








“Auditor’s Probabilistic Reasoning
in a Multi-Stage Risk Assessment Task”

Jutly 1990

Theadore J. Mock
Arthur Andersen Professor
University of Southern California
and
Adjunct Prolessor

- Bond University
&

Arnold Wright
Iarold Mock Professor

Northeastern University
&

- Mary Washington
University of California, Irvine

&

~Ganesh Krishnamoorthy

Univcrg:i(y of Southern California

¥

* This paper is jor presentation at the AAANZ Conference, July 9 - 11, 1990 in Perth, Australia, and at
Bohd University, July, 1990. Research funding for this study was provided by the's
Peat Marwick Main Foundation. -

PISCUSSTION PAPER NO: 1




SAUDITOR’S PROBABILISTIC REASONING
IN A MULTI-STAGE RISK ASSESSMENT TASK”

The effectiveness and efficicncy of an audit rests largely on the planncd procedures, the evidence gathered
and the utilization of evidence by auditors. This research project has investigated how evidence is and should
be utilized by auditors. This report deiails the results of two related studies: 1) an analytical study of the use of
belief networks 1o model auditor probabilistic reasoning and 2) an empirical, process tracing siudy of auditors’
utilization of audit evidence in the assessment of the risk of material error in financial statements.

‘The objectives of the rescarch include 1) an evaluation of several theoretical models of probabilisiic
reasoning which underty risk assessment and 2) the development of descriptive muodels of the information
acyuisition and evaluation process. ‘The descriptive models focus on the nature and extent of probabilistic
reasoning in auditor judgment. Previous studies have noted a luck of explicit probabilistic reasoning by auditors
(Biggs, Messier and Hansen, 1987, and Biggs, Mock and Watkins, 1988, 1989). Such studies raise questions
concerning the validity of models used in audit theory and practice which rely on probabilistic reasoning. Two
related analytical audit models are briefly specitied and investigated.  Each involves multi-stage (cascaded)
inference and utilizes belief networks or influence dingrams. These theoretical models present normative
models that are compared with actual auditor behavior.

The empirical tusk uiilized is identical 10 the one used by Washington (1987) in her experimental study
of 103 experienced auditors. In both Washingion’s 1987 swdy and a limited replication in Norway (Mock and
Washington, 1990), auditor behavior differed from what was predicted using Bayesian and cascaded inference
- theories. For examplie, there was evidence of lack of sensitivily to differences in the diagnosticity of audit
evidence and to the source reliability of evidence, The objectives of this paper include assessing to what t:xu':u}f .
auditors actuatly use probubilistic inference in their use of audit evidence. -

‘The paper contains 5 sections. Following this introduction s a discussion pf some of ihe previous research
and theory that forms the backdrop for the research. This literature provides the general research questions and
hypotheses that are addressed. Next the analytical postion of this phase is summarized and fotlowed by a
discussion of the experimental method, empirical results and conclusions. e
GENERAL NEED TO INVESTIGATE PROBABILISTIC REASONING

‘ ‘ H

Although research into anditor judgment and behavior iy of relatively recent vintage, numerous studies
have appeared wh!ifl"‘hylieul with aspects of audit planaing, evidence acquisition and wiilization ‘and auditor
decision making. The field of relevant research is broadened substantially if one considers relined studies in
psychology and cognitive science. As noted earlier, auditiheory and standards both rely on notions of risk and
probability. Thus the planaing of audit programs has been concepiualized as a process of collecting evidential
maierial to assess the probability or risk of maierial error or misstatement. Furdher, both academic researchers
and practitioners have asseried that the appropriaie way of utilizing auditevidence is through the application ol
Bayes Theorem. _

The empirical portion of this research congiders both the yuestion of probabilistic reasoning in general-
that is 1o what extent do auditors explicitly utilize probabitity nutions in their reasoning?- and the guestion of
the descriptive vatidity of mudti- stage models of inference - that is to what extent do audiors utilize cascaded
inference or related models such as belief networks in their reasoning?
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SOURCE RELIABILITY ISSUES IN AUDITING

As Washington (1988) has argued, source reliability is a commeon problem in auditing.  Much auodit
evidence does come from sourccs_thal may be less than 100% accurate or reliable. For example, evidence
-obtained through inquiry may be somewhat biased by one’s need to indicate a better picture than really exits or
may be in error as a result of one’s lack of memory. Evidence obtained through observation, recalculation or
physical cxamination also may not be totally reliable. The completeness and refiability of documentation is also
an issue, especially for systems that change frequently and utilize changing technology.

Most important for this study is evidence generated by systems with less than totally reliable internal
controls. Wright and Ashton (1989) found that across a broad sample of audits, diagnosticity of audit procedures
did depend on internal controls. Specilicalty, when controls were strong, evidence obtained from the client
detected the most errors. Conversely, when controls were weak, errors were most likely to be detected by
cvidence from external sources, ) ' _

The source reliability issue used this study is an audit “price test”” which is based on pricebooks that are
updated by a system with error-prone internal comtrol procedures. The refiability of such procedures present the

- subjects with a part of the uncertaiuty they must conlront in an audit.

BAYESTIAN AND CASCADED INFERENCE AS BASIC THEORY
3

Wiien faced with problems such as source relinbility issues,auditing requires procedures and mndcls‘;‘
which will help insure effective audits. The model which seems to be theoretically correct is based in decision
theory and Bayesian inference (sce Von Winterleldt and Edwards, 1986,) and in work on ‘._‘inlclligcm systcms":
- (e.g. Pearl, 1988), | '

In this literature, probiems are conceptualized in terms of probabilities, uncertainties and risks (and also
utilities, etc.}). Thusifan auditor is collecting and cvatuating cvidence, the is_guc is framed as onc of revising or
updating ones information state {prior probability) based on new evidence. 'f‘hc fundamental approach is louse

. Bayes Law to update which stated in odds form is as follows:

POSTERIOR ODDS = LIKELHIQOD RATIOx  PRIOR ODDS '
PO/ENPMZE) = M) x POV (D)

: or .
PO/EYP(MT) = L X PMPM)

Whete: M = AUDIT ASSERTION
(E.G. NO MATERIAL ERROR)

M = ALTERNATIVE AUDIT ASSERTION
(E.G.. MATERIAL ERROR)

E = EVIDENCI OR INFORMATION OBTAINED |
(E.G. POSITIVE PRICE TEST)

L = LIKELIHOOD RATIO




In this model, as the probability of the evidence given the audit assertion | P(E/M)] increases relative 1o
the probability of the evidence given that the asserniion does not hold [P(E/M)}, then the likelihood ratio L
increases. This leads 10 a higher posterior odds in favor of the assertion when evidence E (e.g. a positive price

test) is obtained. For highly diagnostic audit tests, the likelihood ratio substanually changes the auditor’s prior.

However, in 4 situation where the underlying evidence E suffers from questions of source reliability, the

| proper use of the evidence is further complicated. Clearly the inferential impaci of the evidence as indicated by
L. in equation (1) should be less than a case where the evidence is completely reliuble.  In this-sitwation
“an"adjusted” likelihood ratio L* should be used. The appropriate formula to use is derived for the case used

in this research in Washington (1987, p.98):

L* =[RxD + (1-R)(1-D)] /[R(1-D)+(1-R)D] | Q)

where: R = the reliability of the evidence received.

D = diagnosticity of audit evidence.
BELIEF NETWORK REPRESENTATION OF THE TASK

Both the general Bayesian and the cascaded inference formulations seem to offer relevant evidence
evaluiuion models for auditing. In order to consider these models, two related studies were conducted. In this
section an analytical study is summarized (see Krishnamoorthy and Mock, 1989 for details) which investigated
several relatively new modelling approaches. This invg:si’i gation led to two alternative, “belief network™ models
of Washington's experimental task. Eachmodel is then investigated in terins of their concordance withempirical

auditor behavior.

BAYESIAN BELIEF NETWORKS
Pearl (1988, p.50) defines Bayesian Belief networks (or Belicf networks) as “directed acyclic graphs in

‘which each node represents a random Qm‘fﬁblc, or uncertain quidiity, which can tuke on two or more possible

values. The arcs signify the exisience of divect causal intluences between the linked variables, and the strengths

of these influences are quantificd by conditional probabitities.”  Important features of belief networks are

. A . . . . w . Lo Lo
discussed brictTy'in the context of assessing substamive wstrisk (Figure 1) inan audit risk hierarchy (Mock and

Vertinsky, 1985, p. 41). _
' Sample size Figure | .
(55) ‘ Beliet Network Example
Sampling Risk Non-sampling
, ampling
( (SR) ) ( Risk (NS)
{ Substantive
Test Risk (8T)
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Beliel networks provide a good framework for explicitly representing conceptual dependencies among
variables and do so_independent of the numerical estimates of probabilities in the network (Pearl, 1988). In
Figure 1, substantive test (detection) Figure 1 risk (ST) is modeled as being dependent on sampling risk'(SR)
and on non-sampling risk (NS). Sampling risk (SR), in turn, is dependent on sample size (SS). These
relationships are specified in the network through directed arcs between the nodes (variables). “The relationship
among the nodes is specified in the network irrespective of the probability estimates associated with the arcs.
Such an explicit representation of dependencies can draw attention to redationships among variables and hetp
identify competing models.

The direction of the arcs help repreésent conditional independence. Knowledge about sample size will
ordinarily provide us information about substantive test risk. For example, ceteris paribus, one can expect a
decrease in substantive test risk with an increase in sample size. In this sense, substantive test risk is dependent
on sample size. However, once sampling risk is assessed from sample size, knowledge about sample size is
irrelevant in determining the levet of substantive test visk beeause the evidential impact of sample size is
completely impounded through sampling risk. "Vhos, sample size and substantive test risk are conditionally
independent, given knowledge about sampling risk. This  conditional independence among variables is
represented in a belief network.

There are useful audit implications of conditional independence representation in a network, particularly
in lnrpe networks, Onelinarity, inferences cannot he deawn about a given variable nnless the frrelevancy of all
other viriables in the entire uetwork is ensured. In Fipure 1, sapling risk (SRY is nssessed from smmple sive
(SS). In order to draw inferences about substantive test risk(ST), the dependence between smnple size :mi‘tj _
substantive test risk can be ignored because sample size isirrelevant to substantive testrisk, given our knowledgﬁe
about sampling risk. This is what a belief network representation allows us to do. “Belicf networks encodle
relevancies as neighboring nodes in a graph, thus ensuring that by consulting the neighborhood one gainsh
license to act; what you don’t see locally doesn’t matler. In effect, what network representations offer is
dynamically updated list of all currently valid licenses to ignore, and licenses to ignore constitute permissions
to act” (Pearl, 1988, p. [3). ' - ' E

In addition, belief network representation, by exploiting independence relations, avoids the computation

of a full joint probability distribution over a nctwork (Horvitz, et al., 1988). Several algorithms have been
developed for belief propagation using belief networks.

b

RELIEF REVISION MODELS FOR THE EXPERIMENTAL TASK
The benefits of belief networks for studying auditor reasoning have been investigated using acase relating

to the valuation of a retail stereo store's inventory (“the inventory pricing case™). This c:(i'sg: was used by

Washington (1987) and forms the task used in the empirical portion of this paper. '

a cription
Cory Corporation {see Washington, 1987)is a large retail chain of audio equipment and stereo component

stores. Subjects are provided with background information about the client, an evalnation of client personnel
and limited financial data. In addition they are provided with information on the inventory account, adescription
of the internal control system for the acqiiisition and payment cycle, and physical controls over inventory.

Details of the results of physical inventory are also provided.




Based on thisinformation, subjecis are asked (o provide an estinune (the subjects” prior} of the probability
that ihere is not a material pricing ervor in'the inventory account. Next, subjects are provided an evaluation of
the reliability of internal controls as they relate to the pricing of inventory. Finally, they are provided with the
resulis of the test of pricing details with a specified level of sampling assurance. In the experiments, internal
control system reliability is manipulated at two levels (99 und 80 percent) and the risk of incorrect acceplance
is manipulated at two levels (2 and 20 percent).

 The subjects’ maintask is 1o provide an estimaie of the probability that there is nota material pricing error
in the inventory account. This represents their posterior probability.

Washington compared the subjects’ likelihoods derived from the above experiment with the cascaded
inference model likelihood ratios (normative criteria) 10 determine the impact of source reliability onaudit
evidence. In several cases and in a subsequent N(;!'\chiiln replication (Mock and Washinglon, 1990), auditor

judgments were significantly different from the normative vilues,

The validity of this type of normative-descriptive strategy has been questioned both in psychology and
in uccohnling. The fundamental issue is: To what extent can the formal structure imposed by a normative model
help us understand the underlying cognitive structure/process? '

One way to improve the validity of normative-descriptive studies is to ensure that alicrnative plausible
models are considered and evaluated before inferences are drawn from obscrved behavior. The inferential
strength derived from the use of a maodel is enhanced whien it can be estabtished that competing models do not

provide contradictory evidence. In the following, two such competling models (Model A and B) are identified.

Model Development

- Auditors can seldom directly ubbt’:i‘VL lln. actual events or actions that constitute the wulu:u. for or against
u hypothesis. Instead, inferences are drawn based on indireetevidence. 1 hiylype of inferemial process is called
“cascaded inference.” Schumand Martin (1982, p. 106) describea cascaded inference task as”composed of one
or more reasoning stages interposed between evidence ubservable 1o the fact inder and the ulimate facts-in-
issue.” | |

Thus, cascaded inference theory makes a distinction between evidence and 1estimony concerning that
evidence. The overall “value” of evidence is a combination of the “interential impact” (the informativeness or
diagnosticity of the evidence) and the “source reliubility” (credibility of the informaiion sources). -

The main audu evidence provided to the subjects in the inventory pricing case was the resulis of test of
details, These rcaulls were obiained by conducting a pricing test on a sample of inventory items’ uamg staustical
sampling procedures. The risk levels provided the subjects with the inferential impact of the test of details.
Subjects were also provided the reliability of internal controls which constitutéd source reliability. The subjects
were then asked to provide an estimate of the probability that there Is no material error in the inventory account.

Model A in Figure 2 depicts the normaisive belict evision process discussed above - when reliability of
internal controls is viewed as impacting the assurance provided by the test of priCing details. o Figure 2, node
H represents the hypotheses of interest:

1) there is a material inventory pricing errop (h) in the financial statements and 2) there is no material pricing
errar (h~) in the financial sitements. The evidence presented w the anditoris the simpling assurance provided
by the 1est of pricing details (¥D). This assurance, however, is confounded by noise in the accounting sysien
that generates the evidence. This noise is depicied in die relinbility of internal control system (R).
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The direction of the arcs in Figure 2 convey meaningful information. The results of the test of pricing

details (TD) revenls the state of nature, t.c., existence or non-existence of material pricing error (H), with a
specified level of assurance. Thus, TI) is dependent on 11, and the directed arc H =3 TD represents this
dependence. In addition, the overall evidential value of the test of pricing details (TD) is influenced by the
reltability of the internal control system (R) that generates the data on which price tests are conducted. The
direction of the arc R =¥ TD represents this dependence. The arc represented by a dotted line from TD "™ H
represents the reversal of the are 1 = TD, conveying likelihood i( ) of T1
. Figure 2 .
Model A: Belief revision when reliability

of internal control impacts assurance
from test of pricing details,

Material Pricing Reliability of
Error (I1T) Internal Controls (R)
\3
AR(ID
AN\ R

Test of Pricing
Details (TD) 7 ' ;
Model Aisa plziusihic model thatis supported by cascaded inference theory. Cascaded inference tht:ory,:{
however, does not ensure the uniqueness of this model for the inventory pricing case. The existence of other
plausible models may impact the validity of using Modcl A as normative criterin for evaluating auditor behavior
because different models may gencrate dillerent values for the criteria.  As Pitz (1975) points out, when
deviations from Bayes’ theorem are observed (such as “conservatism”), it may not be clear if such deviations
are due to the subject’s internal representation of the problem ar due to informpation processing rules or hoth It
is precisely this type of problem that belief network representation can help bring out.
The main task in the inventory pricing case was for the subjects to revise their prior probability that there
is no material pricing error so as to arrive at the posterior probability. In order to accomplish the main task,

information concerning the following variable§ was provided to the subjects:
- .. W FII -

Compliance test results (CT)

Reli'abi]igy of internal controls (R*)
id

Sample sizce for pricing test (SS) ‘

A w N -

Results of Test of pricing details (YD)

In the case, subjects are asked to assume that they conducted compliance tests. Further, none of the
variables are specifically defined in the information provided to the subjects. Therefore, it is plausible that
subjects make assessments about the “extent of compliance” in revising their beliefs because “extent of
complinnce” may have inferentind vahie, Thus, a filih variable - extent of compliance (C)- may be relevant to
their decisions. -~

One plausible model of the relationship among these five variables and the auditors posterior judgment

concerning the likelihood of material crvor is depicted in Model B’ in Figare 3.



Compured 1o Model A, a new relationship is represenied by the arc C1U -2 R* in Figure 3. Since extent

of compliance (C) has inferential value (arc C =¥ H) and is unobservable, reliability of internal control (R*)
may provide testimonial (cascaded) inference for extent of compliance (C). This dependence is depicied in the
arc R* <» Cin Figure 3.

Support for considering this relationship (R* < ) is also obuained from Kinney (1975, p.16): ...(3) the
design internal control systemdesign itself may not be adequalte for reliance (even if compliance is 100 percent)
as it may be subject to management override or coltusion;.(brackets added)

Sample size (§S) normally influences the level of assurance provided by the west of pricing details (D).
For instance, ceritus paribus, large sample sizes will decrease the risk of incorrect acceptance/rejection. This
relationship between sample size (SS) and test of pricing dewails (TD) is depicied in Model B’ (Figure 3) by the

~arc 5SS = TD.

Thus, Model B’ is a plausible model for representing the main task in the inventory pricing case. Before
proceeding further, we should ensure that the network 1 Model B is the minimal network for unambiguously
representing the dependencies among the variables (Peart, 1988, p.116-121). This requirement, by exploiting
conditional independence among variabies, can reduce the computational complexity associated with the
network. : Figure 3

Model B': Belief network with all
variables in the Main Task

Compliance Reliability of Extent of
Tests internal controls Compliance
(CT) R¥) - ©

A "

Material Pricing
Ecror (1)

Test of Pricing
Details (1T1)

Sample size

(SS5)

In Model B (Figure 3), observe that compliance tests (CT) are conditionally independent ol exent of
compliance (C), given knowledge about retiability of intcrnul controls (R*). Recall that the level of reliability
of internal controls was provided to the subjecis. Therelore, compliance tests (C17) can be ignored and node CT
can be removed from the neiwork without jeopardizing the integrity of the neiwark.

Subjects were also told that the sample stze (SS) was chosen such that the level of assurance of the test
of pricing details (risk of incorrect acceptance and risk of incorrect rejection) was controlled ut a specified level.,
Since the fevel of assurance of the test of pricing details was predetermined, samiple size is irrelevant and can
therefore be ignored in Model 3.
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After eliminating nodes CT and S, model B reduces to Model B in Figure 4. The rest of this paper uses
Model B.for further analysis.
Figure 4

Model B: Belief revision when reliability
of internal controls impacis extent of compliance

Reliahility of Intemal Extent of Compliance
( Controls (R*) ) : ( ()

mi (H)=C R*
Matenials Pricing
Error (H)
|
A i = A LATan

Test of Pricing
Details (1D)

The critical question is then: How do the two models (A and B) differ with respect to the likelihood of no [
matcrial pricing error - the hypothesis of interest? This question is important because if they generate idcmicalg?“
likelihoods, the belief networks in Models A and B are then essentinlly the same from the standpoint ufllsinﬁ
thent as criteria for évnln:l!ing ohserved auditor hehavior, This question was addressed in Krishnamoorthy and’
Mock (1990). Their results demonstrate how the likelihood vectors change when the underlying model for the
case is altered (see Figure 5). 1l the variables and/or the marginal and conditional probabilitics associated with
the arcs of a mode! (e.p. Model A) are misspecified, the resulting model nm)%be unsuitable foruse as a cﬁtcrin
against which actual auditor behavior can be compared and evaluated. '

These two models, which clearly lead to different likelihoods in some relevant ranges, highlight the issue
of best model. However, they do not resolve it. They do, however, raise a number of empirical issues that can
be addressed. First, epch model gives rise to safime behaviors that auditors would be expected to exhibitif they
were using a particular model. Thus examination of actual auditor judgment using this task may help resolve
the question of which model predominates in practice. More generally, if empirical auditor behavior maps to
one of these modcle then some light is shed on the more general issue of probabilistic inference by auditors,

Vs, an e mpl touse verhal protocols o ddentily e vacables and conceproal dependenéies meong the
variables, used by auditors in their judgment task, is next presented. Beliel networks, being wcil suited for
explicitly expressing conceptuoal dependencies, nury be a pood framework into which vartables and dependen
cies identified through process tracing niay be mapped. Such an “empiric: ally validated beliel network™ is ltk(,ly
to be closer to the cognitive model used by the auditor than a pure normative model. Such a network may also

have useful implications for probability elicitation from subjects.
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Risk of incorrect acceplance from test of details
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- Likelihood ratio for Model B when ¢3=0.2



EMPIRICAL STUDY OF AUDITOR PROBABILISTIC REASONING

This portion of the study reports on an empirical, process tracing study of auditors as they completed the
case described and modeled above. This provides empirical data concerning auditor reasoning which may he
compared to models A and B and gwilh results obtained by Washing‘ton (1987) and by Washington and Mock
(1990). The analysis focuses on the question of what is the nature of the types of probabilistic reasoning utilized
by auditors (if any). More specifically: Is probabilistic reasoning evident in the auditor judgments? If so,

does a Bayesian beliel network or some other model capture this reasoning process? If not, what type of

reasoning is evident?

RESEARCII TASK

Inorder to rescarch the issues discussed ahove, a protocol study replication of the experimental case used
by Washingion (1987) was compieted. Fhe datn were collected by process trncing 12 expetienced anditors who
completed the inventory pricing auditcase, Asnotedahove, the case contined details such asn system Howceban

and internal control information normally avaitable in an andit. The case had been evaluated for completeness

and accuracy by practicing auditors,
As the auditors evaluated the audit case workpapers they were required to verbalize their thoughts using
procedures originally designed by Newell and Simon (1972). Prior to the actual task, a practice session was

administered so that the subjects could become familiar with the verbalization process. Their verbal pTOiOLO]‘i

were tape recorded, transeribed, and coded as is discussed in a following section.
The actual task Taced by each anditor can be sinvnarized as follows:

1. Gain an understanding of the task as indicated o the case instmetions,

2. Gain an understanding of the client by reviewing lnmkg,tmnui information, a purchasing and acquisition’
document flowchart, a narrative description of the pmch.mng system, a disgussion of controls over inventory,

and results of an interiin physical inventory,

3. The preliminary task was to generate and record their (prior) probability that there was no material pricing
error in the accounting records. | |
4. Results of the following audit tests were then reviewed:

A. Compliance tests of the internal controls of the system which produced the pricing

data. The relmhlilty of this system was experimentally manipulated at R = 80% or

9% with” e half of the subjects recetving each lreatment.

B. The results of a pricing test where the sample was designed with tolerable error
experimentally mantpoiated with beta risk set at either 20% or 2%, Thug the test
assurance of no material pricing error was either 80% or 98% and the test could be
considered to be either sufficiently close to book values to accept the stated values.
5. Based on the above test results, record the auditors’ (after the audit evidence)

probability of no material pricing error.

6. The subjects were then asked to state their confidence level and materiality. The task
ended with a bricl questionnaire and discussion.

|



NORMATIVE SOLUTIONS FOR USE OF EVIDENCE

As noted above, whai constitutes a normative solution for this (ask depends on which of the previous
models one considers sppropriate. Inthis section, we accept the view in Washington (1987) that Model A is the
apprapriaie model. [n Modet A, the reliabifity of internal controls is viewed as impacting the source reliability
of evidence which is used in the price test (see Figure 2). '

For the particular set of parameters that were used in this case, it is possible to calculute the normative,
adjusted likelihood ratio auditors should have used to revise their prior after the audit evidence was received.
Using the notation developed earlier, source reliability R was manipulaed ateither .80 or 99, The diagnosticity
D or assurance level of the statistical price 1est was manipulated at either 80 or 98 and the confidence level C
was set at 95 for all vessions of the case.

For the case where diagnosticily = D = 80 (e.g. a moderately infornmative audit test) and reliability = R

= .99 the normative likelihood riatio would be:

L* =[R*C + (I-R)-OV[RU-D)+(1-R)D
L* =].99% 95 + (1-.99)(1-.95))/{.99(1- .80)+(1-.99).80
1.¥ = 4.568

and Bayes theorem stated in odds form would be respeciively:
P(M/E)YP(M/E) = 4.568 * P(M)/P(M)

. Thus whatever the subject’s pnox likelihood |P(M)/P(M)] concerning the probability of no material
pnung error, the posterior likelihood ratio should increase almost fivetold when the price test of detaily is
received. This is the case although the assumed diagnosiicity of the test of details is only 80%. This approach
provides the “normative” benchmarks with which our resubis and those of the preceding studies are compared.

The theory also provides a basis to derive hypotheses us 10 how the experimenially connolled variables
are expecied 10 affect the auditors. For examph, we could hy])()lht,bllu that ihe posterior probabilitics of no
material error will increase for all experimental groups, but it will increase significantly more for gt oups. with
higher source reliability. This hypothesis resulis from the fact that the pormative likelihood ratios are highest
for those cases w;;cj'c the price test was based on evidence obtained froma system with relatively better internal
comrol. A second theoretical issue pertains fo the pmblcm of compeling theoretical models® Although the
two previous models do lead (o algebraic differences in the likelihoods, many of the hypotheses which relate 10
differences between experimental groups would be identical given either model, For example, given enther
Model A or B, subjects should revise their priors more fur cases which have the belter internal control or source
reliability. However, the specitic amount of revision would ditfer depending on which model wits assumed or
mainiained.

Third, we can réverse our perspective somewhit and ask whether the protocols can hetp establish whick
of the two models is more consistent with the-decision process auditors actually wmilize. This question is a more
specific version of the general issue of examining the protocols for existence off pmbubilistia reasoning. This
ruises the gquestion of what types of specific bebaviors would une expect to observe ifanditors utilize cascaded
inference reasoning or the specific reasoning implicd by Madels'A or B.
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NORMATIVE MODEIL OF INFORMATION PROCESSING

One reason o collect protocoldata is 1o obtain process dataowhich will help establish the kind of reasoning,
they actually use. In order to ke this assessment, a process model must be developed which replicates the
reasoning inherent in Model A Such a process model is presented in Figure 6. ‘The process model indicates
that an auditor begins the lask by obining evidence from the client as contained in the case materials and
processes these data with data obtained from experience to form a prior estimate of likelihood of error. The
specilic nature of the information search process and of the processing of the data into a prior is not specificd.

However, previous research (e.g. Abdel Kahlik and Sheshai, 1980 and Biggs and Mock, 1983) has indicated that

hoth information search and processing may be important fnctors (o consider.,

What this study focuses on ase the nest plinses bie the process model (heliel network), Onee noptior is

formed, the model in Figure 6 implies that the auditor obtains evidence on the tested reliability (R) of the system
of controls and evidence on the assurance (A) from test of details concerning the pricing of inventory, This
“evidence is assumed to be interpreted in a probabilistic manner and the "cquivalcnt of a likelihood function (L*
or i(I1) ) would be formed to update the prior probability of no material error. Whether the conceptualization
is in the form of odds and likelihood ratios is unciear. But examination of the protocols should shed light on the

. type of reasoning that is used. The types of specific research questions that this model leads to are:

f. At the level of speceific operations that the subjects apply in completing the task, is there evidence of

probabilistic operators (e.g. conditional judgments) being applied?

* )

2. As the cvidence concerning the sysiem of controls and test of details is evaluated, what types of

probabilistic reasoning, if any, is used? Likelihoods? Likelihood ratios? Adjustients for source reliability?

Lxplictt processing of a “priof” into a “posterior’™?
g p P

"iz"igum 6
Expanded Belief Network of Case Assuming a

CASE INSTRUCTIONS Cascaded Inference Model (Model A)
DOCUMENT FLOWCHARTS
SYSTEM NARRATIVE

FINANCIAL DATA
SUBJECT EXPERIENCE

e

JUDGEMENT AS TO PRIOR
PROBABILITY OF NO
MATERIAL ERROR

(t)

J,a

TEST OF DETAILS RELIABILITY OF
{PRICE TEST) ——— | INTERNAL CONTROL

(IDy

=

L* or A (1)
POSTERIOR PROBABILITY
OF NO MATERIAL ERROR

H)
15

N



SAMPLE AN CODING METHODS

Inorder to generate some data to help address the above questions, a sample of 12 experienced auditors was
obtained. Each of these. auditors completed the case while verbalizing their thoughts as they reviewed the
materials and reached their various judgments. These verbalizations were tape recorded and iranscribed. Given
that this research focuses on the processes that guditors wilize in updating their knowledge concerning error
likelihoods, only the sections of the protocols from their preliminary (o their final judgments were transcribed.

The transcriptions were partitioned or parsed such that cach line incorporaled one thought or operator (or
one paragraph of the case if the subjects were direcily reading case materials). One member of the research team
og'iginally transcribed the tapes and during coding the transcriptions were further parsed by the research team
member with the most experience in process tracing. Obviously, the transcription and coding process involves
some degree of judgment. To what extent this affected the results is unclear.

Table 2 summarizes the basic nature of the transcripts which were obtained. The protocol sections which

related 10 the preliminary and main judgment tasks generated from 24 10 143 lines of protocol and from 604 10

2,21} words.

TABLL?
SUMMARY OF PROTGCOLS
WORD  L4NES TASK . INFORMATION CONDITIONAL DLECISIONS GENERATE ACTION/
BUBIECT  COUNT  CODED  STRUCFURING  ACQUISITION  JUDGEMENTS EVALUATIONS ASSUMITIONS  SUMPORY  QUERY  CIIOICE TOTAL
1 L0 91 0 8 5 i | o ) 9 %
1 ™ 46 U 23 [ 1 u 0 ] 3 44
1 2048 64 13 0 3 8 3 3 7 Yy
4 LM 0 2 3 3 4 i 2 I s
5 1254 57 ) 3 2 s 1 3 4 « 5
6 1119 ¥ 1 22 § 12 ¢ B 2 1 2 43
7 L8 ¥ 0 12 % 7 2 i 1 43
8 221 143 s 53 7 3 o v i 5 13
52000 442 i 50 N 1) f 3 04 18 18
DI IT) m s R T ‘ 2 2 2 TREE'Y!
TR Y 82 2 ) § " o 3 4 wooow
12 e 24 0 10 | 3 o 4 i s om
]
e 4

Once the protocols were wanscribed they were coded using the coding scheme developed by Bigps and
Mock (1983) and derived from Newell and Simon (1972). The codes that were used are.defined in Appendix B
and are classified into four categories: task structuring operators, inforination acquisition operators, analytical
or inferential operators and action or choice opertors.  The operators which are most likely 10 involve
probabilistic reasoning would fall in the analytical/infereniiad category. These arer

1. Assumption (AS) which is assigned when a subject generates an arbitrary (unspecified) fact about the
case.

2. Conditional Judgment (CJ) which is assigned when a subject draws a conclusion which is speculative
or predictive in nature. Usually a degree of uncertainty is present in the protocol,
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3. Bvaluation (E) which isassigned when a subject makes adefinite judgmentibout the task based on some
explicit or implicit criterion. Little or no uncertainty is present.

4. Decision Support (DS) which is assigned when a subject provides rationale (premises) to supporta
decision, recommendation or alternative,

5. Gcnéra[_c Query (GQ) which is assigned when subject raises a question about the 1ask.

Coding was accomplished by a single coder as follows. Each protocol was coded twice where a significant
amount of time (approximately 3 10 6 months) had elapsed between codings. As coding was done, a copy of the
case was reviewed to identify where a subject was reading. The two sets of codes were then reviewed and

reconciled with an emphiasis on analytical/inferential operators. Table 2 summarizes the reconciled codes.

& e
TABLE 3 '
; SUMMARY OF TREATMENTS AND DECISIONS OF AUDITORS
’ TREATMENTS: =" DECISIQNS.

INT/CONTROL TD NORMATIVE
SUBIECT RELIABILITY  RISK PRIOR POSTERIORS  L* POSTERIORS
1 80% 20% 80 90 24 90.6
2 80 L9 w15 80 24 87.8
3 99 20 72.5 90 46 92.3
4 99 2 0 (NA) 95 318 NA
5 80 ‘ 2 40 90 36 70.6
6 99 2 ' 80 90 318 89.2
7 99 20 80 B0 46 94.8
8 80 2 95 95 36 98.6
9 80 2 50 95 36 78.3
10 Y9 2 ) 85 318 98.7
il 99 20 25 80 4.6 60.5
12 80 20 60 90 24 783

AVERAGES FOR EACH TREATMENT
ACTUAL NORMATIVE
PRIOR POSTERIOR POSTERIOR
80% 1C RELIABILITY 67 90 84
999 I1C RELIABIW.ITY 65.5 83 8Y.1
20% TD RISK 654 85 84.1
24% T RISK 67 9§ 89.1
NO"l'E: 1. Subject d is not included in these calculations
2. Coulidence level (alpha risk) was sei at 93% for ail subjecis.
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RESULTS - EXPERIMENTAL TREATMENTS

Results are discussed in two sections.  TFirst, the experimental treatment effects are presented, This
discussion provides some comparison with previous studics and helps motivate some guestions_hat may he
addressed by examining the protocol data. The loltowing section then presents the detailed protocol results.

Thetop portionof Table 3 contains the decisions reached by each auditor as to both their prior and posterior
probability that there was no material pricing error in the financial statements and which treatment thcy wete
reacting to. Based on the theory summarized in Model A, the Table also includes columns for the appropriate
likelthood they should have applied to their priors and the resulting normative posteriors that would resull.
Recnt] that Model A assumes one interpreds the internad control reliability as n souree relinbitity which affecty
(he quality (reliabiity) of the west of detnils evidence, T this case, the relinbility has anindieet, enseaded eficet
on the likelihood of a material error.

The lower portion of Table 3 contains average priors, posteriors and normative posteriors for the various
subsamples. These averages show that the subsamples had roughly the same priors which were based on the
same general description of the systcm and company as contained in the case. In contrast, the results indicate
differences between groups in terms of posteriors. It is also apparent that the effect of the difference in internal
control reliability (source reliability) was opposite to that predicied by theory. Specifically, auditors given

compliance test results which indicated less reliable dati revised their priors miore than other subjects and more

than what was indicated by theory.

Theeffects of differences in the diagnosticity of the tests of details (20% vs. 2% risk) were more c.onsistcnl’,?
with theory. As éxpected, auditors basing their posteriors on samples that were designed to control beta risk at
2% revised their priors more than subjects given price test results bases on samples using 20% beta risk. Onthe
average, all groups of auditors increased their priors based on the generally positive audit evidence presented.

Given that these are rather small samples and the focus of the study is not on the experimental treatment
effects per se, we shall not dwell on these results. However these results, sigpilar 1o more extensive samples in
Washington (1987) and Mock and Washington
(1990), do indicate divergences from theory that deserve further investigation.

There are a number of plausible reasons lor such results. Tor example, perhaps auditors do not reason
probabilistically. Or if they do, they may not ufilize Model A-upon which the normative predictions in Table 3
are based. Possibilities such as these are explored in the following discussion of the protocol data.

+

RESULTS - PROCESS TRACING

The second part of the empirical study generated process tracing data for the 12 auditors who completed
the task. The protocols were coded as described earlier and as summarized in Table 2. The analysis reported
here focuses on the evidence provided in the protocols concerning various aspects refated to probabilistic
reasoning. The data provide some evidence concerning auditor reasoning and evidence utilization at both the

“micro” operator level and more generally in term of behaviors which suggest models and schemata that were

being used.

Qperator Level Behavior -
Table 4 summarizes the nature of the protocols with respect to four coded operators which relate to

probabilistic reasoning and risk and uncertainty assessment. The operators are
18 |
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1) conditional judgments which by definition are evaluations which explicitly involve a degree of
unceriainly,

2) evaluations which do not express uncertainty per se, but which often relate to risk elements of the task,

3) generation of queries which vsually express some informational uncertainty the subject faces at a
particular point in the task, and

4y assumptions which sometimes are a way of dealing with uncertainties.

Although these operators as applied to verbalizations do not usually explicitly identify probabilistic
behaviors, they all relate to risks and uncertainties. For example, many of the entries in Table 4 in the columns
under the conditional judgment and evaluation operators represent verbalizations refuting to;various risks the
auditors are concerned with. Specifically, they evaluate or conditionally judge pricing risks (P-R1ISK), risks
concerning Lhe recording of appropriate quantities in inventory (Q-RISK), internal control system risks (C-
RISK) and others. The frequency and consistency with which these behaviors occur identify one way auditors
uCtually conccpnializc uncertainties. The frequency and persuasiveness of conditional risk judgments and
evaluations is consistent with the prominent role audit risk models play in the literature. The data also imply
an alternative model should be cdnéiﬁered for this task - one that explicitly involves specific nudit risk variables.

The forih colwma in Tuble 4 summnruus the queries which were generated as the auditors completed the

task. By farthe most frequent qnuy icross subjects was questions concerning the lack of explicit prior pricing

evidence (denoted Pr.” Uncertaindy) in the work papers which preceded the auditors first task. Recall that the
auditor’s inilial task was the specification of 4 prior probability of no material pricing error prior to receiving
test of details and compliance test evidence. The auditors clearly felt uncomfortable specifying this probability
based only on the system and client dcscrlpuons and their previous experience.

Also as indicated in this column, a number of the auditors generated questions conccrnmg aspects of lhc
‘statistical nature of the test of details. Possible luck of statistical knowledge is one potential cause of differences
between what the theories underlying both Models A and B predict and actual subject behavior. Both models
assume the user “understands” the statistical meaning of assurance and confidence level in a statistical test. As
some of the following discussion shows, the protocol data provide an alternate statistical model (basically a
classical rather than a Bayesian approach) which may help explain some of the results of this and previous
experimental audit studices. ,

The last column in Table 4 indicates some of the rather few assumptions that were evident in the protocols.
Our interest in assumptions is that reasoning by asswnption is one way of dealing with unceriainty which has
been observed in other studies in psychology and awditing (e.g. Biggs, Mock and Watkins, 1989). For example,
subject 8 assumed that there were no past audit adjustments which were relevant 1o this task, thereby resolving
uncertainty concerning this aspect. Evidently, if there had been prior audit adjustments to inventory, this would
have influenced auditors’ expressed probabilities. Although there is some evidence of reasoning by assumption
in this sk, it does not appear 1o be a predominunt way of dealing with uncertainty.

In summary, analysis of the specific operators which relate o probability, risk and uncertainty provide
some Indication of how auditors reason. We obscrve that risk assessments are frequent and that auditors
generated a number of questions concerning lack of price test evidence when they were asked to provide their
priors and with respect 1o statistical aspects of the price test. Possible lack of statistical knowledge raises some
question concerning the appropriateness of both Models A and B. Lastly, reasoning hyﬂi‘tssumplion wits 101
frequent method of dealing with uncertainty o this task. '
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CONDITIONAL
SUBIECT JUDGEMENTS
I
2 P-RISK
Q RISK
CRISK
1 UNCEICTAINTY
IARHIMENT S
4 Q-RISK
C-RISK
5 C-RISK
Q-RISK
6 ' C-RISK
? ) 18K
PAST EIURONRS
B Q-RISK
C-RISK
SAMPLING RISK
MATERIALITY
9 P-RISK
C-RISK
10 : ORSOLENCE
1 : C-RISK
31 ° .- v
o cUrorr
17 1) MR

TABLE 4

EVALUATIONS

MOSTEY "OK”

C-RISK

ISK ASSHESMUNT

C-RISK

MOSTLY "OK"
WOW O
[RTON

CRITICAL AREAS
STAT.DIEVANLS w

PRIOR P-RISK
Q-RISK
MATERIALITY
C-RISK
TD-RISK

v

i '
TD-RISKPr P-UNCERTAINTY

CUTOFTFPRIOR ERRORS -
MATIRIALTTY
C-RISK

CRISK
T RISK
STALTESY

G

PROBABILISTIC REASONING AT THE OPERATOR LEVEL

GENERATE
QUERY

PeP-UNCERTAINTY

P P UNCERTAINTY

P UINCTRTAIND Y
VAL UATION MU LTH Y

CUTORE
Pr.P-UNCERTAINTY
ANALYTICAL REVIEW
PRIOR YEAR

STAT. TGST

FREIGUT COST

Pr.P-UNCERTAINTY

ONSOLENCE

Pofr HINCHRTAIMLY

C PP UNCERTAINEY

PASE AUDTT DIFEs.
SEAT. TARIMUITTRS

e UNCERTAINTY
COSTRY DETALS
MATERIAL ERROR
STAT. TEST DETAILS -

COST SYSTEM
PRIOR ADJUSTMENTS
ANALYTICAL REVIEW

Pe P UNCERTAINTY

Peir HINCPEAINTY

ASSUMPTION

OTIHER PRICE
TESTS

STAT T
ASVIOLS

OBSOLENCH

OBSOLENCE

PPASE MANAL
MINTTENER
COMMENTS

PAST AUDIT
ADMUSTMENTS

PRICING
ERRORS
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Evidence Concerning Use of Models A or B
Table 5 summarizes the basic results that were obtained as the protocols were reviewed for evidence which

would indicate if a model was being utilized. The basic analytical approach was to review the protocols for
explicit use of a likelihood revision rule or heuristic, a Bayesian revision process, specific behaviors which

would be predicted by Models A and B or other models which were being used.

TABLE § PROTOCOL. EVIDENCE CONCERNING MODELS USED
USE OF MODEL A MODEL B MODEL C RISK COMPONENTS
E LIKELIHOOD BEHAVIORS? BERAVIORS? BEIAVIORS?  APPROACH? SUBIECT
"RULE? UNDIRECT] IDIRECT) {CLASSICAL) Wi “é
1 YES, Line 87
2 YES YES YES
B > “Line47 :
3 YES " PERHAPS YES
» Line 43 Line 61
4 \ PERIAPS YES
5 v PERIIAPS YES
6 "™ PERHAPS PERHAPS YES
Line 34
7 PERIIADS YES
8 r PERHAPS YES
Y YES, Lincs 169 PERHAPS PERLIAPS YES
) and 173
10 YES, Lines 91, PERIIAPS PERHAPS YES, VERY
100and 103 EXPLICIT
1 . YES LINE YES YES :
46
2 YES, Lines 20-22  PERHAPS PLERIAPS

In Table 5 the first 3 columns indicate the prior “hypotheses™ that were being evaluated as the protocols
- were being coded and reviewed. The most general expected behavior was the use of a Bayesian approach which
‘would produce evidence of the use of some sort of likelihood rule (columa 1). Or more specifically, we might

expect 1o observe behaviors consistent with the nse of Model A (column 2) or Model B {(column 3). Model A

implies that the source reliability of the sysiem of internal controls indirectly affects the auditor’s ultimate,
posterior estimate of likelihood of error through its effect on the test of detsils. Model B assumes that the
reliubility of the internal control \systcm is interpreted as directly affecting the likelihood of a material pricing
erTor.

Inasense these two models reflect what is sometimes called the dual purpose nature of audit tests and audit
evidence. 1t should be noted that this particular interpretation of Models A and B was apparent only after
significant review of the auditors protocols had waken place. As has been the case in other studies (e.g. Mock
and Turner, 1982 and Biggs, Mock and Watkins, 1989), the detail provided in the protocols enhances our

understanding of anditing and leads to improved deseriptive and theoretical models.
21
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The evidence in Table 5 indicates some explicit use of a likelihood revision process in four of the {2

subjects’ protocols.
For example, subject B stated :
It has to go up now”

- “I was at what? 70 - 3077
“I'll go up alot.”
“I'll go up to 85 per cent and 15 per cent”

But does the existence of instances of use of likelihood like revisions and other evidence in the protocols help
suppbrt Models A or B {or some alte rate theory)? As indicated in Table 5, in only one case was there explicit
evidence of use of Model A and in two cases vse of Model 83,

Subject Cexplicates the Model A perspective concerning the possible souree reliability problem as follows:

“We had 0199 % evaluation that the controls were operating as functioning™.

“So the information that we looked at for our price lest based on that, we assume are good”,
-Subject 3 states &« Model B perspective:

“Twould place a tot of confidence on those (‘()tl}|)1i:ﬁ\t0 tests™
“That would reduce my substantive test work™
“and 1 would already make a pretty good judgment as far as how accurate their systemis™..

Overall, in 7 of the 12 protocols, auditors utilized evidence concerning internal controts. This primarily
included the specific compliance test results which indicated the reliability of the system of controls directly as
to its effect on the likelihood of material pricing errors. Thus the somewhat more sophisticated, indirect effect
of internal control source reliability is not as evident in the audits prGtocolé. However, in four of the 12 cases,
some of their behaviors were consistent with such a model.

.Columns 4 and.5 in Table 5 reflect other behaviors which were no!ed and classified as the data were being
evaluated. Thus from a theoretical perspective they are “ex post { acto”. Model C indicates evidence of auditors
who took a classical, rather than a Bayesian, approach in interpreting the evidence, Thus they tended to ignore
other evidence and,lhelr priors when asked to produce a “posterior” and only focused on the dlrect results of the
test of detuils sample, Clenrly, Mode! € could have een o ¢ ompeting, model/thenty (o models /\uml Wi the
researcher had thought of it prior to collecting the data, (In this case it would not be “ex post facto™.)

As indicated in Table 5 two of the subjects definitely utilized a classical model. Five others verbalized
decisions and/or evaluations which were consistent with Model C. Thus Model C, which is evident in more than
half of the protocols, should be a model to consider when interpreting and utilizing this and other similar audit
judgment research. | |

The tast colurmn indicates evidence of use of a risk components model as a primary or significant part of
their evidence utilization. This type of approach is more detailed or “micro” than the rather aggregate models
Aor B. Here the auditors attempt to obtain evidence on specific exposures, factors or components that may lead
to pricing errors such as cutoff problems, costing system errors, breakdown in the perpetual inventory or end
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of period inventory errors. Asis indicated in the above table, most auditors utilized this approach 1o some degree.
The “posterior” in this case aggregates these risks. Asnotedin thediscussion of the coded operators, a significant

number of evaluations and conditional judgments were of this nature.

CONCLUSION

Analysis of thie specific protocol operators have provided some indication of how auditors reason with
respect to probability, risk and uncentainty. Risk assessments were frequent in the auditor’s protocols. In
addition, auditors generated 2 number of questions with respect to statistical aspects of the price test. Possible
lack of statistical knowledge raises some question concerning the appropriateness of mdﬁtéfs which assume a
Bayesian rcvigsion Process. ' '

Also, examination of the detailed operators gcneralcd by the. audilors showed that reasoning by assumption was
not a frequent method of dealing with uncerlmmy in-this Idbk . - ‘

The protocols also fauhnuc the assessmeny of the :nodgla or Uu.onca that were being utilized. Overall,
evaluation of the proloco] data provides only limited support of Models A or B as pervasive models to represent
auditor evaluation of evidence or their probabilistic reasoning processes. Further, ihedata su ggestone additional
model, the classical statistical magde! and an addmona! set of risk variables need 10 be wnandc:ed in inerpreting

previous research and in conducting future research and practice.
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APPENDIX A

Cory Corporsiiion - Inventory Pricing Case (see Washington, 1987, pp.214 - 217 or contact

authors)
APPENDIX B
Operators and Operator Definitions
OPERATOR NOTATION BRIEF DEFINITION
Task Structuring Operator
I. Set Goal SG Assigned when the subject specilies a goal to be

accomplished in performing the task.

Information Acaquisition Qperators

2. information 18 Assipned when the subject semches the ease
Search materials for specific picces of information
(directed search) or searches following some

systcmatic pattern (nsuatly sequential search).

3. Direct R ' A particular type of scarch operator assigned when
Reading ‘ a subject reads directly from the case materials.
w "
4. Algebraic AC Assigned where subject makes a mathematical
Calculation calculation in order to obtain new information

about the task.

3. Information IR Assigned when subject fetricves a previously
Retrieval stored picce of information from external memory

(i.e., notes, calculations) or internal memory.

Ana]ytiéal/Dcfcrcntial Operaiors

6. Assumption  AS Assigned when subject generates an arbitrary
| (unspecified) fact about the case.



}\nniy{i:;al/l’nfcrcniial Opcraibrs

1. Conditionul ~ CJ
 Judgment |

8. Evaluarion E

9. Decision DS
Support

10.Generate Query GQ

Action/Choice Operitors

1Y, Generate = GA
Aliernative

12, Audit AD
Decision

13. Decision DR
Rule

14. Other oD
Decisions

-~ OPERATOR NOTATION

APPENDIX B

Operators and Operator Definitions

BRIEE DEFINITION

Assigned when subject draws a conclusion
(prediciion) which is speculative or predictive in
nature. Usually has a degree of uncertainty

present.

Assigned when subject makes a definite judgment
about the task based on some conditiona! explicit

or implicit criterion - No uncertainty is present.

Assigned when a subject provides rationale
(premises) to support a decision, recommendation

or aliernative,

Assigned when subject raises a question.

Assigned when subject generates an alternative.

Assigned when a subject reaches a definite
decision concerning the specific audit task (e.g.,

“revise planned audit program.”)

Assigned when subject specifies a method
including heuristics) of reaching a decision,

Assigned when a subject reaches # definite decision
that is notan AD. Typically OD operators involve
making what in audir tasks are management letter

comments.



