuitive judgement to 

play a m^or role. An example is where the auditor uses data on the number and 
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categories of static the number of hours, days or weeks in the period and the relevant 

average pay rates to predict the figure for salaries and wages in the accounts. Another 

example is the calculation of an expectation value for income of the Passport Agency 

based on number of passports issued and the standard charges by passport type. If the 

data were known exactly, and there were 6xed rates, then this would be a deterministic 

model. For example if there were three types of passport, all strictly controlled because 

of the inherent security issues around passports, and there vyere a fixed rate for each 

passport type, then it should be possible to calculate exactly the income from fees. This 

has been successfully carried out in the audit of the UK Passport Agency. Other 

examples include the calculation of an expectation value for hotel income based on 

occupancy rate of hotel rooms and the average room rate (possibly by room type), and 

the calculation of the Driver and Vehicle Licensing Agency (DVLA) income using the 

number of licences issued and their fee rates. 

How a reasonableness test might be used can be illustrated by an example, based on the 

data 6om the example in Annex A on page 67. If the auditor knew the number of staff 

and the average pay from reliable sources then a simple expectation value could be 

built. The total pay might be the sum of the average number of staff in each group times 

the average pay for that group, after allowing for the effect of inflation. The details are 

set out in Figure 3 .9 below. 

Details of the Reasonableness Test 
Average staff for audited year 849.63 
Average pay from last year 13461.89 
Allow for inflation of 3.18% 13889 .98 
Expectation value for pay in the yearl998-1999 11801272.64 
Pay figure in the accounts 12597333.00 
Difference -796060.36 
Difference as a percentage of expectation value -6.75% 
Figure 3.9: An example showing the results of a reasonableness test on payroll. 

This might be an unacceptable difference. Suppose now that the auditor realises that 

pay inflation was not 3.18% but 4.5%, would that make a difference? The effect of this 

is shown in Figure 3.10; again, the difference between the expectation value and the 

book value is not small. This crucial subject of acceptable and unacceptable differences 

will be examined in Chapter 8. 

52 



Chapter 3 

Details of the Reasonableness Test 
Average staff for audited year 849.63 
Average pay firom last year 13461.89 
Allow for inflation of 4.5% 14069 .57 
Expectation value for pay in the yearl998-1999 11953857.34 
Pay figure in the accounts 12597333.00 
Difference -643475 .66 
Difference as a percentage of expectation value -5J8% 
Figure 3.10: This shows the results of the revised reasonableness test on payroll. 

The efl^tiveness of these APs will depend on the diligence of the auditor and the 

quality of the data. Whether the procedure is cost-effective depends on its abihty to 

reduce the costs of doing the audit, while still meeting the standards in terms of 

accuracy and achieved assurance (efficiency criterion) and whether their application is 

capable of producing a result (effectiveness criterion). Reasonableness analysis could 

be described as an informal version of statistical analysis, using financial and/or non-

financial data to predict an account figure. 

3.4.4.2 Statistical Modelling 

In statistical analysis, as in reasonableness testing, the auditor develops a model to 

predict, or explain, the figure in the account (the response variable) using relevant data, 

both financial and non-financial data (explanatory variable(s)). However, in contrast to 

the deterministic relationship underlying the reasonableness test technique, statistical 

models are based on derived statistical relationships between the explanatory variables 

and the response variable. Both techniques require the user to define variables, between 

which there are expected to be meaningful relationships. An essential difference is that 

statistical modelling explicitly recognises that the expectation value is not exact, but 

that it has a probability distribution that is conditioned by the values of explanatory 

variable(s). It is possible to estimate the precision of the result and the probability that 

the response variable lies in any given range. Thus the precision of the auditors' 

expectation can be quantified. Statistical modelling is not just a one-to-one pairing of 

response and explanatory variables. It tries to assess the relative importance of different 

explanatory variables, and can thus extract the significance of competing or 

complementary variables. 
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Statistical modelling could be used to predict the pay expenditure of an organisation. It 

might use as explanatory variables: stafF numbers, promotions, and details of starters 

and leavers. Another example is an explicit expectation for income of an ice-cream 

manufacturer based on temperature, day of the week and other variables known to 

affect sales. Examples of other potential relationships between response variable 

(financial) and explanatory variables (usually a mixture of financial and non-financial) 

are set out in Table 3.11 below. 

Response Variable Explanatory Variable 
Unemployment Benefit Labour statistics 
Subsidy Number of cows 
Child Benefit Expenditure Number of children in certain age groups derived 

from the census and updated since the last census 
Table 3.11: Examples of the relationships between variables. 

An example of an AP based on statistical modelling is illustrated in the example set out 

in Annex A on page 67. Essentially, there are details of tw^o staff groups with the data 

being on a monthly basis. Associated with the data are details of the total pay, also on a 

monthly basis. A simple regression model can be built using the staffing and pay data 

for the 36 months prior to the current audited period. The model is: 

y = + 7239.8 x F; - x F]?, where 7is the expectation value, F; is the 

variable 'higher grade staff and is the variable 'junior grade staff That model is 

then applied to the staff data for the audited period to produce twelve expectation 

values, one for each month. These are combined to produce the expectation value for 

the year. The results are in Figure 3.12. For more detail see Aimex A on page 67. 

Account Value Expectation Value Difference Difference as % 
jE12,597,333 €12,341,780 5255,553 2.09% 

Figure 3.12: The results of regression based AP on payroll. [Source: Based on data from a Government 
Agency]. 

3.5 The relationships between the Techniques 

The Auditing Standards in SAS 410 describe the nature (their term) of APs to include 

comparisons and relationships. For comparisons, their examples include the 

consideration of the entity's financial information in relation to comparable information 

from prior periods. Another example that is given is the comparison of a particular ratio 

with the relevant industry average. The description in the Standards of is 
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compatible with the one / two variable(s) type APs such as scanning, trend analysis and 

simple ratio analysis. 

The Auditing Standards then go on to describe another type of AP: VAe co/w/cfgraf/oM 

fo a .'. Examples they provide include relationships of gross profit 

to sales, or between aW reZevaMf Clearly, ±ese 

APs are based on two or more variables. Some form of modelling is involved, be it the 

intuitive reasonableness tests or the more formal statistical type procedures. 

The standards are describing a range of methods that make up the universe of all APs. 

The different methods are often described as distinct; they are not! Consider ratio 

analysis, v\iiich Blocher and Patterson (1996) defined as the comparison of two 

variables, both of which are usually financial. Others have a wider definition where 

ratios are based on financial and non-financial data, for example, sales per retail square 

foot. A ratio is sometimes considered to involve a Amction of several variables. For 

example, sales per square foot over time. Here the AP has moved 6om a comparison to 

a consideration of the relationship between different sets of data and becomes a 

modelling procedure. When comparing two variables it may be described as ratio 

analysis, but if three or more variables are involved then it is a modelling procedure. 

That might be either informal modelling such as reasonableness tests or the use of 

regression (or some other statistical procedures). This is not just semantics; it reflects 

the type of expectation value moving from implicit to explicit. 

The Auditing Standards recognise the distinction between two types of APs. This and 

our interpretation are summarised in Table 3 .13. The five types of AP can be mapped 

onto the two categories defined in the UK Auditing Standards. This mapping is shown 

in Table 3.13. The research work described in the literature review with regard to the 

five categories can be translated into comparison or relationships as set out in the UK 

guidelines. The concepts are consistent with the categorisation by the number of 

variables, which we prefer. 
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Categorisation in the 
Auditing Standards 

Categorisation 
by Method 

Categorisation by 
Number of Variables 

Comparison 
Scanning 
Simple Trend 
Ratio 

Single 
Single 
Two 

Relationships 
Ratio Two or more 

Relationships Reasonableness 
Regression 

Multivariate 
Multivariate 

Table 3.13: The connection between the description of APs in the Auditing Standards and in 
the hterature. 

The data used for the AP can be 6om a variety of sources: fmancial and non-financial 

data; the latter, if information is available, has the potential for greater power in 

producing defensible audit statements. That is because it is from different systems to 

those producing the Gnancial statements. Both financial and non-financial data can be 

subdivided into data internal or external to the organisation. Because data &om outside 

of the organisation are independent of the accounting and other systems of the audited 

body, they have the power to be particularly useful in developing the expectations for 

income. Of course, such data can also be indefensible if grounded in a different context. 

However, they can sometimes be used to crosscheck the results of an AP. The Auditing 

Standards stipulate that: rg/fancg f W 

ofAer aWfY (f/rgcfg*^ fowardiy Âg j'a/Mg /zManc W ĵ fafg/»gM/ ayj'grf^/ow' (SAS 

410). A potential example involves the audit of Child Benefit paid by the Child Benefit 

Agency. Suppose data on child numbers could be obtained from a different 

Government agency to the Child Benefit Agency, for example the Department of 

Education. In addition, if information on family size was available from outside of the 

Child Benefit Agency, then a benefit that was based on children could be predicted 

independently of the Child Benefit Agency systems. 

Scanning and trend analysis, because ±ey use only a single variable to predict, do not 

use external or non-financial data. Modelling procedures are able to use and combine 

all four sources of data, financial and non-financial, internal and external, thereby 

increasing the power of the techniques. Table 3 .14 below summarises these 

relationships. 
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Category of AP Explicit / 
Implicit 

Number of variables 
used to build the 
expectation 

Nom-
financial 
data 

External 
data 

Quantified 
precision. 

Scanning Implicit One No No No 
Trend Analysis Implicit One No No No 
Rado Analysis Implicit Two Yes Possible No 
Reasonableness Explicit Two or more Yes Yes No 
Regression Explicit Two or more Yes Yes Yes 
Table 3.14: This summarises the properties of the different classes of AP. (Source: Adapted from Audit Practice 
Release-APs (AICPA 1998)). 

As the role of APs changes and the expectations developed become more explicit, the 

power of the AP also changes. Libby (1981) addresses this issue, which is considered in 

the Literature review in Chapter 4. A way that bridges the distinction between the 

categories is to define the methods as moving from one category to another as the 

objectives of the procedure change or the data used change. This can be illustrated by 

another example. Simple trend analysis as described above uses one variable over time. 

It is an informal procedure in the sense that it may be graphical with the trend modelled 

by drawing a line through the data points by eye, or use one of the other methods 

described in section 3.4.2. It is also informal because the expectation value is not 

derived explicitly; it is implicit. If two or more variables are used then the method may 

become a reasonableness test where the formation of an expectation value is explicit; 

indeed regression could be used, if it were appropriate. Table 3.14 summarises this 

information. 

3.6 Discussion of implications for the application of an AP 

The issues discussed above are not academic in the sense of being irrelevant to practice. 

The American Institute of Certified Public Accountants (1998), in guidance on the use 

of APs, said, M (fgve/opecf 

accozmf wz f/ze c/ze/zf zwz^fry a w f/zg 

q/^cfz/zg f/ze The AICPA then cite several frauds that they consider 

should have been initially identified using APs, illustrating the importance of proper 

consideration of the expectation. The frauds are listed in Annex B on page 74. 

We now consider in more detail the outcomes of an AP and the rules that underlie the 

development and subsequent analysis of the expectation-value. 
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3.7 Outcomes of an AP 

As described in Chapter One outcomes from the application of a substantive AP can be 

divided into four categories according as (i) material error is or is not in fact present, 

and (ii) the AP signals that material error is or is not present. The four categories are 

shown in Figure 3.15. 

True Position 

No Material error 
present 

Material error 
present 

AP signals no material error Correct signal False-positive 
signal 

AP signals material error False-negative signal Correct signal 

Figure 3.15; Possible outcomes from the apphcation of an AP. [Source: This thesis]. 

3.8 A structure for APs 

APs are based on a variety of methods, ranging from statistical to qualitative. If we start 

from the premise that they are all useful and valuable, then some framework is needed 

that demonstrates to third parties that the analysis is valid in two important respects. 

Firstly, that it can be relied upon to produce evidence that there is no material error, 

where this is in fact the case. Secondly, if there is material error the AP can be relied 

upon to indicate the presence of such error, although other audit work may be required 

to resolve and provide the conclusive proof The latter work is not addressed in this 

thesis; for our analysis the criterion is that the AP must be a reliable and consistent 

indicator of the presence or absence of error. 

In order to bring a structure to the consideration of APs, we introduce the concept that 

an AP can be thought of as two rules: an investigation rule and an outcome-rule. The 

investigation rule is about building the AP model and calculating the expectation value. 

The outcome-rule is concerned with assessing the closeness of the expectation value to 

the book value that is being audited. The flow diagram set out in Annex C on page 76 is 

a schematic representation of the AP process. The basic structure is forming an 

expectation about outcome, the expectation-value, and then making a comparison 

between the audited value and the expectation-value and making a judgement about the 
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difference. The components that make up the investigation rule are coloured green in 

Annex C, and those of the outcome rule are coloured turquoise. 

As we pointed out in section 3.2.3, unlike the Auditing Standards in the USA that 

provide some structure for the process, the UK Standards do not. Thus the structure 

proposed here addresses that omissioiL 

The investigation-rule is the initial step in developing an expectation-value for the 

figure in the financial statements. It seeks to incorporate causal links between different 

sets of data and utilises the auditor's understanding of the plausible relationships when 

using procedures such as ratio, trend or modelling analysis. The auditor's 

understanding and knowledge of the client's business are an essential part of this 

process. The Statement of Auditing Standards on APs states that: 

fAe aZij'gMce coWzYzoTi; To f/ze coMfra/yXSAS 410), clearly recognising that an 

understanding of the inter-relationships is a key part of APs. Section 3.4 looked at a 

number of different categories of AP. The auditor chooses the one that meets the 

objective of their audit test. The investigation-rule produces the expectation-value: Yy. 

The other values of interest are the book value [Yg] and the true value [YT], which is 

not known, but which it is hoped will be close to the value in the accounts. The 

relationship between YT and YT is E (YT) = YT. 

There are the two purposes for using an AP: to explore and explain the relationships 

between the two or more variables, for example response and explanatory variable(s), 

and secondly to predict a future value. The exploration of relationships is especially 

important at the planning stage of an audit. Since this thesis is particularly concerned 

with the predictive power of APs, it concentrates on aspects of prediction. Our 

approach will be to build an investigation rule to summarise the data, and then use this 

rule to explore the relationship(s) and/or to predict a future value. 

The predictions (investigation rules) may involve cross-sectional or time-series 

analysis. The former may involve comparison between different parts of an 

organisation, or between similar parts of a number of organisations: the parts could be 

locations or branches within an organisation. Alternatively, the cross-sectional analysis 
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could involve particular feature, for example creditors, &om many different 

organisations. It does not involve the passing of time. For example if the Passport 

Agency had many different locations, the predictions could be used to measure those 

that were performing differently in some way to the others: a particular location may be 

better, or worse, by a specified amount. Another example of cross-sectional analysis 

could be the use of data about the ratio of sales to stocks for a number of similar 

organisations. 

An alternative analysis might be to look at the data over time, say the number of new 

passports processed each month and the expected income from them. This is analysis 

over time, otherwise known as longitudinal analysis. The rest of the thesis will explore 

APs that deal with data over time. 

j . owfcomg rw/g 

The outcome-rule is the other key part of an AP. It is concerned with assessing the 

outcome of the investigation-rule. The outcome-rule may be arbitrary or statistically 

based. It would be arbitrary if the rule is set by judgement and might, or might not, be 

linked to the overall materiality. 

Once the investigation rule has produced the expectation-value, ^T, we need some 

criteria to measure how close it is to the value being audited Yg (the book value). That 

is, we need a rule for assessing the closeness of and Yg. However there are the three 

values we defined above: Yg, Yi and Yy and the relationship between them can be 

described in the following way. It makes clear the components of the prediction. The 

observed difference between the Expectation Value and Account Value is - Yg. 

Adding and subtracting the true value gives: (Yi - Yg) = (YT -Yi) + (Yy - Yg). This 

can be interpreted as: Observed Difference = Prediction Error + Target Difference. The 

auditor wishes to measure the Target Difference, but observes (YT - Yg). Only if one 

knows the true value of the population will YT be known. The auditor should be aware 

of the prediction error. Blocher and Patterson (1996), who drafted much of the current 

guidance on APs in the USA recommend that one of the key steps in evaluating an AP 

is an assessment of prediction error. 
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A statistically based AP will try to estimate the prediction error. For example: if linear 

regression were used to estimate Yi, then the associated confidence interval takes 

account of the potential prediction error and is: 

Y? ta/2, n-2 s {1 + 1/n + (xi - xbar)^/Z(xj - xbar)^ } ̂  
where 
n = number of observations in the prior period 
j = l . . . n 
(1 - a) is probability associated with the prediction interval 
s is standard deviation 
xbar is mean value of prior data 
Xi is value of explanatory variable at value being 

predicted 
Xj is value of the prior data 

We will return to the prediction error later, but for now we will concentrate on the 

observed difkrence. 

We define lYi - Ysl < C as the outcome-rule, where C is some speciGed value, which 

we will call the outcome-value. Auditors have a value they use as the specific value 

It could be materiality, or a simple function of it We discussed materiality in 

Chapter 2 where we saw that the Auditing Standards require that materiality should be 

taken into consideration in assessing the audit of particular values within the financial 

statements. A relevant extract 6om the Standards is: 'MzferW/Yy 

m //wfvzc/wa/ prz/ma/y wzfam fae/zmamcw 

or q / " m f/ze/M' (Glossary of terms in the Statements 

of Auditing Standards). Because the term materiality is used in different ways to 

describe the assessment of the outcome of the overall audit, or of part of an audit, we 

will call the specific value for APs the 'outcome-value' to distinguish it from the 

auditor's 'materiahty'. 

This link between the materiality figures at the higher level (overall account) and the 

outcome-value applied to an individual line item within the financial statements is 

important because auditors claim to work to 'tight' materialities (e.g. 1% or much less). 

The question is whether that means they work to tight materialities relative to the 

overall level of the financial statements or to the individual tests that together make up 

the overall audit opinion. The possible implications of this can be illustrated by an 

example. 
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Suppose for the audit of the UK Passport Agency's finaiicial statements (the example in 

Chapter 2) the auditor defines materiality using the total income in the financial 

statements as a yardstick, to be f1.075m (1% of an important value (income) in the 

financial statements, rounded to 3 decimal places'). Suppose also that an AP is being 

applied to the 'amendments' income figure: whose value within the financial 

statements is £17m. It may be one of many lines, or balances, within the financial 

statements, each of which may be subjected to a separate substantive test. For this 

example there are two such lines, or balances, that make up the total of the financial 

statements. Table 3.16 shows the alternative effects of applying the overall materiality 

to be the outcome-value for each line item in the set of financial statements and the 

outcome-values if they were set at 1% for each line of the financial statements. 

Outcome-value 1 shows the outcome-value as a percentage of the income figure if it is 

set at overall materiality, while outcome-value! shows the value it would be if it were 

set at 1% of the line, or balance, being tested. 

Income Values in 
Ae Financial 
Statements 

Values Overall 
Materiality 

Outcome-value 1 
(overall 

materiality) 

Outcome-value 2 
(% of balance) 

Issue of passports jE90,540,920.00 fl,075,409.20 1.2% f905,409.20 
Amendments 
(change of name or 
photograph) 

f17,000,000.00 tl,075,409.20 6.3% f170,000.00 

Total 1107,540,920.00 fl,075,409.20 1.0% fl,075,409.20 
Table 3.16: A comparison of setting the outcome-value for line items based the overall materiality and contrasting 
them with the outcome-values if they were set at 1% for each line of the financial statements. [Source: Based on 
the accoimts of Passports Agaicy]. 

Which outcome-value should be used for the outcome-rule for the application of an AP 

to the 'Amendments' line in the financial statements? If the outcome-value used is the 

overall materiality figure of JE1.075m, it represents 6.3% of the balance being audited 

for the 'Amendments' line item. Alternatively applying an outcome-value that is 1% of 

the line item gives a value of £0.170m. We thus have two very different criteria for 

measuring the outcome of the AP and whether the expectation value is close to the 

book value of £17m for the 'Amendments' line in Table 3.16. 

An issue for this thesis is how materiality translates into 'outcome-value', especially 

when materialities as low as 1% to 2% are applied. Loebbecke and Steinbart (1987) 

found that a much higher percentage, typically of the order of 10% is 6equently applied 

In real life the auditor would normally round the figure to convenient whole number such as £1,000,000 in this case. 
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for the outcome-value. We will return to this in Chapter 8, when considering the 

performance of the APs against different levels of outcome-value / materiality. That 

performance will be assessed in terms of the level of f^se-negative and false-positive 

signals. 

There is a related issue that this thesis does not attempt to address. It is, in terms of the 

example in Table 3 .16, whether if each line were subjected to an outcome-value (the 

auditor's overall materiality) of tl.075m, would the overall opinion be assessed to be 

within f 1.075m? For example in the example described in Table 3.16, if each area was 

subjected to an outcome-value of f1.075m, is the overall materiality t2.15m, or 

f1.075m or some value in between? This is a problem, which has not been resolved. 

The value must lie between the two values. We can illustrate this in the following 

argument. Suppose there two account areas, as in Table 3.16, and that Yi and Y2 are the 

expectation values and Yi and Y2 the associated book values. Suppose also that the 

outcome-values are Ci and C2, and that they are both satisfied. Then the outcome-rules 

will be for account areas 1 and 2 will be: | - Y]| < Ci and | "9̂ 2- Y2I < C2. What is the 

combined outcome-value? If the rules were additive we would have 

l y i - y i l + l y 2 - y 2 | < c i + c2 

i y i + y 2 - y i - y 2 | < c i + c2 

If the rules were such that the outcome-value was the overall materiality: say Ci = C2, 

then we would have: | Y] + Y2- Y]-Y2I < Ci. Thus the overall materiality implied by 

the outcome-rules is between Ci and Ci + C2. 

3.9 What is a significant difference? 

For the purpose of this thesis we define the significant difference for a particular AP to 

be the outcome-value. It should be related to the materiality level set by the auditor for 

the audit of the financial statements. There is no set function used to assign materiality 

to the area being tested. That is, a function that relates the overall materiality to the 

outcome-value. The Auditing Standards acknowledge this: M cqpaAZe 

(SAS 220.1). However in order to ensure some rational connection between the overall 

materiality and the outcome-value some firms adopt a rule that is for guidance and 

interpretation by the auditor. Two examples exemplify the different rules adopted by 
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the audit 6rms. One m^or firm uses a step function to assign materiality to the area 

being tested. It is similar to that set out in Figure 3.17 below. They use the term 

'tolerable difference' which is equivalent to the 'outcome-value' used in this thesis. 

The table's use is best demonstrated by an example. Consider an account where the 

materiality for the financial statements was set against total expenditure. Suppose the 

value to be tested by an AP was £60m in a set of financial statements whose total value 

was f 200m. Suppose also that the materiality was set at t 2m. The amount being 

audited using the AP, represents 30% of the total expenditure. This lies in the band 

25% to 50% in Ggure 3.17, and so for this example the outcome-value (or tolerable 

difference) for this test would be 0.33 of the overall materiality: that is jB0.66m. 

Value being tested by the AP as a 
proportion of total value of 
accounts. 

Tolerable DiHerence (outcome-value) 
as proportion of overall materiality. 

Greater than 75% 1.00 
Between 50% and 75% 0.55 
Between 25% and 50% 0.33 
Less than 25% 0.25 
Figure 3.17: Example of table for allocating materiality to account areas or balances. [Source: Adapted from 
the Audit Manual of KPMG]. 

In a second example, another organisation, the NAO, uses an empirical definition to 

assign materially to the area being tested. The rule is: 

Outcome-value = Overall Materiality x [Relative Value of the figure being tested to 
overall accounts] 

In this example, the outcome-value is ^ [0.30] of the overall materiality, which is 0.55 

of the overall materiality: that is f i l m . A justification given for this choice of 

function is that it is analogous to the theory for combining the variances for samples. 

These levels for outcome-value: 'f0.66m and t l .lm' represent quite different choices 

when it comes to judging the achievement of the AP. These examples are derived from 

a survey described in Chapter 7. While neither has a theoretical basis, they capture the 

need to allocate planning materiality across the different audit tests. Figure 3.18 below 

illustrates the different outcome-values produced by the two rules discussed above. The 

straight lines represent the first rule and the curve the second rule. 
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NAO compared to KPMG 

0.2 0.4 0.6 0.8 1.0 

Account Area as a Proportion of the Total Account 

Figure 3.18: This graph shows the comparison of the NAO and KPMG methods of associating the outcome-
values to overall materiality. The NAO rule produces the curved line while the KPMG model produces the 
series of horizontal lines. It will be seen that the NAO outcome-values are generally smaller than (tighter) or 
equal to the KPMG figure. [Source: Adapted from Audit Manuals of KPMG and NAO]. 

We will consider the subject of outcome-values further when we consider the results of 

experiments to see if particular APs reliably signal the presence or absence of error. 

3.10 Seeking explanations for a significant difference 

Once a significant difference is identified, the next step is to seek an explanation for it. 

The difference could arise from an incomplete model for the AP, which has not 

identified all the factors that make up the Ggure in the fmancial statements. Or it could 

arise from a potential error or misstatement. When developing the expectation values, 

and before the outcome of the AP is known, it is essential to identify alternative 

explanations for any potential diGerence between the value being audited and the 

expectation value. These then form the basis for making a judgement about the results 

of the AP, including any explanation provided by the audited organisation. 

Why is this so important? The Joint Monitoring Unit of the ICAEW has identiGed this 

as a weakness of APs. Discussions with the JMU, revealed that part of the training of 
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the inspectors focuses on potential weakness that the JMU teams have identified in the 

application of APs. One such lapse cited in the training material is that 'Mo 

/wzcfe am ya/r va/z/g aza://w. 

The JMU also found that: VAe /MaMogemgMf are foo etwr/y w/AeM 

fAere 6g a greafe/- ^fegree '. Libby (1981) and 

Anderson and Sechler (1986) have bo± addressed this issue and we will return to this 

in the review of the literature. 

j . 77 comc/wom 

This chapter has described what an AP is and provides an overview of the types of AP 

used by auditors. It has presented three classifications of APs, those of the APB 

(comparison and relationships), the classiGcation widely used in the academic literature 

(scanning, trend analysis, ratio analysis and modelling) and lastly that adopted in this 

thesis: namely single variable, two variable and multivariate procedures. The mapping 

between these classifications is in Table 3.13 on page 56. The classifications are 

consistent with one another. The grouping serves two purposes. First, it provides a 

convenient basis for comparison of what are vast ranges of procedures. Secondly, it 

provides a structure to assist any description of the complexity and potential reliability 

of APs. In the next few chapters we will use the classification of AP that is sensible for 

the content of the chapter. 

Before the new work for this thesis is reported in Chapters 6 and 8, the Literature 

Review will consider the extent of use of APs and the perceptions of auditors of their 

use of APs. It will also look at experiments into the ef&ctiveness of APs. The next 

chapter will commence that Review by looking at the requirements of those that set the 

Standards and some of the misgivings that they have expressed. 
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vdw ^ z / / / o r a c o v g r w w g m f y4^gmg 

This example is based on payroll data from a government agency. The scenario is that 

the audit of this Agency and its paybill has been ongoing for many years and the 

current audit is for the financial year 1998-1999. For Government Agencies the 

financial year runs from April to the following March. Audited payroll data are 

available for the three years prior to the current year. 

There are data on two grade groups, higher and junior grades. The monthly details for 

the staff come from personnel. These data are not compiled for, or from, any of the 

financial accoimting systems, and so is 'independent' of the pay and accounting 

systems. The system that produces the data on staff numbers has been reviewed, and 

found to be very reliable. Therefore there are no doubts about the reliability of the data. 

The data for the example are given in Table 3A. 1. The 36 months are data from the 

period before the current audit. The columns headed Pay show the monthly pay-bill in 

pounds. The other columns show the number of staff in post, by grade group. 

Monthly Staff No Monthly Staff No 
MonA Higher Junior Pay(f) Month Higher Junior PayW 

1 244.5 567.0 711,467 19 252.5 573.0 846,313 
2 242.5 572.5 726,544 20 255.5 577.0 831,168 
3 244.0 570.5 723,623 21 255.0 577.0 830,465 
4 244.0 570.5 716,063 22 255.0 577.0 828,350 
5 245.5 575.0 724,356 23 254.0 574.0 830,647 
6 249.5 579.0 720,067 24 256.0 568.5 837,838 
7 246.5 579.0 757,157 25 256.0 562.0 843,286 
8 249.5 577.0 760,633 26 256.5 550.0 906,033 
9 251.0 580.0 750,155 27 256.5 555.5 883,164 

10 253.0 573.0 744,563 28 256.5 561.0 1,011,073 
11 251.0 573.5 747,895 29 258.5 560.0 953,292 
12 251.0 573.5 758,952 30 261.5 560.5 932,600 
13 251.0 562.5 768,286 31 263.5 560.5 931,937 
14 258.5 563.0 823,000 32 267.5 557.0 938,760 
15 256.5 567.5 916,200 33 269.0 555.5 939,753 
16 255.5 565.0 846,277 34 270.5 561.0 929,673 
17 255.5 567.0 853,349 35 270.5 560.5 963,927 
18 254.5 564.5 837,579 36 277.5 562.5 974,645 

Table 3A.1: The data for the pay example with the pay and staff numbers on a monthly basis. 
Periods 1-36 are the base data for constructing any model. [Source: Data from a Government Agency]. 
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To emphasise that the intention is to predict the pay bill for months 37 to 48, the 

relevant staff numbers and the recorded pay bill for those months are in Table 3A.2. 

Month Higher Junior PavBiU 
37 27&0 561.0 99^620 
38 27&0 556.0 991,664 
39 279.0 558.5 1,052,095 
40 27&0 558.5 1,020,729 
41 279.5 562.0 1,035,535 
42 27&0 56&5 1,028,753 
43 27&5 55&0 1,172,642 
44 27&5 555.5 1,056,564 
45 27&5 5644 1,053,587 
46 2770 564.5 1,017,679 
47 279.0 560.5 1,097,499 
48 277.5 558.0 1,072,966 

Table 3A.2: Periods 37-48 are the monthly data for the year being audited. The pay 
data are the values to be predicted and are shown with the grey shading. [Source: 
Data from a Government Agency]. 

The basic information on pay is shown graphically in figures 3A.3 and 3A.4. Figure 

3A.3 shows the monthly pay-bill for months 1 - 36. It will be seen that there is a steady 

increase, but there are some payments well above the sequence. 

PAYBILL FOR PRIOR PERIOD 
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Figure 3A.3: Monthly pay bill for the three years prior to the audited year. [Source: 
Data from a Government Agency]. 

The auditor is aware that there are a number of features of the pay system that are 

relevant to the audit. First there is the annual cost of living rise for all grades. These pay 

rises are payable from the 1®̂  April, but are not normally agreed until later. The pay rise 

for earlier months is then paid in the month following the agreement, and the pay rates 

amended accordingly. For the period of the example they are the same percentage for 
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all grades. Secondly, the pay-bill also includes advances of salary, which are also 

recovered through the system. These are assumed to be roughly in balance: that is the 

amount paid out each month equals recoveries. This assumption will be a factor in the 

final evaluation of the AP. 

PAYBILL FOR AUDITED PERIOD 
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Figure 3A.4: Monthly pay bill for the audited year. Note that the y-axis 
starts at £900,000. [Source: Data from a Government Agency], 

The staff numbers for the whole 48-month period are illustrated in Figure 3A.5. It 

shows that the staff numbers have been steady for the period, with minor fluctuations. 

STAFF NUMBERS FOR 48 MONTH PERIOD 
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Figure 3A.5: Staff numbers for the whole period. [Source: Data from a Government Agency], 
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The annual charge to the accounts for pay is summarised in Table 3A.6. It shows the 

average staff complement by grade. 

Number of Staff 
Year nigber Jun io r Pay BiU ff) 

1995-1996 247.7 574.2 8,841,475 
1996-1997 255.0 569.7 10,049,472 
1997-1998 263.7 558.8 11,208,143 
1998-1999 278.4 559.8 12,597,333 

Table 3A.6: Average staff complements for each grade and total pay bill for each year. 

f a y rkg /or fag cwgfgff fag x p (faaz 

To enable the expectation to be based on a realistic relationship between the pay and 

staff data, allowance needs to be made for certain 'anomalies' in the data. Because of 

annual pay rises, the pay bill data is not on the same basis for all years or months. Two 

significant factors flow 6om these annual rises: back pay and the eSect of inflation, 

/a / bar a pay 

Back pay is significant because, for this organisation, the aimual pay award is awarded 

from the first month of the financial year, but 6equently the pay award is not agreed 

until several months into the year. The detail is set out in Table 3A. 7. 

Month Paym Notes Month P a y ( t) Notes 
1 711467 start of year one data 25 843286 Start of year three data. 
2 726544 26 906033 
3 723623 27 883164 
4 716063 28 1011073 Pay rise of 4.01% back-

dated to month 25. 

5 724356 29 953292 
6 720067 30 932600 
7 757157 31 931937 
8 760633 32 938760 
9 750155 33 939753 

10 744563 34 929673 
11 747895 35 963927 
12 758952 36 974645 
13 768286 Start of year two data 37 997620 Start of audited year. 

14 823000 38 991664 
15 916200 Payriseof5.11%back-

dated to month 13 
39 1052095 

16 846277 40 1020729 
17 853349 41 1035535 
18 837579 42 1028753 
19 846313 43 1172642 Pay rise of 3.18% back-

dated to month 37. 

20 831168 44 1056564 
21 830465 45 1053587 
22 828350 46 1017679 
23 830647 47 1097499 
24 837838 48 1072966 

Table 3A.7: Data on the monthly pay, the dates of pay rises and the periods of backdating. The data from the 
audited year is shaded grey. [Source: Data from a Government Agency], 
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In this example, the pay award is due from months one, thirteen, twenty-five and thirty-

seven, but the awards are paid in months fifteen, twenty-eight and forty-three. The 

payments in those months contain the pay rise for that month and the previous months 

for which it was due. For example the rise in year two, paid in month fifteen, included 

the back pay for months thirteen and fourteen. An example of the adjustment is as 

follows. Suppose the back pay is paid in month [j] and relates to months 0-1] and 0-2]. 

Calculate the element relating to the pay rise and add the relevant share to months 0-1] 

and 0-2]. The results of carrying out these calculations are shown in Figure 3 A. 8. 

Pay for the four years after adjusting for backpay 

1000000.00 

800000.00 

s 
% 600000.00 
(2 

400000.00 -

200000.00 -

ocw-

1000000.00 

800000.00 

s 
% 600000.00 
(2 

400000.00 -

200000.00 -

ocw-

1000000.00 

800000.00 

s 
% 600000.00 
(2 

400000.00 -

200000.00 -

ocw-

1000000.00 

800000.00 

s 
% 600000.00 
(2 

400000.00 -

200000.00 -

ocw-

1000000.00 

800000.00 

s 
% 600000.00 
(2 

400000.00 -

200000.00 -

ocw-

1000000.00 

800000.00 

s 
% 600000.00 
(2 

400000.00 -

200000.00 -

ocw-

1000000.00 

800000.00 

s 
% 600000.00 
(2 

400000.00 -

200000.00 -

ocw- 1 4 7 10 13 16 19 22 25 28 31 3 4 37 40 43 46 

Months 

Figure: 3A.8: This graph shows the data after the distortions in the monthly pay 
amounts caused by the back pay have been removed. [Source: Data from a 
Government Agency] 

Comparing the graph in Figure 3 A. 8 to those in Figures 3 A.3 and 3A.4 we see that the 

large peaks have been removed. The next step is get all the financial data so that it is 

directly comparable to that of the audited year 

[b] The effect of inflation 

Inflation flows directly from the annual pay awards. If the rise in year two were 5.11%, 

then the pay in year one should be inflated by 5.11% to make the two years 

comparable. The same logic extends to all years. The data being audited is in year four; 

so all years should be adjusted accordingly. The pay rises relevant to this example are 

listed in Table 3A.9. 
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Year AfTecdng Years Rise 
Two 1 - 2 5.11% 
Three 2 - 3 1 4.01% 
Four 3-4 3.18% 
Table 3A.9: A summary of tlie pay raises of the two prior years and the 
audited year - year 4. [Source: Data from a Government Agency], 

We apply this information to the data so that it is on the same basis as year four. The 

data 6om months 1 to 12 is up-rated by 5.11%, then from months 1 to 24 is up-rated by 

4.01% and finally from months 1 to 36 is up-rated by 3.18%. All the data is now in the 

same relative values as months 37 to 48: the data to be audited. The new data is in 

Table 3A10. 

Months prior to audited period Auditec period 
Month Pay (f) Month Pay ft) Month P a y m 

1 802545.04 23 891429.74 37 1019273.71 
2 819552.12 24 899146.95 38 1013317.71 
3 816257.19 17 915792.97 39 1073748.71 
4 807729.40 18 898868.99 40 1042382.71 
5 817084.02 19 908242.11 41 1057188.71 
6 812245.97 20 891988.87 42 1050406.71 
7 854084.02 21 891234.43 43 1042719.71 
8 858005.00 22 888964.66 44 1056564.00 
9 846185.67 23 891429.74 45 1053587.00 

10 839877.81 24 899146.95 46 1017679.00 
11 843636.35 25 904559.11 47 1097499.00 
12 856108.81 26 969301.47 48 1072966.00 
13 867631.73 27 945705.23 
14 926349.43 28 939855.27 
15 896990.58 29 983606.69 
16 908203.47 30 962256.68 
17 915792.97 31 961572.60 
18 898868.99 32 968612.57 
19 908242.11 33 969637.15 
20 891988.87 34 959236.60 
21 891234.43 35 994579.88 
22 888964.66 36 1005638.71 

Table 3A.10; The pay data after adjustment 
relating to (he audited year is shaded in grey 

for back pay and the 
, [Source: Data from 

effects of pay inflation. The pay 
a Government Agmcy]. 

AS. Calculating the expectation value. 

Now the data has been ac^usted for the back pay phenomenon and the effect of pay 

inflation, the next step is to build the model to estimate the expectation value. This is 

calculated using least square linear regression. Using the staff data from Table 3A. 1 

and the pay data from Table 3 A. 10 we can estimate the model. The dependent variable 

Y is the monthly pay bill, while the higher grade staffs are explanatory variable 1 (Vi) 

72 



c h ^ t e r 3 

and junior staff are variable (V2). The estimated parameters are 913680.50 (intercept), 

7239.80 (variable one) and -3394.90 9variable two respectively. The model is thus: 7 = 

97 J + 72J9.8 x x All figures one decimal place. The model 

developed is then applied to the staff data for the audited period to produce twelve 

expectation values, one for each month. These are combined to produce the expectation 

value for the year. The results are in Figure 3A. 11. 

Account Value Expectation Value Difference Difference as 
% 

fl2,597,333 €12,341,780 €255,553 2.09% 
Figure 3A.11: The results of regression based AP on payroll. [Source: Data from a Government 
Agency]. 
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Annex B: Examples of Frauds that an Af would have discovered. 

zarfagg 

This organisation had stock at many di@erent locations. There was a varied of reliable 

information available. An AP that compared stock levels with the maximnm capacity 

levels by location of the stock would have indicated a potential problem in the 

existence of stocks. By using non-Gnancial data (capacity) that was reliable and could 

be measured by the auditor, a reasonableness type AP would have directed the auditor's 

attention to an overstatement of stock in the accounts. 

Mattel is an organisation that has many competitors in the same markets. An AP on 

disaggregated data (monthly), relative to the competitors in the same field of business, 

would have indicated unusual fluctuations in the sales. Using annual data would not 

have revealed the problem. Also a reasonableness analysis using non-financial data 

(specific contract information) would have identified an under-valuation of royalty 

expenses. 

Financial statement comparisons over a three-year period would have shown that 

accounts receivable and inventory had both increased by significant percentages 

between 1986 and 1988. Collectively they made up 76% of the assets in 1988. Activity 

ratios would have reinforced the concern and placed the auditor on enquiry. 

[ay a f fgfca/ co fp 

A thorough analysis of the related accounts within the financial statements would have 

alerted the auditor to potential problems. Trend analysis performed at the planning 

phase, on all balance sheet and income-statement accounts, together with an 

understanding of the relations between the different accounts, would have identified 

fluctuations, that proved to be material in what are typically low risk account areas. For 

example, the inventory nearly doubled as a percentage of total assets and inventory 

turnover declined. 
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zzzzbggf 

There were many companies in the business that Zzzz Best dealt in. 777/ Best's 

restoration contracts were over 200 times the average for the industry. A simple AP 

comparing restoration revenue trends with those in the industry would have indicated 

potential fictitious revenue. 
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Annex C: Model of the Analytical Process. 
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o/% a a 

4 7 jfwfrodmcffow 

The objectives of the literature survey include gathering information as to: 

# why APs are used, 

# what techniques are available and how they are used, 

# when they are used, and 

# how auditors perceive APs. 

This information, as well as being interesting in its own right, can help an assessment 

of whether APs are effective, economic and efficient. In other words, are APs useful in 

the sense that they are an inexpensive tool-set (economy criterion) and that they meet 

the required standards in terms of accuracy and achieved assurance (efGciency 

criterion). Also, is their application capable of producing a result that has a low 

probability of giving false signals about the presence or absence of material error 

(effectiveness criterion)? 

The review of the literature will be considered in this chapter and Chapters 5 and 7. 

After a brief historical overview of APs, this Chapter is principally concerned with the 

standards set by the APB, Parliament through the Department of Trade and Industry 

(DTI) and the legal courts. Critical to the implementation and maintenance of standards 

is the integrity and professionalism of auditors, so that wiU also be considered. We 

then look at a number of surveys that have been published in the academic literature 

since 1980. This will be done in Chapter 5, which addresses the questions of what kinds 

of APs are used, and when are they used during the audit cycle. The question of why 

APs are used will be addressed by considering auditor's perceptions of APs. Chapter 6 

will introduce a new piece of work, a survey of the pohcy makers within the largest 

audit firms. It will address some of the questions from the literature review. The 

technical partners are responsible for the promulgation audit policy within their audit 

firm. They may have a different perspective from the practitioners within the firms. 

Thus, Chapter 6 will confirm and contrast the earher surveys reported in Chapter 5. 

In Chapter 7, the perceptions of audit practitioners about APs will be contrasted with 

the results of academic research into the effectiveness of APs. There have been many 
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investigations into the effectiveness of APs in reducing other forms of testing. The 

work will then be supplemented by the results of some new experiments to test the 

effectiveness of APs in detecting errors. These will be reported in Chapter 8. 

The literature review concentrates on the substantive stage of audit. This is, in part, 

because most of the research into effectiveness of APs concentrates on this phase. 

Another reason is found in the rationale for using APs. At the substantive stage their 

usual purpose is to provide evidence to confirm the book value in the financial 

statements. In contrast at the planning stage their purpose is to direct attention, to 

highlight areas that might require further attention. It is not necessarily that there is 

something wrong, but merely that there could be. Another signal that an AP may give 

at the planning stage is that no further attention is necessary. If an AP, at the planning 

stage, is used to justify no further work, then effectively it has become substantive: it is 

the auditor's only evidence of that audited value and the Standards require that some 

substantive testing should be done. So the AP used at planning now becomes a 

substantive AP. By considering APs at the substantive stage, one can extend the 

argument to planning APs. If it should transpire that APs are not used at the planning 

stage then that provides further justiGcation. 

4.2 Brief Overview 

As described in Chapter 3, wide ranges of techniques are used as APs. For many years 

the collective noun for such methods was Analytical Review, and this is the term used 

to describe APs in some of the literature. Stringer (1975) attributes the first official use 

of the term Analytical Review to SAS Number 1 issued by the AICPA in 1972. But 

APs had been in use for many years before that. Specific APs are described in the Audit 

Manual of Coopers and Lybrand issued in 1969: examples included the use of gross 

profit as a percentage of turnover of stock, and the ratio of year-end stock to turnover. 

Stringer (1975) reported that APs had been in use by his firm, Haskins and Sells, for 

over forty years! Until Stringer's (1975) article there had been little reported academic 

work. It appears that for a long period of time, many auditors used APs such as 

comparisons, or made predictions based on their data, but had no collective name for 

APs. Thus Lev's (1980) comment is appropriate: ' Z m f A e wAoZe q/" 
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cowz/cfmg a/za/yf/caz revfevcĵ ^br fz/me. fie^yz^(%mg^o7m ̂ /zg aygmfurg, no 

effa^/wag^f wzaf̂ /y /7roce<iz/ref aarve etmergg^f^om fazj' /omgj?mcnce\ 

The year after Stringer's (1975) article, Albrecht and McKeown (1976) documented the 

use in the early 1970's, of ratio, trend analysis, regression analysis and time series 

analysis (univariate and bivariate methods). Eleven years later, Loebbecke and 

Steinbart (1987) reported the use of very simple techniques such as scanning, simple 

trend analysis and simple ratio analysis as substantive evidence sources, most 

applications using annual, not disaggregated, data. At least one firm is still a major user 

of statistically based APs: since the early 1970's Deloitte Touche (or 'Deloitte Haskins 

and Sells' as they were then called) have applied regression analysis as part of their 

audit strategy. Stringer (1975), along with Stewart (1978), was responsible for much of 

the development work. They reported that regression based APs were used in up to 

ninety percent of the Grm's audit engagements in the USA. The typical application used 

a base of thirty-six observations in order to make a prediction for the twelve months of 

the year being audited. It was applied in the audit of pay, production costs, and travel 

expenses and interest paid and received. By 1978, Deloitte Touche was applying 

regression more than 30,000 times a year, using a package called STAR'. Deloitte 

Touche still uses the regression based APs; STAR has been updated several times in 

that period. 

APs involve value judgements. Thus the competence, integrity and independence of the 

auditor are vital if APs are to provide the reliable, audit evidence that is necessary to 

support the audit opinion on a set of financial statements. Turley and Cooper (1990) 

found that there was unease amongst practitioners about APs. More damning was the 

finding that there was little understanding of the theory underlying many audit 

techniques: 'T/z/eTTfewj' wzYA aWzf revga/gc//ay/y 

iv/^/g^rgafy (//vgrggmcg 6gayggm fagorgf/ca/ a / z e f w w g r f f a w m g . ' 

Auditors, in their reluctance to become too involved with theory, do not concern 

themselves with these issues. Professor David Flint, emeritus Professor of Accounting 

at the University of Glasgow, succinctly summed up the situation. He wrote: 'TTzg 

STAR - Statistical Techniques for Analytical Review in Auditing. 
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akve/qpe^ fae jcz-mryoatmwwmm q/̂  

f/zeo/y,' a w f/zg ̂ wa/zc comc^f/om q/"̂ ag az/̂ ffypagmomemom /zay gvo/vg<3̂  x/zyaouf fag 

ffaMCg q/"a ^/zgo/y'. He went on to say: YW /a' r^rgfgMfgcf a )7mc^fcaZ' 

j^z^gc/, wfya fag zy^rgmcg f w awffmg /j' x/aaf awẑ ora^ c/o, a w f w (/og^ mof am/g a 

fAgorg^fca/ coMfg/zf' (Fluit (1988)). There still appears to be some truth in this 

statement, at least in the eyes of practioners. David York, the national technical director 

of audit for the firm Moores Rowland, sums up ± e rationale of many auditors. He 

wrote: '7%g wWgr(ymg reaâ oM rAg coMC^f q / ^ a ^ f g f j ^ T M g M f q/^//( aW CR 

/KM ĵoTMg ^ggrgg q/"acc^^awcg m a 6 g / f ^ f A e aWzf rwA: moJlg/ M a 

cam 6g (/gc/ak 'aow fo &»'. 7%g wo»gr ff rgfz/rmgĉ  fo fag 

60.% Za6g//g6/ YAgo/y - <j<3Mggmz*y ^raAg» foo j'grfozty/y' f/zg Z'gÂ g/'' (York (1997)). 

While York has a valid point about the Audit Risk Model being imperfect, the reaction 

is flawed. It should not be that the concept of theory is wrong, but that the particular 

piece of theoiy has its defects. Keynes (1936) distinguished two extremes: ' f racf/caZ 

/mgm, wao 6g/fgvg fag/mgzvgf fo 6g gz/ffg g%g/7̂ f̂ yrom a»y mfg//gcfwa/ ff^wg»cgj', are 

f/zg ĵ zavgj' q/̂ ĵ otmg gc0m07»fm3<3&mgm m az/^aor;(y, wao agar vo/cgĵ  m 

Âg a/r, arg (/W/Zmg f A g / r ^ g » ^ a ^ o / M g aca<̂ g7M/c :ycrf6gr q/^ay^^/garf 6acA'. It 

may be that auditors consider themselves to be firmly in the former category. 

This view of the auditor's suspicion of a theoretical approach has support from the 

research of other academics. Such research has also raised doubts about the ethics, 

independence and competence of auditors. The work of Humphrey and Moizer (1990) 

is a good example. As part of their research into the audit fimction, they interviewed 18 

experienced audit managers. They found that there was a growing marketing 

orientation of auditor's work, the selling of services to the client being a m^or aim of 

an audit manager. In addition there was a perception amongst the managers that fees 

gave the audited body too much influence over the auditors. A typical comment from a 

manager was: L4& fAg mar^ef ̂ /acg Agcomea: morg coTz^efzYh/e, wg Aavg gof fo do 

cag^^gr âg/m 7%//mgâ w^ r g a j ' ^ g f a r g a a ' wagrg wg 

mggcf co /̂ ;/»g zmfo, wagrg ifg /wzga/ /zavg com/mg^-cw ga^oj'm/'g, a/ẑ f rg^&cg fz/mg z» 

arga w/zgrg wg &i/z Y Aawg co/M/Mgrc/aZ g^yoj^wg' (Humphrey and Moizer (1990) pp229 

-230). 
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The quest to improve efBciency is a natural one. In order for it to be done in a way that 

can be defended to the world outside of the audit profession, improvement must be 

directed, and implemented, by auditors who understand the interplay between theory 

and practice. Auditors, if they are going to make judgements about a procedure, or the 

results of applying it, should understand the principles on which it is based. 

Humphrey and Moizer found there was an inabihty on the part of the auditors to 

explain the logic behind procedures that were applied as part of the audit. At the time of 

the survey, sampling was a m^or audit procedure, and so it was the example used in 

the interviews. vvgre fAe 

fag ovem// zeve/ q / " w a z c a w/zem a/7'h;mg 

af fae//" awff cymfom. ttzezr f/zaf/or /moa-f f/ze/m aw ac/ 

It was also found that there was an unwillingness to fbUow the Auditing Guidelines 

(replaced by the Auditing Standards in 1995) laid down by their own professional 

body. The Guidelines were viewed as general and high level: a /Mmf/Mz/m 

f fa/ic&frcfybr rAe f TMarZ/e/-yf/7?ty' (in the words of one manager quoted by Humphrey and 

Moizer). In fact that perception is correct in that, the Guidelines and the Current 

Standards are the minimum standards that all auditors are required to adhere to. 

Worryingly the managers involved in the survey felt that the use of such guidance was: 

'af a /ggffzmmmg d'evfcg, /zeacfybr a a w z f fea'f fo 

m ofzy gAi/eryza/ cAapz/̂ g' with the audited body. A s a result of the survey 

Humphrey and Moizer concluded that auditors lacked independence. They put it thus: 

&>cẑ gMfZMg fAg cAaMgmg q / " / p r a c f z c g o W fAe mcrgaymg 

(^pmac/zgj^, oMg zĵ j'z/g ĵ fa/zdk oz/f -

f/zaf awzyor zm<j(̂ g/z6/gmcg, or fo 6g /morg ̂ rgcf-yg f/zg zy az&af 

managgra q/"an a W z f m c r g a & m g ^ ow fAe (fzcfafga: q/"co/pomfg 

/Managg/MgMf 

Because of their work, Humphrey and Moizer questioned the auditor's competence and 

integrity. They concluded that: 7M<jgg<â  a/rx maMaggr coMcg/?zg<y /zgr%M 

prq/gj'^zoma/ z?%/,̂ g»jlgmcg j:carcg(y /zavg c/gâ crzaĝ / j'o ̂ gg()/ ^ag growzmg 

6ztyz»gj'f aW orzgMfaf̂ zoM q/̂ ^Agzr aW f/zgzr ma6z/z(y fo f/zg /ogzc 

6g/zzmî  j^g/y^zztzgpmcgfiwrgf awf c/zozcgĵ  fo f/zg g%/g»̂  q/"f/zgzr awzf w/ora: uzf/tmafg/y 
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fy m aehveen rae awzrorj^'^/ya m faefr/'rq/ej'a'/omaz mfegrf^y a w 

com^g^gmce, o w fae a'c^fzcmm comcem q/̂  mfgre&fec/ oa&grverj:, wggr groi^a; 

rggw/arzYy orgaMMaffo/zy ^ ceM/raZ fAe Mof/oM q/"aM aWzY gaygcfar/oM g ^ \ They 

are not alone in articulating this concern about the 'expectation gap'. 

The independence, competence and integrity of auditors is particularly signiGcant for 

APs, which rely greatly on judgement, knowledge of ± e audited entity, expertise in the 

use of the procedures and a willingness to question sceptically management's assertions 

about figures in the financial statements. 

The independence of auditors 6 o m the management of the audited entity and their 

integrity and competence are three attributes that are keystones in the maintenance of 

auditors' professional standing. One question is whether the SASs which came into 

effect for accounting periods ending on or after 23 December 1995 have had an impact 

on addressing the potential problem of auditor independence and integrity, in particular 

as they apply in the application of APs. For a view of this w e consider the work of 

academics including Beattie, Brandt and Feamley (1997) on auditor independence, and 

the review by the Joint Monitoring Unit (JMU) of audit working papers (integrity and 

competence of auditors). 

Beattie, et al sum up the importance of the auditors' independence: 'Auditors' 

This is too narrow; such concepts do not apply solely to the financial markets. It is also 

crucial for good government both at the national and local levels. In the public sector, 

audit is an essential part of open, democratic, government. For example, independence 

is enshrined in the statutes of the Supreme State Audit Institution in the UK (the NAO), 

and the Public Accounts Committee - the senior committee of MPs in the British 

Parliament guard this jealously. The Head of the NAO, the Comptroller and Auditor 

General, Sir John Bourn is an ofBcer of the House of Commons. 

Beattie et al go on to define independence as 'acfmg awf o^gcfh;zYy a/ẑ ^ 

This captures the importance of audit integrity and objectivity, both of which are key to 
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the successful application of APs. It is necessary to understand what pressures the 

auditor is under to provide a clear certificate for an account, be they real or perceived 

pressures. This is important since APs are a key part of the audit program; Ameen and 

Strawser (1994) found that over 40% of audit time was g iven over to the use of APs. 

Beattie et al claimed to identify factors that are perceived to be key in enhancing audit 

independence and several factors that threaten that independence. This information was 

obtained 6 o m a survey of Finance Directors and Audit Partners with 153 (51%) and 

244 (80%) responses respectively. They asked the two groups to choose, from lists 

provided, the most important regulatory or economic f e t o r s that either enhanced or 

undermined auditor independence. Although the two groups identified different factors 

that were perceived to enhance or threaten the independence of auditors, they identified 

common themes for these factors. 

Broadly the factors that are perceived to enhance auditor independence are regulatory. 

Examples included the risk of loss of registered auditor status, and risk of referral to the 

Review Panel. On the other hand the factors that undermine auditor independence were 

economic. Examples included an audit firm being dependent on one client for more 

than 10% of the fee income or audit fee discounting. 

The paper by Beattie et al reinforces the theme of Humphrey and Moizer (1990): there 

remain worries about 'auditor independence', even since the new Auditing Standards 

were issued in 1995. 

While Beattie et al provide an insight into perceptions of the factors that threaten or 

enhance the auditor's independence, a related issue is the extent to which auditors 

comply with the Standards that guide the profession. In this connection, we can 

consider the views of the regulator of the audit profession, the JMU, whose role is to 

monitor compliance by the audit firms with the audit regulations and to assist in the 

raising of standards. One of the ways JMU does this is by a series of visits to the firms 

to review the audit working papers. 
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In an article for the journal of the ICAEW, Accountancy, Garvey and Dietz ^ (1997) 

summarise some key issues relating to APs that arose 6 o m the JMU's work. Although 

this was only two years after the introduction of the standards, all audits completed 

after the 23 December 1995 had to comply with the Standards. Since the profession 

was extensively consulted in the development of the Standards there is little excuse for 

not implementing the Standards. This is important, because the JMU article is well after 

the date when all Standards were mandatory and is therefore a useful indication of how 

the profession complies with the Auditing Standards and the auditor's integrity some 

seven years after Humphrey and Moizer (1990). 

Garvey and Dietz report that the JMU found that the working papers did not document 

the consideration of the threats to the audited entity. As audits develop new facts 

emerge that may require audit Grms to revise their records and their audit approach. 

Such information is basic to ensuring that a proper audit can be conducted. The JMU 

found that: a W ' 

Decisions were not explained, a particularly important attribute in a process that 

requires expertise and judgement. For example: 'Too rAe /acA; 

or or g/ror, Aove 6ggM comr^fgrgi:/'. They 

go on to say: Vf /a: fo a - fAgrg Mgĝ ^ fo 6g 

gygM w/zgrg MO /-ggwzrg a/fgMf/oMIn a comment about the updating of 

information about the audited entity, the JMU concluded that it: w q#gM 

jDoor/y (foczaMg^W. The poor justification of audit decisions was common. 

fmczwgj^ fwo f/zg »gg(/ fo rgcorcf /?rocg(/wrgf, q/" 

yw(%g/mg»f comczzf̂ y/omj' ^agrgom. ^gcor^fmg w ̂ ro^aa^y fmg/g zarggj'f arga q/̂  

rggm/ar comcgm o» vw/ay. 230 mggia /morg a ffca: m f/zg 6o% om aw az/(/zy 

/̂ rogra/M/Mg, a W ^ayz^a^gTzW /Maffgr ar^gj^ /̂zoẑ /cf 6g g;i^/az/zg(/'. Garvey and 

Dietz also concluded that there was no evidence that the auditors had understood the 

business, a key requirement stipulated in SAS 210 on Knowledge of ± e Business and 

Accounting and in SAS 300 on Internal Control Systems and Audit Risk Assessments. 

On the suiyect of APs the JMU commented that: a-Aoz/W coM^Mgr x'/zaf f/z^/ 

woz//(/ g%f)gcf f/zg c/zg/ẑ 'ĵ  fo 6g, mf/zgy rg/zgzoz^y/>/ co/y^armg f/zM}/garj' 

^ Hazel Garvey is a technical and training manager and Alan Dietz is an inspector with the JMU. 
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'. The emphasis is that of the authors. Here we have 

evidence that APs are applied without the development o f expectation values. This 

reference was to substantive APs, since the JMU found that APs were not used at 

planning or review; ^4?^ f/zg jc/aMMmg a W ovemZ/ rgv/ew 

6z/r f/zw rarg/y This provides evidence that the standards are not being 

followed: the application of APs at these stages of the audit is a standard with which 

auditors are required to comply. 

Also of concern was the failure to connect materiality to the extent of audit testing: 

Materiality and the Audit (SAS 220) and Audit Sampling (SAS 430) being the relevant 

SASs. '7%g rg^owzA/g zWzvzâ z/a/ ĵ /zoz/Zc/ ztyg /zz\9 or Agr yzA^g/Mgnf fo 

az&fz/ a w (fgfzgtz/agrge az/^/zyprocgafz^gj: fo recfz/cg rzj'â  fo am acc^fa6/g 

/gvg/. mzfgrzo/zyy ggmgra/(y 6gzmg co/?^fg(^ 6z/f /̂zg/z mof z/fgd^ g^gcwzy wag/zybrz/zg 

jrzzgf. zwfamcg^, fzzg a w wgc/zom arg /zo/̂  g)^/azmg(f ^ z / 

fo /tzafgrzo/ zygtm̂ , a w //zg arg »of r^rga^g/zfafzvg q/̂ f/zg w/zo/g 

/?qpz/Wzo/z' Garvey and Dietz (1997). The JMU also found that 'j'omgyzn/w arg ffzY/ /zof 

yb/zowz/zg z^ o/z azz zye/m; fgzgc^g<i tw rg.^gcf q/"f/zo^g czrcz^armg^/ a6oz/f (/ga^orf, a6oz/f 

60% r^Zy - 6zff a6oz/f 40% do Mof'! This criticism goes to the heart of the concern that 

auditors do not understand the procedures they employ and do not follow through on 

tbe audit work. Although this relates to sampling, and not APs, it demonstrates the 

auditor's failure to connect materiality to the amount of substantive work they should 

do. The JMU found instances of error being dismissed purely on the grounds of not 

being material. There was no questioning of 'Zzox; (ZzcZ zf arzâ g, a W coz/Z(̂  a ma/grW 

grror Zzorvg ar^g/z^o/M Ẑzg ĵ a/Tzg caz/a'g? '(Garvey and Dietz (1997)). 

The JMU were also worried about management representation. The inspectors 

commented: Vf za' enoz/g/z /zzgrgZy ̂ o a c c ^ f o wrzffg/z r^rgfgMfofzoM^o/M ̂ /zg 

(yzrgcforĵ ' Garvey and Dietz (1997). References to this were made when considering 

the SASs relating to 'Going Concern' (SAS 130) and 'Subsequent Events' (SAS 150). 

These are usually considered by the audit senior/manager at the end of the fieldwork. 

The imphcations for APs are serious, when seeking explanations for significant 

fluctuations identified by the APs, the auditor has to obtain management responses. 

Being too willing to accept, without proper questioning, the responses will undermine 

the AP. 
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The work of the JMU confirms the concerns raised by Humphrey and Moizer (1990). 

This indicates that professional competence and integrity were, in 1997, still 'not 

proven'. For example, the failures to understand the business and to develop 

expectation-values are a particular concern for the apphcation of APs. The requirement 

for both is neatly summarised by Knechel: WMa/yffca/ rgv/ew rg/y 

' Knechel (1988a). 

Unfortunately the JMU appears to have been less forthright since the paper of Garvey 

and Dietz (1997). 

Individuals and organisations are challenging the audit profession and seeking redress 

for what they consider the failings of auditors. Where parties try to address their 

grievances through legal avenues, many claims are settled out of court for fear of 

creating a legal precedent. An example is Peat Marwick who , in August 1991, settled a 

claim out of court and paid out over forty milhon pounds. Following the failure of the 

Maxwell organisation, there was an out of court settlement by the auditors (Coopers 

and Lybrand) of f 68m to the liquidators and a further undisclosed sum to the defrauded 

pension funds^. Such was the impact of the failure of the Maxwell financial empire that 

there was a DTI Report into the failure, the scope of which included the role of the 

auditor. 

Other sanctions for incompetent or inadequate audit work occur through the Joint 

Disciplinary Scheme. For example, the Joint Disciplinary Scheme tribunal imposed 

fines on Coopers and Lybrand totalling €3.5m for inadequate work in the audit of the 

financial statements of the Maxwell organisation. This should not be regarded as an 

isolated incident. For example, the May 2001 issue of Accountancy reported that 

Coopers and Lybrand had been fined £100,000 by the Joint Disciplinary Scheme 

tribunal. This was because of its role as auditor to Resort Hotels, and related to a fraud 

that should have been detected by the auditor. 

^ May 2001 Accountancy, page 9 
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7 CowrA 

Whether APs will be defensible in a court of law, is an important issue 6 o m the 

perspective of this thesis. This is now examined from the viewpoint of how the courts 

have considered procedures similar to APs. Indeed will the courts rely on the auditor as 

an expert and not probe the techniques, assumptions and judgements that form part of 

the AP process? How will they react to a statement such as that by Dacoca and Holder 

(1985): 'APj' M/gre ztygff m w/YAoz/f 

fAefr Like Dacoca and Holder, Turley and Cooper 

(1990), Humphrey and Moizer (1990)) and Garvey and Dietz (1997) all questioned the 

auditors' understanding of the procedures they use. 

This section looks at court cases that relate indirectly to APs , there being no cases 

where an application of an AP has been challenged directly. Although some of the 

court cases cited are from the USA and therefore set no explicit precedent for the UK, 

they are G-om legal systems that have a common heritage with the UK and so provide 

some light on legal thinking. 

In the USA, Wallace (1983a, 1983b and 1983c) investigated a subset of APs, namely 

statistically based techniques such as regression techniques. Wallace was imable to find 

examples of regression based APs that had been considered by the courts. So she 

examined legal cases from other sources where the use of regression had been a f i^or 

in the court's judgement. Wallace surmised that the techniques would have to be clearly 

explained to the court. In one case, where the court found the graphical representation 

of simple regression (involving one predictor [independent] variable) to be 

'persuasive', it rejected the use of multiple-regression. This was partly because the 

criteria used were subjective, but 'in the larger' part because the testimony of the expert 

witness was 'wof fo f/ze coz/rf'. An inference is that the courts are likely 

to accept methods that they can comprehend. 

That finding has been confirmed by a judgement'^ of the Court of Appeal, Criminal 

Division in 1996, which included the following statement: /̂ze .Baygf 

TTzeorem or gzmf/ar mef/zocf m a crzmzna/ frzaZ j)/zv»ge(^ f/ze 

''Reported in The Times, May 9, 1996 
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f a e / m f a g / r / i r q p g r ttze/rzofakayj^... aa<̂  ve/y grm/e (w fo waef/zer 

ev/(/e»cg wiiy /^rc^g/'/y zy om an area /)gcz//far(x 

&cc/ztyh;e^ i4/fy/zm f/ze yw/y^y ̂ rov/mcg, wz/mg/y fag /» vfa/ca ^ag)/ g w w f g c / f/zg 

rgfar/owa/p agfm/ggm o»g p/gcg q/̂ gv/c/gmcg amo^agr. ttze bfzyg^ 7%go/'g/m /m/g/zf 6g 

(ZM a^rqprza^g OM̂y z/g^Z fooZybr zY way Mof q^roprzarg/br ẑ yg z» 

yz/ry ^za/]y or a.y a 7Mga»ĵ  fo f/zgyz//y z/z z^ ' 

The relevance to APs is obvious; APs are about the relationships between sets of data 

(evidence). As in the US, the courts seem to be saying that the evidence must be clear 

and interpretable to a layperson and should not rely upon a theoretical concept. If the 

application of an AP were disputed in a court of law, would it mean that an auditor 

saying, 'my opinion is founded on my experience' has greater force than an opinion 

Aat is supported by evidence based methods? It is not clear whether that means that an 

easy-to-understand procedure such as simple comparison would be more acceptable 

than linear regression or some other modelling procedure that used, say, a computer 

program or complicated spreadsheet analysis. 

Professor Adrian Smith commented on this unwillingness to accept an evidence-based 

approach in his inaugural address^ as president of the Royal Statistical Society in 1996. 

% /̂zgrg wg /zm/g zY. 7b /zg/Z wzf/z mfzo/zaZzz)/ i%y wg A»ow - f/zgz/- Z/)r<iyAzpf /zavg 

/pfomowzceo .̂/ f gr/zap& a com&ggz/gfzcg, fag i;fy/g q/^cfgaafe gmgizzzy, w/zzca 

c/zwacfgfz.yg.y mz/c/z q/"f/zg w/or̂ zMg q/"fAg L/KTĵ ar/zazMgMf a W zff co/?z//zzYfgĝ  â ĝâ a'gf 

aW rgw/arak f/zg maa'fg/y q/"aw at/vgrj^arza/ f g / y ^ / q y g ( ^ y b r f/zorf-̂ g/TM gj^cA A-afAg/" 

f/zaM a r̂y ZoMg-fgr/M co/MZMZ/ZMg/zf fo a/z gvzJiz/zcg-Aafg /̂ a^roac/z. TTzg (/zfcwfzoM q/̂ oz/r 

/zafzoMaZ a^zrf ^Agr^rg p/acg z/z aw ovgrwAg/zMZMg/y j'z^gr/zczaZ aW j'z/(y 

aATZOjp/zgrg, wAzc/z nmy coz/M ĝr ̂ o fAg morg (fẑ ĉwâ zoMâ g yb/TMj' q/"gvz<̂ gMCg gaf/zgrzMg 

aj'j'gj'ĵ /mg/zf f/zaf â aoz//̂ / c/zaracfgrwg a /wzfz^g (/gzmocracy'. 

While this comment was directed at Government, the implication for APs is that it 

might be preferable to have uncomplicated procedures that are not based on theory. 

There is a misunderstanding here. Simple methods can be rational, and theoretical (or 

evidence based) procedures can be simple. These are not exclusive conditions. The 

^ The Address of the President, delivered to The Royal Statistical Society, on Wednesday, June 12th, 
1996 
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parsimonious principle should apply and the procedure/model developed should be as 

simple as possible using the smallest number of parameters consistent with describing 

the important features of the data. The AP used must be transparent, easy to understand, 

convincing and accepted by expert witnesses and juries. 

^ v f b r w w o r ; 

There is a particular legal judgement that has implications for the use of APs as a 

source of evidence. The case is described by Godsell (1991) and involved a company 

called Pacific Acceptance suing the auditors claiming it had lost three million 

Australian dollars as a consequence of the auditors' negligent failure to investigate and 

report certain irregularities. The auditors sought to rely on the defence that they had 

complied with professional standards, the errors that they discovered had emerged in 

the course of work that was additional to that required to comply with the standards, 

and lhat the management failed to advise them of irregularities of which they (the 

management) were aware. In fact the auditors had not appreciated the significance of 

the errors. 

It was a comprehensive judgement concerning auditors' duties, and was the landmark 

Australian case of f acZ/zc v ForayfA a W (1970) 90 WN (NSW) 282. 

The judgement consists of an exhaustive evaluation of auditors' duties and 

responsibilities, and also covered the standards of skill and care, which should be 

exercised, in obtaining audit evidence. The main consequences for the auditor from this 

comprehensive judgement were summarised by Justice MofKt in terms of ten key 

principles, which are set out in Table 4.1. 

There are seven principles that are particularly pertinent to APs and they are described 

below and summarised in Table 4.2 on page 94. The numbering refers to the judgement 

described in GodseU's book and is consistent with that book. 
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1. Auditors have a primary duty to audit, which encompasses a continuous 
duty promptly to warn management of suspicions that 6aud or error may 
exist, and which are not constrained by the duty to report. 

2. The duty to audit encompasses a duty to pay due regard to the possibility of 
6aud, and actively to investigate the possibility of fmud, in circumstances 
in which suspicions are, or should be, aroused. 

3. Auditors have no duty to detect fraud or error in the absence of 
circumstances which should arouse their suspicions, or merely because 
6aud or error exists, in the financial statements. 

4. It is the duty of auditors to obtain sufRcient, relevant and reliable evidence 
to satis^ themselves of the various matters necessary to form their opinion, 
and they are not entitled to rely purely on management in this regard. 

5. Auditors are not to be excused from negligent conduct on the grounds that 
the client's directors or management were also negligent, or even if they 
were fraudulent. 

6. Reliance on independent sources of evidence is an aid and not a substitute 
for an auditor's procedures. 

7. Professional standards and practices must reflect changes in the economic 
and business environment and are not limited only to those adopted by the 
m^ority of the profession. Professional standards provide a guide, but the 
courts will exercise their prerogative to assess the reasonableness of 
professional standards in specific circumstances and therefore what 
constitutes reasonable care and skill. 

8. A qualified report must be clear and unambiguous and must, where 
possible, identify and quanti^ the matters of qualification. 

9. Before placing audit reliance on internal controls, these must be thoroughly 
ascertained, evaluated and tested. 

10. Auditors must carefully plan, and supervise all of their work, including 
work performed by subordinate staff. | 

Table 4.1: Ten key principles for auditors set out by Justice Moffit in the Pacific Acceptance v Forsyth and 
Ors (1970) case. [Source: Extracted from Godsell (1991)]. 

4.7.1.1 Error and Fraud are the auditor's concern 

Justice MofBt addressed the issue of the auditor's obligation to discover error, &aud or 

other misstatements. The judge observed that: 7^ cZear m a W carn/mg 

/zm pay (fwe o/"erro/' or o/ice zy 

M f/zaf f/ze aWzYor (/z/zfy reg'z/zra; /zzm fo go /̂ze 6 o o ^ a W <jefer/MZMe 

fAg fr«e/zMancW j?ô z(̂ zoM f/ze co/y^aAy a W f o fo f/zg accorc/ or of/zerw^g q/̂  

f / z g / ) 0 j ^ z f / 0 m q/^fag co/t^a/zy, q/̂ f/zg aooa:^ f/ze 6a/amcg ĵ /zgga /b//owj' f/zaf̂  

/̂zg poj'fz6/g caz^ygf ô f/zg co/z^ary. /za/Mg/v. grror. or zmâ oz/W accowMf̂ mg. arg 

rAg am/zfor 'a' coMcgrw' (my underlining). This can be interpreted to mean that the 

auditor has a duty to be aware that there could be error or fraud. As a consequence the 
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auditor should be using procedures that will detect error or &aud that is material. For an 

AP this means that if material error exists the AP must have a reasonable probability of 

detecting that error. 

In the third principle the judge sought to balance the requirement for the auditor to have 

in place procedures that have a reasonable chance of revealing material fraud, by saying 

that auditors have no duty to detect fraud or error in the absence of circumstances 

which should arouse their suspicions. The judgement spelt this out at great length. A 

key passage was: (fwe regwcf fo f A e o r grror 

aw/ omf Aw m f/za ggMgW aw/ 

f/zg z/z/g/zf f/zaf z/"a j^z/wwzfzaz or margrzaz gtvor or^aw(/ /zay 

mfo f/zg 0/°f/zg co7?^az^ /zg /zoa: a rgaâ onaAZg eucpgc^afzon f/zaf ẑ  ifz// 6g 

rgyga/gJl TTzg ̂ ro^/g/M zf z/zfg»ĵ g/x ̂ racfzca/ o/zg; on f/ze ofAgr /zaw( zY 6g 

fo crzyzczfg a /^rocgca/rg, /^arfzcz/zar/x wzfa /zzw/yzg/z ,̂ /mgy-g/y 6gcaz^g ẑ  wof 

opf fo revga^ a^oma(fgvz&ec/ wzf/z jiparfzcM/ar mggMwzfy, or ĵ ozMg zgo/afgc/ or /wzMor 

^az/6/ or grror. /M â z/c/z caygĵ  z» /)arfzcz//ar zf M z/z^orfaMf li'zY/z rgfoZwfzoM ô gxc/Wg f/zg 

opgrâ zoM ĉ /zzTzdlyzg/zf Agcaz/̂ g (^gr f/zg gvg/zf zf M c^g/z fo fAz/zA: (^rocg(A/rg.9 f/zaf 

coz//(/ Aavg 6gg» a&!pfgc/ woz/M Aorve rgvga/gcf gvgn fAe zMgenzoz^yraiK^ wAgreas 

zmyacf /̂zg aza ẑyor /ooa:z)zg f/zg ma^gr ay ẑ  fagfz jprgfgm^ec/ waf acfzmg rg<%yoma6(y'. 

^.717.2 momzggwkmf 

The judge expected that an auditor would obtain 'fz(^czg/zf, rg/gva/z^ aw/ rg/za6/g 

gvzakfzcg', and should treat with scepticism any submissions from management. This is 

covered in points 4 and 5 of the judgement. Particularly relevant is: ffavzMg ZM /wzW 

^Agy^c^zo/z f/zg azA3̂ zfor a/zcf /zw rgWzoM ô f/zg f/zarg/zo/c/era', aw/ ZM ̂ arfzczvZar Aw 

(/z/z[y fo fAgTM z/z rg/afzo» fo /̂zg e/zrgc^orj', 7 c/o MOf/zw/ /wgrzf ZM a ẑ/6/Mzj',yzoM w/zzcA z/z 

g^c/^ zj' f^af a/̂ /zozyg/z ^ag az/(/zforf wgrg »gg/zgg/z^ r/z^/ f/zo«/(/ 6g ex:cz/̂ g(/ aacaz/iyg f/zg 

(/zrgcforj^ wgrg a/a'o Mgg/zggM '̂. Thus in respect of the auditor's dealings with 

management, the auditor in choosing to rely on management representation must 

corroborate those and take ownership of Ae subsequent evidence. It is not a defence 

when something goes wrong in ± e audit to say that management misled me and so it is 

their fault. In the AP context, this can be interpreted to mean that when seeking 

explanations from management for variations 60m the auditor's expectation value it is 

the responsibility of the auditor to adopt a sceptical attitude to management's 
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explanations and not to see them as a justification for not pursuing the potential 

discrepancies. 

4.7.1.3 The audit evidence must he the auditors' 

The auditor must take responsibility for any evidence that is used to signal the presence 

or absence of material error. It is not a justification to use the defence that another party 

informed the auditor or provided the information. In relation to this point (point 6 of the 

judgement), the judge stated: frz/Ma f/ze aWzfor w ro c/zecA: TwafarW 

(/ocza?ze»^f a w /ze ofcffmarzrx do /zzj'yoa or 'awzy' z/" 

/ze /mgre/y f/ze amo/agr (zy fo /̂zg c/zeca^ f/zaf of/zer aa; or af ô 

Af j' vzewf ô /̂ /za q/^6/ocz/mg»f j ' T h e evidence produced by other parties is an 

af^unct to and not a substitute for the auditors' own work. This taken together with 

point 4 implies that explanations sought from management must be considered with 

audit scepticism and not unintelligently accepted. This point also apphes where an AP 

uses data that is from a source within the organisation that is outside of ± e financial 

systems or is external to the organisation being audited; the accuracy of such data 

should be checked. 

4.7.1.4 Reliance on systems must be evaluated and tested 

The audit of internal controls was a particular feature of the fac//zc v 

T^orjyf/z case. The judge said that before placing audit reliance on internal 

controls, these must be thoroughly ascertained, evaluated, and tested. Again, on this 

principle (the 9^), the judge spelt out the necessity of getting independent evidence. He 

also stressed that there should be a structure to the audit to ensure that the appropriate 

independent audit evidence is gathered and that someone with the appropriate audit 

experience and competence obtains it. 

The judge said: 'TTzgre arg /̂zrgg gj^^gMfz^ f/zaf̂  6g mgf A ^ r g aWz/or ca/z 

/"gayomg /̂x o/z f/zg compa/zy .̂yfg/?z zmfgrwzz co/zfro/. fztvr, f/zgrg 7?zẑ f 6g a 

/^rqpgr zm^wz/y fo a^cgrfazm ̂ /zg c o m p a n y t t z z f vvoz/m rnc/z^g mcgr^az/zmg 

ĵ z/c/z yggf̂ z/rgf zwzcafg /̂zg â ĝyzĝ /iy wga^gf j^gq/" ̂ /zg a w agmcg zyâ  

rgZza6zZz(y. %coM(^ /̂zgrg 6g aM q/̂ z/, ZM f/za^ a /'g/'fOM o/"j'WTzczgM^ 

awzfzmg cotmggfgmcg j'/zow/(/ tma^g a okcwzom m fo /̂zg gxfgyza z/̂ wzv. f/za^ /̂za awzfora^ 

CAM &%z#zczgMfZv re/v w o n zY. Hg /̂zow/<f (feczY/g w/za^ /)rocg(A^rgg g/zoizZc/ 6g a(/qpfg(f fo 
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zmfg/zdlee/ a w w/zzâ  ofagr zomjf j'/zoz/m 6g /mgf a ^ r e 

re/zamce cwz 6e p/ace^f ẑ pom za ttzzrd^ ^aere /mẑ f 6e a ^e.yfzmg q/̂ zŷ  qpgm^zom. ^4// f/zgj'e 

efj^gMfza/f may ca/Z/or rgvzfzoM z/z fAe coz^^e q/̂ /̂ze aWzf. gjcamp/g. Aecaz/â e o/̂ (̂ Ae 

rgjfw// offg^Mg zY //zzgAz 6e Mecefj^arv fo zwaÂ  a (/gczâ zoM m f/ze coz/râ e off/ze feĵ Czw fo 

ex̂ em<̂  f/ze fea-fzyzg or eve/z mof fo re/v om f/ze jr-yfezm'. 

The imderlining is to emphasise the key points that have implications for APs. This part 

of the judgement reinforces the earlier statement about the importance of independent 

evidence. It can be interpreted to mean that the auditor must properly understand the 

business activities (systems) being audited by the AP procedure. An AP presumes that 

a certain structure underlies the figure in the financial statements being audited. The 

auditor needs sufficient experience and skill to be able to make that judgement. To do 

that requires a good appreciation of the relations with the set of financial statements. 

The auditor must have sufficient experience, competence and knowledge to be capable 

of properly interpreting the outcome of the application of the AP. 

cb«7f cayg amf fag aafawemy owafwg 

A summary of the seven principles that are particularly pertinent to APs is set out in 

Table 4.2, togeAer with an interpretation for APs. There are a number of conclusions 

applicable to APs that we can take 6 o m the judgement in the case of f 

v4cc^faMce V ForjyfA a/W Ora (1970). Thia section summarises those and compares 

them to the relevant Auditing Standards. 

If there is material error in the line item of the financial statement being audited using 

an AP, that AP must be robust enough to have a high probability of correctly signalling 

such error. The converse is also true. If there is no material error, the AP should have a 

high probability of signalling that. The procedure cannot otherwise be interpreted as 

being sufficient, relevant and reliable (Points 2, 3, and 4). In general the auditor should 

not rely on the work of others without undertaking extensive testing to prove its worth 

(Points 5 and 6). In particular, management representations at the outcome stage of an 

AP should be carefully considered and checked against other information. APs 

undertaken by others, including other auditors or management, are only admissible if 

the work has been tested. 
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Judgement Reference^ Interpretation for APs 
The procedure must be 
reliable enough to find error. 

Point 2 APs must have a high probability of 
detecting material error, should it exist. 

There is a duty that the 
auditors' procedures should 
pay regard to the possibility 
of fraud. That should not be 
judged with the benefit of 
hindsight 

Points The design of the AP should be such that 
it has a reasonable chance of detecting 
material error including fraud. 

Should obtain sufficient, 
relevant and reliable 
information. 

Point 4 The AP must be capable of signalling 
material error, if present, and the opposite 
if that is true. It should do both reliably. 

It is not a defence when 
something goes wrong in the 
audit to say that management 
misled me and so it is their 
fault. 

Point 5 The auditor must not solely rely on 
management. Importantly in the AP 
process, when seeking explanations from 
management for variations from the 
auditor's expectation value the strategy of 
explanation and counter explanation 
should be developed and applied. 

Reliance on sources of 
evidence from other parties is 
an aid and not a substitute for 
an auditor's procedures. 

Point 6 The use of APs undertaken by the 
management of the audited entity cannot 
replace the auditor's own work. It is 
important since it re-enforces the point 
that auditors must control their audit 
procedures and evidence. 

Before placing audit reliance 
on internal controls, these 
must be thoroughly 
ascertained, evaluated, and 
tested. Again on this 
principle, the judge spelt out 
the necessity for the person 
making the decisions 
resultmg 6om the AP to have 
sufBcient auditing 
competence. 

Point 9 It is important in the context of APs since, 
like point 4 above, it emphasises the need 
for independent reliable evidence. It also 
emphasises the necessity to have someone 
of sufficient audit competence. The SASs 
recognises this. The judgement also 
recognises that the auditor may have to 
re-appraise earlier assumptions in the 
light of evidence that they obtain. 

Carefully plan, supervise and 
review all work, their own 
and that of subordinates. 

Point 10 A member of the audit team with the 
appropriate experience and knowledge of 
the methodology should administer APs. 

Table 4.2: Judganents 6om o f f v Orj (1970) 90 WN (NSW) 282 (Aaf 
fAe ufg q/WA. [Source: Godsell (1991)]. 

In point 10 (Table 4.1) of his judgement the judge implied that auditors should 

carefully plan, supervise and review all of their work, including work performed by 

subordinate staff It is particularly relevant to APs since their efficiency and 

effectiveness depends on the knowledge of the business and the environment. That 

knowledge depends on the experience and competence of the staff So managers and 

audit partners who have the wider experience and exposure to a range of audited bodies 

' Reference to Godsell's (1991) Book. 

94 



Chapter' 

are required by SAS dealing with Quality Control, SAS 2 4 0 , to ensure that 'aW/Y li/orA: 

f w a o /zm/e fag fec/zmzca/ a/z<^prq/zczg/ig/ 

rggMzrg(/ m czrcwMĵ faMcef'. If junior staff are used, the supervision of them is 

paramount:' j'z^^czgM/ (/zz-gc/̂ zoM, ẑ̂ ervzâ zoM revzew c y a / / /eve/f z\y carrW 

z/% orf^ar fo /^mvzcfg co/^<jle»cg fAg or^ /7g^nMg(f rngg/f ^^prq^rzafg 

(^gz/a/zYy' (SAS 240: Quality Control for audit work). 

An immediate question is whether the Statements of Audit Standards issued in 1995 

address the other matters that were raised by the judgement. For example, the 

requirement for the AP to be capable of discovering error, points 2 and 3 in Table 4.2, 

is contained in SAS 410 on APs: 'Aowgvgr, rg/za»cg oM f/ze reWfj' q/'v4fa? on 

f/zg az/(^zforf' (zyâ gj'jt/zgmf off/zg /̂za/ /̂zg may wgmfz/v rgwzomf/zzpj^ a.; gwgcfe^f 

w/zgrggf. m a TwafgrzaZ /?z/̂ ffafezMgn/ g%wff'. SAS 110 (Fraud and Error) also 

makes it clear that auditors must design procedures that have a reasonable chance (high 

probability) of detecting error. The SAS says ' Baygcf o» fAgzr afâ gj'f/MgMf, f/zg 

aWzforj^ ĵ /zowM c/gj'zgM aWzf j'o a.y fo Aavg a rgafOMa6/g g;i^gcfa^zo» 

c/gfgcfmg tmmf/̂ â gtmgtzay armzmg^om^raw or g/ror w/zzca arg /ma^grzaz fo ^/zgyz»a»cza/ 

ĵ fafg/MgTifĵ '. (SAS 110.3) 

Points 4 and 5 in Table 4.2 imply that the auditor cannot rely solely on management but 

they should do some substantive work. This is set out in SAS 300 (Accounting and 

Internal Control Systems), paragraph 54: V/ze aâ â ĝ ŷĝ f /gvg/j' q/"zM/zgrg»f a»(f coM/ro/ 

caMMo/ 6g fZ{^czgMf(y Zow /o g/zmznafg f/zg 7Zgg(//or awgfzforj' pe^rzM a/zy 

j^wwamfzvg /?rocg(fz/rg.y/ma^grzaz accowmf aa/a/zcgj' a^kf ^a/iyacfzo/z cza.yj'g& 

^owevgr, faaag â uâ yfamfh'e ̂ mceafz/rgj^ 7m<̂  co/t^r^g o»zy w/zerg /'/'ocgt^z^gjr 

/7mvz<^e j'z^czg/zf apy?rqprzafe gvzijgMcg'. SAS 440 (Management Representations) 

makes the point that representations by management cannot be a substitute for other 

audit evidence that auditors expect to be available, y aWzYorf arg z/Ma6/g fo o6^az/z 

j^z^czg/zf a^rqprzafg aWzY gvzdgyzcg rggart/wg a /Ma^gr vf/zzcA /zay, or Aavg, a 

zmafgrzaz gj^cf om f/zg^/zancza/ a^afgmgmfj: a w â wc/z aza:fzy gvz(ig/zce za: ai^gc^gaf fo 6g 

avaz/a6/g, f/zw co?zĵ ẑfz//gj' a /zmẑ a/̂ zoM on /̂zg <ycĉ e o/̂ f/zg aWz^ gvg» ^ a r^rgj^g/zfafzo/z 

/ro/m 7ma»agg7?zgmf /za^ aggn recgh;g<^ om f/zg /mâ f̂ gr. fag^g czrcwttzĵ ^afzcgj' zy //zax 6e 

Mgcgĵ ĵ a/y ybr f/ze/7z ô cowzder f/zg z^/zcafzo/zj' ybr fAgzr ' (SAS 440, paragraph 

15). The SAS continues with the direction: 'ĵ â r^rg^gMrafzoM 6g 

95 



Chapter 4 

comrraky/cw 6)/ ofaer ev/̂ /gmce, fag aza^ffor^ â aowm mvea'frga^e fae cfrcẑ /m.yfamcê y 

fo rgj^o/ve f/ze anc/ comâ fv̂ kr wagfaer zy <jb2/6f o/z fag rg/za6f/f(y q/^of/zer 

r^re^gMfafzoMj'' (SAS 440.4). 

The quahGed rehance on other auditors is spelt out in SAS 510, which deals w i ± the 

relationship between principal auditors and other auditors. For example; z/;ymg 

fae wor^ q/"ofaer azâ ẑ ora', a^aommckfermme aoii/ faaf wor& yz// 

r/zgfr ' (SAS 510.1). The 'principal auditors' are the auditors with 

responsibility for the audit. The reliance on experts is dealt w i ± in SAS 520 (Using Ae 

work of an expert): ztymg fAg w o r A : 6 ) / ayz e.;î e7'f, f Aoz//(/ 

o6^am awfz' gvz^gmce f w â z/c/z 14/ora: m ybr f/ze 

q/"rAg az&/ẑ  (SAS 5 2 0 . T h e SAS defines an expert to be 'a^grj'OM or/?/"/» 

/'Offg^fmg .^eczaZ fM/, A/zowZg^^g a W e^grzgfzcg z/z a /)ayfzcz//ar/zgM o /̂zgr f/za/z 

azA ẑfzMg'. SAS 520 continues: 'IfTzg/z cozifzo^rzYzg it/AgfAgr ̂ Ag g^^gyf Aaf z/fecZfoz/rce 

dbfa w/zzca zf (^proprzafg m ^ag czrozwzffamcgj', fae az/o^zforf co/zfzc/gr fag 

yo//owzmg^rocgca/rgf.' (2^ /?zâ zmg gmg'z/zrzgf rggar(/z»g â zy j^rocgc/z/rgf z/wgrfa^g/z ^ 

f̂ /ze g:)̂ g/-̂  fo gffa6/zfa w/zgfagr f/zg foz/rcg &ẑ a zf fz^^czg/zf, yg/gva/z/ a/z(f rg/zaa/g; a w 

rgvzgx/zMg or fgffzMg fAg &zfa z/fgc;̂  6y Âg exygrf'. These taken together address 

points 6 and 9 in table 4.2 

The SASs also address the concerns at points 6 and 10, Table 4.2, about supervision. In 

SAS 240 (Quality Control for audit work) there is a requirement for proper 

supervision: 'a»y vyorA; (/g/gga^g<^ ̂ o a f f f A o z / / ^ / 6g < ẑrgcfgd^ fz^grvz^g^^ a W 

rgvzgwg^f zm a zmam/zgr ̂ aafprovzakf rgafoma6/g offz/rance f/zarf fz/ca wora: zf ̂ g/ybr/mgc/ 

co/z^efgM^^'. The SASs make clear that all staff working on the audit, including 

experts, are assistants: ' 'as&zffanff' mgam /?gr&oM»g/ zMvo/vgcf m OM zWzvzcfzvoZ az^zf, 

zmc/za:/z»g ga^gr/f g/?^/qygi^ ̂  fag az/(/zforf ofagr faa/z fag az/tfzf g/zgagezmgn/ joar^gr' 

(SAS 240). 

Thus, the points that Justice Moffit set out in the Pacific Acceptance v Forsyth and Ors 

(1970) case are addressed by the Auditing Standards. The issue is the interpretation of 

Aose Standards. We will address the subject of interpretation once we have considered 

the surveys of auditors reported in Chapters 5 and 6. 
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2)77 atwf afamzggno/ jz^rgygwfadom 

As described in Chapter 3, an important part of the AP is to investigate the 

representations received from management about differences between the auditor's 

explanation and the account figures. The Concise Oxford Dictionary (lO'^ Edition) 

defines representation to be fo a/; az/fAor/fy fo a/; 

opm/oM or T-ggMfgr a I n the context of APs that 'authority' is the auditor, and 

the explanations are the management representations. Points 4 and 5 of the judge's 

conclusion in the f v a W case involved management 

representation. The auditor must interpret and audit management's representations and 

observations on the findings of the auditors. 

There have been other rulings in the courts. In the Kingston Cotton Mill fraud case 

(1896), the argument was successfiil that auditors are entitled to rely on management's 

representations. Auditors frequently cite this case as a justification for relying on 

management's representation. In contrast to that case, the Thomas Gerrard (1967) 

judgement found that auditors were liable for not detecting a m^or management 6aud 

based on the inclusion of fictitious stocks and the manipulation of end of year 

procedures. In this case the auditor did query the end of year figure, but accepted 

management's representations. The implication is that the auditor must be diligent and 

use their knowledge to question and challenge the audited body, particularly if they are 

going to take as evidence management's representations. Thus interpretation of 

managerial representation plays a key part in the AP process. 

We now look at whether reports into company failures by the Department of Trade and 

Industry (DTI) provide a source of evidence on where auditors have made the wrong, 

or inappropriate, conclusions about tbe Gnancial statement of an organisation. Using 

the legislation contained in the Companies Acts of 1947 and 1948, the DTI may 

appoint Inspectors to investigate the affairs of a company. Under the provisions of the 

1985 Companies Act the Inspectors may be appointed for different purposes: to 

investigate the affairs of a company, to investigate ownership, or to investigate share 

dealings by the Directors or their families. The reports are usually very detailed and 

appear many years after being commissioned. Although the Inspectors are not 

appointed to investigate auditors, many investigations uncover cases of malpractice and 

irregularities involving the auditors of companies. These often have financial 
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implications. It is important to remember that these reports only deal with failures that 

the Inspectors are directed to investigate, and not all failures. 

Boys (1997) reviewed the DTI Inspectors' reports covering the period 1971-1995. He 

provides some interesting evidence on where auditors' work failed to detect problems 

within the financial statements of organisations, and on the impact of such reports on 

auditing practice. Of the eighty-eight reports published in the period 1971 to 1995, 

fbrty-five (51%) had significant conmient on the work of auditors. 

The issues relating to auditors can be illustrated by a simple analysis of Boys' findings. 

Of the forty-five reports with reference to auditors, thirty-three contained references to 

problems with the evidence obtained by auditors. Boys cited seventy-four references in 

those thirty-three reports. 

There were recurrent themes of auditors being deceived by management, of 

substandard judgement by auditors, of poor documentation and poor application of 

audit processes. Auditors were criticised for allowing themselves to be deceived 

through misrepresentation by the Directors and senior management Other judgements 

of auditors were also criticised. Instances included accepting management 

representation without inquiry, not obtaining independent evidence of valuation, 

relying on inadequate evidence or inappropriate tests, carrying out insufficient audit 

work and failing to document their work. Table 4.3 below summarises the nature of the 

findings (note that some reports had more than one category of criticism). The main 

implications are that it was not the particular techniques that were the cause of the 

auditor's failing, but rather the auditor's application of the procedures, including 

inappropriate acceptance of management representations and evidential issues. 

Comment on the Work of Auditors Number of 
reports 

Proportion of 
the 45 Reports 

Number of reports with significant comment on 
the work of auditors 

45 Reports 100% 

Misrepresentation by Directors or Management 17 Reports 38% 
Problems with evidence 33 Reports 73% 
Use of a particular audit technique 2 Reports 4% 
Table 4.3: A summary of the DTI Inspector's comments on the work of auditors. [Source: Derived from P 
Boys (1997)1. 
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Although there were many instances of misrepresentation by management to auditors in 

Boys, there were only two comments about the use of particular audit procedures. One 

related to sampling: Y/zerg woj' no wybr fAe ' (The 1978 

DTI Report on Roadships). This particular sample related to creditor circulation. The 

other was a criticism about the poor application of an AP. The AP involved the 

calculation and investigation of gross profit margins to test whether stock had been 

overvalued at the end of the accounting period. The Inspectors found that there was 

clear evidence that the AP was improperly applied. The accounts showed a gross proGt 

margin of 16.5% on all products sold. The auditor's AP predicted a gross margin of 

10%. They failed to get adequate explanations for the difference of 6.5%. Since the 

auditor relied upon an AP in the testing of this balance and collected no other 

substantive evidence (e.g. by sampling) the failure of the auditor to properly carry out 

the AP meant that inadequate evidence was obtained, and the Inspectors were critical of 

that. This was a fmlure of the auditor to develop a proper expectation that took account 

of all the relevant variables and to have a strategy for obtaining reliable explanations. 

The evidence we have from Boys (1997) suggests that, in the past, auditors have been 

too willing to accept management representations. For APs, the implications are serious 

as explanations are sought from management to explain any difference between the 

expectation-value and the figure being audited. This is a key part of the final part of the 

AP process: the outcome rule. 

For the example above, 6 o m the 1978 DTI Report on Roadships, there is an alternative 

explanation to the one of management representation. It is one that, unfortunately, we 

cannot test directly. Suppose that the outcome-value set as the criterion for assessing 

the outcome of the AP was greater than 6.5% and so the auditor failed to seek adequate 

explanations because they considered the dif&rence of 6.5% to be immaterial. For 

example the difference between the auditors prediction (10%) and the audited value 

was 6.5% (16.5% -10%). If the outcome-value applied to the test was 8%, then the 

observed difference would have been judged 'not significant' and the figure being 

audited would be accepted. This is one potential explanation of why APs are perceived 

by auditors to be effective - they give positive signals. Unfortunately that might be, as 

in this example, even when there are large differences. That can arise from a poor 
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investigation rule. We shall return to this and examine in Chapter 8 whether many of 

the investigation rules adopted by auditors give false-positive or false-negative signals. 

4.9 The investigation and outcome rules 

In section 3.8 we described an AP as comprising two rules: the investigation rule and 

the outcome rule. A key part of the investigation rule was building the model to predict 

an expectation-value. The development of an expectation-value for the AP is a key 

stage in the whole AP process. According to Lev (1980): YAe cn/cW q/"fAe 

/fTzaMcW ffafgTMeMf fYe/Mf'. Developing an expectation for a value in the financial 

statements requires the auditor to model the business processes that produce the value. 

Echoing the court ruling and the SASs, an essential part o f that is understanding those 

business processes: rev/ew/ aw 'a' aA/ZzYy fo 

qpemf/Mg Knechel (1988a). 

The necessity to consider the appropriateness of the expectation value was spelt out by 

Albrecht and McKeown (1976) who described APs as seeking to answer the question. 

f/zg c z / r r e m f r e a f o n a a / g if/zem 

q/"w/zaf OMg T4/OZ/W g;ig)gcf f/zg/M fo 6g, OM /?rgi;foziy ygarf ' 6a/aMcgf ? ̂  

Mof?' Implied in such a definition is a concept of measurement of the 

acceptability of the auditor's estimate; this is absent in the auditing standards of that 

time. There is a development of the expectation, the comparison and the closeness 

(precision) of the expectation to the audited balance. Kinney (1978), in one of the early 

pieces of research on the effectiveness of APs, provides a description of the whole 

process. '/M rgv/gw/, fAg aWzfor co/?^argj^ f/zg c/fgMf r^or/g^f Aa/awcg 

raf/qj li/zYA f/;g aW/for '.y (zyĵ gj'fTMgMf q/"̂ Ag ZfA;g(y fn/g (aW/fga^ 6a/a»cg. 7%^ 

or comcfzffomaz gjcrgc^afzom /way mco/yorafg f/zg aza^zyg(/ 6a/a»cgj^ q/̂  f/zg 

c/zgmf /^rzor /7grzod!y a/zt^r j'/rz/c^z/raz fz/c/z aa' cz/rrem^ owf payf dk/fa /or fag 

ggomomy cz/rrgmf zmaz/afẑ ĝ f ^o/m rgza/g^f accoz/»f^ a/zcf zmijl̂ gmc/gmf 

m^gr/za/ rgcor^iy j:z/c/z /̂ roa^z/cfzo/z ^f/zg c/zgmf r^07fg(/ vazz/g^ arg woj'g' 

fo /̂zg azAfz/̂ or goWz^zozza/ gj^gcfa^zoM, Âg azA ẑfor coy^disMcg z» f/zg vaWzfy q/̂  f/zg 

r^orfgc;^ 6a/aMcg zj: mcrgo^gd TTzaf zf f/zg azA ẑfor owĵ ĝ yâ gj' a Zowgr /;ro6a6zZzfy q/"f/zg 

g.%z\yfg»cg q/"TwafgrzW accoz/»fzMg g/ror 
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Until recently the explicit need to develop expectations and consider the precision of 

those expectations has not Rgured in the auditing standards in the UK. Blocher and 

Patterson (1996), who drafted much of the current guidance on APs in the USA, set out 

a paradigm for an AP and the key considerations afkcting the precision of an 

expectation. The paradigm involves three steps. They are the development of an 

expectation, comparison of that with the recorded balance and a decision against some 

significant value, with some consideration of the precision o f the expectation value. 

These are the equivalent of our investigation and outcome rules. The key considerations 

afkcting the precision of an expectation are: the methods, the reliability of the data, the 

aggregation of the data and last, the predictability of the relationship. Of these, the first 

and last are equivalent to the quality of the model, while the second and third reflect 

data quality. 

Another consideration is the use of conKrmatoiy information. These recognise that 

effectiveness and reliability of such work will depend on the diligence, skill and 

knowledge of the auditor. The AP is one of many signals and the interpretation of that 

signal, in the light of the other evidence, is one of the important skills highlighted by 

the judge in the Pacific Acceptance v Forsyth and Ors case. When talking about the 

care required 6 o m auditors in placing reliance upon internal controls, the judge said: 'a 

f W fAg can The 'it' in this quotation is the internal 

controls, although the same logic applies to interpreting the results of an AP or all the 

difkrent sources of evidence about financial statements. 

For an AP, the final stage, the decision about the success o f the AP, requires an 

assessment as to whether the expectation value, including the associated precision, are 

sufficiently close to the value in the audited statements. This was described by Kinney 

(1978), as the closeness of the expectation value to the reported balance. This process 

will be considered in more detail in Chapter 7. 

v. 7 0 f a y 

Once the auditor has calculated the expectation-value and has compared it to the book-

value using the outcome-value as a criterion, the next decision is whether the difference 

is significant. The associated question is what is the explanation for it. At this point the 
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auditor is in a dialogue with the management as part of the process of estabhshing 

whether there is a plausible explanation for the observed difference. For example, the 

management might bring to the auditor something of which the auditor was unaware. 

As was described above. Boys' (1997) report on the work o f the DTI inspectors points 

to another potential problem for auditors: a willingness to accept too readily 

management representations about information concerning the financial statements. 

This may take the form about explanations for the position o n the stock of an 

organisation, as in the Thomas Gerrard (1967) judgement. The work of the Joint 

Monitoring Unit of ICAEW (JMU) revealed continuing problems with the 

unwillingness to challenge of management representations. Vif ia: fo 

a /'Ag (//recforj'' (Garvey and Dietz (1997)). 

This willingness has implications for APs in the obtaining proper explanations for the 

difference: lYy - Ysl. Anderson and Sechler (1986) highlighted the problem in another 

group of workers and called it the explanation effect. This is the willingness of all 

humans to accept plausible explanations to a question, without questioning the 

accuracy of those statements. Although one might argue that auditors are trained to 

overcome this trait, Libby (1985) found in experiments with audit stafTfrom two m^or 

audit firms that they did in fact accept such representations. Certainly, the criticism 

illustrated in Boys (1997); that auditors allowed themselves to be deceived through 

misrepresentation by the Directors and senior management, implies that auditors like 

other humans have a problem with the explanation effect. 

An illustration of the theory developed to mitigate the problem is contained in the work 

of Anderson and Sechler (1986). They carried out experiments to ascertain whether the 

explanation effect could be minimised by getting the decision-maker to postulate both 

explanations and counter-explanations. If the decision-maker is the auditor, one of their 

findings was that the auditor needed to understand fully the relationships between the 

variables that underlie the expectation value. They then need to consider all the 

alternative explanations that could explain a difference between that expectation and 

the value in the financial statements. //zam e/ror 

rg/affom agfwggm hfo vana6/gj'. t^afagr, f/zg g/ror a'gg/w 6g groz/wg^f 
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aoryg (/z/e f o m m r e w g ^ ^ fo f/ze q/^fae eay/amaf^fon, o w 

f/za^ ggiz/a/Zy/?/aztyf6/g caztyaZ cow/^/ 6g geMerafe6fybr a/fe/'Ma^h;g or 

q^of f fg rg/afzoMj''. They concluded that '^^eqpZe %)/ca/^ cowzc/grg^f a / Z f 6 / g 

a/fgrmaf̂ h/g^ a ^ r g /maazmg (/gc/ffo»f, f/zg gji^/ayzafzom arm /mzg/zf 6g 

rg/a^fvg/y f/zg varzoz^y cozm^gr-g;g9za»afzomj' ^vow/̂ f fgyẑ / fo zgavg f/zg 

dgcẑ zoM TMa^r rg/afryg(y z/Az6zawg(f'. Koonce (1992) has extended this work. She 

carried out experiments using auditors looking at avoiding error when obtaining 

explanations for the differences between expectation values and the account value. She 

found that VAg /zafz/raZ or^^gryor co/?^rg/zgm^zo» 7M6̂  6g fo euî /azM am/ /̂zg/z (̂ o :̂yz6(xj 

coz/?z^gr-g)g?/azm\ 

To minimise the explanation effect, we propose a sequence o f 'rules'. They are based 

on the theory of explanation and counter-explanation and are derived from the work of 

Anderson and Sechler (1986). They are: 

1. Identify potential alternative explanations before doing Ae AP; 

2. Carry out the AP; 

3. Review the alternative explanations before talking to the audited organisation; 

4. Seek explanations from the audited organisation; and 

5. Substantiate those explanations. 

As a result of research for this thesis, the author proposed that those rules should be 

implemented within the NAO. That was possible because the author was the Director 

responsible for statistics and research. Following agreement &om the senior 

management, in September 1999, these rules were implemented through a new chapter 

on APs in the NAO Audit Manual and training courses. In the audits following the 

introduction there was an improvement in audit quality. A quality assurance process 

adopted by the NAO monitored that improvement. Each year a number of completed 

audits are subjected to peer review at the level of Director (the equivalent of partner in 

the private sector audit firms). The purpose is to ensure that the audits comply with the 

Auditing Standards and NAO audit policy. 
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However, the introduction of the rules was not set up as an experiment, and they were 

not the only change introduced by the audit chapter. Thus it is not possible to isolate the 

impact of rules within the new strategy for the application o f APs. However, discussion 

with Directors in charge of the audits confirmed that the rules focused the audit staff on 

the issues surroimding the elicitation of explanations for any difkrence (YT - Yg). 

This chapter has illustrated that the auditor is required to design the audit procedures to 

be such that, if material error exists, then the procedures wil l have a reasonable 

expectation that it will be revealed. The Courts and the Auditing Practices Board have 

set out the principles for the conduct of an audit. The latter are promulgated in the 

Statements of Auditing Standards. For example, the Auditing Standards require that 

some level of substantive testing should be done. The Standard on accounting and 

internal control systems and audit risk assessments (SAS 300) directs that: 

yor az/t/fforf fo ybr accow/zf 

Unfortunately there is evidence that the expected high levels of competence are not 

always shown in the implementation of the audits. The DTI Reports highlight that 

auditors sometimes use inappropriate methods or rely on management representation 

without sufficient scepticism (Boys 1997). There was evidence from Humphrey and 

Moizer (1990)) and Garvey and Dietz (1997) of auditors' failing to understand the 

procedures they implement. 

All of these issues have serious implications for the use o f APs. APs are a collection of 

methods requiring judgement and skill. If inappropriate methods are selected, the 

question is whether such methods will have low probabilities of false-negative and 

false-positive signals? Alternatively, is the implementation of APs carried to suSicient 

standards? For example, are the outcome-values so high that significant error would not 

be detected? The importance of these questions depends on the extent of the use of APs 

and the type of APs used. For instance, if APs are little used then the question, although 

interesting, will have no immediate practical impact. On the other hand, if APs are used 
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a great deal, the issues of the type of AP and the way they work are critical to the 

quality of the auditor's work. Also of interest will be auditors' motives for using APs 

and their perceptions of them. 

The next stage of the thesis considers the extent of the use o f APs and the types used. 

To collect that information, the next chapter will discuss a number of published surveys 

about the use of APs. That is followed in Chapter 6 by reporting a new survey that has 

attempted to fill some of the gaps in the knowledge about the use of APs. Subsequently 

we report experiments into the effectiveness of APs. We then examine such APs to see 

if they inherently have low probabilities of false-negative and false-positive signals. 
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j. 7 ymfrof&fcf/om 

Since 1984, a number of published surveys have recorded the auditor's use of̂  and 

perceptions about, APs. The subjects covered included what types of APs were used, 

when in the audit cycle they were used, why they were used and the extent of their use. 

Because of the large number of auditors in the UK and the USA, surveys are necessary 

if their views are to be accurately assessed. The m^ority o f the reported surveys have 

used postal questioimaires, although there have also been some face-to-face interviews. 

In considering the surveys it is necessary to bear in mind the two categories of error 

that arise from surveys: sampling and non-sampling error. The former is a direct 

consequence of looking at a sample rather than at the complete population: it is the 

error associated with inferring the population value from a sample. An extensive theory 

exists for estimating such errors. 

Non-sampling error is harder to control. The sources of such error include: an 

inadequate record of the targeted population (sampling frame), inappropriate sampling 

methodology, poorly designed questionnaires, inappropriate use of sampling 

methodology (e.g. quota sampling), interviewer bias, recording and measurement errors 

and non-response problems. If they are not addressed, then inferences about the 

population could be, and probably will be, misleading. As w e will see, all have been 

issues to some extent in one or other of the surveys. 

The rest of this chapter looks at a number of surveys carried out in the USA and two in 

the UK, addressing the issue of non-response where relevant. The first four surveys 

were published in the USA over the period from 1983 to 1994 and the fifth and sixth in 

the UK in 1997 and 1999. As non-response was an issue for these surveys, the review 

will look at the data collection methodology as well as providing a precis of the key 

findings. 

3.2 wort amf f f tw (7 

The stated aim of the Biggs and Wild (1984) survey was to obtain an insight into 

practising auditors' experience in using APs. The population targeted by the survey was 

practising auditors from the large firms in the USA. At that time, there were eight large 
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firms, four of which co-operated in the study. The survey was confined to one large 

city in the USA. The sampling was organised by a partner within each of the firms. 

There were 127 respondents (a claimed response rate of about 80%). 

A short questionnaire was used, based around three groups o f questions. The first group 

of questions sought information about the percentage use o f scanning, ratios, regression 

and time-series models. The second group asked about the percentage of errors 

(/e^ecWby an AP and the third group of questions explored the number of years of 

experience of each respondent. Biggs and Wild used this latter piece of information to 

demonstrate that respondents to their survey had the same profile of experience as staff 

at the national firms. They then used this to justify their results as being representative 

of auditors in the large firms across the USA. 

Biggs and Wild reported that judgmental procedures such as scanning and ratio 

analysis were the most commonly used techniques. The percentages of use are set out 

in Table 5.1. 

Scanning 
the Data 

Ratio 
Analysis 

Regression 
Models 

Time Series 
Models 

Other 

Percentage Use 96% 89% 11% 8% 28% 
Table 5.1: Percentage use of APs by type of Technique. As can be seen, judgmental procedures are used 
most Asquently and quanlilativG procedures in6equently. 

Another finding of the survey was the auditors' perception that the judgmental APs 

were by far the most valuable. This view was consistent with the use of the different 

techniques: the simple qualitative APs were the most popular. Biggs and Wild also 

concluded that the perceived ability of a technique to detect errors was distributed 

evenly amongst the techniques, their tests showed that none were significantly better 

than the rest. 

One particular finding was that APs initially signalled 42% of all errors detected by 

auditors. Table 5.2 reports the statistics relating to this point estimate; they imply that 

there was a wide divergence of views. This finding is significant for the history of APs 

in that it has echoes in all the subsequent surveys. 

Median 45% 
Mean 42% 
Standard Deviation 26% 
Table 5.2: The percentage of errors that auditors claim are initially signalled 
by APs. The results indicate that there is a wide divâ gence of views. 

107 



Chapter 5 

The smvey was for economic reasons, restricted to one c i ^ and the audit staff of four 

of the large firms. What is also signiGcant is the distribution within each firm of the 

questionnaires by a partner. One can understand the logistics o f this, but was there an 

incentive to distribute the survey documents to the better staff? Biggs and Wild tested 

the distribution of staff experience and found the sample to b e consistent with that of 

the population of firms but, although this may give some degree of comfort, that may 

not be the important criterion. Another potential problem is that the sample was small. 

A three-stage sample was used where the first sample 6 o m 4 firms &om 8 (not at 

random), the second sample was 1 city and the third sample was 127 staff Thus the 

variances of the estimates will be large (larger than stated in their results). The 

implication is that the point estimates might not reflect the true position since they were 

not weighted to reflect the sample plan. This concern is o f importance because the 

survey is one of the first to put into the audit folklore the statistic: 40% of all identified 

errors are initially signalled by APs. 

Biggs and Wild's method of selecting the sample must caution against an extrapolation 

across all auditors, or even across all auditors in the USA. Despite that, this survey is 

important in the history of APs. They found that simple, qualitative techniques 

dominate the AP scene and that a large portion (40%) of error found during an audit is 

believed to be initially signalled by APs. 

This survey is different to the others described in this chapter. Its target population was 

audit firms, whereas the other surveys targeted individual practitioners. Daroca and 

Holder (1985) tried to avoid bias by careful design and consultation with several 

practitioners during the design process. The questionnaire was distributed to 1600 

USA audit Grms by the American Institute of Certified Public Accountants, who 

controlled the timing and mailing of the questionnaires. Despite their best efforts the 

non-response rate was 83%. Daroca and Holder established by looking at envelopes 

that were returned as undehvered, that the maihng of the survey had been done over 

several weeks. They did not control the mailing schedule and did not know what it was. 

They give this as the reason for not being able to test for non-response bias. 
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The 17% response rate consisting of 269 replies has not attracted much attention; the 

question of whether the resulting sample is representative o f the situation across the 

U S A is not addressed. It may be that only firms using APs replied and thus the results 

signiGcantly overstate the usage of APs in the population. Given that this work was 

published in 1985, it is now difficult to determine whether other checks could have 

been done to see if there was any bias. It would have been useful to look at the profile 

of firms responding against those who did not, and to compare those with the 

population proGle. Another criterion might have been with respect to the size of firms. 

Daroca and Holder reported that there was extensive use o f simple APs, using the data 

contained within the audited financial statements. Such procedures typically involved 

simple comparisons or 'standard ratios', and auditors reported that they were applicable 

in over 60% of all audits (the responses ranged between 6 0 % and 90%). More complex 

procedures such as regression and other statistical techniques were not considered to be 

applicable to many audits: only 16% of firms responding claimed to use them. This 

survey provides an early example of a worrying feature o f the application of APs: that 

many seem to be used by auditors without inquiry as to whether they are appropriate 

for the particular audit. Daroca and Holder hypothesised that certain APs were used 

merely because they had been utilised in the past without considering the diagnostic 

ability of those procedures. They considered that: '.yomg ybcwetf 

In other words, auditors do not focus on the appropriateness, predictability or power of 

the procedure they apply. 

5.4 The work of Tabor and Willis (1985) 

This was an in-depth study of audit managers working for one of the big audit firms. 

For logistical reasons, the sampling was constrained to one firm that agreed to provide 

the researchers with the staff time to participate in the survey. Seven managers were 

chosen for their experience: one had been with the firm for f ive years; the others had 

been with the firm for between seven and nine years. This was not intended to be a 

random sample for the purpose of extrapolation. It provided an in-depth view of how 

one small group of auditors used APs within the context o f the audit strategy of that 

firm. It also provided information on auditors' perceptions o f APs. Each manager 
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discussed two audits tbat they had recently completed. The interviews were based 

around their audit working papers. 

Tabor and Willis (1985) found that APs were extensively used during planning (on 

average over 30% of the audit hours devoted to planning) and at the substantive stage 

of an audit (on average over 33% of the audit hours devoted to substantive procedures). 

In contrast, APs were used infrequently at the review stage. An interesting insight from 

this face-to-face survey was the feedback on what the seven managers thought would 

be significant developments in the years after 1985. Three thought that the use of 

computers would make APs easier to use, and five thought that statistical methods 

would play a bigger role, hicreasing fee pressure was also considered to be an 

important factor. Thus in 1985, a picture emerges of APs being an important tool, but 

not then e^gloited to their full potential. 

This survey provides an insight into the work of a small group of auditors. From the 

survey it is possible to gauge some measure of the increase in the usage of APs and of 

the procedures used within the audit firm for which the managers worked. Tabor and 

Willis reported that over the period covered by the survey (1978 to 1983), the use of 

APs at the planning stage had not changed much, and that simple procedures were used. 

Over the period there was a reported 11% increase in the use of APs at the substantive 

stage of the audits. A mixture of simple methods through to regression-based methods 

was used, but the simple methods predominated. This is consistent with the Gndings of 

Albrecht and McKeown (1976) and Daroca and Holder (1985). 

j. j wort ydmggm amf armvfgr (7 994^ 

This survey was carried out in the early 1990s and reported in 1994. The intention was 

to select a sample of practising auditors. For economic reasons, Ameen and Strawser 

(1994) restricted the survey to two cities in Texas, USA. They claimed that die 

information they had was about qualified accountants listed by the relevant professional 

accountancy body in two large cities in the southwestern states of USA. Actually upon 

enquiry it turns out that both cities were in Texas. Strictly speaking, the inferences from 

their work are confined to that state, although we know that the big firms operate on a 

national and a global scale. Thus, although there are local interpretations of the 

strategy, the results relating to the firms from the big six can be extended to the USA. 
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Some 895 accountants were identified of whom an unknown number worked as 

auditors. Ameen and Strawser did not know which of these accountants were practising 

as auditors. They therefore adopted a sampling strategy o f self-selection and post 

stratification. They sent a questionnaire to all 895 accountants, of Wiom 414 returned 

the questionnaire indicating that they were not involved in audit. As a result of two 

mailings, Ameen and Strawser received 190 responses from accountants who were 

practising auditors. Assuming that the 291 accountants (895-414-190) who did not 

reply were auditors, Ameen and Strawser (1994) claimed a response rate of 40%. They 

post-stratified their sample into the Big Six firms (100) and smaller firms (90). Since 

the split of the non-response information between the strata i s not known, a comparison 

of the big six and the smaller firms cannot readily be made. Despite this, the survey 

provides very useful additional information about the use o f APs. 

Ameen and Strawser tested for non-response bias by making comparisons of the 

responses and other demographic information provided by the respondents to the two 

mailings. These revealed no statistically significant differences, and they concluded, 

Wwy /Mmz/MaZ'. A m e e n and Strawser did not 

report any other analysis. 

The research instrument was a questionnaire covering nine topics. The purpose was to 

establish the proportion of time spent doing APs, and the types of procedure used. This 

information was collected for the planning, substantive and review stages of an audit 

The APs used were the commonly defined ones of comparison, ratio analysis, 

judgmental trend analysis, statistically based time series analysis and regression. There 

were specific questions to obtain information on the changes in the use of APs over the 

last 5 years and the reasons for those changes. Other than for the questions seeking to 

establish the proportion of usage, a scoring system was used with a range of seven 

points for each of the questions: with seven implying that the procedure was used 

extensively, and a score of one indicating that such procedures were never used. 

Ameen and Strawser (1994) found that auditors still rely on simple methods. Figure 5.3 

shows the relative importance of different APs ranging from very simple methods to 

regression analysis. There is little apparent difference between the large and smaller 

firms in the relative use of each of the individual procedures, but as we do not know the 

split between non-response of the small and large firms this may not be correct. 

or 
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Regression 
Analysis. 

Time series 
Analysis. 

o Ratio Analysis 
,2" (account). 
c 
g Judgemental Trend 
I - Analysis. 

Scanning. 

Previous Year's 
Balance 

• Big Six. 

O Smaller 

1.00 2.00 3.00 4.00 5.00 6.00 7.00 

Score in the range 1 to 7 [7 being most important]. 

Figure 5.3: This illustrates the use of different types of APs. The chart shows that simple procedures 
dominate APs. A scoring system was used to compile this data, a score of seven indicating that the 
procedure was used extensively and a score of one that it was never used. 

Differences between the audit firms are revealed when one considers the proportion of 

time that APs are used, relative to the overall hours spent on an audit. This is 

summarised below in Table 5.4. 

The Time Spent On APs at Each Stage ol ' an Audit. 
Big Six Firms. Smaller firms. 

Plannmg Stage. 48% (32%) 37% (27%) 
Substantive Testing Stage. 43% (19%) 33% (20%) 
Final Review Stage. 55% (31%) 33% (27%) 

Table 5.4: This shows the proportion of time spent using APs at each stage of an audit. At the 1% 
level of significance, there is evidence to reject the null hypothesis that there is no difference in the use 
of APs between the big and smaller firms at the substantive and review stages of the audit. The figures 
in brackets are the standard deviations. (Source Ameen and Strawser (1994) 

What comes out of this is the importance of APs in the whole audit process. However, 

the standard deviations associated with these averages are large, reflecting the 

variations between firms. These are shown in the table in parentheses. The times 

devoted to APs by the big six and small firms to APs at each stage of the audit were 

compared and null hypothesis set that there was no difference in the proportions of time 

devoted to APs by the big six and small firms. A t-test was then carried out on the 

difference between the proportions of times. It revealed that there is evidence at the 1% 

level of significance to reject that null hypothesis for the data concerning the 

substantive and review stages of the audit. There is also evidence to reject the null 
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hypothesis for the planning stage of the audit. Thus there is a difference between the 

times that is not only visible, but is statistically significant. 

The Ameen and Strawser survey also asked auditors for their views on what were the 

most important reasons for the changes over time in the use of APs with a score of 7 to 

indicate a large effect, and a score of 1 to indicate no effect. These are shown in Figure 

5.5 below. 

Explanations for Increased Use of APs. 

Increased ability of 
APs to identify error 

Changes in the 
Audit Approach. 

Better Professional 
Guidance. 

Fee Pressure. 

Increased use of 
Computers. 

• Big Six. 

• Smaller. 

1 2 3 4 5 6 
Score in range 1 to 7 [7 being large effect]. 

Figure 5.5: This shows the reasons given by the auditors surveyed for the changes in the use of APs. A 
score of 7 indicates large effect while a score of 1 indicates no effect. 

Clearly all the factors were considered important in the changes in the use of APs. The 

increasing use of computers and fee pressure were thought to be the most important 

factors. This matches the prediction reported by Tabor and Willis (1985) that these 

would be important factors in the increasing use of APs. 

Ameen and Strawser suggested that: ^the use of Analytical Procedures increases when 

(1) the entity's internal control procedures are considered to be effective, (2) the 

account has a lower risk of misstatement, and (3) the audit represents a continuing 

engagement.' This conclusion supplements the earher proposition of Wright and 

Ashton (1989) which was that; ^when controls are strong, procedures involving 
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mferma/ are /more waz/e wfy/z wea/k com/ro/a^ evfdle»ce 

e^ferna/ accozmf/Mg recordly ĵ fgMaZâ  rg/af/ve/)/ more errors'. The logic behind 

this is ±at where organisations have good control procedures, including strong 

management, then the data produced by these systems will be good and the relationship 

between systems and their data will be stable. In such an environment the presumption 

is that APs will reflect the good management and signal reliably areas where things 

may, potentially, be wrong. On the other hand, if the systems are poor, internal data 

will have many conflicting signals (noise) and only APs using data external to the 

organisation could be effective in establishing the absence o f material error. 

The survey by Eraser, Hatherley and Lin (1997) was the first published large-scale 

survey into the use of APs in the UK. The survey targeted audit partners in overall 

charge of individual audits. The earlier survey by Humphrey and Moizer (1990), which 

interviewed experienced audit managers, looked at the audit methodology in general, 

whereas Fraser, Hatherley and Lin (1997) specifically investigated the use of APs.. 

Eraser, Hatherley and Lin sampled 700 partners in 155 firms across Britain, and they 

received 366 replies &om partners in 146 firms. The sample was post-stratified by size 

of firm: the big six, large (more than 20 parmers), medium (between 6 and 20 partners) 

and small firms (fewer than six partners). At the time of the survey there were 6 big 

audit firms, since then two of those firms have merged. 

5.6.1 A summary of the results of Fraser et al 

The aim of Fraser et al (1997) was to obtain information on five main issues: 

I. The extent of use of APs; 

n . The relative use of different techniques; 

in . The role of APs in evidence collection process; 

IV. The perceived effectiveness of APs, and of specific AP techniques in the 
detection of error; and 

V. The factors that have influenced recent changes in use of APs. 
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5.6.1.1 Extent of use of APs 

Eraser, Hatherly and Lin's (1997) survey reveals that all the firms in the UK use APs 

extensively. At the planning and testing stages there is an association between use and 

firm size, with the larger firms making more use of APs. There is a marked difference 

between the big 6 firms and the rest. At the testing stage, the big firms use APs in over 

75% of audits, whilst the large and medium sized firms use them in about 60% of 

audits. By contrast, the small firms claim to use them in over 40% of their audits, still a 

high usage. These results are shown in Figure 5.6, which clearly demonstrates the high 

use of APs. 

The % of audits in Wiich APs are used. 
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Figure 5.6; This shows the percentage of audits in which APs are used. Clearly they are 
used at all stages of audit. There is an association between firm size and usage: the larger 
the firm the greater the use of APs. [Source: Eraser et al] 

Now that we know that APs are frequently used, what is the distribution of usage 

within the categories of audit firm (big, large, medium and small)? The survey revealed 

a wide range of the extent of use of APs on audits within firm category (size). Table 5.7 

below shows the distribution of the use of APs by auditors in the firms: it is stratified 

by firm size. This is of interest because it implies that APs are not used consistently 

within a firm. That could reflect the different types of client, or different attitudes 

within the profession towards APs. Turley and Cooper (1991) identified this latter point 

as an issue in their survey of auditors in behalf of the ICAEW. They found that there 

were wide differences in the way APs were defined and specified. They also found that 

the amount of assurance taken from APs varied widely between audit firms. Turley and 
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Cooper's interviews revealed fairly widespread divergence between the theoretical 

definition and the practical understanding of APs. That survey is not described here 

because it was a survey of general audit methodology and only touched on briefly APs. 

Percentage of audits 
in which APs used 

Percentage of respondents using APs by Firm Size Percentage of audits 
in which APs used Big Large Medium Small Wt Average 

0% to 20% 4% 4% 17% 18% 10% 
21% to 40% 3% 10% 14% 26% 12% 
41% to 60% 18% 20% 18% 34% 20% 
61% to 80% 11% 22% 16% 11% 18% 

81% to 100% 64% 44% 35% 11% 40% 

Total 100% 100% 100% 100% 100% 
Table 5.7: This represents a distribution of usage of APs by the different sized firms. Each cell represents the 
percentage of respondents using AP on a proportion of the audits. For example the top left cell shows that 4% 
of auditors in the Big Six firms use APs at the testing stage on between 0% and 20% of the their audits. 
[Source: Calculated from a Figure in Fraser (1997)] 

Given that APs are used extensively, a question that follows is which categories of 

procedure are used and at what stage of an audit. This information is summarised in 

Figure 5.8. 

Techniques used at diSerent stages of an audit. 
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Figure 5.8: This graph shows the use of techniques used at each audit stage. Clearly, the 
simpler procedures (scanning, trend and ratio analysis) are used more frequently at all 
stages. Somewhat surprisingly modelling (e.g. reasonableness tests) is frequently used at 
the review stage. [Source: Fraser et al (1997)] 
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The survey found that the simpler procedures (such as scanning, trend and ratio 

analysis) predominate at all stages. Methods such as regression analysis are used only 

at the testing stage of audits. Somewhat surprisingly modelling procedures such as 

reasonableness tests are used frequently at the review stage. 

Reasonableness tests as defined in chapter three involve explicit development of 

expectation-values and consequently are time consuming. A likely explanation is that 

auditors interpreted reasonableness tests to be just what the word imphes: a test of the 

reasonableness of the final financial statements. That would be consistent with the 

Auditing Standards: PPTze/z fAg aWzY, a/za/yAca/ 

myb/tmrng am ovem/z comc/zty/om fo wagf/zer f/ze/zyzamcw ay a 

liz/zo/e are cowmfewf wzf/z âgz/" f/ze 'j' 

J. 6.7.2 JZg/afn'g A A 

The next logical question is whether there is a difference between the firms of different 

size in their use of APs at the three stages of an audit. This information is shown in 

Figures 5.9 to 5.11. As can been seen from all three Figures, the clear message is that 

simple procedures such as scanning, trend analysis and ratio analysis are used 

extensively at all stages, by all firms. The techniques that require the development of 

explicit expectations such as reasonableness and statistical modelling, are used more 

6equently at the testing stage than the planning stage, as is demonstrated by comparing 

Figures 5.9 and 5.10. At the substantive stage (Figure 5.10) there is some association 

between the method use for an AP and the size of the firm: generally the larger the firm 

the more use of all types of AP. The results for the review phase of the audit are shown 

in Figure 5 .11. 
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Techniques used at planning. 
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Figure 5.9: This graph shows the techniques used at the planning stage of an audit for the different sized 
firms. Scanning is the most common technique to be used followed by trend, ratio and reasonableness. 
Regression is rarely used. [Source: Fraser et al] 

Techniques used at the testing stage 
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Figure 5.10: This graph shows the reported use of different techniques at the testing stage of an audit by the 
different sized firms. Clearly, trend and ratio analysis and reasonableness tests are used most frequently. 
Scanning analysis is widely used. Regression analysis is used as frequently as scanning. [Source: Fraser et 
al] 
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Techniques used at review stage. 
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Figure 5.11: This graph shows the techniques used at the review stage of an audit for the different sized 
firms. At this stage, scanning again predominates, although procedures other than regression are also widely 
used. [Source: Fraser at al (1997)]. 

Looking at the results for the review phase of an audit (Figure 5.11) we see that 

regression is not used much. As we remarked eariier, the extensive use of 

reasonableness tests is surprising, and probably reflects a different definition of 

reasonableness methods by the auditors. The extensive use of the simple methods is 

consistent with the planning phase of the audit. 

5.6.1.3 Perceived effectiveness of APs and their role in reducing other tests 

Fraser et al asked the auditors to rank the effectiveness of the different procedures. 

These findings are at Figure 5.12, from which it is clear that auditors regard the simpler 

techniques as the most effective. If these are compared to the rankings of academics, 

which were gathered by Kinney (1978 and 1979), the perceptions are different; 

particularly with regard to scanning and regression. Academics view regression to be 

the most effective, while auditors perceive it as the least effective, with scanning being 

viewed as the least effective by academics and the most effective by auditors. One of 

the likely explanations for this apparent contradiction is that there are different concepts 

of effectiveness. Fraser et al in reflecting on the replies to their survey hypothesised 

that auditors misinterpreted the question about effectiveness: 'It is possible that 

practioners are responding in terms of cost-effectiveness rather than effectiveness per 

se' (Fraser, Hatherly and Lin). This illustrates two possibilities, that auditors are 
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concerned principally about the cost of obtaining their result, and/or that they 

misinterpreted the question in the postal questionnaire. The latter is a potential failing 

of all postal surveys. Interviews, although more costly for the researcher, allow the 

interpretation of questions to be monitored and controlled. Fraser et al claimed to have 

detected a difference in perception between the small firms and the rest. Small firms 

consider APs to be less effective than big firms do. 

Perceived effectiveness of techniques. 

Regresmon Analysis 

Reasonableness Test 

Ratio Analysis 

Trend Analysis 

Scanning Analysis 

2 3 

Mean score. 

Figure 5.12: This Graph shows the perceived effectiveness by auditors of the different AP techniques 
on a scale of 1 to 5. Auditors appear to consider that simpler techniques that cannot be validated are 
best, hiterestingly, such procedures have been shown by academics to be ineffective at detecting error. 
[Source: Fraser et al (1997)]. 

Fraser et al also asked about whether APs replace, or reduce, other substantive 

procedures. They found that if the respondents considered that the 'AP findings were 

favourable" then other substantive were reduced or replaced. 

5.6.1.4 Changes in the use of APs 

Auditors were asked about the changes in the use of APs. The information from this 

question is summarised in Table 5.13. 

Increased use U n c h a n g e d use Decreased use. 

Scanning Analys i s 37% 6 3 % 0% 

Trend Analys i s 61% 3 9 % 0% 

Ratio Analys i s 67% 3 3 % 0% 

Reasonableness Test 57% 4 3 % 0% 

Regress ion Analys i s 21% 7 8 % 1% 
Table 5.13; This shows that there has been more use of trend analysis, ratio analysis and 
reasonableness tests than other APs. Very few auditors thought that the use of any AP 
technique had decreased. [Source: Fraser et al]. 
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The survey reported that one of the auditors' perceptions w a s that the use of APs had 

increased markedly over the last decade. The auditors surveyed by Fraser et al felt that 

since 1980 the usage of the procedures such as trend analysis, ratio analysis and 

reasonableness tests had increased, while a m^ority felt that scanning and regression 

methods had not. Very few auditors felt that the use of A P s had decreased. 

When the auditors were questioned about why they use A P s , Fraser, Hatherley and Lin 

found that the auditors considered the competition between the firms to be a m^or 

factor. They also perceived APs to be effective at signalling error, APs initially 

signalling over 40% of all errors found by the auditor. 

j . 6.2 yd mrvey 

There are a number of issues arising ^ o m Fraser et al's work. We know the non-

response rate 6 o m the partners (46%), but although we k n o w that the respondents were 

from 146 firms out of the 155 surveyed, we do not know the distribution of the non-

response from the firms. If it was a small 6rm that might n o t affect the outcome, but if 

it involved one or more of the big six or the large Grms that would be more serious. It is 

not clear how the individual partners were identiGed; for example were they a random 

sample from within each 6rm or were the questionnaires sent for distribution within 

each 6rm? 

To test for potential bias from the non-responses, Fraser, Hatherley and Lin carried out 

a Mann-Whitney non-parametric test on the basis of firm size; they found that the two 

groups (responses versus non-responses) were not significantly different at the 5% 

level. They concluded that there was no bias arising &om the high non-response rate. 

Looking at the distribution of respondents there is some under-representation from the 

big six firms (by 14%) and Aom the small firms (by 21%). The large and medium sized 

firms are both over-represented: by 21% and by 5% respectively. When the information 

in the Fraser paper was recalculated to ac^ust for these under / over representations, the 

differences were not significant. The conclusions from Fraser are so strong that they are 

essentially unaffected by these under / over representations. If however we consider the 

problem of the non-response to the survey as a whole: 700 questioimaires sent out, 366 

returned, we see that there could be some m^or changes to the reported results. 

Suppose that all those failing to respond to the survey did s o because they do not use 
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APs. At this extreme, the percentages of those using APs would be reduced as shown in 

Table 5.14. The results at the planning and review stages are now more consistent with 

the usage reported by Ameen and Strawser (1994) and with the JMU findings reported 

byGarveyandDietz (1997). 

Planning Substantive Review 
Overall Average use of APs as reported by Fraser et al 60% 62% 86% 
Overall Average if all those who did not respond did 
not use APs 31% 33% 45% 
Table 5.14: This table shows Ae effect if the supposition that all those not responding in the survey did not use 
APs was true. [Source: Computed from information in Eraser et al (1997).] 

Despite these shortcomings this survey provides a valuable picture of auditors' 

perceptions and use of APs. Because the use of APs is so high, the shortcomings of the 

survey do not alter the essential conclusions. APs are used extensively, simple 

techniques are the most common and auditors perceive that APs are effective. 

J. 7 wort amf Twtgfgr (7 9 9 ^ 

The most recent published survey of the use of APs is that o f Mulligan and Inkster 

(1999). Building on the work of Fraser Hatherly and Lin, it aimed, through a survey of 

audit partners, to investigate the extent of use of APs at the different audit stages, and 

the factors affecting their use. To address these objectives a questionnaire was sent to 

the offices of audit firms, who were asked to have the form completed by an audit 

partner. The sample is thus multistage and partly self-selecting. A total of 609 offices of 

304 accountancy firms were mailed. The firms were stratified using the same criteria as 

Fraser et al. The sample can be summarised as in Table 5.15 below. Mulhgan and 

Inkster tried to minimise non-response bias by a follow up mailing and checked for bias 

by comparing early and late responses. 

Group 

Sample 

Group 
Number of 

Firms 
Number 
of OfRces 

Number of 
Questionnaires 

Responses Response 
rate 

Big six 6 59 150 46 31% 
Large 34 200 200 92 46% 
Medium 114 200 200 89 45% 
Small 150 150 150 80 53% 
Total 304 609 700 307 44% 
Table 5.15: This table summarises the sample sizes for the Mulligan and Inkster (1999) survey. 

Looking at Table 5.15, there are three issues that might bias the results. First, Mulligan 

and Inkster did not control who completed the questionnaire, so it is possible that the 
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questionnaires were handed to a member of staff with spare time and consequently the 

sample may not have been representative. Secondly, the l o w response rates from the 

big six audit firms, clearly not all ofBces replied. A third potential problem in 

interpreting the results is the under sampling of the small f irms. Both this survey and 

that of Fraser, Hatherly and Lin (1997) the size of the sample of the small 6rms was 

smaller than it should have been, if the sample size was in proportion to the number of 

small firms, and they did not weight the results to reflect the under-sampling. However 

these small firms are perceived to be low users of APs, as demonstrated by the need for 

the ICAEW training courses: 'Tomorrow's Audit Today' that were run in 1998 to 

persuade these firms to adopt APs. Thus we have potential undercounting of the large 

firms who in other surveys are the heaviest users of APs and an under-sampling of 

small firms who are low users. In addition, there is always the possibility that the firms 

AAdio did not reply fmled to do so because they did not use A P s at the planning and 

review phases where such procedures are required. With these caveats in mind, we now 

consider the key results from this survey, paying particular attention to the findings 

about the substantive use of APs. 

There are several findings relevant to this thesis. First this survey confirms earlier work 

that simple techniques are used extensively at all stages. Secondly, APs are, in terms of 

the amount of time devoted to them, a m^or audit procedure. Thirdly, they are used to 

reduce other audit work. The review of this paper will concentrate on substantive APs, 

since they are the procedures of interest to us. 

Mulligan and Inkster found that at the substantive phase, auditors tend to use the simple 

APs more often than the methods such as regression. For example, comparison, 

scanning and trend analysis, are used in at least 50% of audit applications, while 

regression is in only 15% of audits. Figure 5.16 shows this in more detail. 
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Figure 5.16: The usage of different AP techniques by the all frrms at the substantive stage of an 
audit. [Source: Based on data from Mulligan and Inkster]. 

The respondents are indicating that in the audit of a set of financial statements they use 

more than one type of AP. That makes sense since in substantive testing the financial 

statements will be divided into smaller units, each of which, if it is material, will be 

subjected to a separate test. 'Regardless of the assessed levels of inherent and control 

risks, auditors should perform some substantive procedures for financial statement 

assertions of material account balances and transaction classes' (SAS 300.8). 

Figure 5.17 summarises the position by size of firm. It again shows that simple 

techniques such as comparison, scanning, trend analysis and ratio analysis dominate. It 

is clear from Figure 5.17 that firms of all sizes use the simple techniques extensively, 

and that the larger firms make more use than the smaller of the more 'sophisticated' 

procedures. 

Because definitions of the techniques are not completely consistent with earlier 

research, some comparisons are difficult. Despite that caveat, the general finding is still 

that simple unstructured methods predominate. In all but one point, this confirms all the 

earlier surveys. The difference is in the application of regression type procedures, 

whereas Fraser Hatherly and Lin (1997) reported usage at the substantive of regression 

by the small medium and small sized firms of 17% and 15% respectively, much greater 

than Mulligan and Inkster's 6% for both medium and small firms. 
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The use of APs 
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Figure 5.17: The graph shows the usage of the different categories of substantive AP, stratified by 
size of the firm. [Source: Based on data from Mulligan and Inkster.] 

The next question is whether APs are used as a significant part of the audit. We can put 

some measure on this by using the findings about the relative time devoted to APs. 

Mulligan and Inkster (1999) reported that at the review phase of an audit, the use of 

APs was high. They found that: 'There were no statistically significant differences in 

the usage ofAPs at the review stage of the audit across all firmsThey also found that 

the big firms were more likely to use APs at the planning stage. They surmised that: 

'Given the involvement of small firms in accounts preparation, their more limited use 

of APs at the planning stage is expected'. This gives some support to the JMU finding 

that APs were not documented as being done at the planning stage, and provides an 

explanation for that. 

In Figure 5.18, we summarise the finding of Mulligan and Inkster concerning the 

amount of time devoted to APs at the substantive phase of an audit. They asked the 

Audit Partners to record the amount of time devoted to APs. The question was framed 

in bands of 0% to 20%, and comparable bands to 100%. 
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Distributions of time devoted to the use of APs as a 
proportion of total time at substantive testing. 
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Figure 5.18: This shows the proportion of time devoted to APs at the substantive testing stage 
of an audit. Clearly there is an association between firm size and usage. For example for the small 
firm category two tliirds of firms use APs for less than 20% of audit time. The equivalent figure 
for the big 6 firms is less than one third of the firms. [Source: Based on data from Mulligan and 
Inkster.] 

At the substantive phase Mulligan and Inkster (1999) found that: 'Applying a Kruskal-

Wallis non-parametric test for means, it was noted that the Big 6 and large firms were 

significantly more likely to use APs at the substantive stageInspection of Figure 5.18 

confirms that this is so. If we consider the Big 6 and the small firms and look at the 

proportion of audits where the time devoted to substantive APs is more than 20%, we 

see that this is true of two-thirds of the audits conducted by Big 6 firms, while the 

equivalent figure for small firms is one quarter of audits. Overall, however it is clear 

that APs are an important substantive procedure. 

The next question is whether there is any evidence for the view that APs replace or 

reduce other substantive procedures. The information from Mulligan and Inkster (1999) 

has been translated into Figure 5.19. Here the partners were asked to score 5 if they 

always replaced or reduced other tests of detail if they used an AP, down to a score of 1 

if they never reduced the tests of detail. Some 63% scored 4 or more, and 94% score 3 

or more, indicating that APs are used to reduce other substantive procedures. 

Even if the concerns we raised on page 123 were valid, the important messages from 

this survey are so strong that they are still hold. This survey, like the others, clearly 

indicates that APs are a major evidence source at the substantive phase and that simple 

procedures dominate the type of AP used. 
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The degree of reduction of other tests as a result of 
the application of an AP 
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Figure 5.19: This shows the scores that auditors gave in response to the question 
'how much do you reduce other audit test as result of the application of an AP?' A 
score of 5 indicates that test of detail are always reduced, while a score of 1 
indicates that they never are. [Source: Based on data from Mulligan and Inkster.] 

5.8 Summary of Finding from the Surveys 

The surveys reviewed in this chapter have several themes in common. They are: APs 

are used a great deal, simple techniques predominate, a large (40%) proportion of all 

errors discovered are found when using APs, and APs are perceived by auditors to be 

cost effective. 

5.8.1 APs are used at all stages of an audit 

Firstly, the surveys reported that APs are used at all stages of the audit cycle: planning, 

substantive and review. However, the reported use at the planning and review audit 

phases conflicts with the observations of the JMU: 'Analytical Procedures should be 

applied at both the planning and overall review stages, but this rarely happens' 

(Garvey and Dietz (1997)). If one looks at the survey of Fraser, Hatherly and Lin 

(1997), they found that at the planning stage there was an association between the use 

of APs and firm size, with the larger firms making more use of APs. There was a 

marked difference between the big 6 firms and the rest, although even the smallest 

firms appear to use APs at the planning stage in over 40% of their audits. The use of 

APs at the review stage was consistently high. The survey by Ameen and Strawser 

(1994) signalled that APs were used for some 40% of the total audit hours, providing 

evidence that is consistent with the Fraser survey. 
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A possible explanation for these differences over the use o f APs at planning and review 

is that the firms define certain procedures as being APs, w h i c h the JMU did not. 

Alternatively, the explanations for the discrepancy may b e poor documentation of the 

APs, which if correct, needs to be addressed. The rationale for the investigation rule 

needs to be recorded so that the AP can be replicated, either in management review or 

for quality control purposes. This is very important for s imple APs where there 

frequently will not be a recognized model to use as the basis for re-perfbrmance. All 

procedures should have the ability to be replicated as one o f their attributes, 

f/ze c a r r w oz/f a/zc/ wa/ca a r e 

coMc/zty/oMf or f m f/ze ' (From Appendix 8 of 

Practice Note 11: The Audit of Charities). 

A third possible explanation is that, while the JMU is looking at all auditors, the other 

surveys are biased towards the larger firms. We have already seen that there seems to 

be a link between Grm size and the use of APs. Although small firms were not excluded 

6 o m the surveys, they were under-represented. As further evidence that the smaller 

firms make relatively little use of APs, we note the recent emphasis of the ICAEW 

professional training program. For example in 1998 the Audit Faculty of the Institute of 

Chartered Accountants of England and Wales ran a series o f seminars for their 

members: - 'Tomorrow's Audit Today'. It was targeted at the small firms and the 

message was that the audit should be economic (low cost) and add value for the client. 

A key theme^ was the W/zMfMafzoM fAgzr ^ 

'. Thus, one possible argument is that small Grms who tend not 

to use APs were under-represented in the surveys and consequently the use of APs may 

have been exaggerated. Fraser's (1997) observation that ' /zr/w z/are 

APf Zgff /̂zaM /arggy/zn/z^ f / z^ wz//^zw/ error rg/afh/g fo f/zezr of/zer amfzf wor^' is 

consistent with this line of argument. 

J. & 2 APy are of o/f flaggy aw 

A second theme 6 o m the surveys is the predominance of simple APs such as scanning, 

trend analysis and ratio analysis. This is true at all stages o f the audit cycle: planning, 

substantive and review. One would expect simple APs to be used at planning and 

Contained in the ofRcial session notes of Tomorrows Audit Today. 
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review. Indeed the Auditing Standards imply that this should be the case. For example 

when discussing plaiming, SAS 410 says, jTagg 

(planning) are wa'WZy OM mferz/M/zMaMCza/ aMc/ 

accowM/̂ '̂' (SAS 410 paragraph 10 in the section on planning procedures). 

In contrast when discussing substantive procedures the SAS goes into far more detail. 

For example, it makes the point: mfeWmg 

aw/forj: coywf^fg/' a mmtmagr o/yac^ora' j'wca (fegrgg 

w/z/ca caw 6e yor e.%a7?̂ /g /may 6g 

/more ej^c/h/g waen y?»amc w om j'ecfzow 

qpgrafzom or fo/zmamcza/ co/?^o/zgm ĵ̂  q/̂ a gnfzfy, f/za/z )4/agm 

<%p/ze6f foyz/zayzcza/ z/^n?zafzoM reZafzMg fo f/ze en̂ zYy aj' a x//zo/g' (SAS 410, paragraph 

13 in the section on substantive procedures). Disaggregated data tend to be associated 

with substantive APs while higher-level data are usually suiKicient for carrying out 

simple APs at ± e planning phase of the audit. Loebbecke and Steinbart (1987) also 

made the association of simple APs with annual data: 'Dzere fzgTz^cayzf gvẑ /sMcg 

a/za/y^zcaZ/?roce(/i/rej', z.e. /̂ roceî z/rgĵ  wa'mg /zMaMCzaZ 

^We/Mg/zf are 6gzMg z^g(/ 6y /Ma»y azA ẑforâ '. They then imply that such 

procedures are used to gather substantive evidence: 'Gzvgyz f/ze z » c r g a y z » g f o 

/mzmztmzza aw f̂zf coâ /f /wove fow/arc^ more â n̂/ĉ z/rg z/z awzf zyz fag procgj'j ,̂ 

wg 6g/zgvg /̂zaf ^o/mg, ^gr/zapj; /ma/zy, awzfora^ 6g ztyzmg/)/'g/z7mz)za/}'apa: /zof̂  om^ 

af â gm ẑom (/zrgcfzmg (̂ gvzcgj', aa' j'zfwam^h'g gvz<jgmcg zm j'z/rpoaf q/"apgcz/zc 

/z/zaMcza/ ̂ fafe/ngyzf aj'̂ gr^zo/iy wg//'. Thus the second important piece of information 

6om the surveys is that auditors gather substantive evidence using simple APs, 

possibly using high-level data. 

j . & j a a accommf ybr oaowf ^0% a// grrory 

A third theme is that auditors report that an AP first signals over 40% of all errors 

discovered during an audit. In their survey. Biggs and Wild (1984) found evidence that 

APs initially signalled 42% of all errors, and subsequent surveys have confirmed that 

figure. Tabor and Willis (1985) and Ameen and Strawser (1994) reported that about 

40% of all audit time was devoted to APs. The two findings, the proportion of errors 

discovered by APs and audit time devoted to APs, are consistent with each other. 

129 



Chapter 5 

There is a piece of research that runs contrary to the evidence about the level of error 

discovered by APs. It comes from Bell and Knechel (1994) who surveyed a small 

number of partners responsible for the audit of Property and Casualty Insurers in the 

USA. One of the issues that came out of the survey was that of all procedures used in 

an audit, APs produce 15.8% of all error signals (1.9% at the planning phase of an 

audit, 10.2% at the substantive phase and 3.7% at the review phase). This finding is 

very different to that from the other surveys reported in this Chapter. It was from a very 

detailed analysis of a small survey targeted at analysing all errors found during the 

audit process, whereas the other surveys were looking at APs in particular. More 

importantly it relates to a very specialised part of the market: of property and casualty 

insurers in the USA. Even with that caveat and the small size of the sample (28 audit 

engagements) it raises the question of whether the auditors' responses to the other 

surveys were exaggerated. Those surveys were deahng with auditors' perceptions; Bell 

and Knechel (1994) were analysing documented facts. 

The auditors surveyed by Fraser et al (1997) felt that the usage of APs had increased 

markedly over the decade prior to the survey, particularly procedures such as trend 

analysis, ratio analysis and reasonableness tests. If that were the case one could 

reasonably expect that there would have been an increase in the proportion of errors 

discovered by the use of APs. An alternative argument might be that these simple APs 

are not so effective as the more complex APs in identifying error, and it is because the 

use of the former had increased there had not been a corresponding increase in the 

number of errors being found. Unless this is the case, the high level of usage reported 

by Daroca and Holder (1985), nearly as high as the more recent surveys, leaves the 

suspicion that their results were biased. It may well be that Hylas and Ashton (1982), 

when they reported that 27% of all errors were signalled by APs, were nearer the truth 

for the early 1980's. That would be consistent with the argument that the early surveys 

were biased and overstated the effectiveness of APs in discovering error. 

j . & 'z d o a w o r ; a a correcffy ? 

In Chapter 4 we raised a potential weakness for the application of APs that was 

identiGed in the work of Humphrey and Moizer (1990) and of Garvey and Dietz 

(1997). This concerned the possible imperfect understanding by auditors of the 

different techniques they use, and consequent risk that APs may not always be properly 
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applied. Whether this is an important issue for APs depended on the extent and nature 

of the use of APs. We now can see that APs are used extensively and that simple APs 

predominate. What the surveys have not considered, or at least have not reported, are 

the procedural issues. These include aspects of both investigation and outcome rules. 

For example, within the investigation rules, what is the quality of data used and what 

checks are there of such data. Also what quality control measures are used for the 

corroboration of the APs and how they are documented? Since APs are often informal 

in the sense that they are not mathematically based, the rationale for the AP should be 

recorded so that the AP can be replicated. There is a requirement for this; the 

mandatory part of SAS 230 on working papers states that: ' 

ev/akMce ' (SAS 230.2). 

Paragraph 7 expands on this: q / " ^ a j'/oW 

fmeg mgffagr mgcg-ŷ ya/y mor pmcf/ca/ fo afocwawgmf gvg/y /waffgr 

tfoz/w 6g mgggĵ ĵ an/ wov/^g am gxpgr/gncgc/ wzya mo pz-gyfozî iy co»»gc/fom 

wzfa âg az&fzy. a/z o/̂ /̂zg pgr/br/me^f a w fag o/̂ f/zg 

(fgcMzoMj' /aAgM' (SAS 230: Working papers - author's underlining). This part of ± e 

SAS implies that unless the auditor records a sufGcient description of the rationale of 

the AP to allow the reviewer (the experienced auditor in the quotation) to follow the 

calculations then it will not be possible to form a judgement on the adequacy of ± e 

audit for that specific audit assertion and thus meet the requirements of this SAS. 

Another key stage of an AP, the outcome rule, has not been addressed by the surveys. It 

is the process of identif^ng and resolving significant differences between the 

expectation value and the book-value in the financial statements. An important part of 

that outcome rule is obtaining and testing an explanation for the difference. 

Despite the problems of non-response and some apparent contradictions (e.g. between 

most of the surveys and the work of Bell and Knechel (1994) - discovered error is 40% 

vs. 16% of all errors found), the surveys have provided a valuable snapshot of the 

extent of use of APs. There can be no doubt that APs are a m^or source of evidence: 

APs are used extensively, simple techniques are the most common and auditors 
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perceive that APs are effective or, possibly, cost effective. This is particularly true at 

the substantive phase of the audit, our main concern in this thesis. 

There are some of the issues about the quality of the AP work that have not been 

considered, the next chapter will address those in a new survey carried out for this 

thesis. For example, it will consider whether the data is reviewed as required in the 

Standards, what quality control work is done on the data used as a basis for the APs or 

on implementation of the investigation-rule. Another issue explored is whether auditors 

actively consider the implications of the explanation-effect. 

The Literature Review will then be completed in Chapter 7, which considers some 

experiments into the effectiveness of APs. 
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6; y4 mgw fwrwey wfg q^y4jpy m ^ag f t k 

6.7 tfw^^odwcfww 

This chapter describes a survey undertaken as part of the research for this ±esis. It 

addresses some of ± e issues not dealt with in ± e surveys described in Chapter 5. My 

survey was done by face-to-face interviews with the Technical Partners of the largest 

sixteen audit firms in the UK. It was carried out over the period 1994 to 1995. The survey 

topics included the extent of use of APs and the nature of the investigation and outcome 

rules. 

6.2 The aim of our survey 

One of the disadvantages of postal surveys is the possible misinterpretation of a survey 

question. An example occurred in the survey by Fraser, Hatherley and Lin (1997), which 

we described in section 5.6. Auditors interpreted a question about whether APs were 

effective to be, were those APs cost-effective? To minimize such risks, to probe issues and 

ensure a high response rate we chose to use &ce-to-face interviews, based around a 

questionnaire, a copy Wiich is in Appendix A. 

It was recognised that it would be a time consuming exercise. To minimize the time 

involved, while obtaining the maximum information, we decided to target the sixteen 

largest audit Grms in the UK. They are the firms that have the economic size to develop 

and maintain audit methodology and audit manuals and to maintain those. 

The aim of the survey was to expand on the information gathered in the surveys described 

in C h ^ e r 5. The survey first looked at the deGnition of an AP, then at the extent of use of 

APs, which procedures are currently used and at what stages of the audit. Also considered 

was the data used, data quality and what checks there are of such data form an important 

part of the investigation rule. Information was then gathered on that, and the quality 

control measures carried out to corroborate the APs and how this work is documented. 

A key part of the outcome-rule of an AP is the process of resolving the difference between 

the expectation-value and the book-value in the financial statements. So the next questions 

133 



ch^ter 6 

addressed the procedures the Grms have in place for obtaining explanations for that 

difference and the steps taken to address the explanation effect problem we described in 

Chapter 4 (section 4.10). 

We wanted to establish the role APs play as substantive procedures. So to that end we 

sought to establish the extent to which APs replace other forms of substantive tests, such as 

sampling. 

6.2.1 Who formed the target population of the survey ? 

Within the m^or audit firms, technical policy is developed and disseminated by the 

Technical Partners. They are well placed to have an overview of the extent of use of APs 

across the firm. This group was the target population. 

Although the Auditing Standards are common to all audits, they represent the minimum set 

of criteria that the auditor must meet. The firms each puts into practice its own audit 

methodology, wtich must comply with the Auditing Standards. An analogy is that the 

Standards form the skeleton of the audit process; the audit manuals put the flesh on the 

Auditing Standards to form a whole audit process that is unique to a particular Audit Firm. 

The surveys described in Chapter 5 investigated the staff charged with implementing the 

policy and who face the practical difficulties of using APs. The new survey represents the 

views of a different group within the profession: the policy makers rather than those 

implementing the policies who were the target of the earher surveys. Any difference 

between the perceptions of these two groups is of interest. 

A brief explanation of the profile of the private sector audit firms will put the survey 

strategy into context. The population of audit firms can be divided into two distinct groups: 

those who develop their own methodologies and those who import methodologies. In 

addition there are wide variations in the size of the audit firms. The private sector firms can 

be allocated into three strata: the big six audit firms, the next ten audit firms and the 

remainder of the audit Grms. There are thousands of these small firms, varying in size from 

several partners to single partner practices. Broadly the first two strata are the group who 
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develop their own methodologies, while the smaller firms in stratum three normally import 

their methodologies. 

Six big Grms in the private sector (UK) dominated the audit of private sector companies. 

As at August 1995 they were: 

Coopers and Lybrand Ernst and Young Arthur Andersons 

KPMG Peat Marwick Price Waterhouse Touche Ross 

Since the survey, there have been changes, the most signiGcant being the merger of Price 

Waterhouse and Coopers and Lybrand to become PricewaterhouseCoopers. 

The relative size of these firms can be put into perspective by considering the income 6om 

audit fees of the firms. Audit fees rather than income are used since income reflects the 

wider activities of the firms, rather than simply their audit work. For the large Grms, this 

did not make a difference in the selection of the Grms, since most of the firms collect 

substantial fees for non-audit work. But in the second category of firms it did make some 

differences. 

In 1994 when the survey was being planned, the income 6om audit fees of the largest of 

the big six firms (Coopers and Lybrand) was f253m, and that of the smallest (Touche 

Ross) was f 122m. At that time, the largest firm of the next group of firms was Grant 

Thornton whose income was about one third of that of Touche Ross. Now, in 2001, the 

largest firm in stratum two is BDO Stoy Hayward, but the same proportionality still ^pHes 

for the differential between what are now the big five and the next group of audit firms. All 

these firms in stratum two are large and are important players in the development of audit 

policy. As at August 1995, the time of the survey, they were: -

Grant Thornton Moore Stephens 

BDO Stoy Hayward Robson Rhodes 

Pannell Kerr Forster Neville Russell 

Clarke Whitehill Moores Rowland 

Kidsons Impey Baker Tilly 

To put the relative size of the firms in this second tier group into context. Baker TiUey was 

the Hrm with the smallest audit fee income: f 18m. In contrast, the average of the next 34 
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firms in the top 50 audit Grms was f3.9m. The table in Table 6.1 summarises the 

difference in income j&om audit fees between the Grms. 

Audit Fee 
Income (f m) 

Average (fm) Audit Fee Income as 
% of total income of 
the top 50 firms 

Big Six Audit Firms f l048m f l74 .7m 72% 

The Next Ten f271m t27.1m 19% 

The top 34 of the 
smaller Srms 

f l31m f3.9m 9% 

Total of top 50 Firms jE1450m 

Table 6,1: The distribution of fee income from audit services in 1994/5, the year of the survey. [Source: 
Computed from data published by ICAEW.] 

Only the larger firms can afford to support a technical team to develop audit policy, 

training and to produce the associated audit manuals. 

In the three strata described above all the Srms in strata (1) and (2) were included in the 

survey. The dominance of the larger Grms in terms of the fee income, and their role in 

research and the development of methodology were the main reasons fbr this decision. The 

smaller firms 6equently do not have the resources to develop audit policy and manuals. 

Those small audit Grms were not surveyed in detail since there was a prior expectation that 

they import the audit procedures and manuals from the larger firms. We confirmed this 

assumption by talking to a number of small Grms. Some of the small 6rms enter a formal 

association with a larger 6rm (e.g. KPMG) who supply the audit methodology, often in the 

form of training and audit manuals. On the other hand, we found one instance of a group of 

small firms who combined to form a co-operative to develop their own audit manuals. 

The use of APs by the small firms we talked to was consistent with that of similar firms in 

the Fraser survey. That is, those small firms use APs less than the larger firms and do not 

consider them to be so effective. 
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6.2.3 The data collection methods 

The method of data collection for the survey was by interview with the technical partner' 

of each audit firm. The interview was structured around a questionnaire, which ensured 

that the same basic data were collected from each person in the survey. The face-to-face 

interviews allowed the opportunity to clarify any potential misunderstandings or 

misinterpretations of the question or reply. The face-to-face interviews made it possible to 

explore the different approaches of the firms and to identify new developments. Within the 

confines of confidentiality, the interviews provided the firms with direct feedback and 

allowed a two-way dialogue. It addressed key failings of many postal surveys: the possible 

misinterpretation of the questions and the difficulty of exploring in depth issues behind the 

basic question. A postal survey would not have allowed tlie building of confidence that 

enabled much in depth information to be obtained. My survey was thus more qualitative 

than most of the other surveys. 

6.3 Results of the Survey 

6.3.1 The types of AP used at the planning, substantive and review phases of an audit 

Figure 6.2 shows the relative use of different types of APs at the three phases of an audit. 

The techniques used at different stages of an Audit 

•s 

1 . 1 
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• Ratio 

D Reasonableness 

• Regression 

Figure 6.2: The use of the different types of AP at different stages of an audit. (Source: This thesis). 

^ In one case the AP strategy was the responsibiHty of a senior audit manager. In that instance the manager 
was interviewed rather than the technical partner 
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In this chart, the height of the bar represents the percentage of firms using a particular type 

of AP at the relevant stage of the audit. The auditor will 6equently divide the financial 

statements into many discrete areas, each of which may be subjected to an AP. Thus an 

auditor may use all the di@erent types of AP on a set of financial statements. In discussion 

they asserted that they choose what is the most appropriate for a particular attestation. 

It can be seen that firms use a mixture of techniques at any stage, but from an inspection of 

the data in the chart at Figure 6.2 it is clear that the simple procedures are the most 

commonly used by auditors. This is true at all stages of an audit. 

At the substantive phase, the full range of procedures is used, but the simple ones 

predominate. At the planning and review stages this extensive use of simple methods is 

consistent with the earlier surveys. For example about 80% of fmns use a scanning type of 

procedure at the planning stage. All firms use ratio analysis at the planning stage. My 

survey confirms the supposition made in section 5.6.1.1 when considering the use of 

reasonableness methods at the review stage. There was a problem of di@ êrent deGnitions 

of reasonableness procedures between those devising the questionnaires and those 

answering them: auditors do not make much use of such methods at the review phase of an 

audit. 

The simple APs are used to identify areas of potential audit risk and to assist in planning 

the nature, timing and extent of other audit procedures. czf f/zw jfogg 

(planning) are OM yZMOMCfcrZ oW 

' (SAS 410). Although this wording does not, in itself, instruct the auditor to use 

only simple procedures, the SAS is more specific about the form of the investigation rule 

for the AP when considering substantive APs. For example, SAS 410 says auditors should 

consider: (degree fo exoTMp/g 

/may /morg w/agm qp;p/(g(f foyzmwiczaz om 

ĵ gcr/omĵ  gm opgra /̂om or fo /zmomcw î â g/mgŵ ^ j a (6vgrj^^g(f 

wAgM rgW/Mg (Ag gMf/fy m a wAo/g' (SAS 410). 

An implication is that high-level data are appropriate, or at least adequate, for planning 

APs. The SAS appears to imply that, other than at the substantive audit phase, simple APs 
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using high-level data will be sufGcient. That does not explain why the simple procedures 

predominated at the substantive stage as well. We wiU return to this at the end of the 

chapter. 

The issue of which APs are used was useful for two reasons. First it provides evidence 

about the types of procedures the firms expect to be used and secondly it provides a 

benchmark with the other surveys we discussed in Chapter 5. This question covered the 

same area as the other surveys, and the extent to which it agrees with them provides some 

credence for the answers to questions that were not raised those surveys. 

6. j. 2 (ag w a p f amf fae o / 

The quahty of evidence from an AP will depend on many factors, particularly the quality 

of the data on which it is based. The Auditing Standards observe that: q/" 

gm/iamcg(f ^fy ^ q/"fag accowmfmg 

or ^agrg arg orakgrwafg ovgr 7%g wgcgĵ ĵ zfy/or gwckncg om 

âg rg/maf/ffy q/^ji/ca cfgpgmok om ̂ ag q/^ofagr /pmcĝ /wrgĵ  on 

Âg //MpoTfoMCg q/"̂ Ag q / " a ybr fAg ' qpmzoM' 

(SAS 410). The SAS is arguing ±at if ± e AP is an important source of audit evidence for 

a particular assertion, then it is necessary to obtain evidence on the reliability of the data 

used in the AP. The Auditing Standards suggest that one avenue of investigation of the 

data will be to assess what information the audited entity possesses and to consider its 

rehability: g/igfufrg q/"/waMoggyMgM̂  ay q/̂  

mggdg<̂  j7mcg<j«rgf rag q/̂ om)/ /'mcg^a/rgj^ 

/)g^a7mg(f 6}/ /̂zg 6g g^cfgm^ fo wĵ g <3mg/yffcaz 6); ̂ ag gn /̂fy, 

(Ag arg .ywcA (Zafa ^/'qpg/'^ ̂ r^arg^f' (SAS410, 

paragraph 12). 

The survey considered the extent to which auditors check the reliability of the data they 

use as part of the AP process. Such data is a key part of the investigation-rule. In the 

interviews with the Technical Partners there were several questions about the data used in 
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the APs. All the firms make extensive use of data fi"om both internal and external sources. 

On the question of investigating the data the result was interesting. About one-third of the 

firms (6 Firms) make no effort to confirm the quality of the data. The details are shown in 

Figure 6.3. 

0 
1 

I 

No checks System 
Checks, 

Common 
Sense. 

Look at 
Results. 

Method of Checking the data 

Figure 6.3: The relative amounts of audit work done by auditors into the quality 
of data used to support their substantive APs. [Source: Survey for this thesis.] 

We first consider those firms who do not investigate data quality before the application of 

the AP. They were split into those who were quite candid and said that they did no checks 

of the data (6 Firms) and those who said that if the result of the AP was right the data must 

have been of good quality (2 Firms). When pressed to define 'the answer is right' they said 

that if the value that they calculated, the expectation value, was close to the book value in 

the financial statements being audited, then that would be 'the right answer'. This is, 

implicitly, the outcome-rule; |Yx - Yb | < C; where C is the critical value they use in their 

outcome-rule. In discussion the partners either set C at the overall materiahty, or declined 

to define C. 

The firms, who did some checking of the data, split into two sub-groups, those who did 

systems checks or some form of data confirmation (5 Firms) and those who instructed their 

staff to use their common sense (2 Firms). Thus only one third of the audit firms positively 
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claim to do checks that the data are reliable, and half of the Arms do not quality assure the 

data. 

6.3.3 Quality of the explanations if\ YR -Yb\>C 

The SAS on APs requires:' or MMexpecW are 

are ifenf w/fa ofaer or <j|gwa^g^oy» 

owt/zyory mvgjt/gafe onaf a w 

qpprqprrofe corroAom^fve evicfeMce' ^70.4^. The debate is about how the 

explanations are obtained and what is sufGcient evidence. The survey considered the 

procedures ± e audit firms set as Aeir policy for obtaining explanations of such diGerences 

when IYT - Yg | > C. The quality of such explanations was perceived by three firms to be 

a significant weakness of the AP process. They were worried about the problem of 

obtaining adequate and reasoned explanations for the differences between the predicted 

and book values. 

As a result of the question in the survey and follow-up discussions with ± e firms we found 

that five of the Grms have no requirement to obtain explanations when | Yi - Ys | > C, 

nor do they have any training on the subject. Six of the Grms had no requirement in their 

audit manuals to obtain and document explanations but did include the subject in their 

training. Five of the firms had a requirement to obtain explanations when | YT - Ys | > C 

and also covered the subject in their training program. Thus eleven of the firms do 

recognise the subject, but of these eleven, only three had in place a strategy to ensure that 

explanations and alternative explanations are considered before seeking clarification from 

management. 

It is worrying that few firms, only three, adopt the strategy described in section 4.10 to 

counter the explanation effect problem. The firms do not appear to have learnt from the 

work in the social sciences (R Libby (1981 and 1985) and Anderson and Sechler (1986)) 

about the need to ground alternative explanations. There should be a rigorous approach to 

obtaining and checking explanations for the difference between predicted and audited 

figures. 
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An additional piece of information emerged from the discussions. It was found that 

auditors rarely consider an explicit Ggure for the precision. Thus the decisions on the 

closeness take no account of the precision associated with the expectation values, and they 

are, in fact, treated as if they were exact values. As argued earlier such a requirement is not 

explicit in the UK Auditing Standards although it is in the U S A Standards. The impact of 

this is discussed in the next chapter, which considers the performance of particular APs. 

6.3.4 The motivation to use APs and the necessary conditions to use APs 

We then addressed the issue of what motivates the auditor to use APs. At the substantive 

stage the primary motivation was cost, cited by eleven of those questioned. However, half 

of the Partners considered APs to be good at detecting error. Two of the 6rms believed that 

APs are a quality procedure that dehvers high quahty evidence. Many of those using APs 

at the substantive stage emphasised that it is necessary to understand the business to 

implement a successful AP. That is logical; it is necessary to understand the relationships 

between different sets of data to build an expectation-value. The objective is to check 

whether a value in the financial statements contains material error or is free of it. 

The need to understand the business in order to construct an effective substantive AP 

highlights a contrast in the purpose of APs at the different phases of an audit. At the 

planning stage the purpose of the AP is to explore the relationships between different data 

in order to help build a picture of the inter actions within and between the different systems 

or elements that make up the Gnancial statements. The Partners, eight of wtom said that 

APs assist in understanding the business, confirmed this. At the substantive stage the 

purpose is to use the knowledge of the entity and its systems to predict a value. 

6. j. 5 ademf fo a p ; ofagr wafawfrvg (esa 

The concept of combining audit evidence has been implemented in a variety of ways. 

Some firms have adopted a form of Audit Risk Model, other firms have devised a scoring 

system where the scores from different levels of evidence are predetermined, and a third 

method is throu^ tree diagrams. The Audit Risk Model was discussed in Chapter 2. 
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One of the questions in the survey asked: 'How is evidence f rom APs combined with other 

substantive evidence?' This enabled us to establish, in discussion, the extent to which 

other procedures (e.g. sampling) are replaced by APs. Figure 6.4 summarises the replies. 

Methods of combining evidence 

No APs • 
"g Tree Diagram 

1 
• 

2 Risk Model 

Scoring. 1 

5 10 

Number of Firms 

15 

Figure 6.4: Ways in which the fims combine the substantive audit evidence. 
[Source: Survey for this thesis.] 

All the firms, except for one, use APs at the substantive phase of the audit. Those using 

APs, combine the signals from APs and other audit work using a form of the audit risk 

model. It may be the common form shown discussed in Chapter 2, a scoring system or a 

decision tree. 

The aim of a scoring system is to assist the auditor in deciding the level of substantive 

sampling. A typical scoring system was that adopted by Peat Marwick Mitchell (now part 

of KPMG) and is shown in Figure 6.5. This scoring model reflects the requirement for 

some level of substantive sampling in the Audit Manuals of the 1970s. The diagram is 

taken from a paper by Elliott and Roger (1972), and it was still present in the 1979 Audit 

Manual of Peat Marwick Mitchell. The scoring system worked by the auditor assigning 

scores, which in their judgement reflected the strengths of the controls and the 

effectiveness of substantive procedures other than sampling. The result of applying the 

scoring system would be a measure of the amount of evidence required from a substantive 

sample. 
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S e l e c t i o n o f / ? l e v e l f o r H y p o t h e s i s Tes t 

Re/ ionce oi i ignecf /o m f e r n o / conf ro / 
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Ofherv / l se , e v a l u a t e the infernol controls 
in e f f ec t over t he a r e a b e i n g e x a m i n e d . 

ff f / ie confro/f o r e Fnfer 

Excel lent 4 
G o o d 3 
Fair 2 
Poor 1 
Nonex i s t en t 0 

Ref ionce OMigned fo o f h e r oud f t procec/ure^ 

E v a l u a t e t he o the r a u d i t p r o c e d u r e : which 
might d e t e c t m a t e r i o l e r rors of t h e t y p e 
b e i n g t e s t e d for by t h e statisticol test . 

For e o c h s igniRcont ly elTective odd i t i ono l 
tes t allovy 2 poin ts a n d for e o c h m o d e r -
a t e l y efFective a d d i t i o n a l test a l low 1 poin t . 
Enter t h e t o t a l (not to e x c e e d 4 points) . 

Tota l — — ' — — " 

ff t h e to to l o b o v e is Use fh/s 

0 .05 
1 . 1 0 
2 .15 
3 .30 
4 .50 
5 . 5 0 * 

6 - 8 . 5 0 * * 

' m view of theie condhion;, ihe oud^tor moy wish to consider 
increasing the effeclivenes; of other ouditing procedure: ond 
omilting the stoliiticol fest. 

" I n view of fhe:e condilions, the oudifor may wish ,o consider 
omitting the stafiiticol test. 

Figure 6.5: The Peat Marwick Mitchell Risk Model. [Source: Elliott and Rogers (1972)1 

Using the scoring system shown in Figure 6.5, suppose that the auditor aAer reviewing and 

testing the systems of financial controls decides that the systems are 'Good': that would 

score 3. If there were two types of substantive test, APs and the sampling and the auditor 

decided that the reliance on APs was 'effective' at detecting material error, then that might 

score 2. The total score would be 5. We can see 6om Figure 6.5 that this would mean that 
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the statistical sample size would be calculated to achieve a B-risk of 0.5, the equivalent of a 

50% ConGdence Level for the sample. The auditor does have the option to override the 

requirement for a substantive sample. An alternative example would be if judgements were 

that the systems were good, again a score of 3, and that no other substantive tests where 

done (a score of 0), and then the total score would be 3. For the scoring system in Ggure 

6.5 this would imply a B-risk of 0.3, the equivalent of a 70% ConGdence Level for the 

substantive sample. 

One 6rm had adopted another version of the Audit Risk Model: it is a form of a tree 

diagram that assists the auditor's decisions. The diagram is shown in Ggure 6.6. 

There is risk of 
material error 

1 r.. , 
Will the systems 

detect and prevent 
material error 

occumng? 

if 

Do a 
Simple AP 

Directed si 
test such a 
high value 

ibstantive 
3 testing 
items 

1 r 

If risk is perceived 
to be high use 
extensive sampling 
plus key item tests 

Figure 6.6: A typical tree diagam. Although this one is a simplfied, but it conveys the ratioinale of converting the 
auditors decisions about the systems and other work into a strategy for the type, and extent, of sustaiitive tests. [Source: 
Survey for diis thesis.] 
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A description of that firm's process of bringing the evidence together is provided, and 

although it is more formalised than some, it conveys the rationale of converting the 

auditors decisions about the systems and other work into a strategy for the type, and extent, 

of sustantive tests. It is the system, for example, adopted by the NAO. 

This tree-diagram is typical of the way the profession has moved in the late 1990's. It 

focuses the auditor's attention on the perceived risks and then directs the auditor towards 

the type of substantive evidence required. It was clear 6om the interview that the 

expectation is that this will usually be some simple AP. 

To use the tree-diagram, first the auditor makes a judgement about the risks to the Gnancial 

statements, (i .e. risks that material error might occur) and also about the risks of the 

systems not detecting material error. If the systems are judged to be good and the risks to 

the auditor are low, then simple APs are used to provide the required substantive evidence. 

This scenario is shown on the left hand branch of the tree diagram. 

If the systems are judged not to be satisfactory, or there is some doubt about the systems, 

or there is a perceived risk to the part of the Gnancial statements being audited; then the 

^proach is not to adopt APs. Instead, the auditor should perform directed substantive tests 

that address the perceived risk. This might take the form of testing a large sample of high-

value transactions or those coming &om a particular system, as indicted on the right-hand 

branch of the decision-tree. 

In e^ect it is a decision path that the auditor follows and is not a formal combination of 

evidence. The decision tree provides the alternative avenues for the auditor to fbUow. It 

provides the path, once the auditor has judged what the risks are and adequacy of the 

systems, to prevent material error. It provides guidance where it is needed. With regard to 

APs, in this particular system, the choice is whether to use them or not. If the risk of 

material error is perceived to be low, then a simple AP is sufficient, but otherwise some 

other audit procedure has to be adopted. The cynic might say that the AP is adopted as a 

way of satisfying the SAS 300 requirement that some substantive work must be done: 
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yb/-/z/iamcw ̂ â̂ gtmgmf (om^ q/"/morfgnaz accoz/»^ 

6<5rZaMcê  ancf froM-yaĉ fOM cZaĵ êâ ' (SAS 300.8). 

Thus in this decision tree approach the APs adopted are simple ones, and modelling type 

APs such as reasonableness tests or regression are not used. 

6. J. 6 Changes in the use ofAPs over the Jive years to 1995 

We also asked the Technical Partners about how they saw the extent of changes in the use 

of substantive APs. All felt there had been some increase in the use of APs over the last 

five years. It was the simple procedures that were considered to have increased most. This 

information is shown in Table 6.7; it reflects the proportion of respondents who thought 

that the use of APs had increased, decreased or not changed. 

Increased use Unchanged use Decreased Use 
Scanning Analysis 37% 63% 0% 
Trend Analysis 63% 37% 0% 
Ratio Analysis 69% 31% 0% 
Reasonableness Tests 56% 44% 0% 
Regression Analysis 19% 81% 0% 
Table 6.7: The perceptions about the changes in the use of APs. [Source; Survey for this thesis.] 

Although the m^ority of respondents considered that the use of simple procedures such as 

trend or ratio analysis had increased, most thought that the use of more 'complex' 

procedures such as regression analysis had not changed over the last 6ve years. When 

asked a similar question about the future use of APs, only 3 firms thought there would be a 

further increase in the use of APs. Although the firms think APs have reached the limit of 

their use, none thought that there would be a decrease. APs are considered to be an 

essential procedure for the future. 

Technical Partners were asked for their opinions of why their firms use APs and then why 

other firms use APs. Table 6.8 below summarises the replies to the interviews. The firms 

were asked which of these were important; they could choose all or none. Although most 

gave the same answer for both questions, it was interesting that on some issues this 

prompted some differences in the replies. For example two firms considered that the cost 

of APs was not an issue for them, but that it was for other firms. 
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Reasons given for the use of APs 
Why do other 
firms use APs? 

Why does your 
firm use APs? 

1. APs are perceived to be effective at detecting error. 6 6 

2. They help with the understanding of the business. 3 3 

3. APs are inexpensive. 16 14 

4. Quality process. 2 3 

5. Overcomes mechanical audit. 2 2 
Table 6.8: Auditor's perceptions of why APs are used. The data record the number of firms. [Source: 
Survey ibr this thesis.] 

APs are considered to be an inexpensive procedure to implement (all of the Snns) and, a 

substantial number thought them also to be effective at detecting error (6 of the Arms). It 

was quite clear when discussing this with the firms that they interpret effective to be cost-

effective. This is consistent with the interpretations by Eraser, Hatherly and Lin (1997), as 

discussed in Chapter 5, of the opinions on effectiveness in their postal survey. 

Points 4 and 5 of Table 6.8 might appear to be different versions of the same attribute. APs 

are considered to be a quality procedure and are vehicles for overcoming mechanical audit. 

However all is not as it seems. An example of mechanical audit was given as sampling, 

and the quality APs were those that allowed the auditor freedom, 'wof 6}" Âg 

(̂ gâ / AoMgf q / " ' in the words of one respondent. The implications behind such 

discussions were that whereas the use of statistical methods allows no judgement, the 

simple procedures are not constrained by the protocols of statistical theory and so allow the 

auditor much more freedom. 

The two firms who said that APs were a quality process considered that APs allowed the 

auditor to exploit their knowledge of the inter relationships within a set of financial 

statements and of the entity they represent. 

6. j. 7 CoMcenw oAowf (Ag e AP& 

As part of the interviews all the firms were asked if they had concerns about the use of 

APs. Three partners claimed that the use of statistically based APs was not ^)propriate 

since the accounting data were not stable over time. Procedures that require data from a 

period of time extending beyond two or so years were not used very frequently. Many of 

the Technical Partners expressed the view that trends were not stable over an extended 
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period (more than 2 years). When questioned on this, it was clear that they meant that 

statistical methods require data to be consistent over time, but they considered that in the 

environment of financial business systems this was not a feature that they possessed. They 

did not perceive that the same problems would exist for other forms of AP. Of course 

where the AP uses cross-sectional relationships between different data, they may be right. 

But any AP looking at longitudinal data has the same requirement for the relationships 

remaining stable. 

j^art from that, all partners said they had no concerns, but issues were raised elsewhere in 

the intervievys. Two firms were worried about the problem of obtaining adequate and 

reasoned explanations for the differences between the predicted and book values. Two 

firms feared that auditors did not understand business sufBciently to produce sensible and 

justifiable relationships. Such an understanding is essential; the Auditing Standards say 

that APs are about analysis of relationships between data both Gnancial and non-financial 

data. They go on to say that it could be between diSerent entities. All of this imphes that 

there should be an understanding of the business. 

One partner put forward the view that APs have improved over the last five years, and 

gave as the m^or reason the availability of powerful computers and software. The survey 

revealed that all the 6rms use computers to assist their APs. The software used ranges from 

spreadsheets through to statistical and bespoke audit software. The distinction between the 

big six and the second division firms is that all the big six firms use statistical software, but 

usually only for a few audits. For example, one firm uses a regression package they 

originally developed in the 1970's, and two firms use discriminant analysis. All the firms 

interviewed use spreadsheets as an analysis tool. 

An interesting insight into the thinking on the subject of quality control in one of the firms 

interviewed in this survey arose when discussing the checking of spreadsheets. They saw 

no necessity to have any quality control measures on spreadsheets used to provide audit 

evidence. This is of concern since the use of spreadsheets, without appropriate checks can 

lead to false or misleading results. 
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That such checks are necessary can be illustrated by an example. Spreadsheets are used by 

organisations as a convenient and practical way of carrying out calculations; particularly 

when there are many difkrent stages to a calculation. Consider the use of a spreadsheet to 

by an organisation, for Wiich I worked, to compute a particular charge to a third party that 

was made up of diSerent components. The person doing the spreadsheet had to bring 

together six sources of information, representing different parts of a service, to produce a 

consolidated charge. The results of the six separate calculations were supposed to be added 

to produce the consolidated charge. Unfortunately the summation was only done over 6ve 

of the components. This led to the under-claiming of a large sum of money. 

In the light of the potential problems illustrated in this example, the Arm put quality 

control measures in place. This is an example of the advantages, to both parties, of f^e-to-

face interviews. 

6 ^ /wfgrwgmv fy/tmf w (ag [a&4 

In 1994 as an ac^unct to the survey of the 16 largest firms in the UK we visited the USA 

headquarters of four of the largest firms. A 6fth firm was visited in 1998. The visits were 

partly on the recommendation of the UK firms. Another reason was to crosscheck policy; 

since for many of the big firms, the USA partnerships take the lead on policy issues. For 

one firm all the policy work is done in the USA, often with staff 6om the UK seconded to 

the teams. The same questionnaire was used in the UK and the USA. 

Most of the results were similar to those reported above for the UK partnerships. There 

were two issues raised: documentation and the excessive use of simple APs by some firms. 

These are reported below. 

6.4.1 Documentation 

As in the UK, most firms claimed to document their APs in accordance with the Auditing 

Standards. Two of the US firms said that on legal advice they documented as little as 

possible. This was to minimize the information that could be obtained by the lawyers of 

those challenging their audit work. They recognised that this meant that their working 

papers did not meet Auditing Standards in the USA. The AICPA Auditmg Standards have 

150 



Chapter 6 

extensive guidance on the format and content of the audit working papers. For example: 

mczwak .y/zowmg 7%e 

gvf^fencg ancf f/ze aorvg 

co/mpĝ gm^ gv/<5kmfw ma f̂gr (ĝ br̂ f a re<3wma6/g zxzy^ybr om c^m/om, 

oAĵ grvoMcg q/̂ Âg fAW q/^fg/cf '. (SAS 41: Woildng Papers). The 

third standard of fieldwork is: '6'% ĉ/gM^ coTMpgfgM̂  gv;(/gMfW Mcrffgr fo 6g oAfamg f̂ 

^amwga mapgcf/om, oa^grva /̂om, m^wmgĵ , co/^mmar/om fo qgybr̂ y a rgayoma /̂g 6ayf,y 

ybr OM qpmiOM regar^fmg fAgy;n(3MCfaZ afafemgnfj^ uMcfgr (SAS 1). 

The UK Auditing Standards have a similar requirement: ĵ AowZcf /"gcoM^ m Âgf/" 

wor^Mg^opgr^ ^Ag/r rgâ yowmg on a// ma^gM M/Azc/z rgg'Wf/'g rAg gzgrcz\$g q/" 

ywd^gMf, <3M<̂  ^Ag/r coMc/wĵ fOMĵ  fAgrgon'. (SAS 230.3: Working papers). However, this is 

qualiGed in the next paragraph: '7%g gx̂ gM̂  q / ^ w o r ^ M g M a TMâ gr q/̂ rq/̂ ĵ̂ zoMa/ 

yw(%/mgmf fmcg zy f\y mg/yagr mgcĝ ĵ a/y mor pracoca/ fo akn/memf gvg/y maf̂ gr auc/zyory 

co/iyf(igr v4Wf̂ o;"ĵ  6aĵ g ^Ag/rywt̂ TMg/î  aâ  fo ̂ Ag eucfg/;̂  q/"worAmg/7<^gry wpoM wAaf wow/̂ f 

ag mgcgf ĵ a/y /prnvzŷ ĝ an g)^gngmcgcf awcff̂ or, wfya mo ̂ rev/owj: co»mgcym» wzya âg 

auî if, wifa am umdera:fam6fmg q/̂  (ag wor^ pg^rmgcf am(f fae aaa:;̂  q/̂ fag <jgc;j;;om^ âtgm. 

^owgygr, gvgM ̂ AgM, fAaf ga^gng»cg(f amAYor /May onZy 6g ar6/g oA âm a co;M/)rgAgM f̂vg 

wmĉ gyĝ famfamg q/^a// a^gc^j^ q/̂ âg aw âf 6)/ âg/m w;ya âg awt/f̂ orâ  wao 

^r^arg(f Âg/M' (SAS 230: Working papers). 

The UK standards are less prescriptive, ± e last sentence quoted above providing the 

auditor with a reason to document very little. The UK Grms all said they met the Auditing 

Standards, but given the complaints of ± e JMU described in Chapter 4, it is clear that ± e 

documentation is not good here. The difference is one of interpretation of what the 

Standards say. One UK firm said it was policy to remove most of the details about testing 

once the files were cleared by the senior partner in charge of the audit; they considered 

they were in compliance with the Standards. The result for audit documentation was the 

same as ± e USA partnerships. 
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6.4.2 A concern about the use of simple APs 

For two of the firms, the use of simple APs by their competitors was a concern. The reason 

given, independently of each other, was the same. It was the fisar that smaller 6rms were 

using inappropriate simple APs, thereby minimizing their costs and undercutting the fees 

of the large firms. Those large Grms asserted that they maintained high standards of audit. 

These remarks arose in response to the question relating to their concerns about what other 

audit Arms were doing. If we look at Figure 5.10 and Figure 5.17 we see that all the Grms 

make great use of simple APs at the substantive stage, but that the larger firms make 

greater use of the more complex APs than the medium and small firms. 

We found that the 16 largest Grms do use the reasonableness tests and regression type 

procedures in the in the way that Fraser et al and Mulligan and Inkster found. But what is 

striking in our survey is that two of the big firms make much more extensive use of the 

'more complex' APs than the others. Therefore one of the issues confronting those using 

these methods is that they feel disadvantaged because of the fee pressure. While it is to 

their credit that, in the mid 1990's, they still used the more expensive methods because 

they believed them to be of better quality, there are worrying implications for the fee 

pressure the fmns are under and the consequent risk to the quality of work. 

6.5 Conclusions 

This survey represented an in-depth view of the important group of auditors who are 

responsible for developing and disseminating the audit methodology of the firms. Because 

of the interactive nature of face-to-face interviews this survey was able to explore issues, 

that a postal survey could not, and to gain a deeper understanding of questions underlying 

the application of APs. In particular, we were able to probe issues relating to the 

investigation rules (e.g. the data), the outcome rules (e.g. the explanation e^ect problem) 

and what evidence is gathered at the substantive phase of the audit cycle. 

The survey reported in this ch^ter cannot be generally extrapolated to ah auditors; it 

targeted a particular group: the Technical Partners of the 16 largest audit firms in the UK, 

or rather what were the 16 largest firms in 1994. Nevertheless it complements the other 
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British surveys: those by Fraser, Hatherley and Lin (1997) and by Mulligan and Inkster 

(1999). Taken together they present a picture of the application of a key audit procedure in 

the 1990s. 

6. j. 7 a p f arg an fwpo/tanf 

Clearly APs are an important source of substantive audit evidence. All the surveys confirm 

that APs are used a great deal, that their use has increased and that they provide a 

significant proportion of the total substantive audit evidence. Simple APs such as simple 

trend analysis, ratio analysis and scanning predominate, and as we saw from Chapter 5, 

APs are claimed to provide the first signal of over 40% of all errors discovered by the 

auditor. They are considered to be a powerful tool, which may be a misconception, since 

APs appear to be used for about 40 percent of the total time charged to an audit. So APs 

are performing in proportion to the effort applied to them, and thus may not be quite so 

efficient as they are perceived to be! 

6 j. 2 a p f org f v g 

Auditors considered APs to be inexpensive to apply. There did not seem to be concerns 

amongst many of the audit Grms about the quality of the data or of the rigour of the 

calculations. These two statements are consistent, since if more attention were paid to the 

data, APs might cease to be inexpensive procedures. The use of more disaggregated data 

might produce more precise results but would be more costly. 

There is a possible contradiction between the reports that APs are inexpensive and that 

APs are used for between 30% and 40% of the total audit time. There are many interacting 

factors that have not been explored since they are not relevant to the main thrust of the 

work for this thesis. It could be, for example, that charge-out rates are behind this apparent 

contradiction. Partners may not get involved in the AP work, and relatively low cost stafF 

may do that woit. 
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6.1 j d o a p f ? 

Auditors like to have flexibility to use their audit judgement; one of the Technical Partners 

interviewed in the survey said, 'TTie itse of 

M)/ a W f f ' . Although not all respondents expressed their views as frankly as this, 

it does point to a perception that audit procedures should not be fettered by 'rules' that 

auditors consider restrict their ability to apply judgement. The use of the decision-trees, 

and scoring systems, to assist in the decision about what type of substantive evidence to 

gather might appear to contradict this. However such aids are used to bring together the 

auditors' judgements. For example Wiether a particular audit procedure when considered 

in conjunction with other audit work, such as work on the systems of the audited 

organisation, is adequate to have a reasonable chance of detecting material eiror. The 

decision-tree, or scoring system, advises what type of substantive evidence to collect! 

Although many of the respondents considered the nature of the substantive evidence, there 

does not always ^pear to be consideration of the extent of the substantive evidence that is 

required. This phenomenon can be illustrated by looking at one Grm's approach. Although 

it concerns sampling, similar considerations apply to APs. The firm sets materiahty for an 

audit but does not then link the amount of audit evidence to that value. For example, they 

calculated that a sample size of 300 was required when sampling to achieve a materiality 

level set at one percent of a particular value. That was judged to be too much work and so 

the firm's audit pohcy allowed the auditor to restrict the sample to 30 'items'. In the 

partner's opinion, there was nothing to be gained from looking at more cases than this: 'Vf 

wrong, (aen a 30 woww reveaz f/iaf 

This example was given by a respondent in the survey to illustrate the policy of their firm 

and is repeated here because it is a good illustration of one of the issues surrounding 

auditors and evidence: the link between the amount of work they do and the outcome of 

that work is not always exphcit. It was a surprising admission since there is a link between 

sample size and the information gained. Such a link should be obvious to the auditor. The 

Auditing Standards recognise it in the SAS on sampling, which says: 'Tb/emAZe error 
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awafzyory /mafgnaayy. ztie jtmoz/gr fag ^o/era6/e g/vo/-, fae /arggr w f/ze 

â/M/7/g ffze or̂y a /?rqp0/f/0M q/"f/zg /)qpw/aAoM' (SAS 430). The link can be expressed in the 

following way: for a given sampling plan, the larger the sample ± e less imcertainty and/or 

imprecision associated with the results of that sample. Some sampling schemes may be 

more appropriate for a given set of circumstances than others: such choices are judgements 

made to meet the objectives of the particular audit test and the efGciency criteria of the 

auditor. 

For APs similar considerations apply. The type of AP (investigation-rule) chosen and the 

quantity and quality of the data will have implications for the accuracy of the outcome of 

the AP. The better the investigation-rule, in the sense that it more accurately models 

(reflects) the true position, the less false signals there should be. The outcome-rule 

(outcome-value) also has an impact. The smaller the value, the surer the auditor can be that 

the value being audited is correct. To illustrate this, consider an absurd case when the 

outcome-value is close to the figure being audited. Then almost any investigation-rule will 

succeed in the sense that it will confirm to the auditor that there is no significant error: 

albeit that the result would be ambiguous. Thus for APs there is a link between the amount 

of audit work: selecting the data, checking of that data and building of the investigation-

rule and the consequent quality of the outcome. 

One observation made by Humphrey and Mozier (1990) was that auditors appeared not to 

understand the procedures they used. After reviewing the surveys in Chapter Six and 

considering the survey described in this Chapter, what could we say now about that 

understanding? 

An understanding of the process would be demonstrated if there was a structure to the AP 

process. Using the vocabulary (terminology) of this thesis, the structure would include an 

investigation-rule, an outcome-rule (together with an outcome-value) and a procedure for 

obtaining explanations. Such a set of "rules" would not, necessarily, require the so-called 

"advanced" statistical methods such as regression. But would require a logical structure 

(perhaps in sentence form) to the process. Such logic would cover simple comparisons as 

well as more complex investigation-mles. The structure would not fetter, or impair. 
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judgement, but would make clear those judgements. A requirement to set down the 

investigation-rule, outcome-rule and to consider and document alternative explanations for 

differences between the prediction(s) and the value(s) being tested would make the 

judgements transparent and guard against accusations that there was no independence to 

the process. Such a structure should not make the process bureaucratic since it is only 

making clear what auditors claim they akeady do when they use their knowledge and 

audit-judgement. 

The views that statistical methods or theory get in the way of judgement are not founded in 

any logic. It is as through the auditor does not want an objective result, but one that they 

can manipulate. It is likely that the manipulation is not one of corruption, but more that 

they do not see the need to be in a position to explain or justify their results to a third party. 

The distrust of theory is epitomized by the quote about the Audit Risk Model given in 

Chapter 4 from York (1997): We/Zecf 'YAeo/}' -

dkmgemwf Such sentiments were typical of several of 

those interviewed in the survey reported in this chapter, e.g. the auditor's lack of 

consideration of data quality and the failure to validate the explanations they receive from 

management. 

In section 6.3.2 we saw that many auditors fail to define an outcome-value for the 

outcome-rule | Yy - Ys | < C. They said that if the expectation value Y?, was close to the 

book value in the financial statements being audited, then that would be 'the right answer', 

but did not define close in advance. One interpretation of this is that APs have a 

confirmatory role but not an exploratory role. 

Another concern of two Grms was that auditors did not sufficiently understand the 

business. The need to appreciate the inter-relations between data from difkrent parts of the 

entity or similar entities underlies APs. As the Auditing Standard on APs says, one of the 

factors in the application of APs is: (fw/VMg 

wfya âg gĵ ĉ fvgmgj:̂ ^ fag accozoifmg rnic/ mfgma/ comfroz 

jy.ŷ gymĵ  fag %)g.9 pro6/gmf f w w ^gm06& aavg g/vgm g accozmfrng 

' (SAS 410). 
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We saw in section 6.3 .3, that there was little or no consideration of explanation effect 

phenomenon and the willingness, observed in Chapter 4, for auditors to accept 

management representations too easily - Boys (1997). 

An event outside of the research for this thesis into the surveys of auditors' views 

illustrates the thinking of some in the audit profession. In 1999 the Scottish Institute of 

Chartered Accoimtants submitted a revised syllabus to the DTI. They wishes to drop the 

subject of "quantified methods" considering that such methods had no relevance to 

auditors. One of my supervisors, \\%o worked as a consultant to the DTI sought my views 

on this. We agreed that since APs are used extensively, auditor should be aware of the 

thought processes associated with quantified methods even if they are not choosing to use 

methods such as regression. They should make that choice based on knowledge. 

For many of the auditors in the survey, a structure to the AP process, or at least parts of it, 

does not exist. So Humphrey and Mozier's concern appears to still have some resonance 

today. That is auditors do not understand the process underlying a procedure such as APs. 

6.5.4 An area for further exploration: nugatory work 

In Chapter 3, we raised the problem that false-negative signals could cause the auditor to 

undertake nugatory work. It would assist our understanding of the effectiveness of APs to 

have reliable evidence from the audit firms about whether all the signals of potential error 

are proved to be correct. That is, how many signals of error are there that subsequent 

investigation reveals are false signals? It is unfortunate that none of the surveys have 

explored this particular issue. The survey carried out for this thesis, and described in this 

chapter, did touch on this issue, but it was not feasible to carry out a detailed investigation. 

While the inspection of one audit where this occurred would provide some insight, what is 

needed is the information from a number of different audits: by different auditors and 

firms. Such evidence would be difficult to collect and veri^; it would require the co-

operation of several audit 6nns and would involve asking auditors to record the 

information on a large number of audits that they undertook. Given the criticism of 

auditor's documentation by Garvey and Dietz (1997) and others, as recorded in Ch^ter 4, 

much effort would be necessary to persuade auditors to open up commercial information. 
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& u x n area /or ap/orafwm. can a ampfg a p ae oq^cfkvg? 

There is a hypothesis that can be built on the information gathered in this survey. It flows 

6om the extensive use of simple APs. One might conclude that 'APs are used a lot to 

collect small, but important, amounts of evidence at a small cost to the auditor'. The 

philosophy of the audit approach illustrated by the tree-diagram discussed in section 6.3 .5 

and in Figure 6.6, which drives the auditor down the path of identifying risks, looking for 

controls to mitigate those risks and then looking tbr a procedure that is cost effective (i.e. 

inexpensive to administer) and meets the requirement to do some substantive work. Simple 

APs meet the requirement for die auditor to be seen to be complying with the SAS. 

ybr om)/ / or meffgna/ accowmf aa/omcgj' 

omcf tfowgver, may omfy 

ifaerg .n/ca gwcfewce' 

(SAS 300). 

We are not arguing against the strategy of idend^dng the riskier parts of the financial 

statements being audited, and addressing those risks. This thesis addresses the question of 

whether simple APs are capable of providing evidence to confirm or disprove the existence 

of error. Where there is low risk (perceived) it may be very reasonable to apply the 

minimum level of substantive testing. This may be a simple AP. If that conGnns the low 

risk (i.e. no material error identified) that achieves the auditors' aim provided it is powerful 

enough to contradict the evidence from the auditor's controls assessment when that is 

appropriate. 

The key results from this ch^ter are that APs are conGrmed to be an important substantive 

procedure and ±at simple APs are the most commonly used APs. This chapter has 

additionally identified some concerns about the understanding of those procedures. These 

concerns include a lack of attention issues such as data quality, a lack of an active 

consideration of the explanation-effect problems and the fact that the use of explicit 
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outcome-rules is not always considered. There is an apparent lack of structure to the AP 

process. 

Given this concern, the rest of the thesis addresses the issue of whether APs can detect 

material error in a consistent way, without excessive levels of false signals. C h ^ e r Seven 

will review past experiments into the effectiveness of APs and Chapter 8 will extend that 

work with some new experiments that investigate the frequencies of false signals. 
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7; w a e ^ a e r ^ a corrgcf(y m g » a / (ae/?rg$gmcg or 

aafgwcg error 

7.1 Introduction 

A vital attribute for an AP is its ability to signal correctly the presence or absence of 

material error in a set of Gnancial statements. This chapter reports on the work of some 

researchers who investigated whether particular APs correctly and effectively signal 

error. That APs do so is important since they frequently replace other forms of 

substantive tests, such as sampling, and thus may provide the only substantive evidence 

for a particular assertion. In this chapter we examine the experiments of others that 

investigated whether particular APs correctly signalled the presence or absence of 

material error. 

Chapters 5 and 6 reported surveys that investigated the use of APs by auditors. As a 

consequence we know that APs are seen as an important procedure at the substantive 

stage of an audit. The result jGrom the application of a substantive AP is one of the 

signals that the auditor uses to conclude whether there is significant (material) error in 

the part of the financial statements being audited. For the purpose of this thesis, the 

important question is how can we be sure that an AP is providing a reliable signal? That 

is, if material error exists in the audited population, then the AP signals accordingly 

with a high probability. Similarly, if there is no error the AP should correctly signal this 

with a high probability. So we require low frequencies of false-negative and false-

positive signals. 

owfcomg-rw/g;; aavg ofagr w&gff? 

In Chapter 3 we defined APs by two rules: an investigation-rule and an outcome-rule. 

Once the application of the investigation rule has produced the expectation-value, Y?, 

we need some criteria to measure how close it is to the value being audited Yg (the 

book value). That is, we need a rule for assessing the closeness of YT and Yg. We 

defined this, earlier, as the outcome-rule |YT- Ygj < C, where C is some specified 

outcome-value. 

A wide variety of rules have been used. Coakley (1982) identified three categories of 

outcome-rule used to determine whether the deviation of the expectation value 6om the 
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actual balance is significant. They are a useful categorisation when discussing the 

different approaches and can be summarised in terms of the outcome-value (C). For 

each of the categories below the test is: | Y y - Ygl < C. 

1. For judgement based rules C might be an arbitrary threshold. It would be 

considered arbitrary in the sense that it is not formally linked to any other value such as 

materiality. It may well be based on the auditor's judgement. For example, when 

comparing balances the threshold might be 10% of the previous balance. In the 

Passport example a value of jE9m (10%) might be applied to the 'Income from the issue 

of passports' line (value t90.5m). 

2. For materiality-based rules, C is the overall materiality or some function of it. In 

the Passport example a value of t l .075m might be applied to the Income 6om the 

'Issue of Passports' line. 

3. For statistically based rules, C is a specified multiple o f the standard deviation 

associated with the prediction. An example of a statistical rule might be a regression 

based prediction interval based on a time-series associated with n?, for which there is a 

probability (1 - Oo) that a future single observation on yt, given x = Xi will lie within the 

interval: YT:i: ta/2.n.2 s (1 + 1/n + (xi - xbar)̂ /%](xj - xbar)^ Details of the symbols 

are in section 3.8.2. 

Although the Coakley rules are an over simplification, they are still useful. Rule one 

does not explicitly use the auditor's materiality. If we consider the requirements in the 

Standards for the auditor to have regard to the overall materiality when doing each test, 

then rules one and two should be the same. There should be a rationale associated with 

rule one that does have some regard to 'materiality'. Where auditors appear attracted to 

rule one, with its apparent disregard for materiality, it may reflect their desire: Yo ztye 

as reported in Chapter 6. Rule three, the statistically 

based rule, as defined, takes no regard of the auditor's materiality value, although it 

could easily be adapted to do so. 

All three categories of outcome-rule have been used in the experiments surveyed 

(covering the period since 1975). For example Loebbecke and Steinbart's (1987) 

research into the effectiveness of very simple APs used the judgement type rule: it was 
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to compare the current year balance to that of last year. The rule triggered an 

investigation if the comparison noted a change of more than 10%. Loebbecke and 

Steinbart found that outcome-rules of 10% to 15% failed to signal the presence of error. 

As seen in Chapters 5 and 6, the simple APs used by Loebbecke and Steinbart are the 

most commonly applied APs. 

An example of the application of Coakley's rule two is Knechel's investigation of non-

statistical tests with materiality-based rules. He used rules such as: 'zMvgj'rfgafg a/z)/ 

wazca a a/mozz/zf f/ze gĝ z/zva/gmf j^rzor /womf/z a/zowzmg/br 

aMfzcyafgcf c/zaMgĝ y zM f/ze or c o z y ^ a M y ' Knechel (1988b). Suppose 

we are comparing the performance of each of the months from this year with last year. 

In the audit year we have the values: Yij , Y2^, Y i , ] , Y i , g,.. Y2,i2. In the prior year we 

have the values: Y]j, Yi^, Yi ^,..., Y] g, ..Yi ^. One such comparison would involve 

month three 6om each year: Y2.3 versus Yi,3. Then the outcome-rule might be 

|Y2,3 - Yi l̂ < C, where C, the outcome-value, is Knechel's material amount. 

Several pieces of research looked at the efkctiveness of APs using the statistical rules 

in conjunction with materiality. These included those of Stringer (1975), Kinney 

(1979), Kinney, Salamon, and Uecker (1986) and Knechel (1988a). They all studied 

expectations based on regression with statistical outcome-rules. 

7.3 Methods for investigating whether APs are effective 

Once we have set up the investigation-rule and the outcome-rule, we need to test 

whether the AP will detect error. One way to obtain the evidence that APs work would 

be to inspect actual audit files. For these to be useful we would need to know 

everything about those populations, including the book values and the errors. In effect, 

we would require a 100% audit of those financial statements. Given the size of the 

populations that underlie financial statements, it would be impractical to obtain such 

information. Even if we use high-level data, a problem would be to collect a large 

number of such populations. We therefore need to adopt another strategy, based on 

simulation. 
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The Concise Oxford Dictionary, (tenth edition - 1999) defines simulate to be: 

or or coM^f/f/om' q/ .̂ In its technical sense 

simulation involves using a model to produce results, rather than experimenting with 

the real system under study. If the model has a stochastic element, it is sometimes 

known as stochastic simulation. The Monte-Carlo method arose during Second World 

War for stochastic simulations of models of atomic collisions; the term is frequently 

used synonymously with stochastic simulation. 

For statisticians, the term simulation describes a variety o f techniques, which mimic the 

rules of a model. When the model can be given a mathematical formulation, but 

analytic predictions are not possible, then simulation may prove a useful tool to 

investigate how the model behaves under changing circumstances. There have been 

many applications to real life situations. For example, following the 1979 crash of a 

DC-10 Jet after it lost an engine, the Observer newspaper (10 June 1979) reported that, 

DC-70yZfg/zf rrammg ĵ ffMz/Wor w fo mvgj'ffga/g f/ze 

The Millennium Bridge in London was designed with the aid of computer simulation. It 

was not stable and swayed when too many people crossed it: a possible cause of this 

failure was that the computer model was incomplete. This illustrates that the success of 

such simulations in predicting how an entity or system, the bridge in this case, will 

fimction depends on the model used and how well it describes the situation. Another 

example involves the scientists from Imperial College, who used simulation to 

investigate the effectiveness of different eradication policies by modelling the spread of 

the foot and mouth outbreak in 2001. 

As it is not normally possible to obtain large sets of real data that represent the full 

population (unless we can take a census), we may need to use simulation techniques to 

create artificial populations, with similar characteristics to the full population. For this 

artificial population we would have complete information about values and error. Such 

data sets, whose characteristics are known, provide a basis for experiments to test 

whether a particular AP will detect error in a consistent way. 
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To model the application of an AP using simulation there are a number of key elements 

to the process. First we create sets of data where all the characteristics of the audit 

population are understood so that we can measure the success or otherwise of the AP. 

Then the AP is described in terms of the investigation rule and the outcome-rule. This 

can be done through case studies or computer simulation. 

One way to prove that APs do or do not reliably signal error would be to construct case 

studies and use large numbers of 'auditors' to carry out the procedures under 

controlled conditions. There are a number of steps involved in such a case study 

approach. First we need to collect suitable volunteers to play the role of 'auditors'. 

Ideally they would be from the population of practising auditors in order to replicate the 

audit decision process. Then data would be collected or simulated. The next step would 

be to construct a case study scenario for the AP. As part of this scenario the audit would 

be described so that the auditors had all the relevant information for them to devise and 

implement the AP. Included in this information would be the outcome-values to be set 

for measuring the performance of the simulated AP. The question could be: does the 

deviation between the expectation value and the figure in the Gnancial statements 

exceed the outcome-value? For example, using judgement-based rules the outcome-

value could be some threshold; \^ereas for materiality based rules the outcome-value 

could be related to the overall materiality or some local materiality. The 'auditors' then 

perform the APs and then the results are analysed. 

A m^or problem with this type of approach is constructing a case study that allows for 

the variation in skills and experience of the people participating. If we are testing how 

people react to the data, and to the results, then the case study approach is an 

appropriate one. However, the objective in this thesis is to test whether different 

combinations of investigation-rules and outcome-rules are consistently signalling 

whether error is present. To achieve this objective the distributions of the results need 

to be modelled. For this a large number of replications must be performed, making the 

case study approach impractical. We therefore turn to computer simulation, as 

described in the next section. 
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The use of a computer as an aid to simulation enables many thousands of trials to be 

done in an economical way, providing the structure of the simulation is efGcient. In 

computer simulation the usual structure is to formulate the problem, define the model 

and collect the data. A computer program is then written, and the programming 

checked. The next step is to carry out pilot runs and verify that the model and the 

programs represent the problem that is being solved. Once that verification is done Ihe 

programs are run and the results analysed to produce a solution to the problem. In 

reality this formulation is the same as solving any problem, but the quality checking of 

the model and the associated programming is essential to ensure that it addresses the 

problem posed, /Mode/ M a a wWer 

a c f w / ayj'fe/M' (Law and Kelton (1991)). Subject to this caution. 

Law and Kelton point out several advantages including one that is particularly 

relevant to the experiments in this thesis: we caM /MazMfam 

coMA-oZ over if/zeM 

Some of the research published recently has described simulation experiments into the 

performance of a number of more complex APs; examples include multivariate 

procedures such as the ARIMA and XI1 models. Examples include Ameen (1989), 

Dzeng (1991) and Chen and Leitch (1998). 

Ameen (1989) compared an X-11 model against a regression-based model and found 

the former to be superior. The X-11 model is a time series model that decomposes time 

series data into trend-cycle, seasonal and irregular components. Ameen found that for 

the data she used, the X-11 time series model had a significantly lower detection risk 

than a regression model and she considered it was much easier to use. The level of 

detection risk was assessed through the Audit Risk Model. Dzeng (1991) favoured a 

Bayesian Autoregression model, known as Vector Autoregression. Dzeng claimed it 

was easier to use than Multiple Regression because of the extensive testing of the base 

data that is required to satisfy the theoretical requirements of Multiple Regression. This 
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is a rather unfortunate conclusion since the application of any model should involve the 

consideration of the data and the appropriateness of the model to that set of data. 

Autoregression models require long time periods, typically 100 observations, which is 

rather long according to the opinion of the Audit Partners interviewed in the survey 

described in Chapter 6. Four years worth of data is longer than some Audit Partners 

thought would be stable. So the data requirements for Autoregressive methods may not 

be met, although to some extent this comment applies to other APs as well. 

Such models are not typical of the types of AP that the surveys have shown that 

auditors use. Therefore we will concentrate on the range o f procedures that auditors 

use extensively to ascertain the effectiveness of those procedures. In the remainder of 

this chapter we therefore describe four pieces of research focusing on simple APs (in 

sections 7.5 and 7.8), ratio analysis (in section 7.6) and regression (in section 7.7). 

Z 5 Do wort? 

There have been few published research papers that have focused on simple APs in 

the context of substantive audit. Of particular interest is the work of Loebbecke and 

Steinbart (1987), who focused on a set of simple plaiming type APs that they claimed 

were used by auditors to obtain substantive evidence. The methods included scanning, 

simple trend analysis and simple ratio analysis using annual, not disaggregated, data 

and utihsed simple outcome-rules. The surveys described in Chapters 5 and 6 confirm 

Loebbecke and Steinbart's argument that such simple APs are extensively used to 

obtain substantive evidence. 

Loebbecke and Steinbart's investigations related to financial statement data collected 

firom publicly quoted companies. There were two samples of 38 and 22 companies, 

which were selected to ensure that they represented a wide variety of industries. Part 

of Loebbecke and Steinbart's rationale was that such simple APs 

fo a// aW/r They do not describe their simulation process in detail, 

but it is clear that data from 1980 to 1983 was treated as prior years audited data, and 

data &om 1984 was treated as the current years data that was to be audited. They 

stated, co/recA 
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e/TW' (false-negative signal), 'ffe a /MaferzaZ error mfo fAg 

a/%/ a <jecwfOM »of fo (K a %?g 7/ error' (false-positive signal). 

The definition of 'material' used by Loebbecke and Steinbart was 1.6 x X where X 

is the greater of total assets or revenue. Although such a rule is not scale invariant, it 

was consistently applied to the dollar values and so is not an issue. The objective of 

the experiments was to measure the effectiveness of the procedures in identifying 

error. They did this using the frequency of the false-negative and false-positive signals 

as a measure of the effectiveness. 

The 6rst experiment by Loebbecke and Steinbart used an investigation rule that 

compared the current year balance to that of the previous year and an outcome-rule 

such that if the change was more than 10%, the AP signalled that there was a potential 

material error. This is similar to 10% variation rule (outcome-rule) described by 

Coakley (1982). For the outcome-rule with an outcome-value of 10%, the range of 

false-negative signals was between 45% and 63% depending on the account area. The 

false-positive signals range between 24% and 97%. The details are shown in Table 

7.1 below. The outcome-value was later changed to 5% and then 15% with similar 

results. 

Account Area being tested False-negative False-positive 
Account receivable 50% 45% 
Allowance for doubtful accounts 63% 24% 
Inventory 63% 42% 
Accounts payable 45% 87% 
Sales 55% 45% 
Cost of Goods Sold 58% 97% 
Selling, General and Admin Expenses 58% 97% 
Table 7.1: The results of an experiment by Loebbecke and Steinbart (1987) showing a simple 
comparison type AP with an Outcome Rule = 10%. [Source: Computed from data within the 
Loebbecke and Steinbait article]. 

All of the outcome-rules exhibited a high rate of false-negative and false-positive 

signals, varying with the account area being tested: the false-negative signals being 

less dispersed across the different account areas than the false-positive signals. For the 

false-positive signals we see that when the AP was applied to the 'allowance for 

doubtful accounts' the performance was better than for other areas. 
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In the sense of having a lower frequency of false-positive signals, the APs did best 

when the material error was high relative to the account area being tested and 

therefore the error seeded was large relative to the account area being tested. Although 

the relative size of the error is only one factor in the performance of an AP, this result 

implies that unless the error is extremely large, errors that are material to the financial 

statements may be missed. 

In a second analysis, Loebbecke and Steinbart used eleven different methods of 

generating an expected account balance, which were compared in terms of their 

predictive accuracy. One example of an investigation rule is: the expectation-value for 

year [i +1] is the value for year [i] plus the difference between the values in years [i] 

and [i - 1]. Another example is the use of regression, although the latter was on only 

four years annual balances! The results of the second analysis are shown in Table 7.2. 

Account Area being tested False-negative False-positive 
Account receivable 37% 74% 
Allowance for doubtful accounts 50% 16% 
Inventory 58% 50% 
Accounts payable 55% 63% 
Sales 16% 95% 
Cost of Goods Sold 21% 92% 
Selling, General and Admin Expenses 16% 95% 
Table 7.2: This shows the best of 11 Predictors with an Outcome Rule = 10%. It also shows that 
for most account areas, there are high occurrences of false signals: both positive and negative. 
[Source: Computed from data from Loebbecke and Steinbart]. 

The decision rule was based on a measure of prediction (expectation value) error 

calculated by: (expectation value - actual value)/(expectation value). Loebbecke and 

Steinbart's (1987) reason for choosing the 'expectation value' as the denominator was 

explained as follows f/ze aW/for 

acfwa/ Wz/g'. In Loebbecke and Steinbart's opinion, YAe TMeofz/re M 

Loebbecke and Steinbart statement that the auditor should form the expectation before 

looking at the unaudited value is correct and is entirely consistent with the argument a 

the end of Chapter 6. There we argued that auditors in the UK do not do this, and this 

is a serious deficiency in the application of APs. 
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We can see that although these APs performed better than the very simple AP in Table 

7.1, there were still high frequencies of false-negative and false-positive signals. Other 

than for the account area 'allowance for doubtful accounts' the levels of false-positive 

signals are very high. This all the more alarming if we recall that these results (Table 

7.2) record the best performing of the different APs. We can see from these results 

that whether it should be the expectation-value [Yy] or the true value [YT] is, in this 

experiment, immaterial since the overall conclusion from Loebbecke and Steinbart's 

work would be the same. That is these APs were not good at detecting error. 

For each account area in Table 7.3, the results are the optimal performance of the APs 

that according to Loebbecke and Steinbart 'mm/zMfzec/fAe average erroT" 

ybr aM acro.ya' a// 3 8 A l s o shown in Table 7.3 is data on the 

average change in each account area between the prior and current years. The 

prediction errors associated with the account areas varied between 5.4% and 16.5%. 

There was a large variation around these values. For example Loebbecke and Steinbart 

report that the standard deviations associated with these prediction errors values were 

respectively 5.3% and 11.6%. 

Account Area being tested 
Materiality as a 

% of the 
account area 

Average 
absolute error 
of prediction 

Average 
absolute % 
change from 
prior year 

Account receivable 1.2% 10.3% 12.7% 
Allowance for doubtful accounts 45.4% 14.9% 16.8% 
Inventory 1.9% 16.5% 18.7% 
Accounts payable 2.1% 15.0% 15.6% 
Sales 0.1% 5.6% 10.8% 
Cost of Goods Sold 0.2% 6.6% 11.3% 
Selling, General and Admin Expenses 0.7% 5.4% 10.8% 
Table 7,3: This shows that the average error of prediction associated with each account area was large. The 
standard deviadons associated with these were large. The table also shows that the data used for the APs was 
not stable over time, exhibiting wide variations between years. [Source: Computed &om data from 
Loebbecke and Steinbart]. 

Which of the eleven types of AP performed best is shown in Table 7.4. Clearly no one 

AP is the right one for all account areas. Even the 'optimal' APs are not performing 

well as can be seen if we crosscheck with Table 7.3. 
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Method described by Loebbecke and 
Steinbart 

The method performed 
optimally f o r account area: 

Average 
Prediction 
Error 

1 Last year's account balance 

2 Expectation-value for year [i +1] is the 
value for year [i] plus the difference 
between values in years [i] and fi - 1], 

Sales 

Cost of goods sold 

5.6% 

6.6% 
3 Simple time series regression on last 4 

years 
Selling, General and Admin 
Expenses 

5.4% 

4 Model relating account areas 
5 Average change over last 4 years added to 

last year's balance 
Allowance for Doubtful 
accounts. 
Accounts payable 

14.9% 

15.0% 
6 As 5, but use weighted average Accounts Receivable 10.3% 
7 Simple average of previous 4 years 

8 Weighted average of previous 4 years 
9 Similar to 2, but use percentage change 

10 Compute the average percentage change 
in account balance 

Inventory 16.5% 

11 Repeat 10, but use a weighted average 
percentage change 

Table 7.4: No one AP will perform best for all accounts areas. [Source: Loebbecke and Steinbart (1987)] 

These experiments indicate that, potentially, such APs are poor indicators of material 

error. Loebbecke and Steinbart (1987) concluded that the simple APs tested did not 

reliably detect material error: a; can gee», /or every f/ze error 

q/̂ re /̂zcffOM a W Âe m;emge ^ercewfage m fAe accowMf fAe 

ej$%ĉ  a W amouMf or a ma^erW amoz/Mf accoz/nf 

6 a / a » c e I n other words, as well as ± e large error of prediction found, the volatility of 

the account areas would mean that material error could easily go undetected. Indeed 

this implies that many account areas are not stable enough for APs to be applied to 

them. If this finding were repeated, it would invalidate the application of this type of 

simple AP. The results corroborate an opinion expressed by some of the Audit Partners 

in the survey reported in Chapter 6, that data may not be stable over a period of more 

than two years. The SAS says that: YAe q / " ^ r o c e c ^ z / r e j ^ w ââ ec/ 

OM f/%e em^ecfaffOM fAaf reWfOMfAfpj' Ae^ee/z co»fmz/e m fAe a^fg/zce 

fAe coM/ra/y'. This implies that over the short term, the 

relationships between data remain stable. So if such volatility as was observed with the 
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data used by Loebbecke and Steinbart were repeated, then this requirement from the 

Auditing Standards would not be achieved. The volatility may have been associated 

with the higher inflation that existed in the early 1980s. 

As a consequence of their experiments Loebbecke and Steinbart recommended that 

such procedures should not be used to provide substantive evidence, either as a means 

of reducing or replacing other audit tests. 

One of the simple types of APs tested by Loebbecke and Steinbart (1987) was ratio 

analysis: it did not do well. Whittington (1980), Barnes (1982) and Lee (1985) and 

others have argued that, in a financial setting, there is evidence that the relationship 

between numerator and denominator variables in the simple ratio format is not strictly 

proportional. If the form of the relationships for the two variables is yi = a + P Xj + Ei, 

they are arguing that a 9̂  0. For proportionality, a = 0. This is important when 

considering the ratio form, which is obtained by dividing through by xi to give: y i /x i = 

o/x i + p + G i /x i. If a 9̂  0, the ratio is skewed by o/x i, and i f a is positive, the ratio will 

decrease as x increases. 

A Sequent use of ratios is to measure the ratio against a norm. That involves the simple 

calculation of, and comparison against, industry averages. Such comparisons may be 

based on an assumption of normahty. The auditor needs to be aware of this and 

consider the median and mode as well as the mean (average). The simple measures of 

dispersion, such as standard deviations about the mean may lead to erroneous 

conclusions. 

The result of two studies by McDonald and Morris (1984, 1985) concluded that the 

ratio form is appropriate for Gnancial statement analysis. Berry and Nix (1991) argued 

that this conclusion was 'too strongly stated'. They posed three questions, which 

revolved around whether the findings of McDonald and Morris [i] would generalise to 

other industries, [ii] would be stable over time and [iii] would hold for other ratios. 

Without positive answers to these three questions. Berry and Nix (1991) asserted that: 
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Berry and Nix addressed these questions, using regression to model the relationship 

between each pair of variables y i and Xithat would typically be linked by a ratio. First 

they applied a regression model of the form y i = a + P x i + G i , and then after dividing 

through by x i, applied regression on y i /x; = o/x i + P + 6; / x j. They used as the data for 

the experiments financial information from the brewing industry, extracting 

information on 37 brewing companies from a corporate financial database: Microexstat 

covering fifty different industrial classifications. They obtained the financial 

information for four consecutive years. From this they extracted the relevant data for 

five ratios: current assets to sales, current assets to current liabilities, cash flow to total 

debt, total debt to total assets and stock to sales. The first four ratios were those used by 

McDonald and Morris (1984, 1985); the fifth was an extra ratio added by Berry and 

Nix. 

As a result of the experiments. Berry and Nix found that: 

ybr f/ze a W In particular, analysis of the data 

firom the brewing industry indicated that McDonald and Morris's finding, which was 

that the ratio form is appropriate for financial statement analysis, did not transfer to 

other industry groups. The information on which to base this statement is limited: 

McDonald and Morris's and Berry and Nix's experiments each only had one industry 

group, although Berry and Nix seem to have found a counter-example to the fmdings of 

McDonald and Morris at the first try. 

Because the basic assumption of proportionality (i.e. a = 0) o f simple ratio analysis is 

usually violated, an alternative considered by Berry and Nix was the use of regression 

models. These they argued are more appropriate than ratio analysis, but more complex. 

Others, such as Whittington (1980) do not consider regression methods to be beyond 

the auditor in this age of laptop computers with relatively simple software packages to 

assist the auditor. The findings of Stewart (1978) certainly support that argument. 

Berry and Nix, who were looking for some other procedure, concluded that: 

fAaf fAere w g varzofA/gj; comAmgc/ ay w/zere fAaf fj' 

and 'For f/zg var/aZ'/g /Modg/iy 

/^rovg^/ 6gĵ f m ^/gw^ ^ g g TMĝ /zocf w r/zgr^rg 

<jgj^zm6/gTo address this problem. Berry and Nix advocated something to replace 

regression analysis that is as simple to use as ratio analysis. Although Berry and Nix 
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did not specify what that new" technique should be, they proposed that an assumption 

free method of analysis would be desirable. One approach they suggested was the 

exploratory use of regression. In an article on Initial Analysis of Data (IDA), ChatGeld 

(1985) provides an excellent discussion of the use of regression in this way. 

Ezzamel and Mar-Molinero (1991) proposed a similar approach; their method rehed on 

the Exploratory Data Analysis (EDA) methods developed by Tukey (1977). Both 

ChatGeld's and Tukey's methods are similar and they are concerned with 

understanding the data as the first step in any analysis, possibly using methods without 

too much concern for theoretical assumptions about those methods. A difkrence 

between IDA and EDA is that the latter is more formal. A n approach such as IDA or 

EDA would not be appropriate for the formal analysis. The IDA concept was developed 

because of the perceived dangers of using statistical computer based analysis packages: 

that without a proper understanding of the data, an inappropriate method might be 

applied to the data or there could be errors in the data that would not be identiGed 

because the analyst did not inspect the data. Understanding the data is a key aspect of 

addressing the problem. However it must always be borne in mind that no technique is 

likely to work if the relationships are unstable. Statistical methods only work if there is 

replication, which implies that there is some form of stable relationship. 

A simple example of the problems that can arise to which Tukey and Chatfield were 

drawing attention arose in the course of the author's investigation of traffic accidents in 

the County of Avon. The police could not understand why the average age of a male 

involved in an accident was 22 years and of a female was 75 years. On examining the 

data, the explanation for this phenomenon became obvious. The default code for 'will 

not give their age' was 99. More women than men had refused to give their ages. The 

police just fed the data into the computer, and analysed it with a statistical package, 

which gave the appropriate answer for the data it was given. But it gave an incorrect 

answer to the question: what are the average ages of male and female drivers involved 

in an accident? Because of the large apparent discrepancy between the ages of males 

and females, the analyst queried the answer. If fewer of the ladies, or more of the men, 

had not given their ages then the discrepancy between the average age of male and 

female drivers would have been less obvious and the solution provided by the package 

may not have been queried. Although in one sense this is a trivial example, the 
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principle applies to all analysis, including APs. In another analysis the consequences 

could be important, for example, in an auditor's attestations. Although the concepts of 

E)A were directed at statisticians, they are equally relevant for any analyst. 

If regression is not acceptable, being seen as beyond straightforward application by 

auditors, another solution identified by Berry and Nix might be to use ratio analysis, but 

with the comparison not to a single target value, but to a range of appropriate target 

values. The example they give is that the ratio of stock to sales for a given firm would 

not be compared to an industry average but to an average o f small or medium or large 

firms in the industry. The survey described in Chapter 6 asked the audit firms about 

this. None of the firms claimed to use such procedures, although several made the point 

that auditors intuitively do this when considering the financial statements. It may be 

that auditors do informal modelling founded on their experience and knowledge of the 

client. 

A better solution might be to compare not one ratio in isolation, but all of the relevant 

ratios to the appropriate industry averages. If this was true for all - Ygil < Q, then 

this might be strong evidence. But the difGculty in evaluation would be if some were > 

Qand some were not. 

However the survey also found that over one-third of the firms did not check the data, 

many did not connect the overall materiality to the outcome-value in any way and one-

third had no procedures in place to ensure that explanations were obtained if 

I Yi - Yg] > C, where C is the outcome-value. That provides little encouragement that 

auditors have adopted, or will adopt, the methods that Berry and Nix perceived that 

some analysts were using: comparison with several variables. Berry and Nix stated, 

M cwrreMf m /eawf owe /wybr But if some auditors do not, 

or cannot, cope with one explanation it is hard to see how they would deal with several. 

In comparing to several values, the problem would be measuring acceptability of the 

expectation value against that criterion. For example, is the vector of the different 

comparators (Q), in the intervals jYii - Ysil? Auditors might be able intuitively to 

assess all these variables, but they need to demonstrate that they can repeat that 

assessment, and document it for others to replicate. 
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To sum up. Berry and Nix found evidence that the three questions set out on page 171 

were not answered in the affirmative. Firstly, the findings o f McDonald and Morris 

(1984,1985) do not generalise to all other industries, a counter example found by Berry 

and Nix being the brewing industry. Secondly, ratios are not stable over time: 'For fAe 

(Berry and Nix 1991). The auditor would not have the luxury of knowing which models 

are performing best, since they do not know the true value. Thirdly the ratio that Berry 

and Nix used was additional to those of McDonald and Morris. It was stock to sales and 

it did not perform well. Thus this study supports the conclusion of Loebbecke and 

Steinbart (1987), which is: simple APs (e.g. ratios) are not appropriate for substantive 

testing. Although this is true for cross-sectional data such as those used by Berry and 

Nix (1991), separate analysis time-series data is desirable. A study by Knechel (1988b) 

will consider this. The description is de6rred to section 7 .8 because the evaluation 

procedure used by Knechel was similar to others to be described in section 7.7. 

Berry and Nix identified a need for some non-parametric procedure. Neither IDA nor 

EDA is likely to prove an acceptable procedure if the requirement is to produce 

substantive audit evidence, although they could play a role as audit planning APs. 

Another procedure not considered by Berry and Nix is non-parametric regression. As 

Silverman (1985) commented when advocating such methods: VAgre /May 

m fAe diafa c/efgnMZMe m a'o/MgwAaf / M o r e w a y ' 

than Multiple Regression or Time Series models. Such models can be applied to 

explain the current year's data, to provide a basis for comparisons between years and to 

build a model of the process. They require powerful computers and these are readily 

available. We also collected data on the brewing industry to try to develop the work of 

Berry and Nix. Methods of non-parametric regression were tried with some success. 

But as a result of the survey reported in Chapter 6, it was decided to not to pursue them, 

as they were computationally complex. 

% 7 mg of a f«WaMffve A P 

Some of the first works about the effectiveness of different APs were published at the 

end of the 1970s, including the work of Stringer (1975), Albrecht and McKeown 

(1976), Kinney (1978), Kaplan (1978 and 1983) and Kinney (1979). They used 

regression models to predict the value of a particular account area such as income. 
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Kaplan's (1978) work is typical of the research; he developed a regression model using 

sales as the explanatory (independent) variable in order to estimate the 'cost of goods 

sold', or 'accounts receivable'. The model was based on data 6 o m a 36-month period. 

For the audited year, the twelve monthly figures were predicted using the model. He 

did this for different line items in the financial statements. Only the income figure was 

achieved with 'reasonable accuracy'; and it was only within 10% of the account value! 

Three issues are highlighted by this example. First, the role o f the outcome-value was a 

little different &om usual. In this investigation Kaplan was measuring which of the APs 

got closest to the book-value. This is in contrast with the auditor's usual strategy: which 

is to set an outcome-value and then to measure the closeness of the prediction by the 

outcome-rule - Ysl < C. However for the experiment the approach provides 

information about which AP got closest. The second issue is the nature of the APs used 

and the third is whether it will identify material error. These issues are discussed here 

and addressed in the experiments reported in Chapter 8. 

The work of Knechel (1988a) will be used as an example o f the work of other 

researchers. It raises a number of issues, including the use o f outcome-rules, and the 

simulation methods used by the researchers and the evaluation program. In Knechel's 

experiment the account area was income. He tested APs, based on regression models, to 

see if they would detect different patterns of errors seeded into the accounting data. The 

investigation-rule was based on a simple linear regression model. There were seven 

outcome-rules, which are described in Table 7.6. 

The accounting data used by Knechel was simulated using the rules described below. In 

this process Knechel was creating perfect data, in the sense that the explanatory 

variable was increasing in steps that were only slowly changing and then always in a 

positive direction. Also there was a high correlation between the explanatory and 

response variables. He used the following functions to generate the data. An 

explanatory variable, Zt, was generated such that N (p,t, o-^): where 

/—l 
^ (g^ii); and where g = 0.005, ^io=100, = 25.00, and t = 1:48. The 

response variable (y^) was generated using the relationship y^ = 25 + 5zt + e: where e - N 

(0, s^) and s is the standard error, wtich was related to the materiality by 
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s = Oxmatenaiity and 0 was 0.25 for low variability of the data and 0.75 for high 

variabihty. 

Knechel (1988a) claimed that (explanatory) x/m g e / i e m W 

fAg regrefj'fOM TMOtfg/ Aacf a AyzowM grror a W aw O.PJ'. 

It is not entirely clear from the published work how this w a s done, although Knechel 

claimed it was fo (the method) Ay a W ^Za/Mow '. 

This is not discussed here, because the issue arising from Knechers work does not 

hinge on this but on the method of the evaluation of the results. 

From each data set of 48 pairs of observations, the first 36 pairs were used as the base 

period, and the last 12 were taken as observations for the period to be audited. The data 

&om the base period were utilized to build the AP model, which was used to predict the 

monthly values in the audited period. The base period data were assumed to be error 

G-ee. There is some logic to this, as it is assumed to be data that had been audited and 

thus attested by the auditor to be free of material error! Although, if there was an 

ongoing, undetected error in the audited data, then that may affect the ability of the AP 

to detect a similar pattern of error in the unaudited data. The model would have that 

error built into its expectation-value. 

Three levels of annual error (Ey) at 0%, 2% and 4% were seeded into the 12 months of 

data from the audited period. For each of these there were four monthly seeding 

patterns. Knechel, for each set of data, seeded three levels o f error in four different 

patterns. The patterns are shown in Table 7.5. 

Error seeded at random in: No error in: 
Case One. 1 month with Ei 11 months 
Case Two. 3 months with ET / 3 9 months 
Case Three. 6 months with Ey / 6 6 months 
Case Four. 12 months with Ei / 1 2 0 months 
Table 7.5: The different error patterns that where seeded into the audited year. 

Although Knechel (1988a) claimed to have 12 combinations of error and error 

distribution, he really had 9. One with no error and two other levels of error (2% and 

4%) spread in four dif&rent patterns. Thus his 1,200 unique time-series was really 900. 

It was 100 time series seeded with 9 patterns of error. This is replicated 6)r the two 
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conditions 0 = 0.25 or 0.75. Thus he had in total 1800 (i.e. 900 x2) unique time series 

and not the imphed number of2400 (i.e. 1200 x2). 

For each set of data, the parameters of the expectation model were estimated 6om the 

base period (the first 36 months). The expectation models were then used to calculate 

the expected monthly balances for the audit period. Knechel (1988a) used the outcome-

rules shown in the Table 7.6. 

Name given by Knecbel Outcome-rale 

1 Annual Materiality Rule Investigate all months i f the difference between the 
annual book value (Yg) and Upper Conf dence Limit 
(YTu), based on the sum o f all twelve months data, 
exceeds materiality (M). That is if % - Ygl > M. 

2 Monthly Materiality Rule Investigate any monthly total (Yy) for which the 
Upper Confidence Limit for that month ( ^ J exceeds 
M/i2. That is if |Yu - Yb| > M/12. 

3 Combination of [1] and 
[2]. 

Used [1], to identify if |YTu - Ygj > M and if so apply 
[2]. 

4 Rule based on the STAR 
package 

Investigate any month for which - Yb| > M/12 
exceeds M/k, where k=l for month 1 and so on. 

5 Kinney Residual Rule If 1 YTu - Ysl > M, investigate all months with outliers, 
which are defined to be those with a residual greater 
than 1.96 times the standard deviation. Investigate first 
those with the largest residual. 

6 Kinney/Salamon/ Uecker 
rule one 

If 1 YTu - Ysl > M, investigate aU months where 
prediction deviation exceeds 1.64 times the standard 
deviation. 

7 Kinney/Salamon/ Uecker 
rule two 

If 1 YTu - Ysl > M, investigate all months with outliers, 
which are deGned as all months where prediction 
deviation exceeds 1.96 times the standard deviation. 

Table 7.6; The outcome-rales used by Knechel (1988a). 

These were typical of the outcome-rules used by others. All these rules use an upper 

confidence level calculated fi-om a regression model for a specified level of confidence. 

But Knechel (1988a) did not apply these rules in a simple way: that is to report the 

results of individual APs directly. He argued that while auditors are interested in 

information about the number of times an AP would correctly signal error, or fail to 

signal error, this was not their main concern. They are more interested in whether there 

is a reduction in other forms of substantive testing. APs are considered cheaper to use 
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than other substantive tests and so auditors are keen to apply them. In Knechel's 

experiment he set up rules for calculating the sample reduction using a form of the 

'Audit Risk Model' (see section 2.5). The criteria set by Knechel was that the 

combination of the risks associated with sampling and APs did not exceed 0.05. 

An example of the results reported by Knechel (1988a) are sample reductions of up to 

31% resulting from the application of an AP with an outcome-rule using a materiality 

of 2%, and when the probabihty for the risk associated with the regression results was 

0.36. Knechel defined the risk of the AP failing to identify a material error to be the 

probability associated with the prediction value confidence interval. The reduction in 

the sample sizes was reported to depend on both the outcome-rule and the distribution 

of the error, although in terms of sample reduction the outcome-rule has more effect 

than the distribution of error. If the detection risk associated with the regression is 

changed to 0.05, the sample sizes are reduced by up to 87%. Knechel (1988a) reported 

that: fgv/gw 

mcrgaa'g (v/a j'/MaZ/gr fzzgf /or dgfa/Z 

m fMcrg<i9g6/ aW/f gj^cfiveMgj'^ Zox/gA" rzf A;;)Thus Knechel was 

claiming some positive impact fi-om the regression based APs. 

Knechel's approach, measuring the reduction in sampling, attempts to address a m^or 

concern of auditors, the reduction of costs. The mechanism for reducing other tests is 

the Audit Risk Model, a brief explanation of which was given in section 2.5. As we 

described in Chapter 2 there are doubts about the validity o f that model. Given this 

uncertainty about the Audit Risk Model, the use of a measure based on it to 

demonstrate the 'effectiveness' of an AP by measuring how much it reduces other 

work, such as sampling, may provide false indictors. The use of the Audit Risk Model 

can distract from the matter of primary concern: do APs predict correctly the presence 

or absence of error? This is important, because many researchers have measured the 

effectiveness of an AP by the reduction in another substantive test, such as sampling, 

rather than reporting directly whether the AP detected error. One example is &om the 

work of Kinney (1979), who demonstrated that there could be a reduction in the size of 

samples of over 33%. This is consistent with Knechel's results, although it is based on 

the same, potentially, flawed Audit Risk Model process. The only valid method for 
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such reductions in the sample sizes would be if the APs support the hypothesis that 

there is no material error. 

Ameen (1989) and Dzeng (1991) also used the idea of combining the assurance arising 

from APs and tests of detail as a method of measuring the efBciency of the AP. It is this 

area of the experiments by Knechel (1988a) and the others, the evaluation of the 

effectiveness of APs using the Audit Risk Model, which could be seen as a 

shortcoming in their work. 

It is not clear whether the reduction argument of Knechel (1988a), Kinney (1979) and 

the others reflects what auditors do in practice. The Auditing Standards allow such a 

strategy of using APs to replace other substantive work. They say that: 

fzfWaMffve ybr/zMaMCW mafgrm/ accowMf 

300.6^. They go on to stress that APs may be used on 

their own to provide the substantive evidence. '7%g /gvg/a: q / " a W 

caMMor 6g /ow meee/ / o r pg/ybr/M 

an)/ pmcg^/wrgj^ybr TMafgrW accoz//zf 6a/aMcgj^ /rawacf/oM c/<%ŷ g& 

.^wgygr, f/zgfe j'fawfh'g procgc^wrg^ TMm/ coTMprfj'g omZv a/za/Wfca/ procgf/wga^ wAgrg 

fwcA /7rocg<^wrg.9prov/cfg ap;prqprfafg gvf^gncg' (author's imderlining). It is 

therefore clear that APs may be used instead of sampling, as was confirmed by the 

survey reported in Chapter 6. This finding is supported by the results of a survey by 

Mulligan and Inkster (1999). They found that while some auditors do retain other 

substantive procedures as a result of AP work but reduce their extent, 29% of all 

auditors always use APs to replace other substantive tests completely. So APs are 

clearly used to replace other substantive tests. Interestingly, Ameen (1989) counselled 

against this and concluded that: g;$?c/gMf a W g ( ^ c ^ g w/zgM 

wj'ĝ f m MoWfOM, ca/z 6g fo rg<̂ zYCg fAg /gvg/ q/^fgff q / " a / z f ^ ac/z/gvg a 

/Morg ^czgMf az^zf wzYAoz/̂  g/^cfzvgMg^^ 

In terms of promoting APs to auditors anxious to cut costs, the approach of Knechel 

and others is understandable: it reflects what auditors wish to do. But it does not 

provide straightforward evidence of the effectiveness of APs, particularly because of 

the defects in the Audit Risk Model, which might exaggerate the apparent effectiveness 

of the AP. In terms of measuring the effectiveness of an AP, or a category of APs, the 
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measurements directly of false negative or false positive signals (type I and 11 errors) 

are the essential criteria. As Loebbecke and Steinbart (1987) stated, a concern about an 

AP is that it must be capable of reliably demonstrating that error is not present. 

Another potential criticism of the work of Knechel (1988a) is the use of data generated 

from a normal distribution. It is near perfect data where the response variable is 

increasing all the time in small increments. One of his aims was to try and model the 

Wiole audit process around APs, taking account of different error distributions, 

materiality levels, degrees of reliance on APs and samples. m 

q / " K n e c h e l (1988a, 

page 75). The simulation of normally distributed accounting data is contrary to this 

aim, as is the generation of a 95% correlation between the response (yj) and the 

explanatory variable(s) ()^ 's). 

Z & gra/Mp/g lyAgrg APf were fwaf amf wAere fAg TMgaaw remgMf 

Mfgff fAe m ofAer fw WaMfxvg f&gfzwg ay fAg cr&erfoM 

It was not only the experiments using regression based APs that used the reduction in 

other substantive testing to measure the e8ectiveness of the AP. Knechel (1988b) also 

published work that year using non-statistical APs. He used twelve APs based on ratio 

and trend models. The data were generated in the same way as in the Knechel 

experiment described above. Thus he applied regression type APs and these non-

statistical APs to similar data. The conclusions of this research were that although these 

APs reduced the sample sizes, they should not be relied upon entirely to provide audit 

assurance. Both of Knechel's pieces of work, the 1988a and the 1988b papers, found 

that 'XPj' are g^cfh;e /argg MOM-rgcz/rrmg g/zorf mfAg/- f/zoAZ 

f/zaf are c«/MwZaffvg()/ /MafgrW'. This finding is not surprising, and 

supports a conclusion of Loebbecke and Steinbart (1987). We will return to it in the 

experiments in Chapter 8. 

Knechel again measured the effectiveness of an AP by its ability to reduce sampling, 

the Audit Risk Model being used to calculate the reduction. Possibly because of this, 

Knechel got some results that are counter-intuitive. Logically, more false-negative 

signals from an AP might be expected to lead to a larger value for the sample size 'n' 
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and consequent unnecessary audit effort. However Knechel reported that: 

were 6y a// fAe fAe r ^ o r W 

q/"%?e 7 '. That is, even though there were false-negative signals, the 

sample sizes were still decreasing because of the use of the AP. 

Z9 AfTfumz/y awf CoMc/Wofw 

This chapter has considered a number of experiments that have investigated ± e 

effectiveness of some of the APs used to gather substantive evidence. The APs were the 

&equently used 'simple' methods of comparison, trend and ratio analysis, plus 

regression analysis. The work of Loebbecke and Steinbart (1987) demonstrated that 

many of the simple APs are not effective, because they have high frequencies of false-

negative and false-positive signals. This was true for outcome-values of 5%, 10%, and 

especially 15%. One would expect the false-negative signals to reduce as the outcome-

value increases. It was true that there was some reduction, but even when the outcome-

value was 15%, there was still a high frequency of Mse-negative signals: 'Aefweew 

a W area a W f/ze / ( f ' (extracted 6om results of 

Loebbecke and Steinbart (1987)). In Loebbecke and Steinbart's work, the performance 

of particular APs varied between different account areas. In addition when any of the 

APs was apphed to a particular account area, its performance varied from year to year. 

Thus, as well as performing badly, the APs were not consistent in their performance. 

While it might be thought that regression type APs would perform better than the 

simple APs, there is some evidence from Kaplan (1978) that this was not uniformly 

true. Kaplan reported an experiment using APs based on regression in which the 

expectation value never got closer than within 10% of the book value. 

Many other analysts using regression or time series based APs did not report such 

problems about the effectiveness of APs. Their experiments were reported in section 

7.7 and included the work of Knechel (1988a) and others. They evaluated the 

effectiveness of the APs by reference to the extent of the reduction of another 

substantive procedures: sampling. The Audit Risk Model was used to calculate the 

revised substantive sample sizes. Because of the recognized defects of the Audit Risk 

Model, this reduction does not necessarily provide support for the effectiveness of such 

APs. The extent of the reduction may be exaggerated or underestimated. Thus the 
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evidence from these studies is not conclusive in demonstrating whether APs are 

effective. 

These results imply that many APs do not provide reliable evidence. They certainly do 

not meet the requirement for reliable evidence that is set out in the Statements of 

Auditing Standards: 7/% ro Aave a q / " g r r o r or 

on or evz<jl27zcg c r e a W Ay aw(ff/orf' (SAS 110: Fraud and Error). 

Neither would the evidence meet the expectation of the judge in the Pacific Acceptance 

V Forsyth and Ors case discussed in Chapter 4, that an auditor would obtain ' 

rg/gvaMf aM(/rg/fa6/e gvz<jgMcg\ The judge also said that aWzYor cfwg rggarcf 

fo fAg or grror 6}"yra/Mmg car/ymg oz/f Aff ̂ rocg(fz/rgj', Am/mg 

m /MzW f/zg ggMgra/ ^oj:j'/6f/zf̂ zgĵ  fAaf gx:zfr, fo f/zg mfg»f f/zof ^ a 

ĵ z/Wa/zfzaZ or ma^grza/ grror or^az/(/ /zaj' cr^^ z/zfo fAg a ^ z r f q/"fAg co/?^a/^ Ag Aay a 

rg(zyoMa6/g guiygcfafzo/z fAa^ wz/Z 6g rgvga/g(f'. These two statements imply that the 

auditor's tests should have a reasonable chance of detecting material error if it exists. 

The Concise Oxford Dictionary (10*^ Edition) defines 'reliability' as Vo 6g r g / W o/z' 

and 'rely' to be 'akpgn^ on w/zYA/WZ frz/g:f'. The results of the AP should be such that 

the auditor, and others, can depend on them with full trust: that is they are reliable. 

There should be a high probability that the procedure would consistently discover 

material error, should that exist, which would certainly require tighter outcome-values 

than 10% or 15%. 

Thus there are two reasons why further investigations are needed to demonstrate if APs, 

on their own, really fulfil their purpose at the substantive stage. Firstly, we must 

demonstrate that the APs have low probabilities of false-negative and false-positive 

signals. To do that an AP, on it's own, should produce reliable evidence of the 

existence or absence of material error. The performance of the AP must not be 

confused with, or disguised by, its combination with some other audit substantive 

procedures. Secondly we need to investigate the effect of the distributions of the data 

have on the performance of the APs. Both of these are important since we know from 

Mulligan and Inkster (1999) that APs are the sole source o f substantive evidence in at 

least 29% of all audits. 
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In Chapter 8 the results of some new experiments are discussed. A number of different 

investigation-rules are applied to data modelled as if it was &om either of two different 

government agencies, or was similar to that used by Knechel. This will be done for 

different levels of outcome-rule and seeded error. The investigation-rules will include 

simple and regression based rules. The effectiveness of the APs will be measured by 

the frequency of false-negative and false-positive signals. 
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^Ag g^c^/vgMgy^ o/^cer^aw y 4 A 

8.1 Introduction 

This chapter is about the effectiveness of APs when used as substantive procedures. As 

discussed in Chapter 7, one key question about APs is their ability to correctly signal the 

presence or absence of error when applied to a line item of a set of financial statements. 

This chapter reports the investigations as to whether particular investigation-rules (APs) 

effectively and efficiently signal error. Whether they do is important since APs frequently 

replace sample based substantive tests. 

The Dictionary defines effective to be a or /-gWr' (Concise 

Oxford Dictionary: Tenth Edition 1999), wtich will be interpreted to be a low 6equency 

of, both, false-positive signals and false-negative signals. The aim was to test the 

effectiveness of the procedures that, according to the surveys, were ^equently used by 

auditors. So simple procedures were chosen. That is APs with simple investigation-rules, 

such as those that use comparison type methods, simple trend analysis, ratios, bivariate 

regression and multivariate regression. 

In investigating whether APs with such investigation-rules have low probabilities of false-

negative and false-positive signals, the effect of the error rate is considered, as well as the 

impact of the pattern of error (for monthly outcome-rules): ranging 6om errors that occur 

in large one off amounts, to those which are more evenly distributed through the audited 

period. This is an issue since some researchers have indicated that the pattern of the error 

across the audited year influences the ability of APs to detect error. Another variable is the 

outcome-rule and particularly the outcome-value, C, used within that rule. So the 

performance of the AP will be tested over a range of outcome-values. 

In the past much of the assessment of the effectiveness of an AP has used, as a measure, 

the reduction in other substantive tests resulting &om the application of the AP. As was 

argued in Ch^ter 7, such a measure is misleading for two reasons. First the methodology 

for the reduction calculation, the Audit Risk Model, is flawed. Second, it does not reflect 

what auditors currently do. Typically they replace other substantive tests, such as 
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samphng, by an AP. So we measured effectiveness of an AP by the frequency of false-

negative and false-positive signals of APs. The key variables relevant to the conduct of the 

experiments are discussed in the next section. 

8.2 Issues that are relevant to the investigation of the effectiveness ofAPs 

8.2.1 Precision, or accuracy, of the prediction 

Any prediction based on estimation has a precision (or more correctly imprecision) 

associated with it. If it is a statistical procedure, then a confidence interval can be 

associated with the expectation-value. In Figure 8.1 the green line shows the book-value 

(Yb), the black line shows the true value (Yx), the red line (Yx) shows the expectation 

value and the blue lines show the lower and upper limits (Y l and Yu) of the error bound. 

A 
A 

Yb 
A 

a "̂ u 

Figure 8.1: This illustrates the expectation value (Yt) and its relationship to the book-value Yb and the true value Yt. 

There are two issues for the closeness of the estimate to the book-value. They are: -

[ 1 ] If Yb is within (Yl, Yu), the error band for Yx, then statistically Yb is consistent with 

Yx. If Yb is not within (Yl, Yu), then Yb is not statistically consistent with Yx. 

[2] If |Yx- YbI is large (i.e. material), then Yb is not auditing consistent with Yx- That 

is, there is a possibility of material error. (Auditing consistent means that |Yx- Yb| is less 

than some significant amount such as materiahty or the outcome-value). 

As an example of how these two concepts may not be in agreement, suppose Yb > Yx and 

|Yx- Yb| > material error, but that Yg < Yu. Is Yb now inconsistent with Yx? In tliis case 

the value is statistically consistent, but not auditing consistent. A contra case might be 

186 



Chapter 8 

where Yy and l Y i - Ysl < material error. The ^parent contradiction arises because 

the data is inadequate for drawing both conclusions. 

In the survey described in Chapter 6, only one of the ftrms interviewed considered the error 

bounds associated with their expectation values. That firm uses a computer package based 

on the use of regression. In order to reproduce the way the m^ority of auditors apply their 

APs, it was decided to ignore the precision associated with the expectation-values. This 

decision was also based on the short runs of data used by auditors, and the difRculty in 

providing objective estimates of precision for the simple rules. Therefore, in order to 

provide consistency between the regression type investigation-rules and the simple rules 

this thesis will concentrate on the auditing consistency criterion. This issue is taken up 

again at the end of this Chapter. 

& 2 2 MzrWfgy wmkr/ymg fAg am 

In setting up the experiments, five variables were identified as being important. They were: 

# the investigation-rules, 

# the outcome-rule, including the outcome-values, 

# the data, 

# the level of error, and 

# the error pattern. 

The purpose in identi^ing these was to ensure that all the relevant variables in the 

performance of an AP were considered. It was not to identify which variable was 

important, or which combinations of variables were important, as is done in a factorial 

design. The variables are described in more detail in rest of this section. 

8.2.2.1 Variable One: the investigation rule 

The first variable to be considered is the form of the investigation-rule that is to be applied. 

The investigation-rules used in the experiments described in this chapter are shown below 

in Table 8.2. They can be categorised into three classes: bivariate regression (rule 1.1), 

multivariate regression (rule 1.2) and simple (rules 1.3 to 1.9). 
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Description of the investigation-rule Notes 
Bivariate regression based rule 

1.1 Regression with one e:q)lanatory variable 
Multivariate regression based rules 

1.2 Multivariate regression with three explanatory variables 

1.3 
Comparison 
Compare to last year 

1.4 

1.5 

Prediction using percentage change in previous years 
Year 4 = Year 3 x (1 + % change of years 3 and 2) 
Year 4 = Year 3 x (Average of % change of years 3 and 2 and years 
2 and 1) 

1.6 

1.7 

1.8 

Prediction using average change in previous years 

Year 4 = Year 3 + (Year 2 - Year 1) 

Year 4 = Year 3 + {(Year 3 - Year 2) + (Year 2 - Year 1 }/2 

Year 4 = Year 3 + (2 x (Year 3 - Year 2) + 1 x (Year 2— Year 1 }/3 

Change in 
previous year 
Average change 
in previous years 
Weighted 
Avoage 

1.9 
Prediction using average of previous years 
Year 4 = {(Year 1 + Year 2 + Year 3)/3} Simple avaage 

Table 8.2: The Investigation Rules 

Regression based investigation-rules were chosen since regression is a well understood 

procedure and such investigation-rules are similar to those applied by Knechel (1988a) and 

by Kinney (1979) in their research and in the audit work conducted by Deloitte Touche 

using their STAR program. Typically, monthly data is used in such procedures, with 

monthly outcome-rules. This was not to copy the apphcation o f such rules, rather the 

purpose was to identify whether if such rules are used with outcome-rules that directly 

measure the result of the AP, then the prediction of the effectiveness of the AP will be 

different to the earlier experiments. 

The simple investigation-rules were chosen because they are typical of the procedures that 

auditors most frequently use. This was demonstrated by the surveys described in Chapters 

5 and 6. The chosen procedures all used annual data and are similar to those implied by 

Loebbecke and Steinbart (1987) in their work, so it will be interesting to see if they 

produce similar results. The first procedure was comparison: the investigation-rule was to 

compare the audited value that of last year, and had an associated outcome-rule of 'signal 

that there is no error if the change between the years was less than the outcome value'. The 

other simple investigation-rules made use of the book-values fo r earlier years to build an 
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expectation-value. Suppose that Y4 is the book-value for tbe year being audited and is the 

total paybill for that year, and that Y,, Y; and Y3 are equivalent values kr the prior years. 

An investigation-rule might be a prediction based on change in previous years, one such 

example is Y4 = Y3 x (1 + (Y3 - Y2)/Y2)). 

The other simple investigation-rule was similar, but used the average change in previous 

years. For example Ŷ 4 = Y3 + {ax (Y3 - Yz) + bx (Yz - Yi)} / (a + b), if a = b = 1 this 

reduces toY4 = Y3 + {(Y3 -Yi)} / 2. If a =2 and b = 1, then it becomes a weighted average of 

the yearly differences: Y4 = Y3 + {2 x (Y3 - Y2) + (Y2 - Y])} / (3). A variation might be a 

prediction based on a weighted average of previous years. For example Y4 = (ax Y3 + 

bx Y2 + cx Yi)/(a + b +c). If a = b = c = 1, we have a simple average. Some models give 

more weight to recent years: for example a = 3, b = 2 and c= 1. 

Which of the rules is the appropriate one to apply depends on the data. For example, when 

considering the simple investigation-rules, if the data are steadily increasing by amounts 

that do not vary in proportion to the size of the values, then rules 6 to 9 might be best. On 

the other hand if the data are increasing in a way that is proportional to the values then 

rules 4 or 5 might be better models. 

& 2.2.2 MzrWfg 2; owfcoMg-rfffM 

An outcome-rule of the type | Y i - Ys | < C was used for all the experiments. For 

investigation-rules 1 - 3, the rule was based on the monthly totals, and for investigation-

rules 4 - 9 , the rule was based on annual totals. For the experiments described here, there 

are a number of different criteria that could be used to put a value on that outcome-rule. 

One is materiality - described in Chapter 2. However materiality is not apphed directly. 

Rather a range of values is used, which could be judged to be signiScant values and that 

also reflect the range of values auditors use when considering materiality. Auditors may 

think of the significant values in terms of proportions or absolute values. For the 

experiments the outcome-values were set at 1% to 10% of the total book-value being 

4 8 

audited: ^ yifbr the annual rules and ofy , for the monthly rules. 
i = 3 7 
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8.2.2.3 Variable 3: the data 

A key element of any AP is the data. As explained in Chapter 3, the data used by the 

auditor might be from the financial systems or may be a combination of that and data 6om 

other systems. Those systems may be parts of the audited organisation, or external to it. 

To investigate whether APs (investigation-rule) provide high frequencies of false signals it 

is necessary to find a data set that is well behaved. By that is meant that any increase or 

decrease in one variable is matched by equivalent changes in other variables and such 

changes are stmctured and not prone to large fluctuations. If the AP (investigation-rule) 

does not perform well, that is it has a potential 6)r false signals, then that will provide 

strong evidence of a potential Gaw in such rules. It will also provide evidence to contradict 

the earher experiments whose methodology to measure success was a reduction of other 

tests. If the APs do well then further experiments may be required. 

For the simulations, three sources were used to create the populations. The Grst two sets of 

populations were modelled on data 6om two diSerent Government Agencies: they were 

the Paymaster Generals Office (PGO) and the Land Registry (LR). These Agencies were 

chosen because they were audited by the NAO and it was therefore possible to obtain 

direct evidence about the quahty of the data through the work of the NAO. The data 6om 

Government Agencies consisted of 48 observations: 48 sets of monthly pay bills from the 

accounts branch and associated data on staff numbers &om a policy branch. In the pubhc 

sector, the pay area is a well-controlled set of financial and staff information. Management 

set strict budgets, and staff would soon complain if they were underpaid. Consequently we 

can assume that it is largely error free: there are management controls that should detect 

material overpayments by the systems and most underpayments will be the subject of staff 

action. That assumption is supported by the work of the Internal Auditors of the 

organisations and the external auditor, the National Audit Office (NAO), both of whom 

extensively checked the systems and the data. 

The data from the Government Agencies contained two Matures that needed to be ac^usted. 

Since the pay data relates to four different financial years, the payment data needs to be 

adjusted for the effect of pay inflation to put the data from all years into current values. 
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Fortunately, pay rises are annual, so the data can easily be put onto a common basis. Pay 

rises are documented and formally approved by senior management and therefore the pay 

data can easily and legitimately be adjusted to take account o f the effects of these changes. 

For the experiments, the salary payment data was up-rated so that all the financial data has 

the same economic value as the data for the year being audited. 

The second feature is the timing of the pay rises, a consequence of which is that the pay in 

a particular month may not relate to the number of staff being paid for that month. This 

will be particularly significant if pay arrears afkct a large proportion o^ or all of̂  the staff. 

This issue regularly afkcts the pubhc sector. Pay awards take e@ect at the start of the 

financial year, normally on the 1 ^ r i l . However, because of the nature of large 

organisations, and sometimes for political reasons, negotiations about pay may last for 

many months with the results of an award being agreed several months after the beginning 

of April. The award would then be backdated to the 1 April. Because of this, there may be 

one particular month where the salary charge is inflated by the effect of the pay arrears, 

and this month may vary 6om year to year. 

The impact of these two features and how the ac^ustments were made was explained in 

Annex A of Chapter 3. From the point of view of the integrity of the audit, such 

amendments are acceptable provided they are done before any work is started to calculate 

the e^gectation value, otherwise this could bias the results. This is an example of why 

understanding the business is crucial, so that appropriate ac^ustments can be made and 

authenticated. In a sense such adjustments are an essential part of the overall AP process. 

The data 6om the agencies reflects other situations. For example the effect of pay drift 

caused by the incremental pay rises of staff as they progress up pay spines. These were 

typical of the data that was collected in the early to late 1900's. There is another feature 

that the data for these experiments does not contain. It is the one o ^ payments to 

individuals. These are adjustments that relate to all the stafT, in respect of pay arrears, pay 

advances, and repayments. While we have adjusted 6)r the effects of the annual pay 

awards, and the effects of pay inflation caused by those pay awards, there are other figures 

in the data underlying the Gnancial statements that are changed by amounts that are not so 

191 



Chapter 8 

easy to estabhsh. The auditor usually does not, or cannot, or should not change these. A 

figure that does not fit the pattern may just be a random but correct amount, or it may be an 

error. While we built values that affected the average of these fluctuations, the data does 

not reflect the extremes. These payments are relatively small in terms of the overall 

monthly paybiU. 

The process of simulating the data for the audit populations that are based on the Agencies 

is shown in the flow diagram in Figure 8.3 below. The file names of the data are shown to 

enable cross-reference to be made to the programs used to do the simulations. 

Using the data &om a Government Agency as a prototype, sets of data are constructed that 

are typical of such organisations. Based on the key parameters of the Agency's data (the 

mean, standard deviation, minimum and maximum), the suite of programs simulates a set 

of data. Before being used as a basis for the simulations, the Agency data had been 

adjusted to current values and for the effects of any back pay arising 6om the pay awards. 

In brief the simulation works in the following way. In order to simulate a set of pay data 

that has the same characteristics as one of the Agencies we used a suite of programs 

written in S-Plus. Basically the programs use the parameters of the real data. Suppose there 

are two explanatory variables representing different staff grades (xn, X2i) and the response 

variable (pay) is yi, for i = 1 :n. First the minimum and maximum of the staff variables are 

calculated. Then using a linear regression model, the parameters a, bi and b2 and the 

standard deviation (s) are estimated 6-om the Agency data. A new set of data is calculated 

by yi = a + bixn + b2X2i + N(0, s), where i = 1 :n and X], and X2i are uniformly distributed in 

the range (minimum, maximum). The number of sets of observations (n) is 48 in these 

experiments. 
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Past Data 
Pay: 'prdaty' 
Staff numbers: 'prdatx' 

Data &om government 
agencies on stafF salaries 

Data for audited year 
Pay: 'audaty' 
Staff Numbers: 'audatx' 

Data &om the Government agency 
on sta:^ within grades 

Simulate staff and pay data using parameters estimated 
from the Government Agency data: 
Program: simnewdata. 
In: xdata, ydata 
Out: pay data 1 

Allocate simulated data to months prior to audit period. 
Program: allocate 
In: paydatal 
Out: prdatx, prdaty, audatx, audaty 

Figure 8.3; Flow Diagram of simulation of distributions 

Each new set of simulated data is then allocated between the data that is prior to the audit 

and the data representing the audited period. For example, if the simulated data were based 

on one of the Agencies, there would be 48 monthly pay charges to the jRnancial statements 

and details of the numbers of staff for each of those months. Each set of simulated data is 

then split into the 36 months of data prior to the audited year and 12 months data for the 
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audited year. In the first set of data the prior data are in the Gles 'prdaty' and 'prdatx' and 

are: 

y 1, yz, ... yi+i, ... y36 .... the response variable, and 

xi, X2, ... Xi+i, ... X36 .... the explanatory variable 

The response and explanatory variables for the year being audited are observations 37 to 

48. These are in the Gles 'audaty' and 'audatx', and are: 

y37, . y43, ... y48 . . the response variable, and 

X37, ... X43, ... X48 .... the explanatory variable 

The second Agency yielded a more detailed set of data. They are summarised into two 

grade groups in the illustration shown below. The pay-bill is the response variable and the 

number of staG", the explanatory variables. For the prior data w e have: 

yi, yz, ... yi+i, ... y36 . . . response variable, and 

, ... xi , ... xi,36 .... explanatory variable one - senior stafT, and 

X2.1, X2^, . X2^+i, ... X2,36 .. explanatory variable two-jimior grades 

The response and explanatory variables for the year being audited would be observations 
37 to 48, that is: 

y37, ... y43, ... y48 . .. response variable, and 

X1.37, . X1.43. . xi,4g explanatory variable one - senior staf^ and 

X2,37, X2,43 . X2,48 .... explanatory variable two - junior grades 

Because the data is from a source that has been extensively audited, the base data is 

assumed to be error Gee. The assumption is made for aU the simulated data before errors 

are seeded into the audited data. The seeding of errors into the audited data (y37toy48) wiU 

be discussed later in Section 8.2.2.5. 

As well as this data &om real organisations, one set of the populations was simulated as if 

it was similar to that used by Knechel (1988a) and was used to rephcate a part of his work. 

The details underlying its generation are in section 7.7. 
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8.2.2.4 Variable 4: the seeded error 

Many auditors have claimed that error rates are low within the data underlying the 

fmancial statements. Positive indications of the incidence of errors have come &om a 

number of studies. Kreutzfeldt and Wallace (1986) analysed 260 audits and found that the 

average number of errors detected and recorded was under 6 per audit. Bell and Knechel 

(1994) analysed a small number of highly specialised audits (Property and Causality 

Insurers) and found a low incidence of error in those audits. Even allowing for the caveat 

that not all errors may be recorded, these examples provide some evidence for a low 

number of errors in accounting populations. 

That audit folklore is taken as a working assumption, but the implications of high error 

rates will also be considered. The error is seeded into the book-values of the fmancial data 

being audited: ys?, - . y43, - y48 in the example that is discussed above. The level of error 

4 * 

to be seeded was set as a percentage of the total book-value being audited; that is ^ y;. 

This percentage is a convenient way of controlling and explaining the value of the error. 

The levels of error (E) seeded were 6om 0% to 15% in increments of 1%, producing 16 

levels for variable 4. Another study might choose to look at errors seeded into the 

explanatory variables. 

8.2.2.5 Variable 5: the pattern of error 

Other experiments that used monthly outcome-rules, for example Knechel (1988a) and 

Knechel (1988b), found that the way errors were distributed within an audited period 

affected the ability of the AP to detect them. The more evenly the error was spread, the 

harder it was to detect. Conversely large errors, occiirring as if all the error was 

concentrated at one point, were more likely to be detected. To measure the impact of the 

different error patterns, the error was seeded in four different patterns. These are shown in 

Table 8.4. The index number is the flag of Wiether the error is allocated at random to one 

month in the twelve, or spread uniformly over 3 ,6 or 12 months. In the 1, 3 and 6-month 

cases the seeded months are selected, at random. 
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Error Pattern Index Number 
All in one of the twelve months 2 
Spread over three months 3 
Spread over six months 4 
Spread over all twelve months 5 
Table 8.4: The error pattern seeded into the simulations 

For annual outcome-rules the error pattern was not an issue. 

The objective of the investigations was to indicate the extent to which APs were e^ctive, 

with different sets of data, for different investigation rules and for different combinations 

of error, both level and pattern. First the way in which the difkrent variables were 

considered in the experiments is described. To illustrate how this was done, the 

implementation of one combination of variables is used as a basis to describe the outline of 

the e^geriments. All the experiments were organized in a similar way. The process was 

implemented using a suite of programs written in S-Plus, a laiig:uage that was chosen 

because it offers certain routines, such as regression and random number generation that 

can be incorporated into any routines / programs that are written. 

The rest of this section describes the implementation of the experiments to measure the 

level of false-negative and false-positive signals for the APs. 

8.3.1 The implementation of the experiments 

The description of the process underlying the implementation of the experiments is 

summarised in the flowchart in Figure 8.5 on page 198. Briefly the investigation-rule is 

selected [Step 1], and a data set chosen as the basis for the simulated data. In the example 

described here they were, respectively, simple regression and the data from one of the 

Government Agencies. Then the experiments follow the sequence of the flow chart. 

In step 2 we simulate a population to which the AP is applied. For each iteration we 

generate 48 sets of observations (pay and staff data) to represent the monthly data for the 

four-year period. This follows the method described in Section 8.2.2.3. 
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After the data is generated, the next step (step 3) is to sort it into the four subpopulations: 

the 6rst 36 sets of variables are the prior data which are divided into e)q)lanatory (xdata) 

and response variables (ydata), and the 6nal 12 are the audited data which are divided into 

explanatory (audatx) and response variables (audaly). At this stage the data in audaty 

represents YTi, the "true" book-values for each month. 

In step 4, a model is built that represents the investigation-rule. The prior data (xdata and 

ydata) are used to build the model. Then the expectation values (YTi, where i = 1...12 for 

monthly data) are estimated using the explanatory variable(s) (audatx) &om the audited 

period. 

Steps 5 and 6 work in conjunction with each other, and are parallel to step 4. The initial 

step in the process of seeding the error, step 5, is the selection of the error patterns that will 

be used for this part of the experiment. That pattern is then fixed until we have evaluated 

all combinations of error and outcome-value. 

Step 6 is to seed the error into 'audaty', to produce the Ygi values. An assumption is made 

that the error is in the financial statements, and the aim of the AP is to signal when there is 

an imbalance (error signalled) between the financial statements and the underlying data. 

The error is therefore seeded within the values being estimated: Yi, Y; , . . , Y]2. This is 

done Grst for E = 0 (0% error), and then for E = 1% to 15%. 

Step 7 is to compare Y^ to Yg using outcome rule, followed by Step 8 to record the results 

of whether lY^E - YsEl < C for C = 1% to 10%. A score of "1" is recorded if |̂ TE - YsEl < 

C and "0" otherwise. For each time round the loop the scores are recorded into an output 

matrix, which is then updated with each successive evaluation. 

Thus if a score of "1" is recorded that is added into the total for each combination of 

outcome-value and seeded error value. At the end of the process the proportion of times 

that I Y^E - YgEl 5 C can be calculated by dividing through by the number of simulations in 

the trial. The table of observed &equencies is computed &om this matrix. 
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Yes 

No 
Is j <2500? 

No 

Iss<5? 

No 

Yes 

Is E < 16? 

E = 
F+1 

END 

Stq) 8: Add to output 

Step 4: 
Make an 
estimate of YT̂ , 
n= l^ . .12 

Step 6; Seed error 
at level E to 
produce YB'S. E = 

Step 5 . Select a 
pattern, s = 2, 3,4, 5. 
(Initially s = 2) 

Step 1: Set Investigation Rule for the experiment 

Step 2: Generate data set [j] for data type 1: j =1: 2,500 

Step 3: Sort the data into four subpopulations 
xdata, ydata, audatx and audaty (Y-r) 

Step 7: Make tk comparisons using the 
outcome-rule | Y y - Yg | < C for each 
month. Score 1 if it is true. Keep 
evaluating for C = 1%... 10% of the 
relevant book-value. 

Figure 8.5; Flowchart showing the simulation of the observed frequencies of | Y i - Yg | <C. 

An example of the form of the 6nal output is in Table 8.7 on page 200. The outcome-rule, 

I Y^E - YsE 15 C, is evaluated on a monthly basis, recording the number of times this was 

true [t] for each month, in which case t = 1. This result is calculated for each of the 12 
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months, so there are a series of O's and Ts. The average frequency for the year is then 

12 

given by ^ ti/12. These are then updated by successive simulations (2,500 in these 
/=i 

trials). 

The process is then repeated for all patterns of error (error level and pattern). Once that is 

done, the whole of the above is repeated for the next set of simulated data (S-om the same 

basic source of data, be it one of the agencies or the other data) until j = 2,500 when the 

process is stopped and a table is produced of the outcomes. 

Thus a 6equency has been computed for observing whether - YsEl < C, for each 

combination of variables: variable 2 (data at one level), variable 4 (error rate at 16 levels) 

X variable 5 (error pattern at 4 levels) evaluated over variable 2 (outcome-values at 10 

levels). The total number of simulations for experiment 1 is 1,600,000. That is (1 

X Ix 4x 15x lOx 2500)fbrE = l%to 1 5 % , p l u s ( l x l x 4 x Ix 10 x2,500) for the case 

when the no error (E = 0 in Figure 8.5) is seeded and tbe there is therefore no pattern of 

error. The combination of variables is summarised in Table 8.6. 

Variable Level Notes 
Investigation rule 1 

Data Land Registry 
Error pattern 4 

Error level 16 The 0% rate not applied by all of 
variables 

Outcome rule 10 The monthly outcome-rule 
Table 8.6: This shows the variables used for a particular experiment. 

We now have the &equency of observing that lY^- YB| < C for all combination of error 

and outcome-value. An example of the form of the output is in Table 8.7 on page 200. 

Each cell records the relative &equencies of observing if 1̂ % - Yg | < C for each 

combination of outcome-value (C) and seeded error (E). 

The important question is whether these &equencies are close to those that would have 

occurred if the comparison were to the true value (Yi), rather than Yi. That is jY i - Ysl < 

C. This would present the value that a 'perfect' AP would produce. We calculated such 

&equencies using the same rationale as that to calculate the frequency of observing jY^-

Yg I < C (Figure 8.5). The diAerence is that instead of estimating Ŷ r for each month, we 
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take the value of Yg be&re seeding the error as the estimate o f the true value Y?. We then 

seed the error as before to create the new value for Yg, that is Y \ . The outcome-rule for 

t h i s i s | Y \ - Y B | < C . 

I 

i 
One % 
Two% 
Three % 
Four % 
Five % 
Sk% 
Seven % 
Eight % 
Nine % 
Ten% 

Error Levels (Over 3 months) 
0% 1% 3% 3% 4% 15% 6% 7% 8% 9% 10%|11%I12% 13% 14% 15% 
0.16 
0.31 
0.45 
0.57 
0.67 
0.76 
0.83 
0.88 

0.92 
0.94 

0.14 0 
0.29 0 
0.42 0 
0.54 0 
0.64 0. 
0.73 0, 
0.80 0. 

0.86 0. 

0.90 0. 
0.93 0. 

13 0.12 
.25 0.23 
37 0.35 
48 0.44 

0.53 
0.60 

0.67 
0.72 
0.77 
0.82 

57 
66 
74 
80 
85 
89 

0.12 
0.23 
0.34 
0.43 
0.51 
0.58 
0.63 
0.68 
0.72 
0.75 

0.12 0.12 0.12 0.12 0 . 1 2 0.12 0.12 0.12 0.12 0.12 
0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 
0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 
0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 
0.50 0.50 0.51 0.50 0.50 0.50 0.51 0.51 0.51 0.51 
0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 
0,62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 
0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 
0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 
0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 

Table 8.7: This is an example of the output from a run of the program to produce the frequency of observing 
|Y'T-YBl<C. 

The Table 8.8 below shows the e)q)eGted frequencies of j Y i - Ysj < C for the case when the 

error is seeded equally into three months. As will be seen, these entries are close to the 

theoretical expectations. The AP should identify that nine months have no error, and error 

win be identified in the remaining three months. Hence the probability of observing that 

there is no error is > (9 x 1 + 3 x 0)/12 = 0.75. 

I 
O 

Error Rates (Over 3 months) 
0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15% 

One % 1.00 0.75 0.75 0.75 0.74 0.74 0.75 0.75 0.75 0.75 0.76 0.75 0.76 0.74 0.75 0.75 
Two % 1.00 0.74 0.76 0.75 0.75 0.75 0.74 0.75 0.75 0.77 0.76 0.75 0.75 0.73 0.74 0.74 
Three % 1.00 0.75 0.75 0.76 0.74 0.75 0.74 0.76 0.76 0.75 0.75 0.75 0.74 0.74 0.75 0.76 
Four % 1.00 0.89 0.75 0.75 0.76 0.76 0.76 0.76 0.75 0.75 0.73 0.74 0.75 0.74 0.75 0.76 
Five% 1.00 1.00 0.75 0.74 0.75 0.75 0.76 0.75 0.74 0.74 0.75 0.76 0.77 0.75 0.74 0.75 
Sii% 1.00 1.00 0.75 0.76 0.77 0.75 0.77 0.73 0.75 0.76 0.76 0.75 0.75 0.75 0.74 0.73 
Seven % 1.00 1.00 0.84 0.75 0.77 0.76 0.74 0.75 0.74 0.75 0.76 0.75 0.74 0.77 0.76 0.74 
E # t % 1.00 1.00 0.92 0.76 0.75 0.74 0.75 0.76 0.75 0.75 0.74 0.74 0.75 0.75 0.75 0.74 
Nine % 1.00 1.00 0.99 0.75 0.75 0.76 0.75 0.74 0.76 0.74 0.75 0.75 0.74 0.75 0.76 0.76 
Ten% 1.00 1.00 1.00 0.82 0.75 0.75 0.76 0.76 0.75 0.73 0.74 0.75 0.76 0.77 0.76 0.76 

Table 8.8: This shows the expected frequencies of observing that |YT- YB| < C. 

Thus we have a table of observed frequencies (probabihties), which can be compared to a 

table of 6equencies that would have occurred if the AP exactly predicted the true book-

value. We will call these frequencies po and pE respectively. 

For the annual investigation-rules, the data is produced in the same way, but is then 

summed to produce annual totals. This was done to ensure consistency across all the 
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experiments. The tables of observed and expected frequencies are then computed in a 

similar way to those above. 

8.3.2 Interpreting the results of the experiments 

To illustrate the process of interpreting tlie results of the experiments, let us consider the 

case where the seeded error (E) is 0; the results of which are in Table 8.9. There the 

observed and expected frequencies are set out so we can compare them directly. 

No error seeded into Error = 0% 
audited population Po PE Diff 

One % CU6 1.00 -0,84 
Two % 0.31 1.00 -0.69 

1 
Three % 0.45 1,00 -0.55 

1 Four % 0^7 1.00 -0,43 1 Five % 067 1.00 -0,32 
i Six % 076 1.00 -0,24 
a Seven % 0 83 1.00 -0.17 
o Eight % 088 1.00 -0,12 

Nine % 092 1.00 -0,08 
Ten % 0.94 1,00 -0,06 

Table 8.9: The table shows the observed and expected 
frequencies of | YT- YB | < C% if the error rate is zero. 

Take the case where C = 3% of the book-value. If we consider the observed frequency 

(po), the frequency of | Y t - Yg | <3% was 0.45. Actually, there was no error in the 

population, so the AP should have scored ' 1' in all of the trials. Thus there was a false-

negative signal of 0.55 for this combination of error and outcome-value. This is an 

alarming result, since it implies that the auditor could be undertaking nugatory work in a 

large number of the applications of an AP. 

The situation when error is seeded into the audited population (the Yi's) is slightly more 

complex to interpret. For a monthly outcome-rule, this is replicating an audit strategy of 

searching for each month where the error is greater than the outcome-value for that month. 

Take as an example the case when the error is seeded into one month of the twelve 

(Variable 3: s = 2). For the situation when the seeded error is set at 3%, the results are as 

set out in Table 8.10. Taking the outcome-value to be C = 3%, as before, we have the 

observed frequency (po) = 0.41 while the expected frequency (pe) was 0.91; a false-

negative signal of 0.5. 
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Error seeded into one Error seeded at 3% 
month of the twelve PO PE Diff 

One % 0.14 0.91 -0,76 
Two % 028 0.91 -a63 

1 Three % 0.41 0.91 -0.50 
Four % 0.52 0.91 

% Five % 0.62 0.92 -0,30 

1 Six % 0.70 0.91 -0.21 
Seven % 0.76 090 -0.14 

O Eight % 0.81 0.90 -009 
Nine % 0 84 0.91 -0,07 
Ten % a87 0.90 -0.04 

Table 8.10: The toble shows the observed and expected 
frequencies of | Y j - Ys I < C% if the error rate is 3%. 

Now the general principles have set out of how the results of the simulation are recorded 

and interpreted, the next step is to look at the interpretation of the full experiment. As was 

set out at the start of this chapter, the intention is to indicate the extent of the false-negative 

and false-positive signals. Because of the nature of the results of the trials, a system of 

colour coding is adopted. It is analogous to some contour maps where different colours 

signal the relative height above a specified datum level. A similar approach is adopted: the 

degrees of effectiveness in terms of the relative frequency of false-negative and false-

positive signals will be shown by the colours used in the table of results of observing that 

| Y t - Yb| < C. These are shown in Table 8.11. 

Relative frequency of signals that are false resulting 
from the application of an AP. 

Colour used to indicate whether 
false-negative or false-positive. 

po < pE Frequency of false-negative signals is > 0.5 

Colour used to indicate whether 
false-negative or false-positive. 

Po < PE Frequency of false-negative signals is > 0.2 but < 0 . 5 Blue 

Po < PE Frequency of false-negative signals is > 0.1 but < 0.2 Light Blue 

P0~PE Frequency of a false signal is < 0.1 Clear (White) 

P O > P E Frequency of false-positive signals is > 0.1 but < 0.2 Pink 

po > pE Frequency of false-positive signals is > 0.2 but < 0 . 5 Middle Red 

Po > PE Frequency o f false-positive signals is > 0.5 R e d 

Table 8.11: This shows the key to the colour coding of the results of the experiments 

Although the entry in each cell is the observed frequency that | Y t - Yb| < C, the thesis 

concentrates on the levels of false-signals. In broad terms the interpretation of the colours 
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is: the darker the colour, red for false-positive and blue for Wse-negative, the greater the 

level of false signals and there&re the worse the performance of the investigation-rule. 

8.4 The Results of the Experiments 

A list of all the experiments that have been carried out are set out in the Table 8.12, and the 

details of the experiments are described in the rest of this chapter. 

Experiment Variable One Variable 
2 

Variable 3 Variable 
4 

Variable 
5 

(Investigation-rule) (Outcome 
-rule) (Data source) (Error 

rule) 
(Error 

Pattern) 
One Bivariate Regression Monthly LR All All 
Two Bivariate Regression Monthly PGO All All 
Three Multivariate Regression Monthly PGO AU All 
Four Bivariate Regression Mondily Similar to Kneche l All An 
Five - Eleven Various Simple APs Annual PGO&LR Annual N/A 
Table 8.12: This table provides a summary of the variables used in particular experiments 

The results are presented in a tabular format which follows that of Table 8.13 on page 205. 

Each cell in the table shows, for a particular combination of error and outcome-value, the 

frequency, in the repeated trials, that lYy- Ysl < C. That is the &equency that the 

difference between the expectation-value (YT) and the book value (Ys) is less than the 

relevant outcome-value (C). The values of the outcome-value and error are percentages of 

the value being audited (Yg) by the substantive test. The colouring shows the accuracy of 

the observation as explained in Table 8.11. The darker the colour the worse the 

performance: that is the higher the &equency of false signals. In each e)q)eriment the 

interpretation of the results is first made for the cases where the error (E) < 5%. That is 

then extended to include all values in the range 0% < E < 15%. 

For each combination of outcome-value and error there were 2,500 simulations to calculate 

the 6equency that lY^- Ygl < C for the particular investigation-rule that was used in that 

experiment. In addition there were a further 2,500 simulations for each combination of 

outcome-value and error to calculate the equivalent 6equency if the investigation rule had 

been perfect. 

The results for the regression-based investigation-rules, when used with monthly outcome-

rules, are shown in Tables 8.13 to 8.16 (and described in sections 8.5 to 8.8). The first 
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quarter of each table show the situation when all the error was seeded into one of the 

twelve months, the month being selected at random. The second quarter of the tables 

shows the situation when one third of the error was seeded into each of three months, 

selected at random. Similarly, the third and fourth quarters o f the tables show the cases 

when the error is seeded into six and twelve months respectively. 

The consideration of the regression-based rules was followed by a description of the results 

when simple investigation-rules are used with annual outcome-rules (section 8.9). The 

investigation-rules that are used are shown in Table 8.17 and the results in Tables 8.18 to 

8.24. A brief description of each experiment is given, fbllovyed by an interpretation of the 

result. Later, in Section 8.10, the findings and imphcations are summarized and discussed. 

& J ExygnwgMf 7. jfggrgyjfow WfA d l a A z a w gwcy 

The results for the first e]q)eriment are shown in Table 8.13. The data was simulated to 

have the same charactenstics as the pay data 6om the Land Registry Agency (LR). An 

inspection of the table shows that when no error is seeded into the data for the audited 

period, there are varying levels of false-negative signals, unless C > 9%. 

The results are now considered when there is seeded error. If E < 2% and if C < 8% there 

were 61se-negative signals, for all patterns of error. Also, while the error is in the range 

3% < E < 5%, then depending on the spread of the error across the months, there are 

varying degrees of false-negative signals for all levels of the outcome-value (C). When the 

error is seeded into one month, there were false-negative signals while C < 8%. The 

corresponding Ggures when the error is spread over three or six months were C < 7% and 

C < 3%. If the error was spread evenly over the twelve month period, then there were 

false-positive signals while C < E, and false-negative signals otherwise. 

Considering the outcomes of the experiment for all values of E > 5%, it can be seen from 

Table 8.13 that, generally, the above observations still apply. Overall the investigation-rule 

performed badly for this data set, giving false-negative and false-positive signals 

depending on the error spread. 
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I 
a 

I 

One % 
Two % 
Three % 
Four % 
Five % 
S t £ % 
Seven % 
Eight % 
Nine % 
Ten % 

One % 
Two % 

Four % 
Five % 
S i x % 
Seven % 
Eight % 
Nine % 
Ten % 

One % 
Two % 
Three % 
Four % 
Five % 
Six % 
Seven % 
Eight % 
Nine % 
Ten % 

One % 
Two % 
Three % 
Four % 
Five % 
Six % 
Seven % 
Eight % 
Nine % 

Three % 

Ten % 

Error all in one mon th 
0% 

0.16 
0 . 3 1 

0 . 4 5 

0 . 5 7 

0.68 
0 . 7 6 

0 . 8 3 

0.88 
0 . 9 2 

0 . 9 5 

1 % I 2 % I 3 % I 4 % I 5 % 6 % I 7 % I 8 % | 9 % [ 1 0 % | 1 1 % | 1 2 % | 1 3 % | 1 4 % | 1 5 % 

0 . 1 4 

0.28 
OM 
0 . 5 3 

0 . 6 3 

0 . 7 1 

0 . 1 4 

0.28 
0 . 4 1 

0 . 5 2 

0.62 
0 . 7 0 

0 . 7 8 0 . 7 6 

0 . 8 3 1 0 . 8 1 

0 . 8 7 0 . 8 4 

0 . 9 0 0 . 8 7 

0 . 1 4 0 . 1 4 

0J8 0.28 
0 - 4 1 0 . 4 1 

0 . 5 2 0 . 5 2 

0.62 0.62 
0 . 7 0 0 . 7 0 

0 . 7 6 0 . 7 6 

0.81 10.81 
0 . 8 4 0 . 8 4 

0 . 8 7 0 . 8 7 

0 . 1 4 

0.28 
0 . 4 1 

0 . 5 2 

0.62 
0 , 7 0 

0 . 7 6 

0.81 
0 . 8 4 

0 . 8 7 

0 . 1 4 

0.28 
0 . 4 1 

0 . 5 2 

0.62 
0 . 7 0 

0 . 7 6 

0.81 
0 . 8 4 

0 . 8 7 

0 . 1 4 0 . 1 4 

0.28 0.28 
0 . 4 1 0 . 4 1 

0 . 5 2 0 . 5 2 

0.62 0.62 
0 . 7 0 0 . 7 0 

0 . 7 6 0 . 7 6 

0.81 0.81 
0 . 8 4 0 . 8 4 

0 . 8 7 0 . 8 7 

0.14 
0.28 
0.41 
0 . 5 2 

0.62 
0 . 7 0 

0 . 7 6 

0.81 
0 . 8 4 

0 . 8 7 

0 . 1 4 

0.28 
0 . 4 1 

0.52 
0.62 
0.70 
0.76 
0.81 
0.84 
0 . 8 7 

0 . 1 4 0 . 1 4 

0.28 0.28 
0 . 4 1 0 . 4 1 

0 . 5 2 0 . 5 2 

0.62 0.62 
0 . 7 0 0 . 7 0 

0 . 7 6 0 . 7 6 

0.81 0.81 
0 . 8 4 0 . 8 4 

0 . 8 7 0 . 8 7 

0 . 1 4 

0.28 
0 . 4 1 

0 . 5 2 

0.62 
0 . 7 0 

0 . 7 6 

0.81 
0 . 8 4 

0 . 8 7 

0 . 1 4 

0.28 
0 . 4 1 

0 . 5 2 

0.62 
0 . 7 0 

0 . 7 6 

0.81 
0 . 8 4 

0 . 8 7 

0 . 1 4 

0 J 8 
0 . 4 1 

0 . 5 2 

0.62 
0 . 7 0 

0 . 7 6 

0.81 
0 . 8 4 

0 . 8 7 

0 % 

0.16 
0 . 3 1 

0 . 4 5 

0 . 5 7 

0 . 6 7 

0 . 7 6 

0 . 8 3 

0.88 
0 . 9 2 

Error spread over three months 
1 % 2 % 3 % 4 % 5 % 6 % 7 % 1 8 % 9% 1 0 % 

0 . 1 4 

0 . 2 9 

0 . 4 2 

0 . 5 4 

0 . 6 4 

0 . 7 3 

0.80 
0.86 
0 . 9 0 

0 . 1 3 0 . 1 2 0 . 1 2 

0 . 2 5 0 . 2 3 0 . 2 3 

0 . 3 7 0 . 3 5 0 , 3 4 

0 . 4 8 0 . 4 4 0 , 4 3 

0 . 5 7 0 . 5 3 0 . 5 1 

0 . 6 6 0 . 6 0 0 . 5 8 

0 . 7 4 0 . 6 7 0 . 6 3 

0 . 8 0 0 . 7 2 0 . 6 8 

0 . 8 5 0 . 7 7 0 . 7 2 

0 . 9 4 0 . 9 3 0 . 8 9 0 . 8 2 0 . 7 5 

0.12 
023 
0 . 3 4 

0 . 4 3 

0 . 5 0 

0 . 5 7 

0.62 
0.66 
0 . 6 9 

0 . 7 2 

0.12 
0 . 2 3 

0 . 3 4 

0 . 4 3 

0 . 5 0 

0 . 5 7 

0.62 
0.66 
0 . 6 9 

0 . 7 1 

0.12 0.12 
0 . 2 3 0 . 2 3 

0 . 3 4 0 . 3 4 

0 . 4 3 0 . 4 3 

0 . 5 0 0 . 5 1 

0 . 5 7 0 . 5 7 

0.62 0.62 
0.66 0.66 
0 . 6 9 0 . 6 9 

0 . 7 1 0 . 7 1 

0.12 
0 . » 
0.34 
0.43 
0.50 
0.57 
0.62 
0.66 
0.69 
0.71 

0.12 
0.23 
0.34 
0.43 
0.50 
0.57 
0.62 
0.66 
0.69 
0.71 

1 1 % 1 2 % 1 3 % l l 4 % 1 5 % 

0.12 
0.23 

i O . 3 4 

1 0 . 4 3 

' 0 . 5 0 

0 ^ 7 
0.62 
0.66 
0 . 6 9 

0 . 7 1 

0.12 
0 . 2 3 

0 . 3 4 

0 . 4 3 

0 . 5 1 

0 . 5 7 

0.62 
0.66 
0 . 6 9 

0 . 7 1 

0.12 
0 . 2 3 

0 . 3 4 

0 . 4 3 

0 . 5 1 

0 . 5 7 

0.62 
0.66 
0 . 6 9 

0 . 7 1 

0.12 
0 . 2 3 

0 . 3 4 

0 . 4 3 

0 . 5 1 

0 . 5 7 

0.62 
0.66 
0 . 6 9 

0 . 7 1 

0.12 
0 . 2 3 

0 . 3 4 

0 . 4 3 

0 . 5 1 

0 . 5 7 

0.62 
0.66 
0 . 6 9 

0 . 7 1 

0% 
0.16 
0 . 3 1 

0 . 4 4 

0 . 5 7 

0.68 
0 . 7 6 

0 . 8 3 

0.88 
0 . 9 2 

0 . 9 4 

Error spread over six mon ths 

0 . 1 5 0 . 1 3 

0 . 3 0 0 . 2 7 

0 . 4 3 1 0 . 3 9 

1 % J 2 % I 3 % I 4 % I 5 % 

61)9 
0.18 
0.26 
0 . 3 5 

0 . 4 3 

0 . 5 0 

0 . 5 7 

0 . 6 4 

0 . 7 0 

0 . 7 6 

0 . 5 6 

0.66 
0 . 7 5 

0.82 
0.88 
0 . 9 1 

0 . 9 4 

0 . 5 1 ; 

0.62: 
0 . 7 1 

0 . 7 8 

0 . 8 5 

0 . 8 9 

0 . 9 3 

0.12 0.10 

0 . 2 3 0 . 2 0 

0 . 3 4 0 . 3 0 

0 . 4 5 0 . 3 9 

0 . 5 5 0 . 4 8 

0 7 6 4 0 . 5 7 

0 . 7 2 j 0 . 6 5 

0 . 7 9 : 0 . 7 2 

0 . 8 4 0 . 7 8 

0 . 8 9 0 . 8 3 

6 % 

0.08 
0 . 1 7 

0 . 2 4 

0 . 3 2 

0 . 3 8 

0 . 4 5 

0 . 5 1 

0 . 5 7 

0 . 6 3 

0 . 6 9 

7 % J 8 % 

0.08 0.08 
0.16 0.16 

0 . 2 3 0 . 2 2 

0 . 3 0 0 . 2 9 

0 . 3 6 0 . 3 5 

0 . 4 1 1 0 . 4 0 

0 . 4 6 0 . 4 4 

0 . 5 2 0 . 4 8 

0 . 5 6 0 . 5 2 

0 . 6 2 0 . 5 6 

9 % 

o.os ' 
0.16 
0.22 
0.29 
0.35 
0.39 
0.43 
0.46 
0.49 
0.52 

10% 111% 112% 113% 114% 115% 
0.08 0.08 0 08 
0 . 1 6 0 . 1 5 0 . 1 6 

0.22 0.22 0.22 
0.28 0.28 0.28 
0 . 3 4 0 . 3 4 0 . 3 4 

0 . 3 8 0 . 3 8 1 0 . 3 8 

0 . 4 1 0 . 4 1 0 . 4 1 

0 . 4 4 0 . 4 4 0 . 4 4 

0 . 4 6 0 . 4 6 0 . 4 6 

0 . 4 7 0 . 4 7 0 . 4 7 

0.08 
0,15 
0.22 
0,29 
0,34 
0 , 3 8 

0,42 
0 . 4 5 

0.47 
0.50 

0.08 0.08 

0 . 1 5 0 . 1 6 

10.22 0.22 
0 . 2 9 0 . 2 9 

0 . 3 4 0 . 3 4 

0 3 8 0 3 8 

0 . 4 2 0 . 4 2 

0 . 4 4 0 . 4 4 

0 . 4 6 0 . 4 6 

0 . 4 8 0 . 4 8 

0% 

0.16 
0 . 3 1 

0 . 4 5 

0 . 5 7 

0 . 6 7 

0 . 7 6 

0 . 8 3 

0.88 
0 . 9 2 

0 . 9 5 

Error spread over all mon ths 
1% I 2% I 3% I 4% I 5% 
0.1610.15 
0.30 6.29 
0.44 0.42 
0.56 0.54 
0.67 0.65 
0.76 
083 
0.88 
0.92 
0.95 

0.74 
0.81 
0.87 
0.91 
0.95 

0.13 0.11 
0.26 0.23 
039 0.34 

"O.SOj 0,46 
0.61 0.56 
0.70 0.65 
0.78 0.74 
0.84 0.81 
0.89 0.86 
0.93 0.91 

0.10 
0.20 
0 3 0 
0.40 
0.50 
0.59 
0.68 
0.76 
0.82 
0.87 

6% 7% 8% 9 % 10% 
0.08 0.06 

0.16 0.13 
0.25 0.20 
0.34 0.27 
0.43 0.36 
0.52 0.45 
0.61 0.54 
0.69 0.63 
0.77 0.71 
0.83 0.78 

0.05 0.04 0.02 
0.10 0.07 0.05 
0.16 0.12 0.08 
0.22 0.17 0.12 
0.29 0.23 0.18 
0.37 0.30 0.24 
0.46 0.39 0.31 
0.55 0.48 0.40 
0.64 0.57 0.50 
0.72 0.66 0.58 

11% 12% 13% 14% 15% 
0.01 0.01 

0.03 0.02 
0.06 0.04 
0.09 0.06 
0.13 0.09 
0.19 0.14 
0.25 0.19 
033 0.26 
0.42 0.34 
0.51 0.44 

0.01 
0.01 
0.02 
0.04 
0.06 
0.10 
0.15 
0.21 
0.28 
0.36 

0.00 
0.01 
0.01 
0.03 
0.04 
0.07 
0.11 
0.16 
0.22 
0.29 

0.00 
0.01 
0.01 
0.02 
0.03 
0.05 
0.07 
0.11 
0.16 
0.23 

Table 8.13: Experiment one with the investigation-rule 1 and data simulated to be like LR. 

8.6 Experiment 2: The use of Bivariate Regression with data from another Agency 

Table 8.14 shows the results of this experiment. In essence, it is a repeat of Experiment 

One, but with the data simulated to be similar to that from a different Government Agency; 

the Paymaster Generals Office (PGO), 

The results are similar to experiment one, with variations in detail: generally there were 

higher levels of false signals. For example, when the error is zero, for all outcome values 
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less than or equal to 10%, the relative frequency of false-negative signal is greater than 0.1. 

The comparable figure in experiment one was 8%. 

Outcome 
Values 

Error spread over 1 month 
0% 1% 1^0 3% r 4 % 5% 6% 7% 8% [ 9 % 10"/o 11%112%113% 14% 15% 

One % 
Two % 
Three % 
Four % 
Five% 
Six % 
Seven % 
Eight % 
Nine % 
Ten % 

0.11 
023 
0.33 
0.43 
0.52 
0.61 
0.68 
0.75 
0.80 
0.85 

O i l 
0.21 
0.31 
0.40 
0.49 
0.57 
0.65 
0.71 
0.77 
0.81 

0.10 0.10 
0.21 021 

0.10 
0.21 
0.30 0,30 0.30 
0.39 0.39 0.39 

0.48 0.48 
0.56 0.56 
0.63 0.63 
0.69 0.69 
0.74 0.74 
0.78 0.78 

0.48 
0.56 
0.63 
0.69 
0.74 
0.78 

0.10 
0.21 
0.30 
0.39 
0.48 
0.56 
0.63 
0.68 
0.73 
0.78 

0.10 0.10 
0.21 0.21 
030 0.30 
0.40 0.39 
0.48 0.48 
0.56 0,56 
0.63 0.63 
0.69 0.69 
0.74 0.74 
0.78 0.78 

0.10 0.10 
0.21 0.21 
030 0.30 
0.40 0.39 
0.48 0.48 
0.56 0.56 
0.63 0.63 
0.69 0.69 
0.73 0.73 
0.78 0.78 

0.10 
0.21 
0.30 
039/ 
0.48 
0.56 
0.63 
0.69 
0.73 
0.78 

0.10 
021 
w 

0.48 
0,56 
0.63 
0.69 
0.73 
0.78 

O.M> 0.10 
02i OM 

Q.» 
0;4Q &39 
0.48 0.48 
0.56 0.56 
0.63 0.63 
0.69 0.69 
0.74 0.73 
0.78 0.77 

0.10 0.10 
OJH 0.21 
mo 0 30 

8 J 9 
0.48 0.48 
0.56 0.56 
0.63 0.62 
0.69 0,68 
0.74 0.73 
0.78 0.78 

Error spread over 3 months 
0% 1% 2% 3% 4% 5% 6% 7% I 8% | 9% |10% 11% 112% 113% 114% 115% 

One % 
Two % 
Three % 
F o u r % 
Five % 
Six % 
Seven % 
Eight % 
Nine % 
Ten % 

0.11 
0.22 
0.33 
0.43 
0.52 
0.61 
0.68 
0.74 
0.80 
0.84 

0,11 0.10 
0.21 0.20 
0.32 0.29 
0.42 0.38 
0.51 0.47 
0.59 0.55 
0.67 0.62 
0,73 0.69 
0.79 0.75} 
0.84 ; 0.801 

0.09 
0.18 
0.27 
0.35 
0.44 
0.51 
0.58 
0.64 
0.70 
0.75 

C M 
0.17 
025 
0.33 
0.41 
0.48 
0.54 
0.60 
0,65 
0,69 

0.09 
0.17 
0.25 
0.32 
0.40 
0,46 
0.52 
0.57 
0.62 
0.66 

0 0 8 O.OS 
0,16 0.17 
0.24 0.24 
0.32 0.32 
0.39 0.39 
0.46 0.45 
0.51 0.51 
0.56 0.56 
0.61 0.60 
0.64 0,63 

0.08 0.09 0X)8 
0.17 0.17 0.17 

0.25 
0.32 
0.39 
0.46 
0.51 
0.56 
0.60 
063 

0.25 
0.32 
0.39 
0.45 
0.51 
0^6 
0.60 
0,63 

0,24 
0.32 
039 
045 
0,51 
0,56 
0.60 
063 

OCR 
0.17 
0.Ji3l 
0,32 
0.39 
0.46 
0.51 
0.56 
0.60 
0.63 

0.081 tt08 
0.J7 e.tT 
0.25 024 
0.32 0.32 
0.39 0.39 
0.46 045 
0.51 0.51 
0,56 0.56 
0,60 0,60 
0.63 0.63 

0,08,0.08 
0.17 o:i7 
bJS 025 
0.32 0.32 
0.39 0 39 
0.46 0.46 
0.51 0.51 
0.56 0,56 
0,60 0.60 
0,63 0,63 

0% 1% I 2% 1 3% I 
0.10 0.09 
0.21 0.19 
0,31 0.28 
0.41 0.37 
0.49 i 0.46_ 
0.58 0.54: 
0.65 0.62 
0.72 0.68 
0.78 0.74 
0.83 0.80 

Error spread over 6 months 
4"/o 1 5% 6% I 7% 1 8% i 9% 10®/o 11% 112% 113% 114% 115% 

One % 
Two % 
Three % 
Four % 
Five % 
Six % 
Seven % 
Eight % 
Nine % 
Ten % 

0.11 
0.22 
0.33 
0.43 
0,52 
0.61 
0.68 
0.74 
0.80 
6,84 

0.11 
0,22 
0,32 
0.43 
0.52 
0.60 
0.68 
0.74 
0.80 
0.84 

0.09 
0,17 
0.26 
0.34 
0.42 
0.50 
0.57 
0.64' 
0.70: 
0.75 

0.08 
0.16 
0.23 
0.31 
038 
0.45 
0.52 
0.59 
0,65 
0.70 

0.07 
0.14 
0.21 
0.28 
0.35 
0.41 
0.48 
0.54 
0,59 
0.65 

0.06 
0.13 
0.19 
0.26 
0,32 
0,38 
0.44 
0,49 
0.54 
0.60 

0.06 
0.12 
0.18 
0.24 
0,29 
0.34 
0,40 
045 
0,50 
0.54 

0.06 0.06 
0.12 0.11 

0.17 0.17 
0.23 0.22 
0.28 0.27 
0.33 0.32 
0,38 0.36 
0.42 0,40 
0.46 0.44 
0,51 0,48 

0.06 
0 . 1 1 
0.17 
0.22 
0.27 
0,31 
0,36 
0,39 
0.43 
0,46 

0.06 
Oil 
0.16 
0.21 
0.26 
0.30 
0.34 
0.38 
0.41 
0.44 

0.06 
0.11 
0.16 
0.22 
0.26 
0.30 
034 
0.37 
0.40 
0.43 

0.06 
Oil 
0.17 
0.22 
0.26 
0.31 
0.35 
038 
0.40 
0.43 

0.06 
Oil 
0.17 
0.22 
0.26 
OJO 
034 
037 
0.40 
0.42 

Error spread over 12 months 
0 % 1 % 3 % 4 % 5 % 6 % 7 % I 8 % I 9 % 1 1 0 % 1 1 % 1 1 2 % 1 1 3 % 1 1 4 % 1 5 % 

0.01 
0.03 
0.04 
0.06 
0.08 
0.11 
0.15 
019 
0,24 
0,30 

One % 
Two % 
Three % 
Four % 
Five% 
Six% 
Seven % 
Eight % 
Nine % 
Ten % 

0.11 
023 
0.33 
0.43 
0.53 
0,61 
0,68 
0.75 
0.80 
0.85 

0 . 1 1 1 

0 2 2 
0,33 
0,43 
0.52 
0.61 

0,68 
0.75 
0,81 
0,85 

0,10 
0.21 
032 
0.42 
0.51 
0,60 
0,67 
0.74 
0,80 
0,84 

0.10 0,10 
0,20 0,19 
0.31 0,29 
0.40 0.38 
050 0.47 
0.58 0.55 
0.65 0.63 
0.72 0.69 
0.78 0.76 
0.83 0.81; 

0.09 
0,18 
0,27 
0.35 
0.43 
0.51 
0.59; 
0.66 
0.73 
0.78 

0,08 0. 

0.17 0, 
024 0. 
0.32 0. 
039 0, 
0.47 0. 
0,55 0. 
0.62 0, 

0.69 0, 
0.75 0. 

07 0,06 
,14 0.12 
22 0,19 
29 0.25 
36 0.32 
43 0,38 
50j 0.45 
58 "0.53! 
64 0.60 
71 0.66 

0.05 
0.10 
0.16 
0,22 
0.28 
034 
0.41 
0.47 
0^54' 
0.61 

0.04 
0,08 
0,13 
0.18 
024 
0,30 
0.36 
0.42 
0.49 
0.56, 

0.03 
0.07 
0.11 
0.15 
0,20 
025 
031 
0 3 7 
0.44 
0,50 

0.03 
0.06 
0,09 
0,12 
0.16 
021 
0.27 
032 
038 
0.45 

0.02 
0.04 
0.07 
0.10 
013 
0.17 
0,22 
028 
033 
0,40 

0.02 
0.04 
0.05 
0.08 
0.11 

0,14 
0.18 
023 
029 
0,35 

Table 8.14; Experiment Two with the investigation rule 1 and data simulated to be Uke PGOl 
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8.7 Experiment 3: Results of experiment using multivariate regression with data that 

is distributed as if it were from the PGO Agency 

This experiment explores the impact of using data that is disaggregated. The data used is 

from tlie same area within the PGO Agency as in Experiment 2, but with three explanatory 

variables rather than one. The total staff numbers that were used in Experiment Two are 

disaggregated into three different staff grades. The results are shown in Table 8.16. 

0 % 1 % 2 % 3 % 4 % 5 % 6 % 7 % I 8 % I 9 % 1 1 0 % 1 1 % 1 2 % 1 3 % 1 1 4 % 1 1 5 % 

Error spread over 1 month 

> I 

One % 
Two % 
Three % 
Four % 
Five % 
S k % 
Seven % 
Eight % 
Nine % 
Ten % 

0,29 
0.54 
0.72 
0.85 
0.93 
0.97 
0.99 
1.00 
1.00 
1.00 

0.26 0J6 
0.49 0.49 
0.66 0.66 
0.78 0.78 
0.85 0.85 
0.89 0.89 
0.91 0.90 
0.92 0,91 
0.93 0.92 
0.95 0.92 

0.26 0.26 0.26 
0.49 0.49 0.49' 
0.66 0,66 0,66 
0.78 0.78 0.78 
0.85 0.85 0.85 
0.89 0.89 0.89 
0.90 0.90 0,90 
0,91 0,91 0,91 
0.92 0.92 0.92 
0.92 0,92 0.92 

0.26 0.26 
0.49 0,49 
0,66 0,66 
0.78 0.78 
0,85 0.85 
0.89 0.89 
0.90 0.90 
0.91 0.91 
0,92 0.92 
0.92 0.92 

0.26 0,26 
0,49 0,49 
0.66 0,66 
0.78 0.78 
0.85 0.85 
0.89 0.89 
0,90 0.90 
0,91 0,91 
0.92 0.92 
0.92 0.92 

0 . 2 ^ 
0.49 
0,66 

0.78 
0.85 
CL89 
0,90 
0,91 
0.92 
0.92 

026 0.26 
0,49 0,49 
0,66 0,66 
0.78 0.78 
0.85 0.85 
0,89 0,89 
0,90 0,90 
0,91 0,91 
0,92 0,92 
0,92 0,92 

0.26 0. 
0,49 0. 
0.66 0, 
0,78 0, 
0,85 0. 
0.89 0. 
0.90 0. 
0,91 0, 
0.92 0, 
0,92 0, 

26 026 
.49 0,49 
66 0.66 
,78 0,78 
85 0.85 
89 0.89 
90 o a ) 
91 0.91 
92 0.92 
92 0.92 

Error spread over 3 months 
0% 1 % 2 % 3 % 4 % 5 % 6 % 7 % 8 % 9 % 1 0 % 1 1 % 1 2 % 1 3 % 1 4 % 1 5 % 

> 
8 

One % 
Two % 
Three % 
Four % 
Five % 
S ix% 
Seven % 
Eight % 
Nine % 
Ten % 

0.28 
0 53 
0.72 
OAS 
0.92 
0.97 
0.99 
1,00 

1,00 
1.00 

0.24 0.21 0.21 
0,46 0,40 0.40 
0.63 0,55 0,54 
0.76 0.66 0.64 
0,86 0,73 0.69 
0 93 0J9 073 
0.96 0,85 0.75 
0.98 0.89 0,78 
0.99 0.93 0.81 
1,00 0,96 0.84 

021 0.21 
0,40 0,40 
0,54 0.54 
0,63 0,64 
0 69 0 69 
0,72 0,73 
0,74 0,74 
0,75 0.75 
0,75 0,75 
&76 &75 

0.22 0.21 
0,40 0 40 
0,54 0,54 
0.64 0.63 
0.69 0.69 
0,73 0,73 
0.74 0.74 
0,75 0,75 
0.75 0.75 
0,75 0.75 

0.21 021 
0,40 0,40 
0.54 0,54 
0.63 0,63 
0.69 0.69 
0,72 0.73 
0,74 0,74 
0,75 0.75 
0,75 0,75 
0,75 0,75 

0.21 
0,40 
0.54 
0,63 
0.69 
0.73 
0.74 
0.75 
0.75 
0,75 

0.21 0.21 
0,40 0,40 
0.54 0.54 
0.63 0.63 
0.69 0.69 
0.72 0.72 
0,74 0,74 
0.75 0,75 
0,75 0,75 
0.75 0,75 

021 021 0.21 
0,40 0,40 0,40 
0,54 0,54 0.54 
0,64 0.64 0.63 
0.69 0.69 0.69 
0,72 0,73 0,72 
0,74 0,74 0,74 
0,75 0,75 0.75 
0,75 0,75 0.75 
0.75 0,75 0,75 

Error spread over 6 months spreaa 
i. [ 7 % I 0 % 1 % I 2 % I 3 % I 4 % 5 % 6 % 7 % 8 % 9 % 1 0 % 1 1 % 1 2 % 1 3 % i l 4 W 1 5 % 

> 

O 

One % 
Two % 
Three % 
Four % 
Five % 
Six% 
Seven % 
Eight % 
Nine % 
Ten % 

0.28 
0.53 
0.71, 
0,84 
0.92 
0.97 
0,99 
0.99 
1,00 

1,00 

0,25 0,19 
0,48 0.38 
0.67 0,54 
0,80 0,68 
0,89 0.80 
0,95 0.88 
0.98 0.94 
0.99 0.97 
1,00 0,99 
1,00 1.00 

0,16 0,14 
0.30 0,27 
0,43 0.38 
0.55 0.47 
0.66 0,55 
0.76 0.63 
0,84 0.71 
0.91 0.80 
0,95 0,87 
0.98 0.93 

0,14 
0,27 
0.36 
0.43 
0.49 
0.54 
0,59 
0.66 
0,74 
0,83 

0,14 
0.26 

0.36 
0,42 
0.47 
0.49 
0,52 
0 56 
0.61 
0,69 

0.14 0.14 0,14 
0,26 0.26 0.26 

0.36 0.36 0.36 
0.42 0.42 0.42 
0.46 0.46 0.46 
0.48 0.48 0.48 
0.50 0.49 0.49 
0,51 0.50 0,50 
0.54 0.51 0,50 
0.58 0,52 0,50 

0.14 
0.26 
0.36 
0,42 
0,46 
0,48 
0,49 
0.50 
0,50 
0.50 

0,14 
0,26 
0.36 
0.42 
0.46 
0,48 
0.49 
0,50 
0,50 
0,50 

0,14 
0,26 
0.35 
0.42 
0.46 
0.48 
0.49 
0,50 
0.50 
0,50 

0,14 
0,26 
0,36 
0,42 
0,46 
0.48 
0,49 
0,50 
0,50 
0,50 

14 0,14 
26 0,26 

J 6 0.36 
.42 0.42 
.46 0.46 
.48 0,48 
.49 
. 5 0 

.50 

.50 

0,49 
0.50 
0,50 
0,50 

Error spread over all months 
0 % 1 % 1 2 % I 3 % I 4 % I 5 % 6 % I 7 % I 8 % | 9 % 1 1 0 % 1 1 % 1 1 2 % 1 1 3 % 1 1 4 % 1 1 5 % 

,00 0,00 0,00 0.00 
,00 0.00 0.00 0.00 

One % 
Two % 

3 Three % 
Four % 
Five % 

i Six% 
Seven % 
Eight % 
Nine % 
Ten % 

0,28 
0.53 
0,72 
0.85 
0.93 
0.97 
0.99 
1.00 
1.00 
1.00 

0.27 0.22 
0,51 0.43 
0,70 0,61 
0,83 0,77 
0.92 0,87 
0.97 0.94 
0.99 0.97 
0.99 0.99 
1.00 1.00 
1.00 1.00 

0,16 0.10 
0.33 0.22 
0,50 0,36 
0.65 0,52 
0.79 0,67 
0.88 0.80 
0,95 0,89 
0.98 0.95 
0,99 0.98 
1,00 0,99 

0.06 
0,14 
0,24 
0,38 
0,54 
0.69 
0.82 
0.90 
0.96 
0.98 

0.03 
0.08 
0.15 
0.25 
0,40 
0,55 
0.70 
0.83 
0,91 
0.96 

0,01 0.01 
0,04 0,02 
0,08 0.04 
0,16 0,09 
0.27 0,17 
0,41 0,28 
0,57 0,43 
0,72 0.60 
0.84 0.75 
0.92 0.86 

0.00 0 
0.01 0 
0.02 0 
0.05 0 
0.09 0. 
0.18 0 
0.30 0, 
0 . 4 6 0 . 

0.62 0 
0,77 0. 

0.00 0 
0.00 0 
0.00 0 
0,01 
0,02 0 
0.05 0 
0,11 
0.21 0. 

0.35 0 
0.52 0. 

00 0.00 0,00 0,00 
,00 0,00 0,00 0,00 
01 0,00 0,00 0,00 
02 0,01 0,00 0.00 

1.06 0,03 0.01 0,00 
1.12 0.07 0,03 0,01 
23 0.14 0.08 0.04 

1,38 0.26 0.16 0.09 

Table 8.15: Experiment Three with the investigation rule 2 and data simulated to be like P G 0 3 
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When the error is zero, only if outcome values are greater than 4% will the level of false-

negative signal be less than 0 .1. When error is seeded into the audited twelve month 

period, then as with the earlier experiments, the performance of the AP varied with the 

pattern of that error. If the error was in relatively large amounts and, consequently was 

seeded into only a few months, then there were false-negative signals if C < 4%. These can 

be seen in Table 8.15. There was a similar result if the error was spread over six months (C 

<3%). When the total error was dispersed across the year then the investigation rule had 

false-negative and false-positive signals while outcome-value and error were close: that is 

|C - E| < 3%. If outcome-value was less than the error (C < E) then the signals were false-

positive and, otherwise, the signals were fake-negative. 

It is clear &om comparing Table 8.15 with Table 8.14 that this type of investigation-rule 

was much more efkctive when used with disaggregated data. The data was from the same 

source in each experiment. The result supports the expected consequence of disaggregating 

the data (the stafF numbers in this experiment). The result is consistent with the guidance 

on the use of disaggregated information given to auditors in paragraph 13 of SAS 410. 

Using such data can produce an investigation-rule that better models the situation being 

audited, with the end result that there should be less false signals. 

8.8 Experiment 4: The use of Bivariate Regression with data generated to be similar 

to that used by Knechel 

This experiment considers the case when the data is simulated to be similar to that used in 

the work of Knechel (1988a) which was described in Chapter 7. The details of the data 

simulation are described in Section 7.7. In terms of the explanatory variables it is similar to 

experiments 1 and 2: that is there is one explanatory one variable. The purpose of these 

simulations was so that comparisons could be made to Knechel's work. The results of this 

experiment are shown in Table 8.16. 

The first observation is that when the error is zero, only if outcome values are greater than 

5% will the level of fWse-negative signal be less than 0.1. Considering the case when the 

total error is less than 5% of the value being audited, it can be seen that the results of this 

AP are again dependent on the distribution of the error. If the error is spread over all 
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months then, in terms of the combinations of error (E < 5%) and all outcome-values (C < 

10%), there are a high percentage of false-positive signals (68% of the combinations of 

error and outcome-value). If the error is spread over 6 months there are false-negative 

signals while C < 3% and there are false-positive signals for other outcome-values while 

1% < E < 5%. For the other patterns of error there are false-negative signals while C < 6%. 

Error spread over 1 month 
0 % 1 % I 2 % I 3 % I 4 % I 5 % 6 % I 7 % I 8 % I 9 % 1 1 0 % [ l l % | 1 2 % | 1 3 % | 1 4 % | 1 5 % 

One % 
Two % 
Three % 
Four % 
Five % 
S ix% 
Seven % 
Eight % 
Nine % 
Ten % 

0.24 
0.45 
0.63 
0.77 
0,86 
0.92 
0.96 
0.98 
0.99 
1.00 

0.21 
0.41 

jO,58 
0.70 
0.79 
085 
089 
0.9] 
043 
0.94 

021 
0.41 
0,58 

0.21 
0.41 
0.58 

0.70 0.71 
0.79 0.79 
0,85 
0.88 
0.90 
0.91 
0.91 

0.85 
0.88 
0.90 
0.91 
0.91 

0.21 
0.41 
0.58 
U.7! 
0.79 
0.85 
0.88 
0.90 
0.91 
0.91 

0.21 
0.41 
0 5 8 
0.71 
0.79 
0.85 
0.89 
0.90 
0.91 
0.91 

021 
0.41 
0.58 
0.71 
0.79 
0.85 
0.88 
0.90 
0.91 
0.91 

021 
0.41 
0.58 
071 
0.79 
0.85 
0.88 
0.90 
0.91 
0.91 

0.21 
0.41 
0.58 
0.71 
0.79 
0.85 
0.88 
0.90 
0.91 
0.91 

0.21 
0.41 
0.58 
0.70 
0.79 
0.85 
0.88 
0.90 
0.91 
0.91 

0:21 
0.41 
0.58 
0.70 
0.79 
0.85 
0.88 
0.90 
0.91 
0.91 

031 
0.41 
0.58 
0.70 
0.79 
0.85 
0,88 
0.90 
0.91 
0.91 

021 021 
0 4 i fl .41 
0.58 0.58 
0,71 0.70 
0.79 0.79 
0,85 0.85 
0.88 0.88 
0.90 0.90 
0.91 0.91 
0.91 0.91 

0.21 
0^1 
0.58 
0.70 
0.79 
0.85 
0.88 
0.90 
0.91 
0.91 

021 
0.41 
0.58 
0.70 
0.79 
0.85 
0.88 
0.90 
0.91 
0.91 

0% 1 % I 2 % I 3 % 1 4 % I 5 % 

Error spread over 3 months 
6 % 7 V o 8 % 9 % 1 0 % 1 1 % 1 1 2 % i 1 3 % 1 1 4 % 1 1 5 % 

One % 
Two % 
Three % 
Four % 
Five % 
S ix% 

I 
s 

I 

Seven % 
Eight % 
Nine % 
Ten % 

0.24 
0.45 
0.63 
0.77 
086 
0.92 
0.96 
0.98 
0.99 
1.00 

020 
0.39 
0.56 
0.70 
0.80 
0.88 
0.93 
0.96 
0.98 
0.99 

0.17 
0.34 
0,48 
0.60 
0.70 
0.77 
0.83 
0.88 
0.92 
0.95 

0.17 
0,33 
0.47 
0,57 
0,65 
0.70 
0.74 
0.78 
0.81 

0.85 

0 1 7 
033 
0.47 
0,57 
0,64 
0.69 
0.72 
0.74 
0.75 
0.77 

0.17 
0,33 
0 47 
0,57 
0,64 
0.69 
0.72 
0,74 
0,74 
0,75 

0 1 7 0.17 
0,33 0,33 
0,47 0,46 
0,57 0.56 
0,64 0.64 
0.69 0.69 
0.72 0.72 
0.74 0.74 
0.75 075 
0,75 0,75 

0.17 
0,33 
0.46 
0,56 
0,64 
0.69 
0,72 
0,74 
0,75 
0,75 

0 1 7 
0,33 
0,47 
0,57 
0,64 
0.69 
0 7 2 
0.74 
0 7 5 
0.75 

0,17 
0.33 
0,46 
0,57 
0.64 
0.69 
0.72 
0,74 
0,74 
0.75 

0.17 0.17 
0,33 0,33 
0,47 0.46 
0,57 0.57 
0.64 0,64 
0,69 0,69 
0.72 0.72 
0.74 0.74 
0,75 0.74 
0,75 0,75 

0.17 
0,34 
0.47 
0.57 
0,64 
0.69 
072 
074 
0.75 
0.75 

0 J 7 0,17 
0.34 0.33 
0.47 0.46 
0.57 0.56 
0.65 0.64 
0.69 0.69 
0.72 0.72 
0.74 0.74 
0.74 0.74 
0.75 0.75 

Error spread over 6 months 

0% 1 % I 2 % 3 % I 4 % 5 % 6 % 7 % 8 % 9 % 1 0 % 1 1 % 1 1 2 % 1 1 3 % 1 1 4 % 1 1 5 % 

One % 
Two % 
Three % 
Four % 
Five % 
S i x % 
Seven % 
Eight % 
Nine % 
Ten % 

0 2 4 
0.45 
0.63 
0.77 
0.86 
0.92 
0.96 
0.98 
0.99 
1.00 

, 0 .21 0 , 

ol4ila 
0.59 0 
0.73 0. 
0.83 0. 
0.91 0 
0.95 0. 
0.98 0. 
0.99 O 
1.00 0. 

17 0.14 
^0.28 
,50 0.40 
64 0.53 
76 0.64 
84 0.74 
91 082 
95 0.88 
97 0.93 
99 096 

0.12 
0.24 
0.34 
0.44 
0,54 
0.63 
0.70 
078 
0.85 
0,91 

0,12 

0,23 
0.32 
0.40 
0,47 
0,54 
0,60 
0.68 
0.74 
0,81 

iO.ll 
:0,22 

0,32 
0,39 
0,44 
0.49 
0,53 
0.58 
0.63 
0,70 

"0,11 
0.22 
0.30 
0,38 
0.43 
0,47 
0,50 
0,52 
0.56 
0.60 

0 , 1 1 

0,21 

0,31 
0,38 
043 
0,47 
0,48 
0,50 
OS2 
0,54 

0.11 
0.22 
0.31 
0.38 
043 
0.46 
0.48 
049 
0.50 
0,51 

0,12 
0.22 
0,31 
0.38 
0.43 
0.46 
0,48 
0.49 
0,50 
0,50 

i0.12 
[0,22 
031 
0,38 
0,43 
0,46 
0.48 
0.49 
0,50 
0,50 

0,11 
0,22 
0,31 
0.38 
0,43 
0.46 
0.48 
0,49 
050 
0,50 

0,12 
0.22 
0.31 
0.38 
0.43 
0,46 
0.48 
0,49 
0.50 
0,50 

0 1 2 

0,22 
0,31 
0.38 
0,43 
0,46 
0.48 
0.49 
0,50 
0,50 

0,24 
0,45 
0.63 
0.77 
0,86 

0.92 
0,96 
0.98 
099 
1,00 

Error spread over all months 
0 % I 1 % I 2 % 3 % 1 4 % 5 % 6 % 7 % 8 % 9 % 1 0 % 1 1 % 1 1 2 % 1 1 3 % 1 1 4 % 1 1 5 % 

One % 
Two % 
Three % 
Four % 
Five % 

0.24 0.23 0.20 0 
0.45(0,44 0.39 0, 

0.62 0.56 0. 
075 0.71 

0.81 

Six% 
Seven % 
Eight % 
Nine % 
Ten % 

063 
0 . 7 7 

0.86 
0.92 
0.96 
0.98 
0.99 
1.00 

0 
0 

0.90 0 
0 . 9 4 0 . 

0 . 9 7 0 . 

0.86 
0.92 
0.96 
0.98 
0 . 9 9 0 . 9 9 j 0 

1.00 1.00 10 

,17 0.12 
,33 0.26 
48 0.38 
63 0.52 
75 0.66 
84 0.77 
91 0.86 
95 0,92 
98 0,96 
99 0.99 

0.08 
0.18 
0.29 
0.41 
0.54 
0.68 
0,78 
0.87 
0.93 
0.97 

0.05 
012 
0.20 
031 
0.43 
0.56 
0,69 
0,79 
0 . 8 8 

0.94 

0.03 0.02 0.01 0 
0.07 0.04 0.02 0, 
0.13 0.08 0.05 0 
0.21 0.14 0.09 0 
0.32 0.23 : 0,14 0, 
0.44 0,34 0,24 0 
0,58 0.46 0.35 0 
0,70 0,60 0,48 0, 
0,81 0,72 0,62 O 
0,89 0,82 0,75 0 

0,00 
0,01 

0.01 
0 . 0 3 

0 , 0 5 

0.10 
0,16 
0 . 2 7 

0 3 9 
0 . 5 3 

0,00 0,00 
0,00 0,00 

0,01 0,00 

0,01 0,01 
0,03 0,02 
0,06 0,03 
0.10 0,06 
0,17 0.11 
0.29 0.19 
0,41 0.31 

0.00 0,00 
0,00 0,00 

0,00 0,00 

0,00 0,00 
0,01 0,00 
0,02 0,01 
0.03 0,02 
0,07 0,04 
0.12 0.08 
0.21 014 

Table 8.16: Experiment Four with the investigation rule 1 and data simulated to be similar to that used by 

Knechel (1988a) 
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Comparing these results with those of Knechel (1988a), we see that the experiment 

described here clearly highlights an issue disguised by Knechel's measurement of the 

effectiveness of the AP, which used the reduced sample sizes of subsequent substantive 

tests. That reduction was calculated using the Audit Risk Model. Knechel did not identify 

the high levels of false-positive signals: in bis experiments there were no increases in 

sample sizes to signify that such f ^ e signals had been identified. The implications of this 

are discussed section 8.10. 

This section describes the experiments carried out to investigate whether simple APs, using 

data S-om the pay area, are effective when the criteria for effectiveness are false-negative 

and false-positive signals. Also the experiments investigate whether such APs will 

replicate the Endings of Loebbecke and Steinbart (1987) when used with data &om a 

different source to theirs, or will conGrm the finding of Knechel (1988b). Loebbecke and 

Steinbart's work was described in Section 7.5 and that of Knechel in section 7.8. 

The simple rules used in this sequence of experiments are shown in Table 8.17. The 

findings of experiments 5 to 11 are presented in four sections 8.9.1 to 8.9.4. Within each of 

these sections the investigation-rules are similar to each other. 

Rule Description of the investigation-rule Results 
In Table Comparison 
Results 

In Table 
1.3 Compare to last year 8.18 

1.4 
1.5 

Prediction using percentage change in previous years 
Year 4 = Year 3 x (1 + % change of years 3 and 2) 
Year 4 = Year 3 x (Average of % change of years 3 & 2 and years 2 & 1) 

8.19 
8.20 

1.6 
1.7 
1.8 

Prediction using average change in previous years 
Year 4 = Year 3 + (Year 2 - Year 1) 
Year 4 = Year 3 + {(Year 3 - Year 2) + (Year 2 - Year 1 }/2 
Year 4 = Year 3 + {2 x (Year 3 - Year 2) + 1 x (Year 2— Year I }/3 

8.21 
8.22 
8.23 

1.9 
Prediction using average of previous years 
Year 4 - {(Year 1 + Year 2 + Year 3)/3} 8.24 

Table 8.17: The Investigation Rules for experiments five to eleven 

The data was simulated in the same way as the in experiments 1 and 2, and then summed 

to produce annual totals. As a result there were sets of four annual totals, where years one 

210 



Chapter 8 

to three represented the period prior to the audit, and year four was the value of the audited 

year. This was done for two reasons. Firstly to have data that was consistent with the 

experiments 1 and 2 and secondly because they are typical of those used by many auditors. 

In each of the tables reporting the results (e.g. Table 8.18), the first half of the table is the 

experiment that used the data simulated to similar to that of the PGO Agency and the 

second half of the table is the data from the LR Agency. 

8.9.1 Simple comparison type investigation rule (Table 8.18) 

Investigation rule 1.3 was a very simple rule comparing the current year to the previous 

year. As can be seen this investigation-rule produced a large number of false-signals. 

While the error was less than the outcome-rule, there were high levels of false-negative 

signals for almost all values of the outcome-value (C). Considering the results while E < 

5%, there were false-negative signals for most combinations of error and outcome-rule. 

The results are shown in Table 8.18 below. 

PGO 
Error Rates 

0% 1 % 2 % 3 % 4 % 5 % 6 % 7 % 8 % 9 % 10»/o 11% 112% 113% 114% 115% 
One % 
Two % 
Three % 
Four % 
Five % 
S i x % 
Seven % 
Eight % 
Nine % 
Ten % 

.00 

.00 
0.00 
0,01 
0,06 
021 
0.58 
0.83 
0.% 
0.99 

0.00] 
0.00 
0,00 
0.00 
04)1 
0.06 
0.29 
0.60 
0.84 
0.96 

0.00 0.00 
0.001 o.qo 
0.00 wH 
0.00 0.00 
0.00 0.00 
0.01 om 
0.08 OA! 
0.32 0.09 
0.63 0.36 
0.86 0,66 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.001 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.01 0.00 
0.12 0.02 
0.40 0.14 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

0.00(0.00 0.00 
0.00 0,001 0,00 
0X)0 0,00 0,001 
OXW 0.00 0,00 
0.03 0.00 0.00 

0,00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
aoo[ 
0,00 

0.00 
0.00 
0.00 
0.00 
0,00 
0,00 
0.00 
0.00 
0.00 

0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 0.00 
0.00 0,00 0.00 
0.00 0.00 0.00 

0,00 0.00 0.00 
0.00 0,00 0.00 

0.00 0.00 0,00 
0.00 0,00 0.00 

0.00 0.00 0.00 
0.00 0,00 0.00 
0.00 0.00 0.00 

LR 
Error Rates 

0 % 1 % 2 % 3 % 4 % 5 % 6 % 7 % 8 % 9 % 1 0 % 11 % 112% 113% 114% 115% 
One % 
Two % 
Three % 
Four % 
Five % 
S i x % 
Seven % 
Eight % 
Nine % 
Ten % 

0.00 
0.00 
0.00 
0.00 
O.QO 
0.02 
0.12 
0.30 
0 i 2 
0.74' 

0.00 
0.00 
aoo 
0.00 
0.00 
0.00 
0.<tt 
0.13 
0.32 
0.55 

0.00 0.00 
0.001 0.00 
0.00 o5o] 
0.00 oao 
b oo oxx) 
0.00 0.00 
0.01 O.OQ 
0.03 0.01 
0.14 0J04 
0.35 0.16 

0.00 0.00 

0.00 0.00 
0.00 0,00 

0,00 0,00 
0.00 0.00 
0.00 0.00 
0.00 0,00 
0,00 0,00 
0.01 0.00 
0.04 0,01 

0,00 
0.00 
0,00 
0.00 
0,00 

0.00 0.00 
0,00 0.00 

0.00 0.00 
0.00 0.00 
0,00 0,00 

0XX)|0.00 0.00 
OXK) 0,00 i 0.00 
0.00 
OJOO 

0.00 

0.00 
0.00 
0,00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0,00 
0,00 
0.00 

0.00 0.001 
0.00 0.00 
0,00 0,00 

0.00 0,00 
0,00 0.00 
0.001 0.00 
0.00 0,00 

0.00 
0.00 
0.00 
0,00 
0.00 
0,00 
0,00 
0.00 
0,00 

0.00 0.00 

0,00 0,00 
0,00 0,00 
0.00 0.00 
0,00 0.00 

0.00 0,00 
0.00 0.00 
0,00 0.00 

0,00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0,00 0.00 
0.00 0.00 

Table 8.18: Investigation Rule 1.3: comparison. 
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8.9.2 Simple percentage change type investigation-rule (Tables 8.19 & 8.20) 

The next experiments applied 'simple percentage change' investigation-rules (rules 1.4 and 

1.5 of Table 8.17). The results are shown in Table 8.19 and Table 8.20 respectively. The 

rules are given at the foot of the relevant table. 

PGO 
Error Rates 

PGO 
0% 1% 1 2% 1 3% 1 4% 1 5% 6% 1 7% 1 8% 1 9% | 1 0 % 11%|12%|13%|14%J15% 

One % 0.35 0.381 0 . 3 0 0 . 1 9 0 . 1 1 0 . 0 4 0 . 0 2 0 . 0 1 0 , 0 0 0 . 0 0 0 . 0 0 0.00 0 . 0 0 0 , 0 0 0 . 0 0 0 . 0 0 

2 T w o % 0 . 6 5 0 . 6 5 0 , 5 8 0 . 4 2 0 . 2 4 0 . 1 3 0 . 0 5 0 . 0 2 0 , 0 1 0 , 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 , 0 0 0 . 0 0 0 . 0 0 

i Three % 0.83 0 , 8 4 0 , 7 6 0 , 6 2 0 . 4 4 0 . 2 6 0 , 1 4 0 . 0 6 0 . 0 2 0 , 0 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 

Four % 0 . 9 4 0 , 9 4 1 0 . 8 9 0 , 7 8 0 . 6 4 0 , 4 6 0 , 2 7 0 . 1 5 0 . 0 6 0 . 0 2 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 

1 Five % 048 0 , 9 8 0 , 9 6 1 0 . 9 0 , 0 , 7 9 0 , 6 6 0 . 4 8 0 . 2 9 0 . 1 6 0 . 0 7 0 . 0 3 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 Six% 0.99 0.99 0.99 0.96 6.91 i 0.80 0 , 6 8 0 , 5 0 0 . 3 1 0 . 1 8 0 . 0 9 0 , 0 3 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0 

O Seven % 1 . 0 0 1 . 0 0 1 . 0 0 0 . 9 9 0 , 9 7 0 , 9 2 0 . 8 2 0 , 7 0 0 . 5 2 0 . 3 4 0 . 2 0 0 . 1 0 0 , 0 4 0 . 0 1 0 , 0 1 0 . 0 0 

Eight % 1 . 0 0 1 , 0 0 1 , 0 0 1 . 0 0 0 . 9 9 0 , 9 7 0 . 9 3 1 0 . 8 4 0 . 7 1 0 , 5 6 0 . 3 8 0 . 2 2 0 . 1 2 0 . 0 5 0.02 0 . 0 1 

Nine % 1 , 0 0 1 . 0 0 1 , 0 0 1 , 0 0 1 . 0 0 0 , 9 9 0 , 9 7 0 . 9 4 1 0 . 8 5 0 , 7 4 0 , 5 9 0 , 4 1 0 . 2 5 0 . 1 4 0 , 0 6 0 . 0 2 

Ten % 1 . 0 0 1 , 0 0 1.00 1 . 0 0 1 . 0 0 1 , 0 0 0 . 9 9 0.98 0 . 9 5 1 0 . 8 8 0 . 7 7 0 . 6 3 0.46 0 . 2 8 0 . 1 6 0 . 0 8 

LR 
Error Rates 

LR 
0% IVo 1 2% 1 3% 1 4% 1 5% 6% 1 7% 1 8% 1 9% 110®/o 11% 112% 113% 114% 115% 

One % 0.25 0.28)0.25 0.21 0.16 0.11 0 . 0 7 0 , 0 4 0.02 0 . 0 1 0 . 0 0 0 , 0 0 0 . 0 0 0 , 0 0 0 . 0 0 0 . 0 0 

! Two % 0.49 0 . 3 1 0 . 4 9 0 . 4 1 0 . 3 2 0 . 2 3 0 . 1 5 0 . 0 9 0 . 0 5 0 . 0 2 0 . 0 1 0 . 0 1 0 , 0 0 0 , 0 0 0.00 0 . 0 0 

Three % 0 . 6 7 0 . 7 0 0 , 6 7 0 . 6 0 0 , 4 9 0 . 3 6 0 . 2 6 0 . 1 7 0 , 1 0 0 , 0 6 0 . 0 3 0 . 0 1 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0 

Four % 0 . 8 1 0 , 8 3 , 0 . 8 0 0 . 7 4 0 , 6 5 0 , 5 2 0 . 3 9 0 . 2 7 0 , 1 8 0 . 1 1 0 . 0 6 0 . 0 3 0 . 0 2 0 . 0 1 0.00 0 . 0 0 

i Five % 0.89 0 , 9 1 1 0 , 9 0 0 , 8 5 0 , 7 7 0 , 6 6 0 , 5 4 0 . 4 0 0 . 2 9 0 . 1 9 0 . 1 2 0 . 0 7 0 . 0 4 0.02 0 , 0 1 0 . 0 1 

1 Six% 0 . 9 4 0 , 9 6 0 , 9 5 0 , 9 2 1 0 , 8 6 0 , 7 8 0 , 6 8 0 , 5 6 0 . 4 2 0 . 3 1 0 . 2 0 0 . 1 3 0 . 0 8 0 , 0 4 0.02 0 . 0 1 

o Seven % 0.98 0 , 9 8 0 . 9 8 0 , 9 6 0 . 9 3 1 0 , 8 7 0 , 7 9 0 . 7 0 0 , 5 7 0 . 4 4 0 , 3 2 0 . 2 2 0 . 1 4 0 , 0 9 0 . 0 5 0 , 0 2 

Eight % 0.99 0.99 0.99 0.98 0.97 0.93 0 , 8 8 0 . 8 1 0 . 7 1 0 , 6 0 0 . 4 6 0.35 0 . 2 4 0 . 1 6 0 , 1 0 0.06 
Nine % 049 1 . 0 0 1 . 0 0 0 , 9 9 0 , 9 9 0 , 9 7 0 . 9 4 1 0 . 8 9 0 . 8 2 0 , 7 3 0 , 6 2 0 . 4 9 0 . 3 7 0 . 2 6 0 . 1 8 0 . 1 1 

Ten % 1 . 0 0 1 , 0 0 1 , 0 0 1 , 0 0 1 . 0 0 0 , 9 9 0 . 9 8 0 , 9 5 1 0 . 9 0 0 . 8 4 : 0 . 7 5 0 , 6 5 0 , 5 3 0.39 0.29 0 . 2 0 

Table 8.19: Investigation rule 1.4: Year 4 = Year 3 X (1 + % change o f years 3 and 2) 

PGO Error Rates PGO 
0% 1% 1 2% 1 3% 1 4% 1 5% 6% 1 7% 1 8% 1 9% |lO"/o 11 % 112% 113% 114% 115% 

One % 034 0.37 j 0 . 3 2 0 . 2 4 0 . 1 5 0 . 0 6 0 , 0 2 0 , 0 0 0 , 0 0 0 , 0 0 0 . 0 0 0 . 0 0 0 , 0 0 0 . 0 0 0 . 0 0 0 . 0 0 

3 Two % 0.63 0 , 6 6 0 . 6 1 0 . 4 7 0 . 3 0 0 . 1 7 0 . 0 7 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 

i Three % 0 . 8 1 0 . 8 7 0 . 8 1 0 . 6 8 0 . 4 9 0 . 3 2 0 . 1 8 0 . 0 7 0 . 0 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 

Four % 0 . 9 3 0 . 9 6 0 . 9 2 1 0 . 8 3 0 . 6 9 0 . 5 1 0 . 3 4 0 . 1 9 0 , 0 8 0 , 0 2 0 . 0 0 0 . 0 0 0 , 0 0 0.00 0 . 0 0 0 . 0 0 

a Five % 048 0 . 9 8 0 . 9 7 0 . 9 3 1 0 . 8 4 0 . 7 1 0 . 5 3 0 . 3 6 0 . 2 0 0 . 0 9 0 . 0 3 0 . 0 0 0 , 0 0 0 . 0 0 0.00 0 . 0 0 

a Six% 1 . 0 0 1 . 0 0 0 , 9 9 0 . 9 7 0 . 9 4 1 0 . 8 5 1 0 . 7 3 0 . 5 5 0 . 3 8 0 . 2 2 0 . 1 1 0 . 0 4 0 , 0 1 0 . 0 0 0 . 0 0 0 . 0 0 

o Seven % 1 , 0 0 1 . 0 0 1 . 0 0 0 , 9 9 0 , 9 7 0 . 9 4 0 . 8 7 0 , 7 5 0 . 5 8 0 . 4 1 0 . 2 4 0 . 1 3 0 , 0 5 0 . 0 1 0 . 0 0 0 . 0 0 

Eight % 1 , 0 0 1 . 0 0 1 . 0 0 1 . 0 0 0 . 9 9 0 . 9 8 0 . 9 5 1 0 . 8 8 0 . 7 7 0 , 6 1 0 . 4 4 0 . 2 7 0 . 1 5 0.06 0 . 0 2 0 . 0 0 

Nine % 1 . 0 0 1 . 0 0 1 . 0 0 1.00 1 . 0 0 0 . 9 9 0 . 9 8 0 . 9 5 1 0 . 8 9 0 . 7 9 0 . 6 5 0 . 4 7 0.31 0 . 1 8 0 . 0 8 0 . 0 2 

Ten % 1 , 0 0 1 . 0 0 1 , 0 0 1.00 1 . 0 0 1 . 0 0 0.99 0.98 0.96 0.9110.82 0 . 6 8 0 . 5 1 0 . 3 5 0 . 2 0 0 . 1 0 

LR 
Error Rates 

LR 
0% 1% 1 2% 1 3% 1 4% 1 5% 6% 1 7% 1 8% 1 9% | 10% 11 % 112% 113% 114% 115% 

One % 0.23 0.291 0 . 2 9 0 . 2 6 0 . 2 1 0 . 1 5 0.08 0 . 0 4 0 . 0 2 0 . 0 1 0.00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 

3 Two % 0.46 0 . 5 1 0 . 5 4 0 . 5 0 0 . 4 1 0 . 3 0 0 . 1 9 0 . 1 1 0 . 0 6 0 . 0 2 0 . 0 1 0 . 0 0 0.00 0 . 0 0 0 . 0 0 0 . 0 0 

Three % 0 . 6 4 0 . 7 1 0 . 7 2 0 . 6 8 0 . 5 8 0 . 4 6 0 . 3 3 0 . 2 1 0 . 1 2 0 . 0 6 0 . 0 3 0 . 0 1 0 . 0 0 0 . 0 0 0 , 0 0 0 . 0 0 

Four % 0 . 7 8 0 . 8 5 0 . 8 5 0 , 8 1 0 . 7 3 0 . 6 1 0 . 4 8 0 . 3 4 0 . 2 2 0 . 1 3 0 . 0 7 0 . 0 3 0 . 0 1 0 . 0 1 0.00 0 , 0 0 

a Five % 0.89 0 . 9 3 0 . 9 3 1 0 . 8 9 0 . 8 3 0 . 7 4 0.63 0 . 5 0 0 . 3 5 0 . 2 4 0 . 1 4 0.08 0 . 0 3 0.01 0 . 0 1 0 . 0 0 

& Six% 0 . 9 5 0 . 9 7 0 . 9 7 0 . 9 5 0 . 9 1 1 0 . 8 4 0 . 7 5 0 , 6 4 0 , 5 1 0 . 3 7 0 . 2 6 0 . 1 6 0 . 0 8 0 . 0 4 0 . 0 2 0 . 0 1 & 
Seven % 0.98 0.99 0.99 0.98 0.95 0.92 0 . 8 5 , 0 . 7 7 0 . 6 6 0 , 5 3 0 . 3 9 OJK 0 . 1 8 0 . 0 9 0 . 0 5 0.02 
Eight % 0.99 1.00 0.99 0.99 0.98 0.96 0 . 9 2 1 0 . 8 7 0 . 7 8 0 . 6 8 0 . 5 6 0 . 4 2 0.30 0 , 1 9 0 . 1 1 0 . 0 6 

Nine % 1.00 1.00 1.00 1.00 0.99 0.98 0 . 9 6 0 . 9 3 1 0 . 8 8 , 0 . 8 0 0 . 7 1 0 . 5 9 0 . 4 5 0 , 3 3 0 . 2 2 0 . 1 3 

Ten % 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 , 0 0 0 , 9 9 0 . 9 8 0 . 9 7 0 . 9 4 1 0 . 8 9 1 0 . 8 1 0 . 7 3 0 . 6 1 0.49 0 . 3 5 0 . 2 4 

Table 8.20: Investigation rule 1.3: Year 4 = Year 3 X (Average of % change of years 3 and 2 
and years 2 and 1) 
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It can be seen that the results are very similar. While outcome-value and error close, there 

were false-negative signals if C > E and false-positive signals if C < E. In this case close 

meant that |C - E| < 3% for PGO data and |C - E| < 4% for LR data. 

The false-positive signals are particularly worrying since they will cause the auditor to 

wrongly conclude that the AP has supported their prior judgement that, for example, the 

business systems would prevent or detect significant errors; in these cases significant 

means greater than the outcome-value used. 

8.9.3 Simple average change type investigation rule (Tables 8.21, 8.22 & 8.23) 

The results of applying the average change investigation-rules (rules 1.6,1.7 and 1.8 of 

Table 8.17) are shown in Tables 8.21, 8.22 and 8.23 respectively. 

PGO 

One % 
Two % 
Three % 
Four % 
Five % 
S ix% 
Seven % 
Eight % 
Nine % 
Ten % 

LR 

One % 
Two % 
Three % 
Four % 
Five % 
Six% 
Seven % 
Eight % 
Nine % 
Ten % 

Error Rates 
0% 

036 
0 .6) , 
0.83 
0.94 
0.98 
0.99 
1.00 
1.00 
1.00 
1.00 

1% 2% 3% 4% 5% 
0.22 0.311 

0.58 0.47 
0,78 0.67 
0.91 
0.96 
0.99 
1.00 
1.00 
1.00 
1.00 

0,81 
0,92 
0.97 
0.99 
1.00 
1,00 
1.00 

0.16 0,08 
0.31 0,19 
03O]0,32 
0.68 0,52 
0,83 0,70 
0 93 
0.97 
0.99 
1.00 
1,00 

0,84 
0.93 
0.97 
0.99 
1.00 

0.03 
0.09 
0.20 
0.34 
0.53 
0.71 
0,85 
0,94 
0.98 
0.99 

6% 7% 8% 9% 10% 
0,01 
0.03 
0,10 

0.21 
036 
0,55 
0.73 
0.87 
0.95 
0.98 

0.00 0.00 
0.01 0,01 
0.04 
0,11 

0.23 
0.38 
0,58 
0,75 
0,88 
0,95 

0.01 
0,04 
0,12 
0,24 
0.41 
0.61 
0,77 
0 90, 

0,00 0,00 
0,00 0,00 
0,01 0,00 
0,02 0,01 
0,05 0.02 
0.13 0.05 
0,26 0,14 
0.44 0.28 
0.64 0.47 
0.79 0,66 

11% 12% 13% 14% 15% 
0.00 
0,00 
0.00 
0,00 

0,01 
0,02 
0,07 
0.16 
0,31 
0,51 

0,00 0.00 
0,00 0,00 
0,00 0,00 
0,00 0.00 
0,00 0,00 
0,01 0,00 
0.03 0,01 
0,09 0.03 
0,19 0,10 
0.34 0,22 

0,00 0,00 
0,00 0.00 
0,00 0,00 
0,00 0,00 
0.00 0,00 
0.00 0,00 
0.00 0.00 
0,01 0.01 

0.04 0.02 
0.12 0-05 

Error Rates 
0% 
0.24 
0.49 
0.68 
0.82 
0.90 
0.95 
0.98 
0.99 
1.00 
1.00 

1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 
0.25 0.23 
0.48 0.41 
0.65 0.59 
0.79 0.72 
0.89 0.83 
0.94 0.91 
0.97 0.95 
0.99 0.98 
1.00 0.99 
1,00 1,00 

0,16 0.11 0, 

0 J 3 0.23 0. 
0.481 0.38 0, 
0,63 0,51 0, 
0,75 0.64 0. 
0.85 0.75 0, 
0.92 0.86 0, 
0,95 0.92 0, 
0.98 0.96 0. 
0.99 0.98 0. 

0,04 
0.09 
0,16 
0,27 
0.41 
0.54 
0,67 
0.78 
0.88 
0.94 

0,02 0,01 
0,05 0,02 
0,10 0,05 
0,17 0,10 
0,29 0.18 
0.42 0,31 
0.56 0,44 
0,68 0,57; 
0,79 0,70 
0,89 0,81 

0,00 0,00 
0,01 0.00 
0.03 0.01 
0,06 0,03 
O.Il 0,06 
020 , 0.12 
0.33 0,21 
0.46 0.35 
0.60 0.48 
0,72 0,62 

11% 12% 13% 14% 15% 
0,00 

0,00 

0,00 

0,01 
0.03 
0.07 
&13 
0,23 
0 3 7 
0,50 

0,00 0,00 
0,00 0.00 
0.00 0.00 
0.00 0.00 
0.01 0.01 
0.04 0.02 
0.08 0.04 
0.14 0.09 
0.25 0.16 
0.40 0.28 

0.00 0.00 
0,00 0,00 
0,00 0,00 

0,00 0,00 
0,00 0,00 

0.01 0,00 
0,02 0,01 

0,05 0,02 
0,10 0,06 
0,18 0,12 

Table 8.21: Investigation rule 1.6: Year 4 = Year 3 + (Year 2 - Year 1) 

For the average change type of investigation rule set out in Figure 8.17 it can be seen that, 

as in Section 8.9.2, while outcome-value and error close, there were false-negative signals 

while C > E and false-positive signals while C < E. What constituted close varied with the 

outcome-rule and error. For example in Table 8.21 and 8.23, for PGO data close was never 

less than 2% and for LR data close was never less than 3%, while in Table 8.22 it was 

never less than 2% (for both PGO and LR data). It could be much higher, for example in 
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Table 8.22 |C - E| < 6% when outcome-value was in the range 4% to 10% and data was 

simulated to be like that of LR. Again for all these experiments the comment about the 

levels of false-positive signals applies. 

PGO Error Rates PGO 
0% 1% 1 2% 3"/o 4% 5% 6% 7% 8% 9 % 10% 11%| 12%| 13%| 14%| 15% 

One % 0.40 0.3710.26 0.13 0.05 0.01 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0.00 0 . 0 0 0 , 0 0 0 . 0 0 0 . 0 0 

g Two % 0 , 7 2 0 . 6 6 0 . 5 0 ) 0 . 3 1 0 . 1 5 0.05 0 . 0 1 0 . 0 0 0 . 0 0 0.00 0 . 0 0 0 , 0 0 0 , 0 0 0 , 0 0 0 , 0 0 0 , 0 0 

Three % 0.89 0.85 0.71 0.53 0.32 0 . 1 6 0.06 0 . 0 1 0.00 0.00 0 . 0 0 0 . 0 0 0.00 0 , 0 0 0 . 0 0 0 . 0 0 

Four % 0.97 0.94 0.86 0.72 0.54 0.34 0.17 0.07 0.02 0.00 0 . 0 0 0 . 0 0 0 . 0 0 0 , 0 0 0 . 0 0 0 . 0 0 

i Five % 0.99 0.98 0.95 0.87 0.74 0.56 036 0.19 0.08 0.02 0 . 0 0 0 . 0 0 0.00 0.00 0.00 0.00 
a S ix% 1.00 0.99 0.98 0.95 0.88 0.75 0.58 0J8 0.20 0.09 0.02 0,01 0,00 0,00 0.00 0.00 
o Seven % 1.00 1.00 1.00 0.98 0.95 0.89 0.77 0 . 6 0 0.41 0.22 0.11 0.03 0.01 0,00 0.00 0.00 

Eight % 1.00 1.00 1.00 1.00 0.98 0.96 0.90 0.79 0.62 a45 0.26 0.12 0.04 0.01 0.00 0.00 
Nine % 1.00 1.00 1.00 1.00 1.00 0.98 0.96 0.91 0.82 0.66 0.49 0.29 0.15 0.06 0,02 0.00 
Ten % 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.97 0.93 0.84 0.70 0.53 0.34 0.18 0.08 0.02 

LR 
Error Rates 

LR 
0% 1% 1 2% 3% 4% 5% 6% 7% 8% 9% 10% 11%| 12% 113%| 14%| 15% 

One % 0.31 0.3010.24 0.16 0.09 0.05 0.02 0.01 0.00 0.00 0 . 0 0 0.00 0,00 0.00 0,00 0.00 
Two% 0.58 0.55 0/16 0.33 0.21 0.11 0.05 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Three % 0.78 0.74 0.64 0.51 0.36 0.22 0.12 0.06 0.03 0.01 0.00 0.00 0.00 0,00 0.00 0,00 
Four % 0.89 0.87,0.78 0.67 0.53 0.37 0.23 0.12 0.06 0.03 0.01 0.00 0,00 0,00 0.00 0.00 

8 Five % 0.96 0.94 0.89 0.80 0.68 0.54 0J8 0.25 0.14 0.07 0.03 0.01 0.00 0,00 0.00 0,00 
Six% 0.98 0.97 0.94 0.90 0 . 8 1 0.69 0.55 0.40 0.26 0,15 0.08 0.04 0.01 0,00 0.00 0.00 

O Seven % 1.00 0.99 0.98 0.95 0.90 0.82 0.71 0.57 0.43 0.28 0.17 0.09 0.04 0.02 0,01 0.00 
Eight % 1.00 1.00 0.99 0.98 0.9S 0.91 0.83 0.73 0.59 0.45 0.31 0.19 0.10 0.05 0.02 0.01 
Nine % 1.00 1.00 1.00 0.99 0.98 0.96 0.92 0.85 0.75 0,62 0.48 034 0.21 0.12 0.06 0.03 
Ten % 1.00 1.00 1.00 1.00 0.99 0.98 0.96 0.92 0.86 0.77 0.65 0.52 0.37 0.24 0.14 0.07 

Table 8.22; Investigation rule 1.7: Year 4 = Year 3 + {(Year 3 - Y e a r 2 ) + (Year 2 - Y e a r 1 }/2 

PGO 
Error Rates 

PGO 
0% 1% 1 2% 1 3% 1 4% 1 5% 6% 1 7% 1 8% 1 9% Tio% 11% 112% 113% 114% 115% 

One % 0.42 0.38 |0,25 0.13 0.05 0.02 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 
Two % 0.73 0.67 0.51 10.31 0.15 0.06 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0,00 
Three % 0.90 0.8) 0.72 0.53 0.32 0.16 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 
Four % 0.97 0.95 0.87 0.74 0.54 0.34 0.17 0.07 0.02 0.01 0.00 0.00 0,00 0.00 0.00 0,00 

a Five % 0.99 0.99 0.95 0.88 0.75 0.56 0.36 0.19 0.08 0,03 0,01 0.00 0.00 0.00 0,00 0.00 

> Six% 1.00 1.00 0.99 0.96 0.89 0.77 0.59 0.39 0.21 0,09 0.04 0.01 0.00 0.00 0,00 0.00 
Seven % 1,00 1,00 1.00 0.99 0,96 0.90 0.79 0.61 0,42 0.24 0.11 0.04 0.01 0.00 0,00 0.00 
Eight % 1,00 1.00 1.00 1.00 0.99 0.97 0.91 0.80 0.64 0.45 0.26 0.12 0.05 0.02 0.00 0.00 

1 Nine % 1.00 1.00 1,00 1.00 1.00 0.99 0.97 0.92 0,82 0.67 0.49 0.30 0.15 0.07 0.02 0.01 1 Ten % 1.00 1.00 1,00 1.00 1.00 1.00 0.99 0,97 0.93 0.85 0,71 0.53 0.34 0.18 0.08 0.03 

LR 
Error Rates 

LR 
0% 1% 2% 1 3% 1 4% 5% 6% 1 7% 1 8% 9% 110% 11% 112% 113% 114% 115% 

One % 0.32 0.30 10.25 0.18 0.10 0.05 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Two % 0.58 ; 0.56 0.48 10.35 0.22 0.12 0.05 0,02 0.01 0.00 0,00 0.00 0.00 0,00 0.00 0.00 
Three % 0.77 0.76 0,67 0.53 0.37 0.23 0.13 0.06 0.02 0.01 0.00 0.00 0.00 0,00 0.00 0.00 
Four % 0.91 0.87 0,81 .0.68 0.53 0.39 0.24 0.14 0.07 0.03 0.01 0.00 0.00 0,00 0,00 0.00 

1 Five % 0.96 0.95 0.89 0.81 0.70 0.55 0.40 0.26 0.15 0.07 0.03 0.01 0.00 0.00 0.00 0.00 
S ix% 0.99 0.98 0.95 0.89 0.82 0.71 0.56 0.42 0.28 0.17 0.09 0.03 0.01 0.00 0,00 0.00 
Seven % 1.00 0.99 0,98 0.96 0.90 0.83 0.73 0.59 0.44 0JZ9 0.18 0.10 0.04 0,02 0,01 0,00 
Eight % 1.00 1.00 0.99 0.98 0.96 0,91 0.84 0.74 0,61 0.47 0.32 0.20 0.11 0.05 0,02 0,01 

o 
Nine % 1.00 1.00 1.00 0.99 0.98 0.96 0.92 0.86 0,77 0.64 0,50 035 0.22 0.13 0,06 0.03 

o 
Ten % 1.00 1,00 1.00 1.00 0.99 0.98 0.97 0.93 0.87 0.79 0.67 : 0.5) 0.39 0.25 0,15 0.08 

Table 8.23: Investigation rule 1.8: Year 4 = Year 3 + {2X (Year 3 - Year 2) + 1 x (Year 2 - Y e a r l}/3 
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8.9.4 Simple average ofprevious years type investigation rule (Table 8.24) 

The results of applying the investigation-rule, 'average of previous years' (rule 1.9 of 

Table 8.17) are shown in Table 8.24 below. Inspection of the table reveals that while E < 

5% and C < 15% there are high levels of false-negative signals. It should be noted that this 

investigation-rule was evaluated for outcome-values much greater than the other 

experiments. For outcome-values less than 10% there were high levels of false signals, 

consequently the range of outcome-values was increased to investigate at what level the 

frequency of false signals became low (< 0.1 - Kght blue in the tables). An investigation-

rule such as this is a problem for the audit process if auditors react to the signals by 

undertaking further work that would prove to be nugatory. 

PGO 
Error Rates 
0% 3% 4% 5% 

1% 
5 % 

10% 
15% 

20% 
21% 
22% 
23% 
24% 
25% 

LR Error Rates 

1% 
5 % 

10% 
15% 

20% 
21% 
22% 
23% 
24% 
25% 

IJOO 
00 

0.00 

0.00 0.00 0.00 0.00 

0.89 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 

0.00 oxw 
0.68 0.39 

0.00 0.00 
0.00 0 .00 
0.13 0 .03 

0.00 
0.00 
0.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.98 
1.00 
1.00 
1.00 
1.00 
1.00 

6% 7 % 8% 9% 1 0 % 
0.00 0.00 
35510.00 

0.00 0.00 
0.00 0.00 

0.00 

0.00 
0.00 0.00 
0.00 0.00 
0.91 ;0.76 
0.99 

1.00 
1.00 
1.00 
1.00 

0.94 
0.99 
1.00 
1.00 
1.00 

0.00 0.00 
0.00 0.00 
0.49 0.22 

0 , 5 9 0.82 
0.97 
1.00 
1.00 
1.00 

0.88 
0.98 
1.00 
1.00 

0.00 
0.00 
0.07 
o j i 
0.70 
0.93 
0.99 
1.00 

11 % 12% 13% 14% 15% 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 

0 00 0.00 0.00 0,00 

(WO 0.00 0.00 

0,78 0,55 -j 
0,96 0,87 .0,68 . ' W # : 7 
1,00 0.98 0,92"! 0,78 0,54 

0 % 1% 2% 3% 4 % 5% 6% 7 % 8% 9% 10% 11% 12% 13% 14% 15% 
OJOO 
0.00 
0.00 
0.02 
0,91 
0,98 
1,00 
1.00 
1,00 

1,00 

0.001 0,00 0,00 0,00 0,00 
0.00 0.00 
0.00 o.oo 
0.01 0,00 
0.80 
0.93 
0.99 
1,00 
1,00 
1,00 

0.61 
0.82 
0,95 
0.99 
1,00 
1,00 

0.00 0.00 0.00 
0.00 0.00 Oi» 
000 0.00 OXX) 
039 OM 0.09 
0,67 
0.86 
0.97 
0.99 
1,00 

0.45 0 ^ 
0.73 0,53 
0,90 0,79 
0,98 
1,00 

0.93 
0,99 

0,00 

0,00 
0,00 0,00 

0,00 0,00 
0,00 0,00 
0,00 0,00 

0.00 
0.00 
003 
ft.1,2 
03) 
0,61 

0.83 
0.96 

0.00 0.00 
0.00 0.00 
0.01 0.00 
,ft04 OAl 
0.16 o:<w 
W 0JZ2 
0,68 6 . ^ 
0,88 0,76 

OAO 0.00 
000 0 00 
0.00 0.00 
m m 
m om 
0.10 
aa* o.W 
0,57 0.36 

0,00 0.00 
0,00 0,00 

S w o M 

0,00 0,00 0,00 

0.00 0,00 0,00 
0,00 0,00 0,00 

Table 8.24: Investigation rule 1,9: Year 4 = {(Year 1 + Year 2 + Year 3)/3} 

8. JO Overall Summary and Conclusions for Chapter 8 

This chapter has reported some new experiments that explored, for different combinations 

of seeded error (0% < E < 15%) and outcome-values (1% < C < 10%), the performance of 

a number of investigation-rules. Both the seeded error and the outcome-values were a 

percentage of the value being audited (Yb). For these experiments a new criterion was used 
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to measure the effectiveness of the investigation rules. It was the levels of f^se-negative 

and false-positive signals. 

8.10.1 The investigation-rules and outcome-rules 

There were two classes of investigation-rules used in the experiments. The Grst was of a 

regression type, similar to those used by some auditors (e.g. the STAR package of Deloitte 

and Touche). Despite the fact the surveys (described in Chapters 5 and 6) reported that 

such rules are not widely used, it was decided to use regression type investigation-rules 

since auditors do use them, albeit infrequently, and because they are representative of the 

more complex type of AP applied by auditors. Another reason was that such rules are 

similar to those used by Knechel (1988a) and Kaplan (1978) and it was necessary to test 

their findings. The other class of investigation-rules were simple rules that are typical of 

those used extensively by auditors. They were analogous to those used by Loebbecke and 

Steinbart (1987) and Knechel (1988b). All the investigation-mles are summarised in Table 

8.2 on page 188. 

In Section 8.2.1 (page 186), two criteria were discussed for measuring the closeness of the 

estimated-value to the book-value. They were 'auditing consistency' and 'statistical 

consistency'. In these experiments, it was decided not to use the statistical consistency 

measure. There were two reasons for this decision. Firstly, while some of the APs allowed 

quantified estimates of precision, others did not, and the intention was to compare aU the 

APs on an even footing. Secondly, auditors do not normally consider statistical 

consistency, and it was decided to emulate that situation. 

The experiments therefore concentrated on auditing consistency which was defined in 

Section 8.2.1 to be that |YT- Ygj is less than some significant amount such as the outcome-

value. Although by their own admission, for example in the survey reported in Chapter 6, 

many auditors do not have a pre-de6ned value for an auditing consistency rule, they do 

make a comparison between and Yg. So the use of such a rule in the experiments is 

consistent with the audit practice, both the formal and informal uses of such a rule. 
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Despite the decision not to use statistical consistency, and hence not use the precision of 

the estimates, there is an important caveat to the results of the experiments. It is that for 

many of the investigation-rules used in the experiments the precision would be greater than 

the outcome-values applied by the auditor! This may well be a consequence of the type of 

rule used by auditors and the short runs of data. It raises the dilemma that it is not useful to 

the auditor to use a procedure that is, potentially, less precise than the outcome-value they 

purport to use. 

8.10.2 The data used as a basis for the simulations 

The investigation-rules were applied to three different sets o f monthly data. For each of the 

three populations, 2,500 sets of data were simulated. The Arst two data populations were 

simulated to have the characteristics of monthly pay data &om two Government Agencies. 

These data were chosen to see how the investigation-rules would perform on data that was 

from a well-controUed, stable, area of many organisations: the pay of stafT. If an 

investigation-rule is likely to perform well it should do so with such data. If it does not, 

then that will be a concern, since it will imply that APs using similar investigation-rules 

could be unreliable. A rule that performs badly with good quality data is unlikely to 

perform better with poor data. 

The third set of data was simulated to be similar to that created by Knechel (1988a). The 

data was increasing, in a structured way, with a random error that was distributed as if it 

came 6om a normal distribution: the details that underhe its generation are described in 

Section 7.7. The reason for using this data was to assess how regression based 

investigation-rules would perform when the criterion for efkctiveness was measured 

directly using false signals, rather than by the indirect measurement used by Knechel: the 

reduction of other substantive tests. 

8.10.3 The results: monthly data and regression type investigation-rules 

For regression type investigation-rules, used in conjunction with monthly outcome-rules 

when no error was seeded into the audited populations, the performance varied between 

investigation-rules and data sources. Generally there were high levels of fMse-negative 
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signals (coloured dark blue in the tables) for outcome-value less than 1% to 4%: the lower 

figure being achieved with disaggregated data. The equivalent figures for low 6equencies 

of false-negative signals (coloured light blue in the tables) vyere between 4% and 10% 

respectively. These results apply to all the data sources used in the experiments described 

in this chapter. 

If the data simulated to be analogous to the two real populations, and when the error was 

seeded into the data and spread over 1 ,3 or 6 months, there were Alse signals for many 

combinations of error and outcome-value. When the error was spread over all months, then 

the signals were false-negative while the outcome-value was greater than the seeded error, 

and false-positive while outcome-value was less than the seeded error. 

When the regression type of investigation-rule was used on data that was similar to 

Knechel's and the error was spread over 1,3 or 6 months, the investigation-rules 

performed better than they did when applied to the Agency data. They had lower levels of 

false-negative signals. However for the Knechel type data, when the error was spread over 

12 months, there were many false-positive signals. 

It is possible to make a comparison between the results of the experiments reported in 

sections 8.5 to 8.8 and those of Knechel (1988a). This is because the same type of data and 

investigation-rules were used. From an inspection of the results of the experiments in 

sections 8.5 to 8.8 it can be seen that, for many combinations of error and outcome-value, 

the investigation-rules perform quite badly when effectiveness is measured directly by the 

level of false signals. This result does not agree with the findings of Knechel (1988a), 

whose measure of effectiveness was the potential reduction in sample sizes. 

As was observed in Chapter 7, Kaplan (1978) found that his prediction did not come within 

10% of the book-value being tested. That finding is consistent with the experiments 

reported in this chapter. Thus it is likely that Knechel's use o f the Audit Risk Model 

disguised the observation of false signals, and therefore his finding that APs were effective 

may well be flawed. This is particularly signiGcant for cases where the seeded error was 

greater than the outcome-value, and the error and outcome-value were close. Then there 

were 61se-positive signals, which could cause the wrong audit decision to be made. 
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The auditor would be unaware of high false-positive signals found by the experiments. As 

was seen in the surveys, such signals might persuade them to reduce their other tests and, 

as a consequence, lower the probability of detecting the presence of error. Alternatively the 

auditor might have already reduced their substantive tests, because they judged the systems 

to be good, and the use of the APs represents the only such test. Its failure to detect 

potential signiGcant error could cause the wrong audit decision. Such conclusions imply 

that this type of APs might not be an elective procedure. 

There are, however, instances where the results of the experiments agreed with those of 

Knechel. For example, when the error is spread over one or three months and the outcome-

values are set to be > 5%, then there will be low levels of false signals and so the results of 

the e)q)eriments will be consistent with Knechel's conclusion about effectiveness. Another 

instance is that the false-positive signals in the experiments reported in this chapter were 

lower if the error occurred in large amounts: that is, the error was not spread evenly 

through the year. This concurs with Knechel's (1988a) observation that: 'a// 

8.10.4 The results: annual data and the simple investigation-rules 

The second group of experiments, reported in Section 8.9 (in pages 210 to 215) ^phed a 

range of simple investigation-rules to the data generated in a similar way to the first set of 

experiments, but in order to replicate annual data it was summed to produce four annual 

amounts. Sections 8.9.1 to 8.9.4 describe the results for the simple investigations-rules. 

As before, when no error was seeded into the audited populations, the performance varied 

between di8erent investigation-rules and/or data sources. There were high levels of false-

negative signals (coloured dark blue in the tables) when the outcome-values were between 

1% and 15%. The false-negative signals generally occurred when the outcome-values were 

at the lower end of this interval. The equivalent figures for low 6-equencies of 61se-

negative signals (coloured light blue in the tables) were between 3% and 15% respectively. 
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When error was seeded into the audited year, there were differing levels of fake signals for 

all the investigation-rules. They occurred while the outcome-value (C) and error (E) were 

close. They were fMse-negative while C > E, and false-positive while C < E. For example, 

for investigation-rule 1.5 (Table 8.20 on page 212) 'close' v^as, at best, |C - E| < 4% for 

one set of agency data. The equivalent figure for the data &om the other agency was, at 

best, |C - E| < 3%. These values were typical of the results from the other experiments in 

this chapter. They are also consistent with the work of Loebbecke and Steinbart (1987) 

who found high 6equencies of Type I and n error, the equivalent of the false-negative and 

false-positive signals used in this thesis. Thus an important finding is that &e simple 

investigation-rules potentially have high occurrences of false signals when the outcome-

value and error are close. Again a worrying feature is the levels of false-positive signals. 

One of the contributions of this chapter is that it provides evidence about the levels of false 

signals. In most of the experiments, while error rates were low, there were varying degrees 

of fWse-negative signals. This was true for both simple and regression based investigation-

rules and for monthly and annual outcome-rules. In particular, if there was no error, then 

for outcome-values of < 4% there were false-negative signals. For some of the 

investigation-rules there were false-negative signals when the outcome-values were in 

excess of 4%. These results imply either nugatory work for the auditor, or that outcome-

values are set at greater than 4% of the value being audited by the AP. An implication is 

that auditors use high outcome-values. That deduction is supported by the survey done for 

this thesis where the auditors, when questioned, did not report nugatory work that would be 

the result of high frequencies of f^se-negative signals. The supposition that high outcome-

values are used is also consistent with a conclusion of Kaplan (1978) who found that using 

investigation-rules based on regression never got closer than vyithin 10% of the book value. 

So an implication is that auditors use high outcome-values, high that is relative to the 

particular audit test. 

This raises a question about the auditor's use of high outcome-rules as a yardstick in the 

audit process. It is, how accurate is the audit and what is it achieving? This may well be 

220 



Chapter 8 

part of the expectation-gap and a question is whether the audit is conducted to the high 

standards that the users expect. 

Another result was that when error was high, relative to the outcome-value, some of the 

investigation-rules produced false-positive signals. It was said in some of the research 

reported in Chapter 7 that certain APs, when used in conjunction with monthly outcome-

rules, were not good at detecting error if the error occurred in small amounts, even if in 

total that error might be material. That situation is rephcated in the experiments described 

in this chapter. For example when the error is spread over twelve months and a monthly 

outcome-rule was used, then the experiments identified high frequencies of false-positive 

signals. Such false-positive signals also occurred when simple APs were used with annual 

outcome-rules. These occurred when the error and outcome-value were close and, in 

addition, the error was greater than the outcome-value. 

The finding about the level of false-positive signals is particularly worrying if the auditor is 

using APs as the sole source of substantive evidence. Then, those procedures are unlikely 

to detect that something is wrong with the auditor's prior judgement, or at least to obtain a 

signal to that effect. This situation could arise when the auditor has decided to place 

rehance of the business systems and to do a minimal substantive test - the AP. The 

experiments demonstrated that when the error is a httle larger than the outcome-value, that 

the AP may provide false-positive signals and in these circumstances, the AP does not 

signal the potential error. An exception might be when the error is substantially greater 

than the outcome value. 

Taken together all these results imply that APs, because they have false-negative and false-

positive signals for many combinations of error and outcome-value, are not the effective 

tools that auditors perceived them to be. The investigations reported in this thesis imply 

that in certain circumstances, APs are uieSective, rather than cost effective. 
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9 ; Overa/Z COMC/WMOM^ 

P.J /Mfrogkfcdbw 

The purpose of an audit is to provide assurance about the 'truth and fairness' of a set of 

financial statements to the users of those statements. To do that, auditors collect a 

balance of evidence and information from many different sources. The Auditing 

Standards require that: Y/ze aWf/or refzyo/zaA/e 

ev/A/zcg are^gg /MaferW error' (SASlOO). 

Substantive tests provide one form of evidence, and this thesis has been concerned 

primarily with one source of such evidence: APs, and in particular, whether APs can 

provide sufficient, reliable substantive evidence. 

9.2 / o r afWow/fwg 

The objectives of a substantive test are described in paragraph 106 of the Audit 

Guidance for the audit of UK Banks, which was issued by the Auditing Practices 

Committee (APC), the predecessor to the APB. It is quite clear and says: 'TTze 

a ^gfa' fo gaf/zgr gvWgMcg fAe co/?^7gfgMgf j', accuracy 

fAg fM/br7?Kzf/oM m ' (APC - AG 307 (1989)). 

Since then Statements of Auditing Standards have been issued, where the substantive 

tests are deSned as: - 'Tgj'ff fo gv/<^g»cg /wafgrW 

m ^Ag/zMaMcW 7%^ arg ggMgra/(y q/^fwo jprocgafwrg /̂ 

a W ^ ofAgr j^z/Wa»fh;g /)rocg<^«rg ,̂ aj' q/"< ĝfi2z/j' q / a W 

Aa/oMcgj', rgv/ew q/̂ /MZMz/̂ ĝ  q/^(fzrgc/orf' /?zggfmg.y a W g»grz///y' (Glossary of Terms to 

the Statements of Auditing Standards: 1995). This is a less strong statement than that of 

AG307 (1989), since it is harder to gather evidence to prove something is correct to 

some close tolerance, than it is to obtain evidence of potential misstatement. The 

Auditing Standards also make clear that some form of substantive test must be done for 

all significant - that is material - amounts in the financial statements: 'T̂ ggar̂ K̂ gf q/̂  

f/zg /gyg/j: q/" zM/zgrg»f̂  a W coMfro/ rw^, az/t/z^orj' ^/zozf/(f^g/ybr/zz fo/Mg 

f z/WaMfzvg /)rocg(/wrgf ybr yzAzaMczW <yfa/g7»gM^ a^yj'grfzow q/^ TwafgrzaZ accoz^^ AaZa/zcgĵ  

a W /rwzâ acfzoM ' (SAS 300.8). Thus substantive tests are an important part of 

the auditor's evidence. 
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In the context of this thesis, the standards make it clear that APs are one form of 

substantive test: Twrx a/iyo ay 

dea'zgMgc/ gv/Vjlg/zcg (/zrgcf/y' (paragraph 4 of SAS410). That 

guidance is followed by auditors. In the survey described in Chapter 6, it was seen that 

if the systems of Gnancial control are judged to be good, then the substantive test was 

likely to be some form of AP. This finding was supported by the work of Mulligan and 

Inkster (1999), who reported that APs are the sole source o f substantive evidence in at 

least 29% of all audits. The Auditing Standards allow this: 

m/zergMf coM/ro/ Zow fo e/z/M/Mafe ybr 

ybr accow/zf 

c/ayfef. //bwever, j-zfAj-faMf/ve /7rocg(/we^ /wzy co/y^rMg 07z/y Afj" lyAere fwcA 

/)7'oce<^wrej'/)/"ovz(fe (SAS 300). Thus the Standards 

recognise that APs may be the only substantive evidence obtained by the auditor. 

9.3 How powerful should the substantive test be? 

The legal case discussed in Chapter 4 indicated that the L a w Courts expect the auditor 

to design the audit procedures to be such that, if material error exists, the procedures 

will have a reasonable expectation that it will reveal that error. In addition to the legal 

presumption, the SAS's give some indication that a substantive test should be powerful 

enough to indicate that material - significant - error might exist. Consider SAS 300 

where the Standards recognise that there is a risk that the substantive procedure fails to 

detect a material error. The SASs call such a risk 'Detection Risk' and says that." 

g x f Z M wz accoz/M/̂  or q / ^ f A a f coz^(f ozafgrzaZ, ezY/zgr 

fWh/fc/zAzZ/y or wAew a^regofgof wzf/z m of/zer Aa/ayzceg or c/oygga' 

(SAS300). The SAS goes on to say that: ^/Mcovere^/ m coWz/cff»g 

/)roce(/z/re^ /?Z6̂  caz^g azÂ zYor̂  fo /Mocf^ f/ze ̂ rgvzozty q/̂  

coMfroZ r^^' (SAS300, paragraph 52). Taken together these imply that a substantive test 

- i.e. an Analytical Procedure - should be powerful enough to detect material 

misstatement, or powerful enough to modify earlier assessments. 

Now consider paragraph 10 of SAS 400, which says: 7^ fo o6faz» az/cAf 

gvf(/gMcgyro/M j'z/6ĵ âMfzve ̂ rocec/z/ref, az&Zzrorĵ  ĵ Aoz//̂ / coM '̂Zc/er f/ze exfewf fo w/zzc/z r/zaf 
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wzfA ev/(/e»ce^OTM q/"coMfro/f ĵ ẑ pyporfj' /Ae rg/evanf^ 

/zMaMcWj'fafg/MeMfayj^grfzow' (Paragraph 10 of SAS 400.3). As a consequence 

auditors might argue that it is the total of the evidence that is important, and that the 

purpose of a minimal AP is to provide extra comfort that all is well. Such an argument 

misses the point that at each stage the procedure should be capable of signalling the 

potential for a material misstatement. Each piece of evidence adds to the overall 

picture, and it is when all the stages are taken together that they provide sufficient 

evidence that there is no material misstatement (error). However, each should have the 

potential to identi% or at least signal, potential material misstatement or error. 

For example, if in the auditor's judgment the management have a good grasp of their 

business, that there are adequate controls and the residual risk is low, then as a 

consequence they may decide to undertake some minimal level of substantive testing, 

as required in the Standards. In this example, that level of testing should be powerful 

enough to indicate if the prior assessment is incorrect, and that the management 

controls are not as good as assumed. 

9. eWdewcg / rom fAg fwrwg'f 

In order to find out more about the application of APs and to establish that APs are 

regularly used and are an important source of audit evidence, a number of surveys into 

their use were considered and a new survey was carried out. The surveys revealed 

several common themes. All the surveys confirm that APs are used a great deal. Also 

their use has increased since the 1980s and they provide a significant proportion of the 

total substantive audit evidence. Simple APs such as trend analysis, ratio analysis and 

scanning predominate: possibly using high-level data. So clearly APs are an important 

source of substantive audit evidence. 

That APs are regarded as important is re-enforced by the auditor's perception, that APs 

first signal over 40% of all errors discovered during an audit. This was reported in 

Chapter 5. For example, in their survey. Biggs and Wild (1984) found evidence that 

APs initially signalled 42% of all errors, and subsequent surveys have confirmed that 

figure. It is important to note that the surveys, described in Chapter 5, were dealing 

with auditors' perceptions. In contrast, research by Bell and Knechel (1994) analysed 

documented audit files and found that APs produce about 16% of all the error signals. It 

matters not, in this context, whether the level of discovered error is the auditor's 

224 



Chapter 9 

perception of errors found or whether the small sample o f actual audit files provides the 

levels of errors signalled by APs. Either figure implies that APs are important. 

Another finding, reported in Chapter 5, was that APs are perceived by auditors to be 

effective, Wiich Eraser, Hatherly and Lin (1997) surmised to mean cost-effective. 

Their interpretation is supported by the survey reported in Chapter 6, where auditors 

considered APs to be inexpensive to apply. 

The survey carried out for this thesis, and reported in Chapter 6, confirmed the findings 

of the other surveys and extended those surveys by looking at quality issues. The new 

survey found that many of the audit firms did not appear too concerned about the 

quality of the data or of the rigour of the calculations. This statement is consistent with 

the view of many of the firms that APs are inexpensive. If more attention were paid to 

the data, APs might cease to be inexpensive procedures. For example, the use of data 

with a greater degree of disaggregation might produce more precise results, but would 

be more costly. Or, if the data were checked, then that would add to the costs. 

In section 6.3.3 it was seen that many auditors fail to define an outcome-value (C) for 

the outcome-rule | - Ys | < C. They said that if the expectation value, 1̂ %, was close 

to the book value in the financial statements being audited, then that would be V/ze r/gA/ 

AMfwer'; but they did not define close in advance of their audit test. In section 6.3.3, the 

finding was reported that there was little or no consideration of explanation e fkc t 

phenomenon. This, together with the willingness observed in Chapter 4 (Boys (1997)), 

for auditors to accept management representations too easily, means that there is a 

potential for differences to be explained away without a sceptical appraisal of those 

representations. 

A concern of two of the interviewed audit firms was that auditors did not sufficiently 

understand the business in order to carry out substantive APs. The need to appreciate 

the inter-relations between data &om different parts of the entity, or similar entities, 

underlies APs. As the Auditing Standard on APs says, one o f the factors in the 

application of APs is: VAe ga/Mec/ aW/Ya', wzYA f/ze 

j y f a W fAg %)gf m pgrzo^^ /zavg g/vg» r^g fo accoz/Mfz)zg 

a<̂ ztŷ yMg/z/j'' (SAS 410). 
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Also, in the survey carried out for this thesis, there was an example of auditors 

demonstrating that there is not always a link between their decisions and the 

consequences. Many of the respondents considered the nature of the substantive 

evidence they needed to collect, but they did not always appear to consider the extent of 

the substantive evidence that was required. One example given was that they might 

choose to cany out a sampling procedure, but the size of the sample was not linked to 

other criteria such as materiality, but was, instead fixed at an arbitrary upper size of 30. 

That indicates a lack of understanding of the procedures they apply. 

So it is possible to conclude that the observations of Humphrey and Moizer (1990) and 

Garvey and Dietz (1997) that auditors did not understand the procedures they used, still 

has some relevance today. In particular, when the findings are taken together, they 

point to a lack of structure to the AP process, or at least to parts of it. If auditors 

understood the reasoning/theory that underpins the APs, one would not have expected 

these lapses. The statement by one of the Technical Partners interviewed in the survey 

about the desire to have flexibility to use their audit judgement says it all: q / 

f a W T/zy aWzYy '. This view of 

statistics being a series of formulae and not a rationale for analysing data may be the 

reason for this statement. Certainly the auditor should be demonstrating a rationale to 

the structure of their AP work. Currently, based on the evidence gathered in the new 

survey, there appears to be little structure to the use of APs, certainly none that is 

articulated, or documented, in any way. 

Most of the surveys dealt with audits conducted under a methodology where the Audit 

Risk Model philosophy underpins the logic for combining information. To paraphrase 

Lemon, Tatum and Turley (2000), the Audit Risk Model has been a basic fimdamental 

of audit methodology for the last 15 to 20 years. That approach is still apphed by most 

of the firms outside of the big five (or big four as they now are). But for firms who deal 

with the audit of global entities a new approach has been developed and implemented. 

It is the Business Risk Audit Methodology (BRAM). 
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9.5.7 Eg&gMffa/ parA Bw&mggf iUst MefAodofogy 

Before considering the impact of the BRAM methodology o n the use of APs, it is 

pertinent to consider a motivation for Aat methodology. Be l l , Marrs, Solomon and 

Thomas (1999) claim that important questions are left unanswered by the old audit 

approach. For example, ' w W /eve/ M /Mz/cA 

aj'f z/m/zce rAe ayf m fAe 

are MOf wAaf M fAe reWh/g z/MporfaMce q/̂ fAfj' 

AMO)fZe(%e fo f/zg opm/oM"? Such arguments apply to many parts of 

the SASs, which are deliberately at a high level, allowing the auditor to interpret them 

into ± e audit strategy of each firm. This 'understanding o f the business' is given as one 

reason for the proposed new approach. However ± e concerns about business 

knowledge are echoed by the findings of the survey described in Chapter 6: there some 

firms were worried about a lack of understanding of the business that is fundamental to 

APs and, one would have thought, to any financial audit. S o it may be that more 

specific audit guidance is needed, rather than, or as well as, the new/revised 

approaches. 

Another motivation may be found in a perceived threat to the audit profession 6 o m 

analysts ^^o have gained access to the databases of all the information of an entity, and 

who no longer have to rely on the summary of the information that makes up the 

financial statements. With powerful computers the analyst can repeat the analysis many 

times in the year, and therefore does not have to rely on the annual snapshot: the 

financial statements. Elliott (1994) put it this way: 'Ear/y m fAg cg/ifw/y (the 20^ 

Century), /fMa/zcW r^rgĵ g/z^g^^ a /argg q/"fAg avafZa^/g fo 

a/i gMfg/prMg \ <jg6̂  a/zcf ggmfy f/?^rovg<^ fAg 

q/̂ fAg a/fo fTTzpz-ovgdi Bz/f, fgcAno/ogy, 

of/zgr ̂ yoz/rcgf q/"rg/gva»f arg mcrgofrng (zvaf/aAZg/yb/' g%a;?̂ Zg, zm;gj:forâ  

caM ggf z^-fo-^Ag-/Mm«fg co77^M;gf f/zmwgA 

(jafaAo&gj: w;Y/zowf waifmgybr gz^arfgy/y or annw/ However, this misses one 

important point. The annual statements have an added value since they are supposed, 

after independent audit, to be attested to their 'correctness' - the truth and fairness of 

those statements. That said, auditors were probably worried about ± e loss of providing 
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additional services over and above the financial audit work to certil^ the Gnancial 

statements. 

Evidence that methodologies such as BRAM are in use by one of the m^or audit firms, 

reflecting the move to a more business orientated audit approach, was noted during an 

interview for the survey reported in Chapter 6. It was with one of the m^or audit firms 

in the USA. The underlying business audit model was discussed and copies of the 

'partner cards' for the approach were provided to illustrate its application and the use of 

APs as a part of the audit methodology. That was the second interview with that 

particular firm. An earlier interview took place in 1996 in the UK, and it was 

subsequently clear that the audit philosophy discussed in the USA was not an entirely 

new one, but a natural evolution of their thinking. Fundamental to both approaches 

were minimal substantive tests if the business systems were judged to be capable of 

preventing material error. Those tests are likely to be APs. 

For the purpose of conducting a financial-statement audit using the BRAM approach, 

the key feature is for the auditor to gain an understanding o f a client's business. In 

particular the auditor directs their attention to the client's systems dynamics - its 

strategic positioning within its environment, its emergent behaviours that impact on the 

attained level of performance, the strengths of its cormections to outside economic 

influences, the specific interrelationships and internal processes interactions that 

dominate its performance, and potential changes &om outside that might threaten the 

viabili^ of the client's strategies and niches. Bell, Marrs, Solomon and Thomas (1999) 

concluded that: q/" 

the conclusion of the BRAM approach the auditor uses a reduced level of substantive 

test (reduced 6 o m previous methodologies) to direct the final audit and to obtain 

evidence to meet the residual risks. Eilifsen, Knechel and Wallage (2001) put the 

philosophy this way: 'Bgcaayg f/zg gx/gwfvg Ayzow/g l̂̂ g acgrz/Mzf/oM (gv/akwc^ ztyg(/ 

To (zyfgf^ Az^mg-yf r/fAa' f/zgzr /zfzA;? fo az/t̂ zY /"wA:;', o/z/y Zz/MzYĝ f ̂ z/Wa/zfzvg gvz<j<2/zcg 
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/Moy ybr af j'grfzoMj/b^ec^h'ej^'. Such substantive tests are hkely to 

be APs. 

Effective APs require a good understanding of the business as the Auditing Standards 

acknowledge. Bell, Marrs, Solomon and Thomas (1999) put it this way: 'APf, 6)/ rAgzr 

ve/y Mafz/re, are a W rgg'w/re a/; 

a W ofAgr ecoMo/Mfc ̂ /ze»o/Me»a'. Such knowledge should produce better 

investigation-rules: by better it is meant that the rules more closely model or replicate 

the relationship being audited to produce an audit expectation. This then brings us back 

to deciding what type of AP to use. If the auditors are still using simple APs, such as 

ratios, ratio trend analysis and common-size financial statements - see page 61 of Bell, 

Marrs, Solomon and Thomas (1999) - then the issue is whether these APs are powerful 

enough to overturn, or at least indicate a problem with earlier audit judgements, based 

on assessments of management and their systems. 

9.5.2 BfWf Mgff jZwt vdwdff MgfAoffofogy; f erWc&y amf 

Despite bringing beneGts to the audit through a more comprehensive understanding of 

the audit chent, the BRAM approach raises m^or worries in relation to the motivation 

for this audit process and the potential independence of the auditor. These impact 

directly on the AP process. Bell, Marrs, Solomon and Thomas (1999) assert that the 

BRAM methodology will facilitate the provision of services over and above the basic 

audit. They claimed that: /wock/ v y z / / a wybr 

o^gcr/vgj' aWgoa/ f ' (author's underlining). 

That part of the purpose of the BRAM process was to get on side with management was 

clearly described in the ICAEW report by Lemon, Tatum and Turley (2000). They 

found that: Vw caĵ gj' f A e a r g m fAaf o;7g /?w/poj^g q/"fAg 

^wj-rngf fAg aWzfor foyb/7M a v/gw Âg g»^f(y fAaf fj' 

cowfffgMf wfYA fAaf q/̂ /ManaggTMgMA 6)/ o M g ^ A g Mgw M 

ybr 'a/fgMmg oz/r /»org c/oj^g(y wffA »gg66 fo //?^rovg 

/7g^/7Ma»cg anc/ mawagg /« fAg caj'g q/̂ OMg_///"/», fAfa' 

g7? /̂za.9M waâ  r^gcfgc/ m r A g f A a ^ /)aAt q/̂ aw(/fY a^roac/z aZ/oi^/gt/ybr 7?za»agg7»g/zf 
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fo eMgaggmeMf o^ecfh^ea^fAe OMMwa/ aWzA over aw/ a6ove /Ae 

aWffor 'f /'gjpow;6//;Y/gj', o W fo fgf ^ We/h;era6/ej^' f W Âe aWzf/?/?» 

woM/t/j'gg^ fo a W M/ow/ff 6g AeM accoz/Mfa6/e fAe enc/ q/"fAg aW/f 

cyc/g'. 

The emphasis on A e opportunity for providing an additional service to the audited 

client, as shown by the underlining in the above statement by Bell, Marrs, Solomon and 

Thomas (1999), raises a number of questions that are relevant to the use of APs within 

the BRAM methodology. Such as, who is the real client: is it the senior management, or 

the shareholders or other stakeholders such as potential shareholders? And, is there a 

danger of the financial audit and the client services getting confused? Another question, 

post Enron and Worldcom, is the issue of auditor independence, and do such 

methodologies as BRAM threaten to compromise the independence of the external 

auditor? For example, in subsequent audit periods, will the auditors be auditing their 

own work and/or guidance? This is relevant since APs rely on the auditor's integrity. 

Their APs may use the data from the client. They have to seek explanations &om the 

client about differences between the audit-estimates and the figures in the Gnancial 

statements, and they have to be aware that the AP may be an important source of 

evidence to refute their assumptions about the audited client. 

The new methodologies, which appeal to the rationale that it must be a good thing if 

auditors better understood their clients, are unproven, whereas the older methodologies 

have identified weaknesses. Eilifsen, Knechel and Wallage (2001) counselled some 

caution about the new approach: 'TTzgyg w z/WgrafaMc/mg f/zg /z/MzYafzoMf q/" 

/Mĝ /zô k 6/z/g fo /'/"gvzozt; rg^garc/z," a ĵ z/yzzYar /gvg/ ga^grzg/zcg zm ẑg/zf 

6g a^az/zgef A ^ r g wg j'ZAMzYŵ  f/zg »gw aWzY 7Mg /̂zo(6'. Thus the new 

approach needs to be monitored and researched to assess whether its intrinsic appeal is 

translated into a methodology that produces evidence to support the auditor's opinion 

on the truth and fairness of the financial statements. 

9.5.3 Business Risk A udit Methodology and Substantive Tests 

Where this consideration of BRAM is particularly relevant to the effectiveness of APs 

is when substantive testing is reduced to a minimum. The issue is then whether such 

procedures will detect material error, should it be present, rather than the presumption 

made by auditors that such error does not exist. Eilifsen, Knechel and Wallage (2001) 

230 



Chapter 9 

pointed out that Vo gjc/enf f/zar feffmg f j' (^gcreafgcf or 

g/z/Mfwzfed^ a» aW/^or over/ooAzMg errora^ fAaf mzg/zf Aavg 6eeM (/gfecfe^/ 

g <%p/'oacAej''. 

There is not necessarily universal agreement within the profession that such new 

methods are relevant to all audits. A comment by a partner in a m^or audit firm aAer 

the introduction of ± e BRAM approach was: ' f o r co/?^6z»fef &» Mô  »ggaf aM 

aWff, f/zM ^^proacA goocf a Mof (/omg aw ofAer'. While such 

scepticism may be motivated by the distrust of change, it can represent a healthy 

caution that the new methodologies may not be any better than those they replace. 

The introduction of the BRAM approach, which is only likely to be widely used by the 

auditor of larger complex organisations should, in theory, produce better APs. The 

structure being advocated earlier in the thesis - the investigation-rules, outcome-rules 

and explanation-rules - ought to be more likely because o f a better understanding of the 

business. This should ensure that the auditor considers the potential shortcomings of the 

proposed APs. For example if Bell, Marrs, Solomon and Thomas (1999) are correct, the 

BRAM will 'fgrvg ô Ae/g/zfgM fAg aW/^or /gvgZ q/jDrq/gf ^ Z r y 

gMa^/mg fAe aWifor fo ckvg/qp Aw own /^pofAga^ f̂afg/MgMf 

/rg»(6 ancfyZz/cfz/afzow wf/Aowf rg/ymg g%c/ztyh;g/y OM /M^Magg/Mg/z/ĵ ' eû /aMâ fOAW'. 

Such a conclusion is entirely consistent with the earlier arguments about the 

explanation effect, and would help to address the concerns raised in Chapter 6 about 

that effect. A better understanding will enable the auditor to form the alternative 

explanations in the way discussed in section 4.10. However, only further research will 

determine whether Bell, Marrs, Solomon and Thomas's (1999) hypothesis is achieved 

in practice. 

The use of APs is likely to continue to be significant, a v iew that is consistent with the 

results of past and recent surveys, such as Fraser et al (1997), Mulligan and Inkster 

(1999) and the survey for this thesis. Indeed Lemon, Tahim and Turley (2000) found in 

their interviews with the large firms that: VAg /Movg/»gMf ro a grgafgr g/MpAaĵ ^ OM 

ay a ^yowcg q/̂ gvz ĵgMcgybr fAg /fMaMc/aZ ĵ fâ grngM f̂ coMfzMwgĵ  wM<jgr 

'. They also found that:' M%//g aZZ q/̂ fAgy;r/M.9 ge/zgra/^ rg^mrg /)g^r/MaMcg 

q/"ĵ o/Mg j^wWa/zffvg ̂ rocgafwrgj' o W wAgrg rwAa' arg /zzgA, a co/M/»gyLyz/râ g /gvg/ q / 
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/o m /ow /-zfA; defecnon rwA: can 6e adWrea f̂ee/ 

/̂ er/br/Mgcf m coMMgcrzoM w/̂ /z fAe zm/e^r/gaffOM 

Thus it is apparent that under either audit approach ± e level of substantive procedures 

is diminishing and that such procedures are likely to be APs . So it is vital that such APs 

should produce sufRcient evidence to confirm or deny the auditor's judgement about 

the organisation. 

9.6 f f o w fAg exygrfrngMfly 7 a W g 

Having estabhshed that APs are an important substantive procedure, and that simple 

APs dominate. Chapter 7 (the experiments of others) and Chapter 8 (the experiments 

conducted for this thesis) then addressed the issue of Wiether APs, and simple APs in 

particular, were effective. That is to demonstrate if APs, as the only substantive test, 

really fulfil their purpose at the substantive stage. In these experiments effectiveness 

was measured by the levels of false-negative and false-positive signals for different 

levels of outcome-value and seeded error. False-negative signals imply that the 

investigation-rule is detecting error that is not there, and false-positive signals are 

missing material error that is present. 

The types of investigation-rules used in Chapter 8 were grouped into two classes. The 

first was of a regression type, similar to those used by Knechel (1988a) and Kaplan 

(1978), while the other set were simple rules similar to those used by Loebbecke and 

Steinbart (1987) and Knechel (1988b). The latter type of simple investigation-rules are 

typical of those used extensively by auditors. The investigation-rules were summarised 

in Table 8.2. 

9.6.7 / o r fAg gxygrfrngwA / o r fAw fA&gw awf way cAofgw 

To investigate whether or not the chosen investigation-rules would have a low 

propensity for false signals, they were applied to three different populations of monthly 

data. There were 2,500 sets of data simulated for each of the three populations. 

One set of data was simulated to be similar to the data created by Knechel (1988a): the 

data was increasing in a structured way and the random error was distributed as if it 

came from a normal distribution. The reason for using this data was to assess how the 

regression based investigation-rules used by Knechel would perform, when applied to 

data that was similar to his and when the criteria for effectiveness was to measure 
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directly the false signals rather than the reduction of other tests measured through the 

Audit Risk Model. 

The other two sets of data were simulated to have the characteristics of monthly pay 

data from two Government Agencies. These data were chosen to see how different 

investigation-rules would perform on data that was from what is, for many 

organisations, a well controlled, stable area: that is the pay o f the staff. It should be 

noted that the pay data was from the period 1990 to 1994/5, before the change, on a 

large scale, within the public sector to performance-related pay. It is likely that there 

will be more variations in pay data &om the latter part of the 1990s. Thus the earlier 

period represents an ideal data set to test APs, in the sense that APs would be expected 

to work well here, where there is a strong relationship. If they do not, that will be 

valuable information because it will demonstrate the potential failings of APs when 

they could be expected to do well. 

Thus the experiments described in Chapter 8 used real data, which many of the earlier 

experiments did not, and data that was similar to Knechel's so that the experiments 

could directly test his results by trying to replicate his work but without the, flawed. 

Audit Risk Model to measure the effectiveness. The use o f the two sources of data, 

similar to the Agencies and to Knechel's, provided the opportunity to compare the 

performance of investigation-rules with different types of data. 

9.6.2 Regression type APs used by Knechel and the experiments carried out for this 

thesis 

The first group of investigation-rules were the regression type, similar to those used by 

Knechel (1988a). They were applied to monthly data and monthly outcome-rules were 

used to measure the results of the experiments. It might be thought that regression type 

APs would perform very well, however Kaplan (1978) found that this was not 

uniformly true. He reported on an experiment using APs based on regression in \\diich 

the expectation value never got closer than within 10% of the book value. However, 

other analysts using regression or time series based APs did not report such problems 

about the effectiveness of APs. Their experiments were reported in section 7.7 and they 

included the work of Knechel (1988a) and Ameen (1989). They evaluated the 

effectiveness of the APs by reference to the extent of the reduction of another 

substantive procedure: sampling. The Audit Risk Model was used to calculate the 
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revised substantive sample sizes. This reduction does not necessarily provide support 

for the effectiveness of such APs because of the defects o f the Audit Risk Model. The 

extent of the reduction may be exaggerated or underestimated. Thus the evidence from 

these studies was not conclusive in demonstrating whether APs are effective. 

In order to assess the worth of the AP, its performance must not be confused with, or 

disguised by, its combination with some other substantive audit procedures. Therefore, 

the experiments described in Chapter 8, used the criteria o f whether there were low 

Aequencies of false signals. 

The results of the experiments described in Chapter 8, using the regression based 

investigation-rules and monthly data, showed that the regression-rules produced wide 

variations in performance. There were false signals for many combinations of outcome-

value and seeded error. Also the levels of false signals were not consistent between 

investigation-rules (with the same data) or between data sets for the same rule. 

Specifically for the data simulated to be similar to the two real populations, there were 

false-negative signals for many combinations of error and outcome-value when the 

error was spread over 1, 3 or 6 months. However, when the error was spread over all 

twelve months, then the signals were false-negative when the outcome-value (C) > the 

seeded error (E), and false-positive when C < E. 

When the same simple regression investigation-rules were applied to data that was 

similar to Knechel's (1988a) they performed better than for the 'real' data when the 

error was spread over 1, 3 or 6 months: they produced lovyer levels of false-negative 

signals. However when the error was spread over 12 months, there were false-positive 

signals. This is significantly different to the results of Knechel. It is likely that his use 

of the Audit Risk Model disguised the occurrence of false signals, and thus his finding 

that APs were effective may well be flawed. 

This finding, together with the inferior performance when the investigation-rule is used 

in conjunction with the Agency data, points to a conclusion that regression based 

investigation-rules do not perform well with data of good quality. Such data may even 

be better than the data that auditors typically use, and therefore APs used in coig unction 

with poor quality data may not perform well. 
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To sum up, there were levels of false signals that indicate such APs may lead to 

additional work, or more seriously, in certain circumstances, provide false-positive 

signals. The implications of this are taken up in section 9.7. 

P.6LJ Mfgff Ay & AawAarf amf M gxygnrngwCf carrigff/br 

this thesis 

In addition to the experiments described in Chapters 7 and 8 that investigated the 

effectiveness of some APs that used regression type investigation-rules, there were also 

experiments using 'simple' investigation rules: comparison, trend and ratio analysis. 

In Chapter 7, the work was reported of Loebbecke and Steinbart (1987). They found 

that many of the simple APs are not effi^tive, because such investigation-rules had 

high frequencies of false-negative and false-positive signals. This was true for 

outcome-values of 5%, 10%, and especially 15%. As well as performing badly, the APs 

were not consistent in their performance: that is a particular investigation-rule might 

perform well in one account area, and badly elsewhere. Another piece of research by 

Knechel (1988b) looked at the application on non-statistical APs. His work, discussed 

in section 7.8, used twelve investigation-rules based on ratio and trend models and were 

applied to the same data as Knechel (1988a). The effectiveness of the Knechel (1988b) 

investigation-rules was measured by how much the rules reduced the sample sizes, as 

with the Knechel (1988a) research. 

To build on that work and to investigate whether the findings of Loebbecke and 

Steinbart (1987) or Knechel (1988b) were correct, in Chapter 8 a series of experiments 

were carried out. The seven experiments applied investigation-rules 1.3 to 1.9 of table 

8.2 - experiments five to eleven - to the agency data, described in section 9.6.1, after it 

had been summed into annual totals. That is, four annual amounts rather than the forty-

eight monthly totals. Here the rules were applied to good quality data that was, 

probably, more consistent than that used by Loebbecke and Steinbart (1987). One 

reason for this was that their data came from a period of high inflation. 

Sections 8.9.1 to 8.9.4 set out the detailed results for the simple investigations-rules. In 

summary, while the outcome-value (C) and error (E) were close, there were false 

signals: false-negative while C > E, and false-positive while C < E. Close can mean an 

absolute difference of up to 3% of the value being tested. These results are entirely 

235 



Chapter 9 

consistent with the work of Loebbecke and Steinbart (1987) who found high 

frequencies of Type I and II error, the equivalent of our false-negative and false-

positive signals. This is, at first sight, surprising since the n e w data was well controlled, 

whereas the Loebbecke and Steinbart (1987) data was from a period of high inflation. 

One conclusion is that such investigation-rules perform badly whether the data is of a 

good quality or not. 

The combined results of the simple investigation-rules imply that the conclusions of 

Knechel (1988b) are also likely to be incorrect. His conclusion that the sample sizes 

were reduced is not always supported by the experiments in Chapter 8, where the 

results clarify the shortcomings of the APs for some combinations of outcome-rule and 

error. 

P. 7 Af Mumzfy fAg cowc/WoMf awf fAgfr fwy/fcadbw / o r fAe awd&or 

It has been demonstrated that APs are regarded to be an important procedure whether 

the philosophy of the audit methodology is the Audit Risk Model or the Business Risk 

Audit Methodology. The APs are a significant proportion o f the substantive evidence. 

In addition it has been shown that the APs analysed in this thesis, used with stable data 

6om well controlled sources, gave high levels of false-negative signals while the error 

in the audited value was low and, if the outcome-value was typically 4% or less of the 

value being tested, this varied with the investigation-rule and the data source. The 

implication for the auditor is that, in such circumstances, the signal they receive is that 

additional work is needed. If that signal were wrong that would mean that more 

(nugatory) work is required, as, although it would increase their knowledge of the 

audited organisation, it would be unnecessary. 

For the annual outcome-rules, particularly when used with simple investigation rules 

there were false signals, while the outcome-value was close to the seeded error. Those 

were false-negative signals when the outcome-value was greater than the error, with the 

implication explained above. When the outcome-value was less than the error, and the 

outcome-value and the error were close, there were false-positive signals. 

Such false-positive signals were also observed with monthly outcome-rules where the 

seeded error was evenly spread over the audited period. If in these circumstances (the 

false-positive signals) the AP is being used because the auditor has decided, based on 

their assessment of management systems and other audit work, that a minimal 
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substantive test is all that is required. Then in these circumstances, unless the error is 

well in excess of the outcome-value, the auditor would not be aware that they should be 

querying their earlier decisions. The auditor's assumptions about the acceptability of 

the assertions in the financial statements, based on management controls and their 

understanding of the business, will not be challenged by the minimal substantive tests -

APs. 

The auditors interviewed in the survey, reported in Chapter 6, did not report high 

frequencies of false-negative signals. One possible conclusion 6om that, together with 

the results of the experiments in Chapter 8, is that auditors may be using large outcome-

values for each of the different account areas within a set o f financial statements being 

tested. In this instance 'large' is relative to the value being audited by each particular 

substantive test. If large outcome-values are used then there is a question about the 

combined effect of these and ^#ether it exceeds the material amount set for the 

financial statements as a whole. Over the last few years, there have been discussions 

about the 'Expectation Gap% which has been described as: 'a fAe 

yee/mg fAaf ore m a maMfzer varzaMce w/fA f/ze a W 

ybr wAoj'e owf' (Humphrey (1997)). 

The materiality to which auditors work, and any links between that and the outcome-

values, is a part of this expectation gap. If the users of the financial statements 

suspected that the balances within the financial statements were checked to within a 

value in excess of 10% or even 5% of those balances, would they be happy? The 

relationships between the setting of audit materiahty and o f local outcome-values are an 

important subset of the combination of audit evidence. This is an area that was not 

explored in this thesis. 

The move to new methodologies may be useful in the sense that auditors will develop 

better investigation-rules and explanation-rules. But an implication from the work of 

this thesis is that auditors may be using relatively high outcome-values, as that is one 

way of avoiding high levels of false signals. A further piece of research could be to 

consider the link between those outcome-values and the overall materiality. 

Another issue identified in earlier work and the survey carried out for this thesis is an 

understanding of APs, or at least an articulation of that through the actions of the 

auditor. Although Bell, Marrs, Solomon and Thomas (1999) put forward the 
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proposition that the BRAM philosophy should improve audit work through a better 

understanding of the organisation, another step is also required as part of the strategy. It 

would apply to any audit requiring substantive evidence: be it under the Audit Risk 

Model or Business Risk Audit Methodologies. It consists o f providing a simple 

structure for APs as discussed in section 3.8, and added to in section 4.10. That 

structure can be spht into three rules: namely an investigation-rule, an outcome-rule 

and an explanation-rule. This is necessary, as can be seen from Chapters 5 and 6 where 

it is shown that such rules are not generally used. 

The purpose of the investigation-rule is to explain, and make transparent, the causal 

links between different sets of data. It utilizes the auditor's understanding of the 

plausible relationships between items in the financial records of the audited entity. The 

output from this is some form of expectation value: Yi. The next stage is to assess the 

result of applying the investigation-rule and to measure whether the difference between 

the expectation-value (Yi), and the value being tested (Ys) is acceptable. This is the 

outcome-rule and it should be less than some critical value called the outcome-value 

(C): [Yy - Ysl < C. The final rule is the e;q)lanation-rule. Its purpose is to ensure that 

the auditor obtains a valid reason for, or otherwise substantiates, the discrepancy 

between YT & Yg. A suggested structure for explanation-rules was set out in section 

4:10, this was: 

1. Identify potential alternative explanations before doing the AP; 

2. Carry out the AP; 

3. Review the alternative explanations before talking to the audited organisation; 

4. Seek explanations from the audited organisation; and 

5. Substantiate those explanations. 

These three rules do not overcome the potential for high levels of false signals, but they 

make the auditor aware of potential issues, and can demonstrate that awareness to 

others. 

This set of rules is entirely consistent with the strategy of B R A M as described by Bell, 

Marrs, Solomon and Thomas (1999). None of the proposed rules need to be 

bureaucratic since, for simple investigation-rules, a short description of the process 
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would be sufScient. However, it would make it clear what has been done to the person 

reviewing the work, as well as for the auditor performing the work. 

To sum up, APs are used extensively, simple techniques are the most common and 

auditors perceive that APs are effective and have categorised them as cost effective. 

The surveys described in Chapters 5 and 6 imply that APs may be low cost, but the 

evidence from this thesis is that in certain circumstances they may be ineffective rather 

than cost effective. 

9.8 Areas for further research or further action 

Following on &om the findings of this thesis there are some possible areas for further 

research. These are set out below: 

(1) Auditors appear to be using large outcome-values for each of the different 

account areas within a set of financial statements being tested. There is a question about 

the combined effect of these outcome-values and whether it exceeds the material 

amount set for the financial statements as a whole. 

There are two pieces of research that could flow from this: [A] a survey and [B] the 

investigation of a rationale for combining the outcome-values. 

[A] Auditors, if they do not use large outcome-values, are likely to be 

getting high frequencies of false-negative signals, thus causing nugatory work. 

A new survey would be useful to determine if auditors do get such nugatory 

signals, and to ascertain how those signals are addressed. 

[B] Associated with [A] is a rationale for combining the results of different 

audit procedures. It would assist the auditor in their judgements about the 

financial statements. 

(2) It has been shown that many investigation-rules have a potential for false-

negative and false-positive signals. The problems might be overcome if the 

investigation-rule was based on non-parametric regression. Although some work on 

this subject was done in the development of this thesis, because of time constraints, it 

was not pursued. A further exploration of the usefulness of such APs could identic 

whether they could efficiently and effectively assist the auditor. The work should be 

associated with a programme involving auditors to see if such methods could be, and 

would be, acceptable to them. 
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(3) It would also be useful to repeat the experiments o f this thesis with data 6om 

other areas within the financial statements and / or difkrent outcome-rules, possibly an 

annual rule in place of the monthly rules. 

(4) It is now some time since the survey for this thesis was completed. Audit is a 

rapidly developing process. Further research into the impact of the SASs since they 

were issued in 1995 might find that auditors have addressed some of the issues raised in 

this thesis. 

(5) An AP is only one of many signals that the auditor uses in the audit process. 

When it is the only substantive evidence, false-negative signals may cause extra work, 

but false positive signals pose a particular risk. Properly done APs are a powerful tool. 

Indeed at the planning and the review stages they are mandatory. In the spirit of the 

IDA philosophy of Chatfield (1985), they provide a very useful analytic tool and assist 

in an understanding of the business being audited. However, auditors do not appear to 

be completely aware of the potential hazards of any predictive procedure, such as the 

need to verify data, or the imprecision associated with prediction. One way of 

overcoming this problem may therefore be that the APB should issue an Audit Bulletin 

drawing attention to the strengths and weaknesses of this potentially important audit 

tool: APs. 
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The skeleton questionnaire used the survey described in Chapter 6. 

Name of the firm: 
Partner/ Manager: 
Date: 
Time: 
Contact Points: 

AREAS TO BE COVERED: 
A DEFINTnONOFAPS 

# What do you define APs to be? 

B USE OF APS BY FIRM 
What APs do you use? 

# Graphical methods 
# Plotting 
# IDA 

# Trend Analysis 
# Ratio Analysis 
# Time Series 

# Regression 
# Other techniques 

At what stages of audit do you apply APs 
# Planning / substantive / review 

C WHAT SOURCES OF DATA ARE USED IN APS 
# Solely comparing internal data 

# Is there a requirement to use independent data 

D WHAT QUALTTY CHECKS ARE DONE ON THE DATA USED IN 
THE APS 

# What quality control checks do you do on the data? 
# Do you review/check the systems producing the data used for the APs? 

# Is there a requirement to do the above? 

E HOW DO YOU COMBINE WITH OTHER EVIDENCE? 
Including how the evidence combined with other substantive evidence. 

F EXPLANATION OF VARIANCES 
# Requirement to explain variances? 
# What guidance is given on obtaining evidence to explain variances? 
# How do you cope with the explanation eSect? 

# Review procedures? 
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G DOCUMENTATION 
# How do you document? 
# What are the standards? 

H COMPUTER TOOLS 
# Do you use computer packages? 
# Do you use statistical packages? 
# Do you use computer tools? 

o Spreadsheets 
o Database packages 
o Statistical packages 
o Time-series packages 
o Bespoke packages 
o Other? 

I AUDIT PRACTICES COMMITTEE 
# What developments are there likely to be? 

# Did new SAS change your application of APs? 

J GENERAL 
# Why firms use APs? 
# Why does your firm use APs? 
# Any doubts/worries/concems about the profession's use of APs? 
# Any doubts/worries/concems about your firm's use of APs? 
# Failures? 
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;i$gz/aref AA/Z/fpZe ĝgrgĵ â /oM fMocik/f ybr y4»a(y^fca/ f rocecfz/rgf. PhD Thesis at Drexel 

University, 1991. 

Eilifsen, A., Knechel, W.R. and Wallage, P. 2001. Application of the Business Risk 

Model: a Field Study. v4ccoz/»f/Mg^onzo»j', Sept. 2001, vol. 15, no. 3, p. 193 -207 . 

Elliott R K. and Rogers J. R. 1972. Relating Statistical Sampling to Audit Objectives. 

o/̂ /̂ ccoz/zzfaMcy, 1972, p. 46 - 55. 

Elliott R. 1994. The Future of Audits. v/owTza/ Sept. 1994, no. 178, p. 

7 4 - 8 2 

Ezzamel, M. and Mar-Molinero C. 1991. Dafa q/"FmaMC/a/ 

ZooA: af Ffgwgf. Discussion Paper 91-13: University of Southampton 

Working Paper. 

Flint, D. 1988. f AzZofop/rx Macmillan 

1988. 

Fraser, I. M., Hatherly, D. J. and Lin, K. Z. 1997. An empirical investigation of the use 

of analytical review by external auditors. vBrz/M/z .Rev/ew, 1997 vol. 29, p. 

35-47. 

Garvey, H and Dietz, A. 1997. What the JMU Finds. H o w are Firms coping with the 

new SASs? The JMU has ways of finding out. Sept. 1997, p. 8 2 - 8 3 . 

Godsell, D 1991. Longman. 

Hatherly, D. and Skuse, P. 1991. ZM M.S'Aerer aw/ 5" Cz/7Tg»f 

m (Second Edition: 1991), Paul Chapman Publishing, p. 115 - 130. 

Humphrey, C. and Moizer, P. 1990. From Techniques to Ideologies: An alternative 

Perspective on the Audit Function. f OM 1990 vol. 1, p. 

217-238. 

246 



Bibliogr^hy 

Humphrey, C. 1997. mM5'Aere/'aW5'7«7'/g)/, Ci/TzeMf 

m ^ W/fmg (Third Edition: 1997), Paul Chapman Publishing, p. 3 - 29. 

Hylas, R. E. and Ashton, R. H. 1982. Audit Detection of Financial Statement Errors. 

October 1982, vol. LVn, no. 4, p. 751-765. 

ICAEW. 1990. Auditing And The Future: f aw 

Coy^rgMce," Edinburgh 11/12 April 1988. 

Jiambalvo, J. and Waller, W. 1984. Decomposition and Assessments of Audit Risk. 

^ a W TTzeo/y, 1984, vol.3, no. 2, p. 80 - 88. 

Kaplan, R. 1978. Devg/qprng a FmaMcW f y b r aM .Revzew.' 4̂ 

Feay/Af/fYy Symposium III in Illinois: 1978, p. 3 — 34. 

Kaplan, R. 1983. A Financial Planning model for an Analytical Review: The case of a 

Saving and Loan Association. ^ JowmaZ q/'fracf/ce aMcf TTzeory, Spring 

1983, vol. 2, no. 2, p. 52 - 65. 

Keynes, J. M. 1936. Gengm/ TTzgo/y Chap.24. 

Kinney Jr,. W. R. 1978. ARIMA and Regression in Analytical Review: an Empirical 

Test. January 1978 vol. LIE, no 1, p. 48 - 60. 

Kinney Jr., W.R. 1979. Integrating Audit Tests: Regression Analysis and Partitioned 

Dollar-Unit Sampling, yozvma/ Autumnl979, vol. 17, no. 2, 

p. 456 - 475. 

Kinney, W. R. and Salamon, G. 1982. Regression Analysis in Auditing: A Comparison 

of Alternative Investigation Rules. Jowr/Kz/ q / ^ A u t u m n l 9 8 2 , vol. 

20, part 1, p. 350-366. 

Kinney, W. R. Salamon, G. and Uecker W. 1986. 

.Rgvfgw, v4cco«MffMg Educational Monograph Number 7. American Accounting 

Association. 

247 



Bibliogr^hy 

Knechel, W. R. 1988a. The Effectiveness of Statistical Analytical Review as a 

Substantive Auditing Procedure: A Simulation Analysis. TTze .Revrew. 

January 1988, vol. LXEI, no. 1, p. 74 - 95. 

Knechel, W. R. 1988b. The Effectiveness of Non-Statistical Analytical Review 

procedures used as Substantive Audit Tests. aw/ 

Fall 1988, vol. 8, no. 1, p. 87 - 107. 

Koonce, L. 1992. Explanation and Counter-explanation in Audit Analytical Review. 

January 1992, vol. 67, no. 1, p. 59 - 76. 

Kreutzfeldt, R.W. and Wallace, W.A. 1986. Error Characteristics in Audit Populations: 

their Profile and Relationship to Enviromnental Factors. 

a W Fall 1986, vol. 6. no. 1, p. 21-43. 

Law, A. M. and Kelton, W. D. 1991. McGraw-Hill, 

Inc. (Second edition). 

Lemon, W.M., Tatum, K.W., Turley,W.S. 2000. m 

Z^rge acco!/Mfmg Fzr/MS, ICAEW. 

Leslie, D. A. Aldersley, S. J. Cockbum, and C. J. Reiter, 1986. 

fo v4z/(/fYmg. Auditing Symposium Vm. Lawrence, K A. ed. The University 

of Kansas. 

Leslie, D. A. Teitlebaum, A.D. and Anderson, R.J. 1979, Do/Zar (VM/f ^ 

/or v4 Pitman Press. 

Lev, B. (1980). On the use of Index Models in Analytical Reviews by Auditors. 

Autumnl980, vol. 18, no.2, p. 524-550. 

Lev, B. and Sunder, S. 1979. Methodological Issues in the Use of Financial Ratios. 

q/v4ccoMMfmg a W 1979, vol. 1, p. 187-210 . 

Libby, R. 1981. v4ccoz/Mfmg a W fmcej'j'mg.' a W 

Prentice Hall. 

248 



Bibliography 

Libby, R. 1985. Availability and the Generation of Hypotheses in Analytical Review. 

Autumnl985, vol. 23, no. 2, p. 648 - 667. 

Loebbecke, J K. and Steinbart, P J. 1987. An Investigation o f the use of Preliminary 

Analytical Review to provide Substantive Audit Evidence. JowrW q/" 

awf TTzeo/y. Spring 1987, vol. 6, no. 2, p. 74-89. 

McDonald, B. and Morris, M., 1984 The Statistical Validity of the Ratio Method in 

Financial Analysis: An Empirical Examination. Voz/rW q/" 

Spring 1984, vol.11, no. 1, p. 89 - 98. 

McDonald, B. and Morris, M., 1985. The Functional Specification of Financial Ratios: 

An Empirical Examination. u/bz/maZ a W Summer 1985, 

p. 2 2 3 - 2 2 8 . 

Mautz, R. K. and Sharaf^ H. A. 1961. Monograph No. 6, 

American Accounting Association. 

Mulligan, C. and Inkster, N. 1999. The Use of Analytical Procedures in the United 

Kingdom. 1999, vol. 3, no. 2, p. 1 0 7 - 120. 

Power, M. 1997. Oxford. 

Salmi, T, Dahlstedt, R., Luoma, M. and Laakkonen, A. 1988. Financial Ratios as 

Predictors of Firms' Industry Branch. Cy 

1988 vol. 4, p. 263-277. 

Statements of Auditing Standards, 1995. 

Statements of Auditing Standards, 1995. SAS410: Analytical Procedures. 

Silverman, B. W. 1985. Some Aspects of the Spine Smoothing Approach to Non-

Parametric Regression Curve Fitting. Jowwa/ q/'fAe ^qya/ 1985 

Series B. vol. 47, no. 1, p. 1-52. 

249 



Bibliography 

Smith, D. G. 1983. ^evzew.- ^ Canadian histitute of 

Chartered Accountants. 

Smith, K. A. 1972. The Relationship of Internal Control Evaluation and Audit Sample 

Size. 1972, p. 260-269. 

Smith, T. M. F. 1979. Statistical Sampling in Auditing: a Statistician's Viewpoint. 

1979 vol 28, no. 4, p. 276-280. 

Steel A. 1992. WzY a W A c a d e m i c Press. 

Stewart, T. 1978. Regression Analysis in Auditing. March 1978, p.69-72. 

Stringer, K W. 1975. A Statistical Technique for Analytical Review. Jowrwa/ 

Supplementl975, vol. 13, p. 1 - 9 . 

Tabor, R. H. and Willis, J. 1985. Empirical Evidence on the changing role of Analytical 

Review. JbwATzaZ Spring 1985, vol. 4, no. 2, p. 93 -

109. 

Tukey, J. W. 1977. Addison Wesley/Reading. Mass. 

Turley and Cooper 1990. m fAe L%r. Prentice-Hall ICAEW. 

van Batenburg, P C., O'Hagan, A. and Veenstra, R.H., 1994. Bayesian discovery 

sampling in financial auditing: a hierarchical prior model for substantive test sample 

sizes. 1994, vol. 43, number 1, p. 99 -110 . 

Wallace, W. A. 1983. Analytical Review: Misconceptions, Applications and 

Experience - Part 1. TTzg January 1983, p. 24 - 37. 

Wallace, W. A. 1983a. Analytical Review: Misconceptions, Applications and 

Experience - Part 2. TTzg CfW February 1983, p. 18 - 27. 

Wallace, W. A. 1983b. The Acceptability of Regression Analysis as Evidence in a 

Courtroom - Implications for the Auditor. 4̂ WzYmg; VowrMaZ f a W TTzeoyy, 

Spring 1983, p. 66 - 90. 

250 



Bibliogr^hy 

Westwick, C. 1981. Do the Figures Make Sense? ̂  f racf fca / Gz/zc/g fo 

.Rgv/gM/. ICAEW. 

Whittington, G. 1980. Some Basic Properties of Accounting Ratios. 

FzMaMce aWy4ccow/z/mg, 1980, vol. 7, no. 2, p. 2 1 9 — 232. 

Wright, A. and Ashton, R. H. 1989. Identifying Audit Ac^ustments with Attention-

Directing Procedures. October 1989, vol. LXIV, p. 710-728. 

York, D. 1997. Assessing Risk, ICAEW. February 1989, p. 76. 

251 


