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Summary

SUMMARY

This paper is a process-based investigation of the sources of variation in expert-like task
behavior between individuals who would otherwise be considered as members of a homogenous
group. Auditor expertise is explored by means of a model based on behavior automaticity, a widely
recognized indicator of expertise in the performance of a task. The model’s three major features are:
first, quantitative measures of the effects on task automaticity due to differences between auditors
in the accessibility of their knowledge, its rate of utilization in a task, and the particular mix of
behaviors that characterize their task strategies; second, a hierarchical presentation of the underlying
phenomena that determine how relative expertise in a task is perceived that, in classic reductionist
fashion, explains higher level perceptions in terms of lower level phenomena, patterns among which
can lead to a richer characterization of relative expertise than is permitted by use of the
unidimensional criterion of behavior automaticity; third, identification of specific aspects of the
observer-observed system through which assessments of behavior are made, together with guidance
for quantifying and incorporating them into expertise evaluations. The submersion of information
through aggregation in assessments based on norms and higher level phenomena; strong, weak, and
non-complementary phenomena; and the assurances and cautions that are associated with each of
these are discussed and illustrated.

To illustrate the application of the model, behavior observation and think-aloud verbal
protocol methodologies are employed to collect data on the observable behavior and cognitive
processes of four first-year staff auditors during performance of simulated field tasks. The findings
reported in this paper show that it is possible, perhaps even likely, that auditors displaying the same
degree of expert-like task behavior are actually quite different in terms of the underlying properties
of knowledge accessibility and the expression of that knowledge as task strategy. Differences in
these properties may offset at higher levels of perception, hiding them from an observer’s view.
However, consideration of underlying differences have potentially important implications for the
careers and professional development of the individuals involved. Finally, the model indicates, and
the findings illustrate, that the naive choice of typical metrics for use in evaluations of individual
auditor performances submerges information that may be of significance for both the individual and
the organization whose success depends to some extent on that individual’s performance. This
danger exists even if a salient standard is available, but is especially important to consider when
individuals are evaluated one against another. The model shows that in the latter instances, choice
of the reference auditor is not a significant consideration for most strongly complementary
phenomena (viz, task automaticity, knowledge accessibility and its subordinate phenomena), but can
have a potentially significant impact on evaluations involving weakly complementary and non-
complementary effects (primarily strategy-dependent effects.) These findings argue for placing
greater emphasis on individuals rather than groups in future expertise research in auditing.



Introduction

INTRODUCTION

What accounts for our varying perceptions of expertise while observing others perform a
task? Is it possible to distinguish varying forms and degrees of expertise among auditors who
otherwise display the same level of expert-like behavior? Finally, to what extent are assessments of
the relative expertise of two or more auditors affected by differences in the properties! of the
assessors and the circumstances surrounding the need for such assessments to be made? These are
examples of questions that raise issues of importance to managers, supervisors, instructors, and
others who find it necessary to assess the quality and potential of those in their charge based on
observations of those individuals’ behaviors while performing tasks in the field.

This paper is a process-based investigation of the sources of variation in assessments of
expertise made by observers of the behaviors of individuals who otherwise would be considered as
members of a homogenous group. A model is proposed for use as a basis for quantitative
examination of some of the issues raised by the preceding questions. The model takes cognizance
of the fact that any assessment process inextricably binds observer and observed, so that in certain
instances, there appears to be an arbitrariness to the process. It makes salient those instances in
which arbitrariness may be of concern, and identifies from among them those that are most in need
of consideration when comparing assessments made by different observers or by the same observer
at different times. The model’s application is illustrated by means of an analysis of the observed
behaviors of four first-year auditors who performed audit-related tasks in simulated audit
environments.

The Limitations of “Typicality”

A substantial portion of behavioral research in auditing attempts to ascertain and compare
the properties of “typical” members of groups (e.g., “novice auditors” vs. “expert auditors”). To the
extent that individuals are members of a homogenous group, the observation of the one is as good
as the mean of observations of the group. To the extent that there exists great variability among
individuals, then to that extent, the mean of observations of the group is uninformative regarding any
particular individual. However, variability in expertise or expert behavior within what are, by
conventional criteria, taken to be homogenous groups of auditors has not been systematically studied
by behavioral researchers in auditing.?

1. The term “properties” is used in this paper to denote a set of characteristics, such as choices, modes of
behavior, and interactions by which one person, entity, phenomenon, etc. is differentiated from another.

2. Research employing very small numbers of non-randomly selected individuals (usually verbal protocol
studies in which subjects are volunteers) can be loosely interpreted as individual studies. For example, in an early study
of this type, Biggs & Mock (1983) compared the strategies of two auditors having two years of experience with that of
two auditors having three years experience. Their paper presents a detailed tabulation of each subject’s performance.
Two basically different strategies are identified among these subjects: directed strategy, in which an auditor searches
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Inter-Auditor Variability

In contrast with what is the usual case in the laboratory, in field situations, during
performance of a task, one confronts individuals rather than a group. Our assessments of behaviors
are based on observations made of individuals and comparisons across individuals, usually observed
two at atime.? If individual treatment is based on “typical” assessments, then the potential for sub-
optimal outcomes, serious errors, injustices, or other deleterious consequences is present. In these
situations, there is a greater need to know more about the properties of the individual than about
those of the group. This paper begins the examination of this and other issues raised by the opening
questions.

The Nature of Expertise

Expertise is a quality attributed to others whose behaviors are observed during performance
of a task (Russo 1997b). The nature of expertise is widely discussed in the behavioral research
literature. Generally, this discussion appears to revolve around two central issues. First, different
forms of expertise exist, some better suited than others for use in specific contexts. Second, various
conceptualizations of expertise emphasize either processes or outcomes. In addition, there appears
to be some confusion among researchers between the what of this research and the sow (See Russo
19970 for a complete discussion). Setting these matters aside, this paper focuses on process rather

for information only on an as-needed basis, and systematic strategy, in which an auditor reviews and attempts to digest
all available information before attacking the specific needs of the problem. Biggs and Mock then associate the
individuals in their tabulation with the specific strategic pattern each individual displayed. In a later study, Biggs, et al
(1988) compared the think-aloud verbal protocols of two audit managers and two audit seniors while performing an
analytical review task. They note that, based on an analysis of their information acquisition activities, the seniors were
primarily concerned with obtaining information related to the revision of audit programs while managers were more
focused on understanding the client and its business, possibly for the purpose of preparing comments for the
management letter. On a more general level, Newell and Simon (1972), in their ground-breaking study of human
problem solving, advocated flow charting the decision processes of subjects for the purposes of gaining insight into their
overall goal-directed processes. However, none of this, and related research, is concerned with a systematic study of
specific individuals as actual or potential targets of action. Rather, these studies represent the study of individuals for
the purpose of gaining insights into processes that may be present in broader populations. It should also be noted that
the research previously cited, and other research like it, focus on cognitive processing given a clearly defined decision-
making task rather than the broad process of behavior while preforming tasks in the field (see Russo 1997b ).

3. In this regard, there is no need to become bogged down in any debate concerning how many individuals
constitute a group, as this will not further the purpose of this research. Suffice it to say that this research is concerned
with those situations in which one observes two or more auditors for the purpose of making an assessment of one vs.
another. “Typical” measures are of value only in situations in which an observer requires normative data in order to form
an expectation. For example, the answer to the question “Does X behave as would a novice auditor in this situation?”
requires normative data. In contrast with this example, the issues of concern in situations contemplated in this paper are
more correctly represented by questions such as “Which of the two auditors performing this task appears to be the more
expert?” and “In what ways do these auditors differ in their apparent expertise?” The only information required in these
situations is a criterion (or set of criteria) and a means for mappmg observations on that criterion (or each of them) to
a relative scale of expertise.
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than outcome and, in particular, on the automaticity of task behaviors and what may be inferred
about unobservable processes and circumstances given what is observed. In so doing, two basic and
related assertions are made for which I believe there exists wide-spread agreement. First, expert
behavior is knowledge-driven (see Russo 1998: 12-13, note 23). Second, the attribution of expertise
to an individual implies that that individual possesses qualities of knowledge and behavior that differ
significantly in terms of one’s expectations from those of individuals to whom expertise is not
attributed.

The Perception of Expertise

It is generally acknowledged that the degree of automaticity, a term applied to sequences of
observable task behaviors that are performed without cognitive mediation, is a distinguishing feature
of expert task behavior. Alba and Hutchinson (1987) cite extensive research attesting to the common
observation that as one gains familiarity and expertise in a task, one's behaviors become more
automatic. That is, with growing expertise, tasks are performed with diminishing effort and without
conscious control. The increasing automaticity of behavior with experience is a central concept in
artificial intelligence and learning theory (e.g., Anderson 1982, 1987; Mayer 1992: 305). Davis &
Solomon (1989) employ the term "expert" to describe one whose behavior during performance of
a task displays a high degree of automaticity. Bedard (1989) notes that experts exhibit little self-
insight into how their decisions are made because most are made subconsciously. The automaticity
of task behaviors, therefore, is a significant factor in the perception of the quality of expertise.
However, in using automaticity as a criterion of expertise, neither the appropriateness of task
behaviors nor the quality of task outcomes is considered. Therefore, the behavior studied can only
be described as being relatively expert-/ike. In spite of this limitation, as will be illustrated later in
this paper, automaticity of task behavior can serve as a productive focus for a comprehensive and
internally consistent, quantitative model for investigating and understanding several significant
properties of task expertise.*

4. Ericsson & Simon (1983), in the context of think-aloud protocols, discuss omitted varbalization, which if
present can overstate automaticity, as due to either (1) uncertainty, confusion, or an inability to evoke knowledge or (2)
a rate of cognitive evocation that is too rapid for the verbal encoding process. Although the model they employ differs
in some important respects from that used in this research (theirs is a data-processing-oriented model, whereas the
research reported in this paper is based on current thinking about brain structure and function, and concepts of evolution
and consciousness), none of these circumstances is necessarily inconsistent with the concepts of automaticity and
availability of knowledge used in the present research. The major point of difference with Ericsson & Simon lies in their
implicit assumption that all mental processing is cognitive and that the failure to verbalize is a limitation inherent in the
processing rate of the Human Information Processing System (HIPS), their hypothesized “mental computer.” In contrast,
the model and methodology on which the present research is based posits there can be no so-called “failures” to
verbalize because no cognition in fact takes place. Sub-conscious mental processes are not accessible for purposes of
expression. Their existence during performance of a task is an inference made by observers based on the presence of
non-cognitively mediated transitions between observed behaviors.

3
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Model Foundations

Russo (1994, 1995a) has proposed a model and methodology that permits inferences to be
made about unobservable processes responsible for the automaticity of task behaviors as auditors
perform simulated field tasks, and by extension, about a primary input to the formation of observers’
perceptions of auditor task expertise. Employing this model and methodology, Russo (1996) reports
findings of significant associations between auditors’ perceptions of certain characteristics of their
task environments, the states of their knowledge bases, and the kinds of cognitions mediating their
task behaviors. He also reports evidence strongly suggesting wide inter-auditor variation in both
learning and the mode of learning resulting from experience during performance of a task (Russo
1998). This paper builds on this foundation by (1) examining the degree to which variations in
auditor knowledge and strategic behavior contribute to variability in perceptions of inter-auditor
expert-like task behavior, (2) identifying and quantifying the properties of knowledge and strategy
that account for differences between individual auditors in assessments of relative expert-like task
behavior and that offer the potential for broader assessments of relative expertise, and (3) identifying
and quantifying certain aspects of comparison processes that can contribute to variability in observer
assessments of relative expertise in performance of a task.

MODEL
The Iterative Model of Task Behavior

In the field, audit tasks frequently are empirically intense. Such tasks are characterized by
arequirement for significant domain and task knowledge, significant information input from the task
environment, solution processes requiring significant interaction with the task environment, and
outcomes that are represented by transformations of the task environment.’> During performance of
empirically intense tasks, behavior proceeds according to a process in which information is acquired
from the task environment (perception behaviors), processed in memory (cognitive and non-
cognitive mental processing), and the environment transformed in accordance with the outcome of
that processing (execution behaviors).® In thus transforming a task environment, environmental
stimuli upon which the selection of behaviors in succeeding iterations is based are altered. Iterations
continue until the auditor perceives that a solution state exists (Russo 1995a, 1994).

5. Laboratory tasks, on the other hand, tend to be cognitively intense in that they lack the interactive solution
processes that are characteristic of empirically intense tasks, and have intellectual commitments, (i.e., judgments or
decisions) rather than transformed task environments as solutions. (See Russo 1997b: 7-8 for a discussion of these
differences.)

6. Perception behaviors are all those observable behaviors and covert means by which stimuli are received
from a task environment. In auditing, these behaviors typically are reading, listening, and observing. Execution
behaviors are those whereby an auditor transforms a task environment. In auditing, these behaviors typically include
requesting, writing, using mechanical devices such as calculators and telephones, searching, etc.
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While perception and execution are observable behaviors, the various mental processes that
mediate transitions between observable behaviors are not.” However, because knowledge is
expressed through observable behavior, it is possible to attain some understanding of the properties
of knowledge driving behavior through an analysis of the various forms of knowledge expression.?
This is the approach taken in the research reported in this paper.

Task Automaticity

The perception of expert-like task behavior is based on the automaticity of behaviors
observed during the performance of tasks. Variations across auditors can be due to inter-auditor
differences in accessible knowledge and the manner in which that knowledge is expressed.

Transitions between observable behaviors during performance of a task are mediated by
episodes of either unreportable (subconscious) mental processes; cognitive processes, which under
suitable conditions can be rendered reportable; or a combination of both these processes.’ The nature

7. All perception behaviors ultimately involve reception of sensory stimuli from the task environment. Such
stimuli may be received by overt means, as by reading, attentive listening, and observation. However, most stimuli are
received as “covert perceptions,” a term denoting passive, unattended reception and interpretation of stimuli. It is the
covert reception of stimuli that is primarily and ultimately responsible for the moment-to-moment perception of our
environment, our place within it (e.g., the context of behavior in all its dimensions: temporal, physical, social, etc.), and
our actions. Were it not for covert perception, the brain would be overwhelmed with the amount of information it would
have to retain and process. By substituting continuous, passive input from the environment for actively maintained
environmental information, interpreted subconsciously and “on the fly,” the brain frees its limited resources for more
complex and/or critical processes, thereby gaining an evolutionary advantage. Because of its critical role in establishing
context, covert perception can be said to be the primary contributor to what is commonly called short-term memory.
See Hobson (1994, esp. Ch 7) for related discussion.

8. Itis highly questionable to denominate that which cannot be expressed as “knowledge,” or, indeed, to
attribute to it any existence at all. Knowledge is information put into action; it is “process,” not “thing.” Action, in this
context, is the production of environmental change brought about by the actor’s internal metabolic processes (referred
to hereafter as an autonomous process.) Under this concept, arguably, molecules of chemical reagents contain
information and chemical reactions display knowledge. Does a stone possess any knowledge? While we may extract
information from a stone (e.g., its age, chemical composition, structure, all of which may be informative about geologic
history), a stone is incapable of any autonomous mode of expression. Hence, again arguably, a stone has no knowledge.
A plant will alter its behavior in response to sensory input from its environment (e.g., tumn its light receptors toward the
light source, thereby maximizing energy input), and to that extent, we may attribute knowledge to a plant. Insects, fish,
dogs, apes, and humans all exhibit appropriate responses to environmental inputs, albeit to varying degrees, and for this
reason they may be said to evidence the possession of knowledge.

9. An unobservable process is reportable if the experience of it can be expressed verbally. An observable
process is reported when it occurs.



Inter-Auditor Variability

of processes underlying a mediating episode is reflected in the knowledge base!® response (r,), the
kind of process being indicated in the model by the subscript k (ke {1,2,3}). When the process
mediating a transition between one observable behavior and the next is unreportable, then the
transition is said to have occurred automatically, indicated by a response of type r,. Cognition,
however, while a reportable phenomenon, is not normally observable. If present, cognition reveals
the process by which knowledge that is not evoked automatically is accessed, i.e., placed into a state
in which it can influence subsequent behavior.!! If the sought knowledge is evoked as a result of
cognitive effort indicating a search of memory (e.g., descriptive, nomological, teleological, or
normative expressions of thought), the knowledge base response is of type r,. On the other hand, if
the knowledge base is unable to supply sought knowledge (e.g., cognitions expressing uncertainty
or confusion), then the knowledge base response is of type 7;.

To the extent that automatic processes mediate transitions from one behavior to the next in
a solution sequence, ' then to that extent, the perceived automaticity of that task behavior increases.
To assess this and other attributes of an auditor’s knowledge over any extended period of behavior
observation, various linear combinations of the sums of knowledge base responses by type for each

10. In this research, the term “knowledge base” is used to represent the totality of the knowledge that an
auditor called upon during performance of a task. While it is common usage to refer to the collection of that which
drives an auditor’s behavior as a “knowledge base,” this usage has several serious shortcomings. Knowledge is
information in action. The “content” of an auditor’s knowledge base can only be ascertained by observing the auditor’s
response to situations making knowledge demands (Russo 1997a: 411). What is commonly referred to as “knowledge”
is actually an action potential that is latent until called upon to initiate and guide behavior. This latent capacity is better
referred to as “information” or perhaps “data” rather than “knowledge.” Although not explicit in the putative usage of
the terms “knowledge base” and “knowledge,” I believe this distinction is on some level generally understood. Hence,
in deference to common usage, I will continue to use these terms in contexts in which neglect of the precise distinctions
mentioned are not troublesome.

11. Cognition, commonly referred to as “thinking,” is our experience of a process of sublimed learned
behavior. Cognition is not a naturally occurring human phenomenon, but develops out of the self-directed speech
observed in children, a behavior that remains vestigially present in adults during moments of great surprise, confusion,
or stress. Sublimation of this behavior is brought about by its association with contexts in which it is learned that overt
verbalization is neither practiced nor necessary in order to achieve access to unavailable knowledge. For additional
discussion, see Reber (1985), Ellis & Siegler (1994: 343-4), Dennett (1991), and Russo (1998, esp. note 15).

12. The term “solution sequence™ applies to an auditor’s chronologically ordered set of observable actions and
reportable cognitive activities during performance of a task.

13. Although subconscious mental processes do not occur instantaneously and, therefore, could potentially
occupy as much or more time than some cognitive processes, Russo (1995b) has shown that over a task, the duration
of mediating episodes is positively related to the number of cognitions composing the episode (i.e., to the cognitive
complexity of the episode.) Later in this paper, cognitive complexity will be related to knowledge-base organization.
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category of behavior, j € {/,2,..b}, are used. These combinations are denominated by the symbol
ny, he {s,c,e}.!t

The Determinants of Task Automaticity

The automaticity of task behavior, a, can be measured by the ratio of all automatic
knowledge base responses, 7, to the total instances of task behaviors, n. Symbolically:

-
a= ;2 n, 0))

Let a; be the automaticity of behavior j, a; = n,/n;, and m; the mix of each behavior, m; = n/n.
Equation (1) can then be written in terms of behavior automaticity and behavior mix as:

a=y’ am (2)

Where there are several different kinds of behaviors (i.e., » > 1), then automaticity conceptually
applies to the mean automaticity of the all behaviors, the weights applied being the mix of each
behavior, as shown by equation (2).

Now consider two auditors who are observed performing a task. When making comparisons,
one auditor serves as the subject and the other as the base or reference. Let all quantities that apply
to the subject auditor be designated by the superscript X, and those that apply to the reference auditor
by the superscript N. Any perceptions of their relative expertise in the task will be based on the
relative automaticities with which they perform their tasks. The auditor whose task automaticity is
greatest will be perceived to be the more expert-like of the two. Let E be the ratio of Auditor X’s
automaticity to Auditor N’s.'* Then, applying equation (2) to this definition, we may write:

X jaXmX
a¥ Y a'm

E e e T 3
¥ St ®

14. During any extended period of observation, there occur n mediating episodes. Each episode, i € {1,2,...n},
terminates in a behavior of type j, the target behavior, and includes at least one response, r;;.. The combinations used
in the model are: n; = X ryy; + 2 rp + B ryg, ng =D ry+ I ry, and n = 2y,

15. In the interests of notational simplicity, superscripts are omitted unless essential to clarity and precision
of communication. For example, the precise representation of the independent variable in equation (3) is EX.
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Equation (3) shows that relative task automaticity of auditors X and N is determined by two
circumstances of their task situation: the automaticity of each auditor’s individual behaviors (a
reflection of the accessibility of knowledge, discussed later) and the relative intensities with which
each auditor employs various kinds of behaviors during performance of a task (a reflection of
strategic knowledge, also discussed later.)'® Given this result, it is now possible to address
questions as to what accounts for the difference between these auditors in observed expert-like
behavior (i.e., E+1) and whether the absence of a difference is sufficient evidence for concluding that
both auditors share a common base of knowledge. Figure 1 provides, in graphic form, an outline of
the argument to follow.

16. If purely cognitive activity is excluded (e.g., mental arithmetic, etc.), observed task behavior may be
considered prima facie the equivalent of Anderson’s (1987) concept of “compiled procedural knowledge.” However,
to make Anderson’s concept operational, it is necessary to recognize that it must be more inclusive than simply
knowledge of what actions to take, in what sequence they are to be taken, and under what conditions they are to be
performed. Procedural knowledge presupposes knowledge of entities, relationships, and processes in the actor’s external
task environment, since this knowledge is necessary to instantiate any observable action before it can be performed. That
is, procedures are purposefully and intentionally directed by the actor at, and, in some way, affect, something specific
and identifiable in the task environment.
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FIGURE 1

HIERARCHY OF PHENOMENA AFFECTING OBSERVER PERCEPTIONS
OF RELATIVE EXPERT-LIKE TASK BEHAVIOR

Task Expert-like Behavior
[Task Automaticity]
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HyA=1) M (Ho:Dg™=0) | | (Ho:Dyr™0) (M (Ho:Dy ™ =0)| |(Hy:D;z=0)
Accessible
Knowledge Notes: ) L ) )
Content 1. Proxies for testing relationships between two auditors (or between an auditor and the
(Hy:A,=1) “typcial” auditor) are shown in parentehses. Underlying operationalizations shown in
5 brackets.
2. Knowledge properties are indicted by boxes with short broken outlines. Behavior
Knowledge properties and bottom-level effects are indicated by boxes with solid outlines. Knowledge
Availability utilization rate is a transactional phenomenon (see text.)
(Hyd,=1) 3. Indirect associations are connected with dashed lines, direct associations are connected
i with solid lines.
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Level 2

Level 3

Level 4
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Hierarchial Structure

Figure 1 presents a hierarchy of phenomena,'” each contributing to the assessment of relative
task automaticity, and by extension, task expertise.

Levels

With regard to the hierarchical structure itself, Level 1 is the only phenomenon that is
generally observable under normal field conditions. Level 2 consists of the two major determinants
of task automaticity implied by equation (3). Successively lower levels show the generally
unobservable phenomena which contribute to, and can potentially affect, assessments of task
automaticity across auditors, tasks, time, or observers. In this paper, the focus is primarily on
variations across auditors. The labeling of effects as “bottom-level” indicates only that these effects
are not explained by the model in terms of lower level phenomena. Use of this term is not meant to
imply that such explanations are not possible or that they may not be provided by further model
development.

Functional Relationships

Two kinds of functional relationships are represented in Figure 1. Any arrow that departs
from the top of a box, moves vertically to the next higher level, and enters the bottom of a box is
equivalent to a mathematical equality (e.g., an “=" sign). The independent variables are named in
the boxes at the arrow tails, and the dependent variable is named in the box at the arrowhead. Any
arrows entering or leaving a box by the left or right side indicate multiplicative relationships.
Additive relationships are indicated by the confluence of arrows representing the independent
variables. An arrow represented by a broken line indicates a relationship that is not relevant to the
kind of analysis illustrated in this paper but is nevertheless an integral part of the model.

Terminology
Properties and Effects

The model consists of properties and effects. A property is an inherent characteristic by
which one distinguishes among phenomena, while an effect is a change in, or relationship among,
the properties of a phenomenon that can be attributed to underlying (more basic, lower level)
phenomena. In Figure 1, properties of knowledge are shown in boxes with broken outlines;
properties of behaviors and bottom-level effects are shown in boxes with solid outlines. The box

17. The term phenomenon is used in this research to represent any entity, process, or relationship to which one
can attach an identifying symbol, such as a name. For example, automaticity, accessibility, auditor, system of internal
control. materiality, etc., are all within the purview of the term.

10
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labeled “Knowledge Utilization Rate” is somewhat unique in that it is a transactional phenomenon
by which the property of knowledge accessibility, which is strategy independent, is made effective
through strategic expression in a particular task. Effects are either ratios (variables with 4 or £
symbols) or differences (variables with D symbols) in specific properties of the auditors and
behaviors being compared. The terms “model metric” or “metric” are used in this paper to represent
properties and effects when a statement refers, or applies with equal validity, to both.

Knowledge Accessibility vs. Behavior Automaticity

The term accessibility applies to the ability of an auditor’s knowledge base to supply the
information demanded by the behaviors employed during performance of a task. Accessibility,
therefore, is a property of a knowledge base rather than of behavior. The term automaticity, as shown
above, relates to the degree to which task behaviors are performed without cognitive mediation.
Automaticity, therefore, is a property of behavior rather than knowledge. That is, while
“automaticity” relates to a quality of observable behavior, the term “accessibility” relates to the
responsiveness of a knowledge base, given a demand for information. As will be discussed in the
next section, the automaticity of behavior is actually a reflection of more fundamental knowledge-
base properties that together define the accessibility of the information in aknowledge base. Because
neither the accessibility of knowledge nor the automaticity of behavior can be assessed except when
behavior is observed, what is observed is a jointly determined phenomenon, and for this reason, the
two concepts are easily confused. However, for analytical purposes, accessibility and automaticity
each convey different information about auditors and their expertise. Consequently, it is important
that they be clearly distinguished and treated separately.

To illustrate how these concepts jointly determine task automaticity, consider again equations
(1), (2), and (3). Equation (1) describes automaticity because it takes no explicit account of the
properties of the knowledge base that make it possible for #, of n task behaviors to take place
without cognitive mediation. In equation (2), on the other hand, the parameter a; is a property of the
knowledge required to support a specific type of behavior, j, whenever that behavior is performed.
The phrase in bold type is key to the distinction between accessibility of knowledge on the one hand,
and automaticity of behavior on the other. The behavior mix, m;, informs about the proportion of
times during performance of a task that a demand was made of the knowledge base for the particular
knowledge that behavior requires. However, that demand is independent of the accessibility of the
knowledge it elicits when it is made. As shown by equations (2) and (3), the more assessable the
knowledge in a knowledge base, the greater the automaticity of task performance.

Decomposition of Relative Task Automaticity (E)
In the discussion of Equation (3), it was shown that task automaticity is determined by two

circumstances of a task situation. The first of these, the automaticity of an auditor’s individual
behaviors, was described as being a reflection of knowledge accessibility, and the second, the
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intensity with which an auditor employs various kinds of behaviors during performance of the task,
was described as areflection of task strategy. The relationship of these circumstances to relative task
automaticity is shown as Level 2 phenomena in Figure 1. In this and succeeding sections, these ideas
are refined so that they can serve as a basis for further model development. I begin by defining the
level 2 effects:

Effective knowledge accessibility effect (E,):'® the measure, given by equation (4),
of the effect on the base auditor’s task automaticity of differences between auditors
in the accessibility of information in their knowledge bases.

)3 anij

S am? i

E
a

Task behavior mix effect (E,,): the measure of the effect on the base auditor’s task
automaticity of differences between auditors in the mix of behaviors used during
performance of the task. In subsequent sections of this paper, the task behavior mix
effect will be related to differences in strategic knowledge. Consequently, E,, will
also be referred to as the task strategy effect. The task behavior mix effect is given
by equation (5).

)3 ajx m jX

B3V T ®)
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Since the two effects above determine relative task automaticity, we have:

E=EE (6)

which produces the same result as equation (3).

18. This terminology, while somewhat awkward, is nevertheless precise. The word “effective” is used in the
sense of a net or resultant of competing forces rather than in the more common sense of a successful, efficient, or proper
performance. The final word, “effect,” is used in the sense of induced change or “impact upon,” as previously defined.
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Decomposition of the Effective Knowledge Accessibility Effect (E,)

Inspection of equation (4) shows that the effective knowledge accessibility effect depends
upon the relative accessibility of the knowledge possessed by auditors X and &, and demands made
on that knowledge by the base auditor’s behaviors. To separate these underlying components, let us
define the mean knowledge accessibility of Auditor P’s (Pe {X, N}) knowledge as:

1
cf=337a’ Q)

where b is the number of different types of recognized behaviors that can be observed. Then the
knowledge accessibility ratio, which measures the relative accessibility of Auditor X°s task
knowledge compared with that of Auditor N is:

i X
A:c_X: Ej % (8)
N N
3P

Regardless of its accessibility, it is how knowledge is used that determines the automaticity
of task behavior. The knowledge utilization rate is defined as the ratio of behavior automaticity,
Y7 am, to mean knowledge accessibility, (1/6))  a, given a specific mix of behaviors. This rate
describes how knowledge accessibility, an inherent properry of a knowledge base, is transformed
into a measure of behavior automaticity, an inherent property of behavior, by the interaction of
accessible knowledge with the particular mix of knowledge demands made by behaviors as a task
is performed. When auditors employ behaviors that take advantage of their most accessible
knowledge, their knowledge utilization rates increase. On the other hand, when auditors employ
behaviors that demand knowledge that is not as accessible, their knowledge utilization rates fall.
Since Auditor N serves in this model as the reference for making comparisons, the knowledge
utilization rate of Auditor P, given Auditor N’s behavior mix, is:

N PN
kPN=b2:ajmJ
Y o
a.
J

If Auditor N had the same knowledge base properties as has Auditor X, N’s knowledge

Y X N
utilization rate, from equation (9), wouldbe _— 7/ J Z . However, Auditor N’s actual knowledge

a.X
J
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L . by a'm"
utilization rate is __% Therefore, the effect of the difference between the knowledge
Y
a,
properties of auditors X and N on Auditor N°s behavior mix (i.e., their relative rates of knowledge
utilization) is:

NV X Vi N
E - & g - ZJ_ aj_ij_"’Zj 5 = (10)
BN a; ijE a

Combining the preceding results, we have:

Ejaxm?v

E =AE -—L_L
a0 F NV a¥m¥ 15
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Decomposition of the Knowledge Accessibility Ratio (A)

The model posits that three lower level properties of a knowledge base determine its
knowledge accessibility: organization, accessible content, and availability. These lower level
properties are now defined.

Knowledge organization is concerned with the amount of cognitive searching ofa
knowledge base that is required before an observable behavior is evoked. Knowledge
organization is negatively related to the mean complexity of mediating episodes, i.€.,
the mean over all behavior types of the complexities of mediating episodes associated
with each type of target behavior, 1e., (1/6)Y 7 n /n, (Russo 1998: 1 0-12.) The
Inowledge organization ratio (4,) compares the complexity of Auditor X’s mediating
episodes with that of Auditor N.

Accessible knowledge content refers to the capacity of a knowledge base to respond
positively to a demand for information. A response is positive if a search of a
knowledge base is successful, i.e., sought knowledge is evoked either by automatic
processes or cognitive processes indicating that knowledge is present in the
knowledge base.'® Accessible knowledge content is positively related to the ratio of

19. The adjective “positive” applied to knowledge-base content is used to distinguish a state in which a
knowledge base is able to supply the information demanded from a state in which there is a failure to meet the
information demand (e.g., “negative knowledge content”)
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the mean of the frequencies of positive knowledge base responses associated with
each target behavior to the mean complexity of mediating episodes, 1.,
03 annj)f{zf n./n) (Russo, 1998, esp. Tables 1 and 3). The accessible knowledge
content ratio (A,) compares Auditor X’s accessible knowledge content with that of
Auditor N.

Available knowledge content tefers to the capacity of a knowledge base to
automatically supply information on demand. Available knowledge content is
positively related to the ratio of the mean of the frequencies of automatic knowledge
base responses associated with each target behavior to the mean of frequencies
indicating positive knowledge content, ie., 3~ annj)f(zf n/n). The available
knowledge content ratio (4,) compares Auditor X”s available knowledge content with
that of Auditor N.%°

Symbolically, these definitions are presented as equations (12a), (12b), and (12c).

)3 n;_(fnjx - )3 ngz’nfzf ng/an - )34 aszf ng/an

= @ 4= : B) A== ‘
b3 ";mf b3 "if / ”JN):J ”;/ ”}-X Y7 ajNE n j/ nf

4 () (12)

where the subscripts qualify the variables as follows: s indicates all responses, co gnitive and non-
cognitive, c indicates positive knowledge base responses, and e indicates only automatic responses.
The relationship of the components of (12) to the knowledge accessibility ratio is given by (13).

A=4AA, (13)

The multiplicative relationships among the knowledge accessibility ratios and task strategy
effects are indicated in Figure 1 by the in-line sequence leading to relative task automaticity. As can
be inferred from the above definitions and equation (13), the properties of knowledge are
hierarchically related and form a natural progression from most comprehensive (4,) to most narrow
(4,). This progression is shown in Figure 1 by placing each property at hierarchically appropriate
levels. Under a null hypothesis that both auditors possess a common knowledge base and task
strategy, all of the preceding ratios will equate to unity.

20. Note the distinction between accessible knowledge content (n./n,), available knowledge content (n/n,) and
automaticity (n/n) related to the task vs. accessible knowledge content (n./n), available knowledge content (n/ng)s
and automaticity (n,/n;) related to a specific targe? behavior. The subscript j qualifies a variable as relating to a specific
behavior. In addition, the subscripts s, ¢, and e qualify a variable as a sum of specific kinds of knowledge base responses
(see previous notes.)
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An Operational Notion of Strategy

Strategy is a term that can be comprehended in either of two senses. In the ex-ante sense,
strategy is a characterization of prospective behavior, while in the ex-post senmse, it is a
characterization of observed behavior. Since this paper is concerned with the analysis of observed
behavior, I confine my discussion of strategy to the ex-post sense of the term. The model proposes
that strategy is an observer’s (one’s own) characterization of the purposes and intentionality of
another’s (one’s own) behavior. Thus, while the particular.behaviors that take place, and their
temporal sequence, exist independent of any observer,?' the perception of strategy is an observer-
dependent phenomenon in that it necessarily reflects the observer’s own knowledge and
observational skills.?? While there is an a priori and context-free ordinal scale for mapping task

21. The observer here is an ordinary, fallible human observer, as distinguished from observations made by an
omniscient being. Making the distinction between observer types is useful for certain theoretical and analytical purposes
(See Russo, 1994: §9-90.)

22. The characterization of a sequence of behaviors as strategy has been described as a feat of insight. Newell
and Simon (1972), in their study of human problem solving, advocate flow charting the decision processes of subjects
for the purposes of gaining insight into their overall goal-directed processes. However, insight remains a distinctly
personal phenomenon which, in any given instance and for any given observer, may never be acquired. Further, even
if acquired, the insight gained may differ across individuals. For example, following Newell and Simon’s suggestion,
Biggs & Mock (1983) compare the behaviors of two auditors having two years of experience with that of two auditors
having three years experience and identify two basically different strategies among these subjects: directed strategy,
in which an auditor searches for information only on an as-needed bases, and systematic strategy, in which an auditor
reviews and attempts to digest all available information before attacking the specific needs of the problem. In a later
study, Biggs, et al (1988) compare the think-aloud verbal protocols of two audit managers and two audit seniors while
performing an analytical review task. They note that, based on an analysis of their information acquisition activities,
the seniors were primarily concerned with obtaining information related to the revision of audit programs while
managers were more focused on understanding the client and its business, possibly for the purpose of preparing
comments for the management letter. Although it is not the case in the two studies mentioned, might not both
characterizations be applied with equal validity to the same set of data?

Strategic characterization requires insight on the part of the observer (see above.) Lonergain (1978), in the
Preface to his extensive discussion of the topic, illustrates the individuality of insight in the following way:

In the ideal detective story the reader is given all the clues yet fails to spot the criminal. He may avert
to each clue as it arises. He needs no further clues to solve the mystery. Yet he can remain in the dark
for the simple reason that reaching the solution is not the mere apprehension of any clue, not the mere
memory of all, but a quite distinct activity of organizing intelligence that places the full set of clues
in a unique, explanatory perspective. ...(Insight is) not any act of attention or advertence or memory
but the supervening act of understanding. (x)

To this,  add: Whose understanding? Answer: The observer’s. If the observer does not gain the connection of incoming

cues to his/her other knowledge, that is, fails to perceive a unification of otherwise disconnected and diverse fragments
of information, then there is no insight. That knowledge which insight unifies is uniquely the observer’s.
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automaticity to expertise (viz, greater automaticity implies greater expertise), no such scale exists
for quantifying strategy.” Consequently, in this research, I focus instead on the cues from which an
observer formulates the perception of strategy. For a given observer recognizing a given set of
behaviors, the strategic characterization of behavior is determined primarily by the mix and sequence
of the behaviors observed and recognized. Later in this paper, I stipulate and hold constant the
observer and the set of behaviors recognized and focus mainly on behavior mix.

Strategy and Behavior Mix

It is clear from equations (5) and (6) that perception of the relative automaticity with which
two auditors perform an empirically intense task is affected by the mix of behaviors employed by
each auditor. The magnitude of this effect is measured most directly by the behavior mix ratio, E,,.
This section develops the relationships necessary to account for and interpret this ratio.

One can gain a broad sense of an auditor’s task strategy by considering the purpose and
intentionality of the behaviors used during performance of a task. Assuming that auditors are
purposeful and intentional in their choices of task behaviors, then the various behaviors that take
place during performance of a task may be grouped according to their similarity of purpose and
intentionality.?* Each such group will be referred to as an intentional group or, where usage is
unambiguous, simply as a group. An intentional mix is the proportion of an auditor’s total task
behaviors to which an observer attributes the same or similar purpose and intentionality. Assume

23. Were such a scale available, then there would be a “best” or “most expert” way to perform a task. While
one may argue that in certain constrained circumstances, an optimal strategy may be put forth, such circumstances are
not representative of those surrounding the work of auditors nor are they typical of the environments within which
auditors function. For example, such a set of circumstances prevails during performance of a task on an assembly line,
in which individuals having a specific skill perform a repetitive, manual operation within a controlled and highly
standardized physical, technological, and social environment, and in which a specific, quantifiable measure of
effectiveness exists and is specified (e.g., zero variance from standard cost).

24. Both purposefulness and intentionality are attributions to another made by observers of the other’s actions.
Russo’s model of auditor behavior during empirically intense audit tasks holds that auditors are purposeful and
intentional in their choice of task behaviors. Purposeful means that the behavior observed is consistent with the auditor’s
perception of the objective of that behavior. Intentional means that the behavior and its targets are consistent with the
auditor’s beliefs and opinions at the moment the behavior is performed. A concept of intrinsic purposefulness and
intentionality is, in the context of this research, not useful. To illustrate, while a flathead screwdriver, as opposed to a
philips-head screwdriver (both common household tools), may be attributed intrinsic purpose and intentionality, neither
would be correct attributions to make when it is observed that an individual is using it to pry open the lid of a paint can.
The ostensible purpose here is to gain leverage, not to join two pieces of wood, and the intentional target of the behavior
is the 1id of the can, not a screw. For additional discussion of these assumptions, see Russo (1997b: note 26; 1998: 12-
13).
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that b different kinds of observable behaviors can be assigned to two groups, g € {gl,g2},> based
on an observer’s attributions of purpose and intentionality to each. Let us define the “g/ mix” as
mglszg’ m,. A similar mix is also defined for behaviors categorized as g2. These intentional mix
proportions measure the extent to which behaviors of particular type were employed in a task relative
to behaviors of all types. For example, suppose g/ behaviors are those associated with the
acquisition of information from the task environment (e.g., reading, inquiry, etc.), and g2 are other
non-information acquisition behaviors associated with altering the task environment (e.g., writing,
calculating, etc.), then if the g/ mix of one auditor were greater than that of another, one may say
that, compared with the second auditor, the first was more focused on acquiring information, while
the second was more focused on producing the transformations that, in an empirically intense task,
will be ultimately required for a task solution. Thus, although the task behavior mix effect (£,,)
allows one to state that two auditors did in fact follow different strategies in performing their tasks,
the intentional mix allows one to characterize a quality of that difference in terms that are
meaningful as strategic characterizations.?® This quality, when observed about a particular auditor’s
task behavior, will be referred to as that auditor’s strategic emphasis, the nature of that emphasis
being indicated by reference to the related intentional group (e.g., an “information acquisition
emphasis™).

Analysis of the Behavior Mix Effect (E,,)

The question to be addressed in the following discussion is: Given knowledge accessibility
and the possibility that auditors may, to the extent reflected by their strategic emphases, follow
different strategies, how and to what extent are these differences responsible for inter-auditor
variations in task automaticity? It must be emphasized that, in making comparisons of this kind, we
are not so much interested in characterizing strategic behavior as we are in recognizing differences
and changes in behavior that signal a difference or change in strategy. Further, in this paper, our
interest in those differences is primarily from the point of view of their effects as contributors to
variations in assessments of task automaticity. The analysis of strategy, per se, is a matter left for
a future paper.

25. When used as a subscript, g indicates either g/ or g2. When used as the range of summation, g indicates
that the summation is made over the range of behaviors assigned to the intentional group indicated by the subscript of
the independent variable. For example, assume g/ = {je {1, 2}}. Then Y &'n =n,+ n,.

26. Note that while a behavior mix effect that differs from unity is sufficient evidence of a difference in
strategy, it is not necessary evidence. This condition arises because, although two auditors might perform the same
behaviors over their tasks and with the same intensities, they may do so in a different temporal sequence. In such an
instance, although both the behavior mix effect and the intentional mix proportions will be the same, these indications
will not reveal the fact of a strategic difference. Since temporal differences do not affect the perception of task
automaticity, they are not considered in this paper.
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Preliminary Matters

Before discussing the metrics needed to answer the question posed in the preceding
paragraph, certain preliminary matters must be introduced.

Maintained condition: Inspection of the mix effect (equation (5), repeated as equation (14)
for convenience) shows that it is the ratio of Auditor X’s observed task automaticity to what that task
automaticity would be if (a) Auditor X’s behavior mix were the same as that of Auditor N with (b)
no change in X’s knowledge base properties. The denominator of this ratio will be referred to as the
base automaticity of Auditor N. In the discussion which follows, it will be necessary to remember
that, unless otherwise stated, condition (b) in the previous sentence is maintained throughout.
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Group automaticity: Paralleling the conceptualization of task automaticity given previously,
the automaticity with which the behaviors of an intentional group are performed is measured by the
ratio of all group automatic knowledge base responses, 7., to the total instances of group task
behaviors, #,. It can be shown that, for the auditor designated as X, this ratio can be expressed in a
form more convenient for use in subsequent analysis as equation (15).” The expected automaticity
ofX anl}: auditor P’s intentional mix is the group automaticity weighted by P’s intentional mix, 1.e.,
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Strategic emphasis effect: This effect measures the proportion of P’s task automaticity that
is represented by the automaticity of behaviors forming a particular intentional mix under the
maintained condition. This proportion is given by equation (16).

Yeatm?
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(16)

27, ay=ngng=Yin/Son= Tina/Sinm = Tonma/Sinm,= Ysam/Sim = Tramfme
While this demonstration can be advanced for either Auditor X or N, because of the maintained condition mentioned
earlier in the text, the group automaticity of auditor N is not particularly relevant in this discussion.
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Components of the Task Behavior Mix Effect (E,)

Given that task behaviors have been intentionally classified, as previously described, the task
behavior mix effect may be expressed as the sum of two components:

E =E & +Em(g2) a7

where E,,;, and E,q, referred to hereafter as group intentional mix effects, represent the
contribution to the task behavior mix effect of differences between auditors X and N in their
utilization of g and g2 behaviors, respectively. Applying this definition, and given equations (17)
and (14), for any group, g,

Xiam

E =—cFm— (18)
m(g) z; XN
aj mj

Partitioning of Group Intentional Mix Effects (E.g)

Equation (17), which represents the contribution of inter-auditor differences in group task
strategy to total relative task automaticity, is related to the underlying strategic emphases of both
auditors. For this reason, group intentional mix effects will sometimes be referred to as group
strategy effects. The difference between the group intentional mix effect (E_ )) and the effect of
Auditor N’s strategic emphasis (M:’ ) can be partitioned into a component c{fle to differences in
strategic emphasis between auditors and a component due to differences in the manner in which each
auditor pursued the strategic objectives of each intentional group. The first of these will be termed
the berween-strategies effect (D:N ), and the second, the within-strategies effect (}Dg!‘rm).28

Between-strategies effects measure the contribution to group intentional mix effects due to
X_ N

differences between auditors in strategic emphasis, and is related to m -m,,as shown by equation
(19).
X X__ N
XN _ 2 (mg Me )
g y _X_N
Y a'm

(19)

28. Auditor N is the model’s basis for comparison. Both D:X and D;I) are always zero.
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Within-strategy effects measure the contribution to group intentional mix effects due to
differences between auditors in the conditional mix of behaviors performed to implement group
intentional strategy (i.e., the within-group mix of each behavior, given by the ratio m”/m?’). The
within-strategy effects are directly related to (ij/m ;f)~(ijfm ;), as shown by equatién (?_gO).29

. m:' g mjx ij
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Equation (21) summarizes the preceding discussion.

_a 4N XN N
Eoo M, +D, "Dy, 21)

Under a null hypothesis that both auditors followed (1) the same broad strategy (indicated by their
intentional mix proportions), and, for each intentional group, (2) the same intentional strategy
(indicated by the conditional mix of behaviors within intentional groups), then both sources of
variance would have a value of zero. Each auditor would then display the same group intentional
mix effects, equal to the effect of their strategic emphasis, i.e., Em(g) =M: =M év )

The three independent variables of equation (21) constitute lower level components of group
strategy effects. Hence, in Figure 1, they are shown at a lower hierarchical level. The base auditor’s
strategic emphasis effect (A£;") is not directly involved in auditor comparisons, its contribution being
reflected in the between-strategies effect. This indirect relationship is shown by means of the broken
lines in Figure 1. The additive nature of their relationship is indicated in Figure 1 by the confluence
of multiple lower level effects to form a higher level effect.

29. Equation (20), while an inelegant presentation, is nevertheless used in the text because it provides a
conceptually clear indication of the nature of within-strategy variances and their contribution to group intentional mix
effects. The within-strategies effects can also be considered as the effect of any difference between the expected
automaticity of Auditor A’s intentional mix and its observed automaticity, as shown by the following

a*mV-Y ¢ a¥m¥
equation: pV¥ =_£& £ J 1 . This equation is computationally simpler than is equation (20) but does not
50 Ej a‘m¥
Jod

immediately foster intuitive recognition of Dg}:ﬂ as arising from within-group mix differences.
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Directional Effects

Directional effects are the differential consequences for automaticity assessments arising out
of an observer’s use of alternative reference bases and strategic perspectives in making comparisons.
In any comparative study, the choice of a base to which particular instances of behavior are
referenced is a critical issue for any meaningful communication and synthesis of findings. Because
of the requirement that auditors be designated as either Subject (X) or base (), and the availability
of the option to study automaticity from the perspective of one intentional group or the other (1.e.,
g, Vs. g, Or g, vs. g;), implementation of the proposed model necessarily incorporates directional
effects as an unavoidable mathematical consequence.

There are two pragmatic reasons for studying directional effects. First, directional choice
appears to be an arbitrary aspect of the model. Second, an understanding of directional effects can
potentially result in saving considerable analytical effort in implementing the model. Each of these
reasons is discussed in the following sections.

Apparent Model Arbitrariness

The directional choices mentioned above appear to introduce an element of arbitrariness into
the model’s analytical process, and for this reason, they demand investigation. In the sections that
follow, I discuss how directional choices affect model metrics, and in particular, given a set of
metrics, what directional inferences may and may not be validly made concerning relationships in
the reverse direction.*

30. Observer related effects are potential sources of inter-auditor variation in assessments of expert-like
behavior that arise from a number of sources. For a discussion of methodologically induced observer error, see Cooper,
Heron, & Heward (1987) and Russo (1994: 191). Two forms of observer related effects that are particularly relevant
to this paper are “between-observer” variation and “base” variation, referred to in this paper as “directional effects.”
The first of these, between-observer variation, arises because strategic characterization of behavior is observer
dependent, as discussed earlier in this paper. Therefore, different observers of the same behavior can arrive at different
characterizations. This source of variation can be minimized by use of the same observer for all cases, and by
standardized behavior observation methodology, protocol coding, and observer training. The second observer related
effect is actually a procedural and logical error that arises whenever a given observer is inconsistent in use of a base for
making comparisons. For certain purposes, and at various times, an observer making comparisons between two cases,
A and B, may draw comparisons from A to B, while for other purposes and at other times, the same observer may draw
comparisons from B to A. For example, if the measures of the properties of A were {2,1} and those of B were {4,2},
then if a given observer reports the comparative measures {¥2,2}, a base error has been committed. Without knowledge
of the direction in which the observer drew the comparisons, (i.e., the base that the observer has adopted) one is unable
to gain a correct interpretation of the relationship between A and B. Correct reports are either {!%, !4} if B is chosen as
the base, or {2,2} if A is chosen. However, note that although both reports may be procedurally correct, logically both
can still lead to erroneous interpretation if the receiver of the report does not know the base used by the sender.

22



Model

Complementarity

The property of complementarity concerns the directional relationship between a measure
of an effect (its magnitude) and its expected value in either of the two cases described below. If the
signum (i.e., the algebraic sense, plus or minus) of the difference changes when the direction of
comparison changes, then the effect is complementary.

Case 1: XN-Complementarity. In Case 1 complementarity, the assignment of auditors as X
and N is reversed. More precisely, if the observed measure of an effect is on one side of its
hypothesized mean (e.g., T"# > H, ( T*%))*' and that effect possesses the property of XN-
complementarity, then when the auditor assignments are reversed, the measure of that effect will fall
on the side opposite to its former position relative to its hypothesized mean (i.e., T84 < H, ( T?4)).

If a model metric exhibits XN-complementarity, then the signum of the difference between
each complementary measure and its expected value under the null hypothesis is the negation of the
other. To illustrate, consider the between-strategies effect, given assignments of auditors A and B
to X and N, respectively. Applying equation (19), and bearing in mind that the expected value of a
difference statistic (any D metric) around its mean is zero, we have:

A A B B, B __ 4
a (m”- m- -
AB= g( g mg) BA___ ag( £ mg) (22)
g Ej A B’ g Zj B, _ 4
aj mj aj mj

None of the variables in the preceding functions can be negative. Therefore, the signum of each
effect is determined solely by the signum of the difference between the g-conditional mix of auditors
A and B. Whatever the signum of (m,* - m®), it is clear that when the order of subtraction is
reversed, so too will the signum be reversed. Consequently, between-strategies effects exhibit XN-
complementarity. By a similar process, it can be determined that the following model effects are XN-
complementary: E, E,, 4, A, A., 4, and D *

However, as can be surmised from inspection of equation (20), within-strategy effects are
not XN-complementary. That equation includes a weighted summation. Reversal of the X and N

31. Throughout this paper, the symbol T will be used to represent any arbitrary model metric.

32. The process is more subtle with ratios (£ and A variables) than with differences (D variables). To illustrate,
(L A__B
Y (a*-a?)
y 4

a.
J

A_1 can be written as . In this form, it is clear that 4 (relative knowledge accessibility) is XN-

complementary.
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assignments, while resulting in a reversal of the signum of the individual differences within the
bracketed portion of the equation, also alters the set of accessibility weights applied to those
differences, making the signum of the summation term indeterminate.

Case 2: g-complementarity. With regard to Case 2, given an assignment of auditors as X'and
N and that the directional relationship between the measure of a model effect and its hypothesized
mean is examined from the perspective of one intentional group (either g/ or g2), if the effect is g-
complementary, then the opposite directional relationship between that metric and its hypothesized
mean obtains when examined from the prospective of the other intentional group. Case 2 keeps the
assignments to X and N constant, but reverses the group subscript from that of one group to that of
the other. For example, if T,*% > H, (T,*?), then if T is a g-complementary effect, then 7,,*° < H,
(T,*%). To illustrate, consider, again, between-strategy effects, in which auditors A and B have been
assigned to X and N, respectively. By construction, intentional groups g/ and g2 are complements
in the sense that {j} = {g;,} v {g;}, where {g;} ={g_1}. Therefore, m,, =1 - m,,. Again, from
equation (19), and applying the preceding relationship between m,, and m,,, we obtain:

4__ B A, A By _ A; A __ B
ps_ e M my) ap_ Gy aymymy 23)
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Since the expected value of any D effect is zero, the change in sign shows that the between-strategies
effect is g-complementary.

Conclusions regarding the g-complementarity of within-strategy effects are best approached
by examining equation (24).

g N _pN .pN ‘
2F Dy =D Dy 24)

Each of the terms of equation (24) is itself a difference and may be either positive or negative. Any
combination of positive and negative effects can exist and still satisfy the equation. However,
regardless of the signum of each individual term, and given an assignment of auditors, the total on
the left side of the equation is a constant. Therefore, within-strategy effects are not g-complementary.

Strong and Weak Complementarity
The model compares the task behaviors of a Subject auditor, designated by the superscript
X, against the parallel behaviors of a base auditor, designated by the superscript N. The strength of

complementarity, i.c., strong or weak, speaks to the consistency of a finding of significance when
the direction of comparison is reversed. If an effect has strong complementarity, and if it is
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significant when comparisons are made in one direction, it is always significant when that direction
is reversed. On the other hand, if an effect is complementary, but the consistency of a finding
(significant or not significant) cannot be assured when the direction of comparison is reversed, then
the effect’s complementarity is termed weak. More specifically, given that (1) Auditor A is
designated as X and Auditor B as N (denoted by superscript AB), and (2) a finding of significance
(a deviation from a hypothesized value that cannot be attributed to chance) for any effect, 72, then
if 72 is a strong complementary effect, 754 will be significant also.*?

If a model effect exhibits strong complementarity, then the product of the measure of that
effect under an initial set of assignments and the measure of the same effect with the assignments
reversed evaluates to unity.?* To illustrate, consider task automaticity, £5, where Auditor A is
assigned as X with Auditor B as the comparative base, N. Then from equation (3), the following
relationships hold:

J

EB- =t 2 =
Ej aB’mB Zj ajAmA

h3 ajf‘mf oo Y aJ.Bm.B

(25)

from which it is readily determined that E4E?4 = 1. Therefore, task automaticity is a strong
complementary effect and one can conclude that if there is a significant finding when Auditor A 1s
compared with Auditor B as a base, there will also be a significant finding if Auditor B is compared
using Auditor A as a base. By means of this process, it can be determined that the following are
strong complementary effects: E, 4, 4, A,, and 4,. While it was previously determined that between-
strategy effects (D, ™) are both XN- and g-complementary, applying the above test to these effects
shows that they are not strongly complementary.*

33. The same relationships hold if 7% is not found to be significant.

34. Assume that T=T(X-N) exists over the domain of real numbers (®) and that f{7) is a real transformation
of T over its entire range. Let T be evaluated in the direction of 4 to B, i.e., T"® =T(4 -B). Let the range ;v ]c R and
[v;v,]3 7. Then [f(v)-f)I2AT*"). Now, if T™ AT*) =T(B-4), then ) T If [y ]delmeates the
range beyond which thc probability of observing any particular value of Tis too small to be due to chance r.hen both 742
and T2 are significant, e.g., they are strong complementary effects. For all strong complementary effects in this
model, AT) = 1/T. Therefore, the product of 7 and A7) is unity.

35. Strong complementarity can be easily demonstrated by considering the demonstration of the conditions
of complementarity in a previous note. The function {T) = 1/Treverses the sense of the inequalities making up the limits
of the range of significance. For example, if T > v, specifies an upper limit significance, then T < f{v;) specifies a lower
limit significance. More generally, assume a variable, 7% = T(X~N) and the following : (1) (I’ - EV(T*)) is real and
ranges over - to +s, (2) a function f{T) such that (EV(Z*%) = EV(7?4)), and (3) P(T* | "**) =P(R T**))| T**) and P(T**
| 724y =P( {T24)| T**) are both equal to 1. There exists only two possible sequences of comparisons that can be made.
Either we initially compare A with B, followed by comparing B with A, or we initially compare B with A, followed by
comparing A with B. In the first possibility, we obtain the metric set {7*%, T°}, in that order, while in the second we
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Table 1 provides a summary of the preceding discussion.

TABLE 1
SUMMARY OF OBSERVER DIRECTIONAL EFFECTS
Task Automaticity
Knowledge Accessibility Effect Strategic Knowledge
Effect
Knowledge Properties
. Between | Within-
Accessibility strategies | strategy
Knowledge
Organization | Content Availability | Utilization
E|E, |4 A, A, A, E, E,| DX DY
g g0)

Case 1 - XN-COMPLEMENTARITY

Weak |Y| Y |Y Y Y Y N N Y N
Sttong |Y | N |Y Y Y Y N N N N
Case 2: g-COMPLEMENTARITY Y N

Notes: If an effect is complementary, then:
Case 1 (XN-complementarity) - the signum of the difference between the measure of the effect and
its expected value is reversed if the assignment of auditors for comparison purposes is reversed. If an
effect is complementary strong, then, given an assignment of auditors for purposes of comparison,
a significant (not significant) finding will remain significant (not significant) if that assignment is
reversed. ;

Case 2 (g-complementarity) - the signum of the difference between the measure of the effect and its
expected value when examined from a given an intentional perspective is reversed if the metric is
examined from the perspective of the complementary intentional group. g-Complementary effects are
weak.

obtain {7%4, T*?}, in that order. Since these two sets exhaust the set of possible outcomes, the sum of the joint
probabilities of observing each set is P(T8| TP4)P(T*| T'%) + P(T*|T**)P(T** |7%4) = 1. Given the conditional
probabilities mentioned in (3), this expression reduces to P(T%4|T*%) = 1 - P(T*?|T°*). Now for all strongly
complementary effects in this model, f(T*8)=1/T?*, a function satisfying all three assumptions above. Where the model
permits variables to be either weak or non-complementary, viz, E E ,E , Df‘r, DY ) assumption (3) above cannot be
made. Hence, given a finding concerning one of the pair of directional mates of suég effects, no inference can be made

‘on that basis concerning the significance of the other.
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Interpretive Implications

As has been stated, the primary focus of this paper is on the variability of assessments of
expert-like behavior across auditors. However, these assessments are the products of observer-
observed systems. Hence, the directional choices made by different observers, or by the same
observer at different times, raises possible concerns as to whether the reported assessments may
differ solely as a result of those choices, and if so, what implications can be drawn. Fortunately, the
model provides considerable assurances on these points.

For strong complementary observations, all conclusions drawn as to significance will be the
same, regardless of directional differences and methodological or observer inconsistencies in
direction. Similarly, even in the face of such differences and inconsistencies, weak complementary
effects will maintain their qualitative relationships to expected means, although the significance of
those relationships must be established for each direction as a separate matter. Thus, regarding
conclusions based upon complementary effects, differences in assessments of task automaticity are
easily explained. Consequently, where these effects are an important focus of study, choices made
and methodological controls, at least with respect to direction, are not major concerns.

In contrast to the preceding, within-strategies effects are not complementary; inconsistencies
in auditor assignments and strategic perspective can produce significant differences in both findings
and interpretation. If these effects are an important focus of study, care in making directional and
perspective choices and strict methodological controls will be required in order to minimize the
analytical and interpretive difficulties these effects present.

In summary, the potential danger from ambiguity in the model’s directional choices is more
apparent than real. Seven of the ten model metrics listed in Table 1 are complementary, and of these,
all but two are strongly complémentary, thereby assuring that for most analytical purposes, observer
directional choices will have little, if any, effect on the significance of findings and interpretations.
As to the few for which this assurance is not absolute, the maxim “forewarned is forearmed”
precisely draws attention to possible differences in interpretation which, if significant to the purposes
of an investigation, can be addressed with little additional effort.

Reduction in Analytical Effort

The second reason mentioned for investigating directional effects is that, through appropriate
use, the analytical effort required to apply the model can be greatly reduced. As shown in the
preceding discussion, the model assures that most XN-complementary effects are strong. Therefore,
it is not necessary that these be evaluated for significance in both directions. In addition, under the
null hypothesis that auditors X and N share common knowledge base properties and strategic
behavior, the distribution of each complementary model metric is identical in both directions.
Therefore, the savings in effort extend not only to computations of the particular effects involved,
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but perhaps more importantly, they extend to the bootstrap simulations of the related probability
distributions, discussed later, that are required for the interpretation of findings. The latter entails
vastly more time and resources than does evaluation of the effects themselves.

Deviations from Complementarity: Asymmetry

Suppose that n auditors are evaluated one against the other in terms of a particular effect, 7,
having an expected value of T, under a null hypothesis that both share common knowledge
properties and strategic behaviors. The various assignments of auditors as Subject (X) and reference
(V) can be represented in an n-by-n array by the intersection of correspondingly ordered row and
column positions. Each of the n*-n possible pairs of auditor assignments is then tested for
significance and the quality of the outcome indicated by placing a symbol in the box representing
the intersection of each paired auditor assignment. If T'is a strong complementary effect, then that
property will be indicated by a symmetric distribution of symbols around the main diagonal of the
array. The term symmetry will be used to indicate the appearance of any effect that presents in this
manner. Symmetry can also be applied to plots of the signa of effects, regardless of the outcomes
from tests of significance. If the effects are complementary, they always will be symetrical as to
signum, but not necessarily as to significance, around the main diagonal.

It is mathematically impossible to observe asymmetry in an effect the model specifies is
strongly complementary or to observe a lack of complementarity in an effect the model specifies is
complementary. If such observations are obtained, they indicate possible methodolo gical, analytical,
or mathematical error. Where significant effects of this kind are observed and different observers are
involved, one should suspect inter-observer inconsistency in the behavior observation and/or coding
methodology.

The preceding not withstanding, it is possible to observe the negation of these conditions.
That is, it is possible to observe significant symmetry and complementarity in any effect for which
such occurrences are not normal model expectations; the absence of mathematical assurance does
not forbid such effects from displaying symmetry or complementarity. Therefore, while the terms
“non-complementary” and “asymmetric” will be employed to identify the class of effects for which
such assurances are absent, they are not to be understood in the sense that such effects can never be
observed to be symmetric or complementary. Outcomes that present patterns of complementarity
and symmetry that are not expected, based upon the model, are referred to as deviant outcomes or
patterns. Effects which may present deviant patterns are those labeled “N” in Table 1.

The issue of deviant outcomes is relevant only to those effects that the model cannot assure
are symmetric or complementary and for which the probability of occurrence is too low to be due
to chance. Where deviant observations are made, interesting questions are posed as to what such
conditions reveal about the processes underlying both the expert-like behaviors of the auditors
involved and the assessment process itself. Generally, given appropriate methodological controls and
an assignment of Subject and base auditors (auditors X and N respectively, as discussed previously),
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observation of a deviant effect can result from a pervasive similarity in knowledge properties and
strategy (an empirical matter based upon observation), the level of confidence adopted by the
observer for purposes of assessing significant differences, or a combination of both of these causes.
As to the first of these causes, the extent of the similarity that must be present to produce a deviant
observation is most easily ascertained by inspecting the deviant effect’s determining function and
comparing the variances of that function’s arguments. The variance of any dependent variable is a
positive function of the variances of its independent variables.*® Under the null hypothesis, both
auditors in a pair (i.e., auditors X and N) have the same knowledge properties and behaviors,
estimated by the distributions of responses in their combined solution sequence during performance
of atask. Therefore, the expected values and variances of each of the arguments relating to a single
auditor, and all arguments that form functions of the products of metrics taken from both auditors
(e.8., Y a'mM3¥*a'm?, etc.), are, pair-wise, equal and unaffected by the direction of auditor

assignmmjt."'l’ Thereft;re, under the null, the distribution of any non-complementary effect is identical

regardless of direction.

As to the second cause mentioned, consider the case in which the actual knowledge
properties and behavior mixes of auditors X and N differ from each other. Under such circumstances,
the expected values and variances of the arguments in the determining functions of all weak- and
non-complementary effects, and the distributions of the effects themselves, will differ depending on
the direction of the auditor assignment. Without the assurance of strong complementarity provided
by the model, the power of any test for significance to detect a difference between hypothesized and
actual means will be asymmetric with direction. All else being equal, the greater the disparity in the
effect’s mean and variance when the direction of comparison is reversed, the greater the chance of
observing asymmetric findings in significance outcomes. For the same reason, all else being equal,
the higher the confidence limit established for detecting significant differences, the greater the
chance of observing asymmetric effects.®® In this respect, observer choices about confidence levels

36. Within the context of this model and its application, covariances which can complicate or pose significant
challenge to this statement are not likely to be significant.
37. These pair-wise expectations are a? =af at=a®mt=m’m!=m?, the composite functions

' . . e g7 i
Yy alm? =y’ aj‘smf, Yta Am? =y £ aPm/ and their associated vaniances.

38. Each auditor, A and B, independently produces a unique solution sequence {a, m}* and {a, m}®,
respectively. The actual distributions of effects 7*2 and T/ are the product of the elements of superset {{a, m}*, {a,
m}®}, but selected and applied in a manner consistent with the auditor assignments in each case. The model assures that
if Tis a complementary effect, then T*# and T? will fall on opposite sides of the mean T, as determined under the null
hypothesis. Given an empirically observed superset, as above, each T** has associated with it a unique 7. If T is
complementary strong, 7% is a transform of 7%, and no further empirical information is required to determine the latter
value. Strong complementarity assures that a given value of T*? will always map to the same value of 754, However,
if Tis complementary weak, then 7% must be computed from additional empirical data which must be obtained from
the superset. Since there are many possible sets {a, m}® that can be associated with a given set {a, m}*, that data, and
in consequence, 774, are subject to random variation. Thus, a given value of T*2 will map to a distribution of values of
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used to test for significant effects, rather than real inter-auditor differences, can be responsible for
variability in assessments of relative expert-like task behavior. Depending on the research issue at
hand and the cost-benefit expectations involved, the preceding considerations may be considered as
cues for initiating further analysis of the deviant results obtained.*

RESEARCH QUESTIONS AND HYPOTHESES

The focus of this paper, as discussed in the Introduction, is an examination of the limits of
typicality, i.e., the extent to which individuals who would otherwise be considered as members of
a homogenous group differ from one another with respect to their expert-like behavior during
performance of a field task. In the previous sections, it is argued that comparative task automaticity
is an acceptable measure for assessing expert-like task behavior. This assessment is based on E, the
ratio of the observed task automaticity of one auditor, X, to another, N. The model presented in this
paper identifies a hierarchy of effects, summarized in Figure 1, contributing to £. In this section,
with the aid of the preceding model, I propose some specific investigations relevant to issues raised
in the Introduction.

In the illustration to be presented later in this paper, the matter of typicality is approached
from two perspectives. The first examines the representativeness of group metrics when applied to
specific individuals who are members of that group. The second perspective is the extent of
variation, if any, between pairs of individual group members. For each of the hierarchically
determinative measures in Figure 1, the indicated null hypothesis is based on the knowledge
properties and behavior mix of the typical auditor in the group, or the mean auditor of the pair, as
appropriate to each of the perspectives mentioned. It is important to note that this examination is
limited to variation only between individuals who are actual participants in a group. Therefore,
sample selection error, which reflects the degree to which group participants are representative of

7?4, the particular value on a.ny spcciﬁc occasion being determined by Auditor B’s observed solution sequence in that
task at that time. Thus, af :a and m/ *m” for at least some j. Then 1t does not necessarﬂy follow that
EW(a*)=EV(a?), VAR(a; ) VAR(a®), EV(E’aJ ) =EV(YY asm“) or EV(E!a _EV(Zfa ) Further, given these
cond'.lmons I;H.R(E" a’m )#TG{IR(E" a m )and VAR( ga“ms)xVAR(zga m") from which the conclusions stated
in the text follow.

39. The major benefit to be gained from the discussion above is avoidance of a rush to conclude that
observation of XN-symmetry when it is not expected implies any specific relationship between auditors X and N
regarding their knowledge or behavior. Since there are an infinite number of sets of {a,m J}P that can produce the same
measure of base automaticity, it is incorrect to conclude, solely on the observation of XN-symmetry among between-
strategies effects, that the auditors being compared are very similar in either knowledge or behavior. Their respective
strategic emphases may make equally significant and complementary contributions to their relative task automaticity,
but they may be quite different in their knowledge base properties, their strategic implementations, or both. These, then,
are the kinds of matters that are to be subjected to cost-benefit analysis, should they be of particular relevance to the
purposes for which the behavior assessment is being performed.
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specific individuals within the extended class from which group members are drawn, is not
considered.

Variability From Typical Measures

For purposes of the first perspective, the metrics of the hypothesized typical auditor are the
mean metrics of all auditors participating in the experiment. Variability from typical measures is a
type of analysis most relevant to those situations in which a group norm or expectation is available
against which a particular individual is to be compared. In this research, the term “typical” is used
in the sense in which the term “normal” is employed in common clinical methodology.*® In that
methodology, relevant norms, developed on the basis of suitably determined sample means, are the
starting points for evaluations and decisions affecting specific cases, each of which, in the context
of this paper, is a particular individual. In assessing the status of an individual, a clinician will
usually encounter deviations from prescribed means which must be evaluated against estimates of
the degree of variation that is considered “normal” for each metric, given the population from which
the individual is drawn. To the extent that deviations are significant and many, then to that extent,
evaluations made and actions taken based on outcomes anticipated from “normal” or “typical”
assumptions become increasingly risky and prone to sub-optimal outcome or failure. That variation
exists among members of otherwise homogenous populations is well known and expected, as is the
fact that the risk discussed above is positively related to the magnitude of that variation. However,
in the absence of a more specific identification of the sources of variation, such knowledge is of little
comfort to both the clinician and the party at risk. However, where a salient norm is involved, the
objective of making comparisons is normally to bring the individual into conformity with the norm
rather than visa versa. Consequently, in these kinds of comparisons, the complications of directional
effects are not likely to be present.

Variability Between Pairs of Auditors

Pair-wise comparison is most relevant in those situations in which a comparative evaluation
is required of two auditors who are observed during performance of a task. In such instances, each
auditor’s behavior acts as a control for comparison with the other. From this perspective, the
indicated null hypotheses are based on the mean of the knowledge properties and behavior mix of
the auditors forming the pair. This form of analysis is of particular interest to individual auditors
because in the absence of a widely recognized norm, there is no generally recognized or salient basis

40. The term “clinician” is used to designate an individual responsible for observations, evaluations, and
decision making (“clinical activity”) primarily affecting a specific individual or a small group of individuals, and
generally carried on with the best interests of that individual or group in mind. However, the term can also be broadly
considered to include the bests interests of the organization, mission, etc. for which such activity is carried on. A “clinic”
or “clinical setting” is a place where clinical activity takes place. Managers and instructors are, at times, clinicians in
this sense.
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for comparison.*’ Consequently, directional choices when a salient norm is absent can be a
potentially significant source of variability in assessments of expertise.

Sources of Error and Tests for Significance

The sources of error of concern in tests of significance, given the experimental data such as
itis, are (1) non-systematic (i.e., random) coding error and (2) non-systematic over/under recognition
of the cognitive and automatic components of mediating episodes. The model’s functional
relationships do not lend themselves to description by any of the commonly used probability
distributions. Consequently, in order to test any of the hypothesized model metrics for significance,
the probability distributions associated with each were generated by bootstrapping each Subject’s
task behavior and knowledge base response 10,000 times. The bootstrap simulations involved the
distribution of knowledge base responses, by auditor, within target behavior, within mediating
episode, at each level of episode complexity. After each iteration, each knowledge base response and
behavior sequence was compiled as required by the model, the relevant metrics computed, and the
probability distributions updated.” * The means of the resulting bootstrapped probability
distributions were computed and found to evaluate to the appropriate hypothesized means (mean
overall error for the metrics tested in this paper: +.0053, range .0168 to .0005, std. deviation: .0057.)

41. While the direction of comparison when a norm is involved is generally taken as running from the
individual, X, to the norm, , it is often less clear or consistent when a salient norm is absent. There are multiple degrees
of freedom available in making comparisons between two individuals, each contributing to inter-auditor variability in
assessments of expertise. The major possibilities are categorized as follows:

1. The choice of which audifor is designated as X and which as N. This choice may be:
a. consistent for all effects compared, or
b. run in one direction for some effects and in the opposite direction for others.
2. Each of the above degrees of freedom exist both
a. within the same observer, and
b. between observers.
3. Each of the preceding degrees of freedom may vary with the nature of the demand necessitating that
comparisons be made (e.g., a group norm applied to a group vs. to an individual, etc.)

42. In comparative tests for significance, such as is required here, systematic error in the observation and
coding of behavior is not addressed. This type of risk, though not entirely eliminated by the dual coding of protocols,
is nonetheless minimized by that procedure. The sources of error of concern in tests of significance are non-systematic
(i.e., random) coding error and non-systematic over/under recognition of the cognitive and automatic elements of
mediating episodes. For purposes of testing whether the difference from hypothesized means of the metrics obtained
from this experiment could be the result of such sources of error, the simulations hypothesize that, for each assignment
of auditors as X and N, the distributions of episode complexity and knowledge- base response is that of their combined
solution sequence. Empirical probability distributions were created for both simple and complex mediating episodes.

43. Biddle, et al. (1990) discuss the use of computer intensive methods in auditing.
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EXPERIMENT AND BEHAVIOR OBSERVATION METHODOLOGY

The details of the experiment performed and behavior observation methodology employed
to obtain data on auditor behavior during empirically intense tasks are too lengthy and complex to
be covered here. The following paragraphs present only a brief summary. For a more complete
discussion, see Russo (1994, 1995a).

Subjects, Task, and Procedure

Both inexperienced auditor-Subjects and a non-financial-statement related audit task were
chosen for this experiment in order to assure observation of a novice problem solving process. The
Subjects were four first-year auditors from the professional staff of a Big Six auditing firm. All
Subjects were volunteers who had sat for and passed some, but not all, parts of the CPA examination
and all had no prior exposure to the subject matter of the task.

The task in this experiment was a review of the Statement of Operating Expenses of a new
office building in which the client is a tenant, rendered pursuant to the rent escalation provisions of
the client's lease. To acquaint the Subjects with the terminology, administrative, and computational
procedures associated with operating expense rent escalations, on the day before the experiment,
each was given background material and two samples of completed review reports to study.
However, none of this material provided any information on examination or reporting procedures,
the landlord’s procedures, or the existence and nature of any documents used in the preparation of
the statement rendered to the client. Therefore, such a task, to the extent that it differs from that of
the usual financial statement audit, would be unfamiliar to the Subjects who participated in this
experiment.

Each Subject performed the task on a different day. The task was performed in a simulated
business office in which each auditor-Subject was presented with the equipment and supplies
normally available in audit environments and the ability to communicate (via intercom) with and
receive documents (via a mail slot) from other parties present in the task environment (e.g., client
personnel, the audit partner, etc.). During performance of the task, each Subject was free to contact
any party in the task environment and to request any documents or explanations required. Although
the researcher played the roles of others in the task environment, no face-to-face or verbal contact
took place between Subject and experimenter. Responses to requests for explanations were
communicated to the Subject via a video display at the Subject’s desk.

Behavior Observation Methodology
Synchronized video-taped and think-aloud verbal protocols were used to capture both the

observable behaviors and cognitions of the auditor-Subjects during their performance of the task.
The experimental protocols were independently coded in terms of the behaviors and cognitions
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described in Appendix A by the researcher and a first-year doctoral student trained by the researcher.
Kappa (Cohen 1960), a widely used measure of the agreement between independent coders, ranged
from .78 to .72 over a total of approximately 8 hours of behavior observation. These levels of Kappa
are significant at p <.0000.

Operationalization of Knowledge-Base Responses

The nature of a knowledge-base response to demands made by a task can be ascertained by
examining the composition of episodes mediating transitions between observable behaviors during
task performance. The analysis is performed by Subject, and within Subjects, by behavior. Each
behavior type is treated as a target. The mediating episodes associated with each group are then
analyzed in terms of the kinds of knowledge base responses (r) they include. Uncertainty cognitions
preceding target behaviors are sufficient evidence that knowledge is absent from a knowledge base.
Such a response is coded as type k£ = 3. Analysis and planning cognitions mediating transitions to
behaviors are sufficient evidence of cognitive effort in locating knowledge, and hence of accessible,
but unavailable knowledge. Such responses are coded as type k£ = 2. Finally, sequences in which a
target behavior is preceded by another observable behavior is necessary and sufficient evidence of
automatic access to all the knowledge demanded by that behavior transition. These responses are
coded as type k =1. Definitions of behavior and cognitive response categories are provided in
Appendix A.

Operationalization of Intentional Groups

Two intentional groups are used in this study. Group g/ includes behaviors whose purpose
is the acquisition of information from the task environment. These behaviors are targeted at
workpapers, source documents, and individuals in the task environment to whom inquiries are
addressed. Group g2 includes behaviors whose purpose is to transform the task environment and that
are targeted at workpapers, documents, and devices (e.g., calculator) present in the task environment.
These asignments are summarized in Appendix B.

EXPERIMENTAL DATA AND FINDINGS
The data collected from the simulation experiments are voluminous. Consequently only highly

condensed data, sufficient for readers to confirm their understanding of the model and reported model
metrics, are presented as Table 2. Appendix C provides detailed tables of observed metrics for all
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TABLE 2
OBSERVED RESPONSES
AUDITOR 1 AUDITOR 2
Behavior |j | n; | n; | n; | n,; |Behavior |j n | ng | ng | ng
Reading 1 117 170 101 31 | Reading =~ |1 102 134 93 42

Requesting 2 29 42 29 16 | Requesting 2 41 47 40 29

Calculating 3 11 14 11 3 | Calculating | 3 13 18 13 7

Writing 4 21 28 22 12 | Writing 4 42 48 42 20

Other 5 10 16 10 5 | Other 5 20 24 20 7
AUDITOR 3 AUDITOR 4

Behavior [ | »n n; | n; | n,; |Behavior |j n; ng | ng; | ny

Reading 1 93 117 76 35 | Reading 1 59 103 78 22

Requesting 2 32 43 36 22 | Requesting | 2 27 40 35 18

Calculating 3 34 47 38 12 | Calculating | 3 14 18 17 5
Writing 4 55 72 50 17 | Writing 4 42 79 64 8
Other 5 18 20 16 9 | Other 5 6 7 4 3

Notes: nindicates a sum of individual target behavior occurrences (subscriptj) or knowledge-base responses
(), rs, ry). The subscript s indicates the types of knowledge-base responses included in the sum (r, +r, +ry);
the subscript c indicates that only analysis, planning, and automatic knowledge-base responses are included
(r, + r; ), the subscript e indicates that only automatic knowledge-base responses are included (r,). See
Appendix A for definitions of behaviors.

hypotheses, including the results of tests of significance. Finally, Appendix D provides extracts of
relevant probabilities obtained from bootstrapped simulations under the various null hypotheses.*
Because of the broad scope of the model presented in this paper and the complexity of the
relationships to be examined in the discussion to follow, the usual tabular presentation of
experimental findings is inadequate for purposes of rapidly gaining insight into the variations in
expert-like behavior among the auditors participating in this experiment. Consequently, Figures 2
and 3 present the findings in a form I will refer to as a “hypogram.”

44. A more complete report of the experimental data and boot-strap tables is available upon written request.
. Please contact the author.
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FIGURE 2

PHENOMENA AFFECTING RELATIVE EXPERT-LIKE TASK BEHAVIOR
EACH AUDITOR vs. "TYPICAL AUDITOR"
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FIGURE 3

PHENOMENA AFFECTING RELATIVE EXPERT-LIKE TASK BEHAVIOR
AUDITOR vs. AUDITOR
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Down rows - Auditor X (1 to 4)
Metric below hypothesized mean (p<5% 1-tail)
Metric above hypothesized mean (p<5% 1-tail)
All indicated metrics are p <= 10%, 2-tail test
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Triangular arrey indicates strong complementaty relationships.
Knowtedge Availability Square arrey indicates weak or non-complementary relationships.
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Hypogram Presentation

A hypogram (hypothesis diagram) conveys in graphic form (1) the structural relationships
among constructs employed in a model, and (2) the results of multiple tests of significance. This
form of presentation conveys a large volume of information in a manner that takes advantage of the
power of visual perception to make salient patterns among data which for certain purposes are more
important than are the data themselves. A hypogram consists of the following components: (1) an
organizational or logical structure that relates each construct employed by a model for which
hypotheses are proposed; (2) for each such construct, a grid representing all comparisons made and
tested; (3) an indication of the outcome of each such test.

In the present instance, the structure of each hypogram parallels that of the hierarchy
presented as Figure 1, with some slight modifications to enhance the objectives of hypogram
presentation. First, group between-strategies and within strategy-effects have been placed in close
physical proximity to each other to facilitate visual comparison of g-complementary outcomes.
Second, the base auditor’s strategic emphasis, which, as discussed above, is only indirectly related
to the hypotheses concerning strategic emphasis, is omitted. All statistical tests for significance are
two-tailed at a confidence interval of 90%, based on the bootstrapped tables shown in Appendix D.

Summary of Findings

Two series of tests are proposed in the previous section, all related to the basic issue of
typicality and inter-auditor variation in expert-like task behavior. The outcomes from the first series,
in which each auditor is compared with the typical auditor, is presented as Figure 2. The outcomes
of the second series, in which each auditor is compared with each other auditor, is presented as
Figure 3. In Figure 3, strong complementary effects are represented by the below-diagonal triangular
portion of the four-by-four outcomes grid.* Weak complementary and non-complementary findings
are represented by a complete grid.

The. disparity in comparative assessments is readily apparent in the salience and
pervasiveness of shaded boxes in these hypograms. When compared against typical task behavior,
each auditor’s apparent task expertise does not vary significantly from what would be expected based
on the performance of the group as a whole. However, when each auditor is compared pair-wise
against each other auditor, numerous significant and complementary differences are uncovered. Even
allowing for the fact that the number of comparisons tested in each hypogram differs (four
comparisons against one standard in Figure 2 vs. six, and in some cases twelve, different pairings
in Figure 3), the findings show that, conditional on the nature of the comparisons made, considerable

45. In extending findings to auditor comparisons made in the reverse direction, it is necessary to reverse the
signum of the outcome reported in the portion of the grid presented.
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variation in assessments of task expertise can and does exist. Considered individually, these four
auditors are not 2 homogenous group.

Two interesting features of this analysis are to be noted: one is a similarity and the other, a
contrast. As to the similarity, significant differences exist in the effects related to task strategy in
both the auditor vs. typical and auditor vs. auditor comparisons. Most prominent of these are
significant between-strategies effects that occur in both analyses. As to the contrast, while no
significant differences are found in the knowledge properties of each auditor compared with the
properties of the typical auditor, there are many significant differences when each auditor is
compared with each other auditor. These differences occur at lower levels in the hierarchy and in
such a pattern that they offset one another, so that there is no over-all difference in the higher level
metrics of knowledge accessibility, 4, or knowledge utilization, E,.

© Although there are many specific findings that can be discussed, I would like to focus on two
1n particular that have bearing on the questions raised in the Introduction. First, by identifying and
interpreting pattems of significant effects in the behavior observation data, it is possible to
distinguish levels of expertise among auditors who, by conventional standards and even by
observations of task automaticity at higher levels, would be considered as functionally equivalent
in terms of performance, accomplishment, and potential. For example, in reference to Figure 3,
auditors 1 and 2 differ significantly in knowledge organization (the amount of searching required
to locate knowledge in memory) and content (the successful outcome of a knowledge search), but
not in availability (the automatic access to successfully located knowledge.). Note that Auditor 2
required less searching of memory and had greater success in evoking required knowledge than did
Auditor 1. These differences are consistent with an interpretation that Auditor 2 is more
knowledgeable in this task than is Auditor 1. The preceding conclusion is further supported by
observing that, compared with Auditor 2, Auditor 1's task automaticity is significantly increased by
an emphasis on information acquisition rather than environmental transformation strategy, a
relationship that is not inconsistent with an interpretation of a lower level of task understanding on
the part of Auditor 1.4 Findings such as these suggest a potential to differentiate the quality of these
auditors’ expertise rather than merely its appearance by employing a broader set of criteria than the
unidimensional assessment provided by observed task automaticity.’

46. Stronger discrimination on this point would involve analysis of the temporal dimension of between-
strategies effects, 2 matter not covered in this paper and whose elucidation is left for a future paper.

47. To illustrate, in Figure 3, a significant difference is noted in task automaticity between Auditors 2 and 1,
with Auditor 2 exhibiting the greater automaticity. However, this finding does not indicate that the greater expert-like
behavior of Auditor 2 is partially due to that auditor’s more efficient knowledge organization and greater positive
knowledge content, as discussed in the text. It is this additional information which, in part, opens up the potential to
make the transition from “greater expert-like task behavior” to “greater expertise in the task.” The latter entails a more
richly based characterization than does the former.
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Second, although by conventional criteria, the auditors participating in this study are a
homogenous group — all of similar age, educational background, and work experience — the
findings show that, depending on the standards against which each is compared, there are significant
differences among them that potentially can have significant impact on evaluations affecting their
careers and professional development. It is clear from a comparison of Figures 2 and 3 that the
evaluations made of relative expertise based on observations of auditor behavior are strongly
conditional on the circumstances surrounding the choice of a standard for making such assessments.
Evaluations made against a typical standard or norm risk failing to elicit much information that may
be relevant with respect to the expert performance of individuals. Aggregation of data, a procedure
whose major benefit for statistical metrics is minimization of random noise,* in some cases actually
subverts that procedure’s intent by submerging potentially valuable information in typical metrics
and analyses based on high level phenomena. As shown by the findings reported here, assessments
of comparative auditor expertise is one of those cases. This loss of information occurs because the
variations in the properties that contribute to perceptions of task automaticity are not noise but real
data. The fact that these variations may offset in producing typical measures and norms and in higher
level phenomena, as they can be seen to do in Figures 2 and 3, is not justification for concluding that
they can be ignored; they have explanatory and predictive value. These hypograms also show the
potential for error in naively assuming that finding a significant relationship (or an absence of one)
at a high level necessarily implies the presence (or absence) of significant underlying contributory
relationships at lower levels (e.g., note the relationships below effective knowledge accessibility in
Figure 3.)

Evaluating Directional Effects

The hypogram presented as Figure 3 is constructed with individual auditors as reference
bases. With the exception of the strategy effects, the same conclusions regarding task automaticity
and the properties of knowledge accessibility would have been drawn had the comparisons been
made with Subject and base auditor assignments reversed because all such effects are strongly
complementary. Consequently, the omitted above-diagonal outcomes would be the mirror image of
those shown, but of opposite signum. However, note the almost perfect symmetry of the between-
strategies effects in Figure 3. Since between-strategies effects are only weakly complementary, if
this analysis were to be carried out with auditor assignments reversed or at confidence levels other
than that used in this analysis (i.e., 90 percent on a two-tail test), the findings with respect to these
effects might differ. Also, since within-strategy effects are non-complementary, findings regarding
these effects may also differ. For this reason, the full four-by-four grids for weak and non-
complementary effects are included in Figure 3.

48. Random noise is generally assumed to be normally distributed, with a mean of zero and constant variance.
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DISCUSSION AND IMPLICATIONS FOR FUTURE RESEARCH

This paper explores auditor expertise by means of a model based on behavior automaticity,
a widely recognized indicator of expertise in the performance of a task. It builds on and extends
previous work by Russo (see references) in three principle ways. First, the model provides
quantitative measures of the effects on task automaticity due to differences between auditors in the
accessibility of their knowledge, its rate of utilization in a task, and the particular mix of behaviors
that characterize their task strategies. Second, the underlying phenomena that determine how relative
expertise in a task is perceived are presented as a hierarchy that, in classic reductionist fashion,
explains higher level perceptions in terms of lower level phenomena, patterns among which can lead
to a richer characterization of relative expertise than is permitted by use of the unidimensional
criterion of behavior automaticity. Finally, specific aspects of the observer-observed system through
which assessments of behavior are made are identified, together with guidance for quantifying and
incorporating them into expertise evaluations. In particular, the submersion of information through
aggregation in assessments based on norms and higher level phenomena; strong, weak, and non-
complementary phenomena; and the assurances and cautions that are associated with each of these
are discussed and illustrated.

The research presented herein differs from the usual practice in behavioral auditing research
in a number of respects. First, this research is focused upon the behaviors of individual auditors
rather than upon any specific group of auditors. Second, behavior observation methodology is
employed in conjunction with widely used concurrent verbal protocol methodology. Third, the
properties of knowledge and strategic behavior examined are context independent in that they are
not conditional on the substantive content of the task. Finally, a new methodology, hypogram
presentation, is introduced as a means of rapidly and intuitively making salient the outcomes of a
hierarchically structured array of hypotheses.

Conclusions

In the Introduction several questions are posed that motivate this research. Answers to these
questions can now be addressed in specific terms. Our varying perceptions of auditor task expertise
are the products of observer-observed systems. As to the observer portion of this system, the very
notion of expertise is observer dependent. Russo (1997b) points out that the study of expertise is a
comparative exercise. The model presented in this paper instantiates that conceptualization and
shows how issues of observer choice as to (1) recognized behaviors, (2) intentional and purposeful
categorization of behaviors, and (3) reference standards are involved in making comparative
assessments of task behavior. In addition, observers must search for and recognize patterns in
observed phenomena which are then subject to interpretation. As to the observed portion of the
system, the model provides a road map for quantitatively exploring expertise that guides observers
by identifying places to look and pointing out relationships of interest that can reveal a broader vista
for assessing the qualities of expertise than is revealed by a unidimensional assessment based simply
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on relative task automaticity. The major checkpoints on this road map are knowledge accessibility,
knowledge utilization, and strategic behavior.

The findings reported in this paper show that it is possible, perhaps even likely, that auditors
displaying the same degree of expert-like task behavior are actually quite different in terms of the
underlying properties of knowledge accessibility and the expression of that knowledge as task
strategy. Differences in these properties may offset at higher levels of perception, hiding them from
an observer’s view. However, consideration of the underlying differences have potentially important
implications for the careers (e.g., task assignments) and professional development (e.g., training) of
the individuals involved. Finally, the model indicates, and the findings illustrate, that the naive
choice of typical metrics for use in evaluations of individual auditor performances submerges
information that may be of significance for both the individual and the organization whose success
depends to some extent on that individual’s performance. This danger exists even if a salient
standard is available, but is especially important to consider when individuals are evaluated one
against another. The model shows that in the latter instances, choice of the reference auditor is not
a significant consideration for most strongly complementary phenomena (viz, task automaticity,
knowledge accessibility and its subordinate level phenomena), but can have a potentially significant
impact on evaluations involving weakly complementary and non-complementary effects (primarily
strategy-dependent effects.)

Implications for Future Research

In areview of expertise research, Bouman & Bradley (1997: 120) conclude that a great need
exists to know more about the process by which expertise is acquired, and point to the acquisition
of expertise as an attractive research opportunity. The model presented in this paper can serve as the
foundation for an integrated pursuit of that opportunity. As a comprehensive exposition of the
phenomenon of task behavior, it integrates both the cognitive and behavioral aspects of the problem
solving process, the separation of which Russo (1997b) argues hinders progress in expertise research.
The model’s quantitative nature, individual focus, and relative context independence make it well
suited to service as a research paradigm. For example, the effects of experience on learning can be
studied by examining induced changes in knowledge-base properties; strategic behavior and task
evolution can be studied through temporal analysis of phenomena related to intentional mix. Finally,
in addition to its potential for illuminating problem solving processes and the acquisition of
expertise, the model can be used as a foundation upon which to build computer simulations of
auditor task behavior that can be valuable adjuncts for training and research. For example, model
simulations can assist in evaluations of artificial intelligence models and the behavior of expert
systems.
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APPENDIX A

RECOGNIZED OBSERVABLE TASK BEHAVIORS
AND KNOWLEDGE BASE RESPONSES

(Target behaviors are shown bold)

OBSERVABLE
BEHAVIOR DESCRIPTION
Reading J=I | In this experiment, reading documents in the task environment
and answers to questions received via the CRT
Requesting Jj= Requesting documents, information, and explanations from
individuals in the task environment
Calculating J= Either verifying a calculation or performing an original
calculation
Writing Jj= Writing a memo or workpaper (other than margin notes or
underlining while reading or preparing the engagement report)
Other j= Cross-referencing, indexing, or comparing documents; writing
the draft of the report; organizing the engagement folder or the
work area; searching the work area for a document, and
discarding a document.
KNOWLEDGE BASE
RESPONSE
Automatic Any transition between two adjacent observable behaviors that

knowledge evocation | k=/ | is not mediated by cognition (k=2 or k=3)

Analysis and Subject states an objective or action he/she considers taking,

planning =2 | states an assumption or draws a conclusion about the state of
the task environment, summarizes for himself/herself personal
knowledge of some aspect of the task environment

Uncertainty and Subject states a question or expresses uncertainty about

confusion k=3 | specific entities, relationships, or processes in the task

environment; expresses uncertainty about the task strategy,
objectives, or how to proceed in the task; or expresses a
general state of confusion.
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BEHAVIOR ASSIGNMENTS TO INTENTIONAL GROUPS

STRATEGIC
GROUP CHARACTERIZATION BEHAVIORS
Information Reading (= 1)
gl acquisition Requesting (7 = 2)
Environmental Calculating (j = 3)
g2 transformation Writing (j = 4)
' Other (j =5)
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TABLE C-1
EXPERIMENTAL OUTCOMES
EACH AUDITOR vs. “TYPICAL” AUDITOR
Relative Knowledge Strategic
Task Accessibility Knowledge
Auditor | Automaticity Effect (E,) Effect (E,)
(E)
1 .867 989 911*
2 1.172 1.137 1.002
3 .996 1.019 975
4 921 .955 967
KNOWLEDGE UTILIZATION AND PROPERTIES
Knowledge Knowledge Knowledge Knowledge Knowledge
Auditor | Utilization Accessibility Organization Content Availability
(E) ) (4,) (4 4.
1 963 989 1.053 904 1.039
2 1.029 1.137 916 1.034 1.200
3 1.003 1.019 948 .993 1.082
4 .997 .955 1.120 1.042 .818
COMPONENTS OF TASK STRATEGY EFFECT
Between Strategies Effects Within Strategy Effects
Information | Environmental | Information | Environmental
Auditor | Acquisition | Transformation Acquisition | Transformation
Emphasis Emphasis Strategy Strategy
(D™ (D™ Deip) Dg2)
1 116* -.171* -.028 -.006
2 .020 -.019 011 -.011
3 -.106* .082* .001 -.001
4 -.065 036 027 -031*

* H, rejected, p < .10, 2-tails
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TABLE C-2
TASK AUTOMATICITY
OBSERVED METRICS: AUDITOR vs. AUDITOR
Auditor Task Knowledge Strategic
Pair Automaticity | Accessabilty Knowledge
(E) E) (E:)
1vs.2 0.740 | * 0.831 0.891
lvs.3 0.870 0.969 0.899 | *
lvs. 4 0.942 1.095 0.860 | *
2vs. 1 1.352 | * 1316 | * 1.028
2vs.3 1.176 1.175 1.000
2vs. 4 1273 * 1.304 | * 0.976
3vs. 1 1.150 1.185 0.970
3vs.2 0.850 0.896 0.948
3vs. 4 1.082 1.101 0.982
4vs. 1 1.062 1.134 0.937
4vs.2 0.786 | * 0.868 0937 | *
4vs.3 0.924 0.922 1.002

Note: * Significant difference, p<.10 (2-tail)
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TABLE C-3
KNOWLEDGE PROPERTIES AND UTILIZATION
OBSERVED METRICS: AUDITOR vs. AUDITOR

Knowledge
Auditor | Organization Content Availability | Accessibility | Utilization
Pair (4,) (4,) (4.) &) (E5)
1vs.2 1.149 | * 0.875 0.866 0.871 0.954
1vs.3 1.110 0.911 0.960 0.971 0.998
1vs. 4 0.940 0.867 1.270 1.035 1.058
2vs. 1 0.871 | * 1.143 1.155 1.150 1.144
2vs. 3 0.966 1.041 1.109 1.115 1.054
2vs. 4 0.818 [ * 0.992 1.467 1.190 1.096
3vs. 1 0.901 1.098 1.041 1.030 1.150
3vs.2 1.035 0.960 0.902 0.896 1.000
3vs. 4 0.847 | * 0.952 1.322 1.066 1.033
4vs. 1 1.064 1.153 0.788 0.967 1.173
4vs.2 1.222 | * 1.009 0.682 0.841 0.997
4vs.3 1.181 | * 1.050 0.756 0.937 0.984

Note: * Significant difference, p < 10% (2-tail)

53




APPENDIX C

TABLE C-4

STRATEGIC KNOWLEDGE DIFFERENCES
OBSERVED METRICS: AUDITOR vs. AUDITOR

Information Environmental
Auditor Acquisition Transformation
i Between Within Between Within
Strategies Strategy Strategies Strategy
D™ Dgi") (D) (Dgig")
lvs.2 | 0.097 | * | -0.041 -0.144 -0.021
1vs.3 [ 0.193 | * | -0.022 -0.286 0.014
1vs.4 [ 0.152 | * | -0.046 -0.225 -0.021
2vs.1 [ -0.128 [ * | 0.043 0.117 -0.004
2vs.3 | 0.121 | * [ 0.010 -0.110 -0.021
2vs.4 | 0.075 -0.009 -0.069 -0.021
3vs.1 | -0.257 | * | 0.033 0.200 -0.006
3vs.2 | -0.124 | * | -0.015 0.096 -0.010
3vs.4 | 0.046 -0.025 0.038 0.018
4vs.1 | -0225 | * | 0.065 0.125 0.028
4vs.2 | 0.086 0.013 0.048 -0.037 | *
4vs.3 | 0.052 0.024 -0.029 -0.046 | *

Note: * Significant difference, p<.10 (2-tail)
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TABLE D-1
SELECTED POINTS ON BOOTSTRAPPED PROBABILITY DISTRIBUTIONS
ANY AUDITOR vs. TYPICAL AUDITOR
(Based on 10,000 simulations)

Strategic Knowledge
Task Automaticity and | Knowledge Utilization and Accessibility
Cumuative Major Components Between Within
Probability Strategies Strategy
E E, E, E, A4 A, A, A, D™ | D™ | Dy | Desg
5% .818 .819 946 .863 .786 .879 .898 757 -.085 -.075 -.048 -.024
95% 1.223 1.218 1.057 | 1.159 | 1.263 1.139 1.112 1.324 .089 .074 .049 024
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TABLE D-2
SELECTED POINTS ON BOOTSTRAPPED PROBABILITY DISTRIBUTIONS
AUDITOR vs. AUDITOR
(Based on 10,000 simulations)

Strategic Knowledge
Auditor Pair | Task Automaticity and | Knowledge Utilization and Accessibility
and Major Components Between Within
Cumulative Strategies Strategy
Probabili
i E E, E, E, A A, A, A, D™ | D™ | Dy | Dgog

5% | 0.826 | 0.826 | 0948 | 0.848 | 0.786 | 0.879 | 0.878 | 0.757 | -0.073 | -0.084 | -0.047 | -0.024
1vs.2

2vs.1 | 95% | 1.209 | 1204 | 1.056 | 1.176 | 1.266 | 1.143 | 1.140 | 1.313 | 0.073 | 0.084 | 0.048 | 0.025

5% 0.817 0.818 0.946 0.864 0.796 0.878 0.889 0.764 | -0.080 | -0.079 | -0.048 | -0.025
1vs.3

3vs.1 | 95% | 1.221 1218 | 1.057 | 1.152 | 1.262 | 1.139 | 1.127 | 1.304 | 0.076 | 0.083 | 0.049 | 0.026

5% | 0787 | 0787 | 0933 | 0.799 | 0.727 | 0.851 | 0.864 | 0.696 | -0.088 | -0.083 | -0.057 | -0.039
1vs. 4

4vs.1 | 95% | 1.267 | 1.256 1.073 | 1254 | 1366 | 1.179 | 1.159 | 1.421 | 0.090 | 0.080 | 0.064 | 0.039

5% 0.836 0.843 0.954 0.898 0.823 0.898 0.910 0.797 | -0.082 | -0.070 | -0.043 | -0.023
2vs. 3

3vs.2 | 95% | 1.188 | 1.183 | 1.048 | 1.117 | 1.216 | 1117 | 1.097 | 1.255 | 0.084 | 0.069 | 0.043 | 0.024

5% | 0.822 | 0.827 | 0943 | 0.854 | 0.785 | 0.878 | 0.900 | 0.749 | -0.095 | -0.071 | -0.046 | -0.025
2vs. 4

4vs. 4 | 95% | 1.218 | 1.213 1.061 1.169 | 1.279 | 1.138 | 1.113 1.334 | 0.095 | 0.072 | 0.048 | 0.025

5% | 0.811 | 0.811 | 0.936 | 0.867 | 0.784 | 0.883 | 0.909 [ 0.760 | -0.098 | -0.071 | -0.047 | -0.038

3 vs.
4 vs.

W

95% | 1.232 | 1.219 | 1.070 | 1.150 | 1.264 | 1.131 1.099 | 1.303 | 0.099 | 0.070 | 0.045 | 0.039
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