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PREFACE 

This study examined how cognitive skills could be acquired through the use of intelligent 

decision aids (IDA). Guided by Anderson's 1993 Adaptive Character ofThought

Rational (ACT-R) theory, IDAs were designed to provide subjects with differing sets of 

prompts thought to effectively increase learning. Subjects were faced with the task of 

assessing the adequacy of internal controls in a payroll environment. Prompts provided 

to su~ects in a laboratory experiment included explanations of the level and 

characteristics of individual internal controls, questions asking subjects to consider 

similarities among internal controls, and instructions to change a given control and 

consider the effect of that change on overall control adequacy. Pretest and posttest 

measures were taken of the 155 subjects who completed the experiment, these measures 

served as the basis for analysis. Initial analysis showed a failure of these prompts to illicit 

theorized outcomes. However, post hoc analysis of subjects who demonstrated an 

intention to learn yielded findings that provide support for inclusion of some of these 

prompts in IDA development. While the prompts that asked subjects to consider 

similarities were not effective, both explanations and instructions to consider the effects 

of changes were shown to be successful in aiding subjects to make improved decisions 

about the adequacy of internal controls. 
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CHAPTER! 

THE RESEARCH PROBLEM 

Introduction 

This research study focuses on the use of intelligent decision aids (IDA) as agents 

in knowledge transfer. IDAs are generally rule-based decision aids that are deemed 

helpful in situations where (1) the decision-task domain is well-defined, (2) qualitative as 

opposed to quantitative reasoning is employed, and (3) the task is semi-structured. 

Because the practice of accounting is also often :rule-based, well-defined, and somewhat 

structured, accounting tasks are often useful for studying IDAs. In fact, 16% of the IDAs 

developed for business are accounting applications (Tyran and George, 1993). Such 

IDAs include: Purpool, an IDA that assists in business combination decisions; Lessee, an 

aid to lease treatments; Cashvalue and Financial Advisor, capitol project planning aids; 

and Taxman, ExperT AX, and Taxadvisor, tax planning and compilation tools (Chandra 

and Palvia, 1993). 

In addition to being a decision-making tool, an IDA also holds the potential to be 

an on-the-job tutor, one that allows a user to learn the decision-making tactics of the 

IDA. An IDA's knowledge base is generally comprised ofa series oflF - THEN rules 

through which the system's inference engine searches to arrive at a decision. IDAs can 
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be developed in such a way that the user may receive from the system not only the 

system's conclusions but also the rules followed to arrive at those conclusions. 

Moreover, IDAs can be developed to provide the user with explanations of the rules 

employed by the system and many other types of feedback. Because ID As can be 

designed to have the capacity to divulge rules and logical inferences, and because IDAs 

may be written to provide such feedback as explanations, thought-provoking queries, and 

a number of interactive routines, ID As are often considered to be valuable training 

devices (Awad, 1998). 

Given that industry demands for IDAs exist, and given that there are claims that 

IDAs can be constructed in such a way that they can serve as tutors as well as support the 

decision process, the question of how these aids can be best constructed to assist in the 

learning process arises. The current study addresses this question. 

This chapter is organized in the following manner. A section summarizing a 

prevalent knowledge acquisition theory (i.e. Anderson's 1993 Adaptive Character of 

Thought (ACT)), which is applied in this study is presented first followed by a section 

which reviews applications of this theory in the IDA literature. Next, this chapter will 

present the research questions to be examined here and the importance of these questions 

in light of the theory and prior research. Finally, this chapter will present a section that 

outlines the organization of the remainder of this study. 

Adaptive Character of Thought 

ACT (Anderson, 1993) is the most frequently referenced cognitive theory in the 
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IDA literature. This theory states that there are two major phases through which a 

learner must pass in order to develop strong cognitive skills. These phases are (1) an 

accumulation of"chunks" of retrievable facts within the declarative memory and (2) a 

system of fine-tuned production rules within the procedural memory. 

All facts about a new learning situation are stored in declarative memory. To 

streamline the retrieval process, the human brain groups a few related facts together as 

chunks. While all facts are stored in declarative memory, not all of these facts are 

retrievable; instead, learners are only able to remember chunks that have a sufficient 

amount of strength attached to them, chunks that are salient, and/or chunks that are 

closely associated with other chunks that the learner can recall. The learner's first task, 

therefore, is to increase the probability of recall of a chunk in declarative memory that 

pertains to a new learning situation. One way of doing this is to increase the relative 

strength of a salient chunk. 

The strength of a chunk in declarative memory is a :function of the number of 

times that chunk has been retrieved. The more frequent the retrieval, the stronger the 

chunk. One method of increasing the strength of a memory chunk is to provide the 

learner with elaborations or explanations about the facts that comprise a chunk of 

memory. These explanations cause the learner to review ( and hence recall) the fact. 

Another advantage of these explanations is that they may be· stored in the same memory 

chunk as the initial fact or in a new and associated memory chunk. Therefore, 

explanations can increase a chunk's retrieval frequency and explanations can increase a 

chunk's level of association. 
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Anderson (1993) claims that the demonstration of the ability to perform any task 

that requires thought is dependent upon the development of a set of production rules. 

Production rules are defined to be condition - action pairs that are built from declarative 

facts. A set of production rules will provide a chain that leads the learner from an initial 

question to an eventual conclusion. 

Anderson (1993) further claims that this set of productions rules must be fine 

tuned or optimized before true learning may be said to have taken place. There are, 

therefore, four techniques a learner employs to optimize production rules. Two 

techniques, modularity and asymmetry, relate to characteristics of the rules themselves. 

Modularity implies that rules may be added or subtracted from the set itself. Asymmetry 

implies that rules are followed in a condition - action sequence rather than an action -

condition sequence. 

The other two optimization techniques, abstraction and goal structuring, require 

effort on the part of the learner. Often similarities exist among the condition sides of 

several production rules. Anderson (1993) states that the learner will form a more 

efficient set of production rules when he/she first recognizes these similarities and then 

reformats several rules into one rule based upon these similarities. This is a process of 

generalization referred to as abstraction. A danger exists to the learner, however. Not all 

rules with similar conditions require the same actions, and the learner must be able to 

differentiate among competing action requirements. The process of recognizing different 

needed actions when conditions are similar is called goal structuring. There is a give-and

take relationship between abstraction and goal structuring. Abstraction seeks to limit the 
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number of rules that may be considered while goal structuring provides an ample richness 

of choice among rules so all necessary goal states may be derived. The next section 

examines how this theory has been tested in the IDA literature, 

ACT and the IDA Literature 

A number of studies have examined the effects of explanations supplied by an 

IDA on learning. These studies have yielded varied results. Pei and Reneau (1990) 

found that explanations positively affect recall only when the mental model of a user 

matched the IDA's mode of presentation. Similarly, Pei et al. (1994) showed a positive 

effect for matched-modality explanations on recall. Mascha (2001) found that 

explanations helped IDA users make better decisions. 

In contrast, Murphy (1990) and Steinhart and Accola (1994) found no benefits for 

explanations on either recall or problem solving. Eining (1988) and Eining and Dorr 

(1991) found that while IDA users outperformed non-IDA users on measures ofproblem

solving speed and accuracy, explanations did not help improve this performance. Odom 

and Dorr ( 1995) found that as the richness of elaborations increased, recall ability actually 

decreased and problem-solving ability. was unaffected. 

ACT suggests that explanations offer the learner an opportunity to strengthen 

declarative memory chunks, thus facilitating recall of facts. This is important for two 

reasons. First, a fact that cannot be recalled is useless and declarative-stage learning is 

hindered. Second, procedural-stage production rules are constructed with declarative

stage facts. A fact that cannot be retrieved is also a fact that cannot be used in the rule-
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building process. A clearer understanding of the utility of explanations is necessary. 

A number of studies examined factors other than, or in addition to, explanations 

that were believed to affect learning through the use of an IDA. For example, Pei et al. 

(1994) also considered the effects of prompting on recall and problem solving. Prompts 

requiring thought about the truth of a fact, the rational of a step, or the effect of an 

alternative positively affected both recall and problem-solving ability. While not explicitly 

stated, a prompt requiring consideration of an alternative could have been a test of goal 

structuring. Unfortunately, whether one or all of the prompt types led to learning was not 

known, therefore, nothing is discernable about the effects of manipulating goal 

structuring alone. 

Hornik and Ruf (1997) employed a technique causing IDA users to reflect on the 

similarities between a current problem and previously solved problems. This led to 

increased learning. While this manipulation seems to be one designed to increase 

abstraction among IDA users, whether improvement was due to abstraction or learning 

by analogy is not clear. 

Purpose of the Study 

This brief review of the literature suggests that learning may indeed occur through 

IDA usage, but questions about the causes and extent of this learning remain. One 

question concerns the effects of explanations on recall. Because some of these studies 

support Anderson's (1993) theory that explanations can increase chunk strength and 

others fail to provide support, the effects of explanations on recall need to be examined 
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more thoroughly. 

Another question concerns the effects of abstraction and goal structuring on 

cognitive skill acquisition via IDA usage. Neither of these optimizing techniques have 

been explicitly tested in an IDA context. While Anderson (1993) suggests that these 

techniques are an important part of learning, whether these techniques are inherent to the 

learner or if they may be externally stimulated is not known. Further, whether an IDA 

can effectively provide this stimulation to the learner is not known. 

Answers to these questions have important implications for novice users ofIDAs. 

Decision aids can serve as a natural storehouse of expertise and, they may also have the 

potential to help train novices. If novices fail to develop new expertise through their 

interactions with an IDA, a learning opportunity may be lost. This could be especially 

critical in knowledge-based professions such as auditing. 

Auditors have an ethical responsibility not to subordinate their professional 

judgment. In an IDA setting, the results derived from the aid must be evaluated and 

deemed to be in keeping with the accountant's professional judgement (Sutton et al. 

1995). This is an impossible task if the user has not developed expertise. Therefore, 

novice auditors who rely on IDAs must obtain the decision-making expertise embedded in 

the IDA. The tutorial capacities ofIDAs may provide the necessary bridge to expertise 

for these novices. 

Barr and Sharda (1997) found that the typical novice user of a decision aid tends 

to merely rely on the system's decision rather than question that decision and investigate 

how the decision was made. More experienced users of decision aids, on the other hand, 
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question the decision and try to determine the basis on which the decision was made. 

One implication of novice reliance on an IDA is the subordination of professional 

judgment. The current study offers some insight into the feedback novices require to 

acquire expertise and overcome decision aid over reliance. 

Carlson et al. (1997) suggested that one roadblock to the implementation oflDAs 

as tutors in business applications is the inability of the system to match user requirements. 

The current study provides some information that may help IDA developers understand 

the nature of the requirements a learner needs from the IDA. 

Organization of the Paper 

This chapter has provided an overview of the theory underlying this study along 

with a brief examination of the pertinent literature and a statement of the purpose of the 

study. The next chapter will provide a more detailed literature review. The review of the 

IDA literature includes a broad examination of decision aid studies from decision quality, 

reliance, learning, and cognitive load perspectives. Emphasis in this review will be placed 

on the learning perspective and will include information from both the cognitive sciences 

and decision aid disciplines. 

Chapter three will present an amplification of the Anderson (1993) theory that has 

been summarized here. _This chapter includes the contextual development of the theory, 

the theory's constructs, and the application of these constructs to decision aids. In 

addition, the hypotheses to be tested will be formally stated in the third chapter. 

The fourth chapter details the research methodology. Examination of the research 
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questions involved a laboratory experiment in which senior-level accounting students 

were randomly assigned to one of four decision aids. The experimental task involved the 

assessment of the adequacy of internal controls in a payroll environment. All subjects 

were provided prompts designed to facilitate recall of the level and characteristics of the 

internal controls. Further, one half of the subjects received prompts that were designed 

to stimulate abstraction and one half of the subjects received prompts that were designed 

to stimulate goal structuring. Declarative- and procedural-stage measures were taken at 

pretest, subjects used.their assigned IDA to assess control adequacy for two experimental 

sessions, and then posttest measures of declarative- and procedural-stage knowledge 

were taken. The task, subjects, variables, procedure, and models for analysis are the 

subjects of chapter four. 

Chapter five presents the results of this study. Initial examination of this study' s 

findings demonstrate a failure to find evidence supporting the predicted results. 

However, post hoc investigation reveals that when subjects are divided between 

incidental and intentional learners, the intentional learners derived benefits from prompts 

that stimulated goal structuring. Further, abstraction prompts appeared to be 

counterproductive. 

A sixth chapter concludes the documentation of the study. Chapter six 

summarizes the findings reported in chapter five, presents the known limitations to this 

study, and suggests some additional areas for future research. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

Introduction 

Cognitive skill acquisition may be defined as gaining ''the ability to solve problems 

in intellectual tasks where success is determined more by subjects' knowledge than their 

physical prowess" (V anLehn, 1996). Research in cognitive skill acquisition questions 

how people learn to solve knowledge intensive problems. Such research examines how 

novices gain expertise. The use of decision aids, especially intelligent decision aids 

(IDA), as agents of cognitive skill acquisition is one such research area that has been 

examined. This research has stemmed, in part, from the parallels between theories in 

knowledge acquisition and decision aid architecture. 

Decision aids include "all forms of information systems and technologies designed 

to assist one or more decision makers in making decisions or choosing a course of action 

in an episodic situation that requires judgment" (Scott, 1984). Decision aids may be 

defined as interactive computer-based systems which help decision makers solve 

structured, semi-structured, or unstructured problems (Turban, 1988). 

In their synthesis of decision aids in accounting research, Brown and Eining 

(1996) provided a framework for understanding the divergent avenues of decision aid 
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research in accounting. These authors extracted four basic types of decision aid 

characteristics that influence the behavior of decision makers: decision aid features, 

decision-maker characteristics, decision task features, and the decision environment. 

Decision aid features include display modes, explanatory capabilities, guidance, and 

computational abilities. Decision-maker characteristics are the unique characteristics of 

the decision maker that may influence decision-making behavior. Task features relate to 

the level of complexity, ambiguity, or relative stability of a task. Features of the decision 

environment include outside pressures, incentives, and accountability. These 

characteristics that influence behavior in general should also impact knowledge 

acquisition from a decision aid - the particular area of interest in this study. 

An overview of the pertinent literature concerning skill acquisition through 

decision aids may be undertaken in one of three ways: by category, characteristics, or 

theoretical stream (Rose, 2000). Rose (2000) suggested an analysis of the extant 

literature by the theoretical streams of decision quality, decision aid reliance, and 

knowledge acquisition. While all three approaches should examine the same literature, 

the latter approach has been employed here for the same reason sited in Rose (2000), this 

approach highlights what is known and what is not known about the effects of decision 

aids on behavior - specifically cognitive skill acquisition. 

As a point of clarity for the discussion in this chapter, the types of decision aids 

are first defined and then categorized to aid in understanding the array of research that 

has been previously reported. There are basically three types of decision aids: (1) simple 

or deterministic aids, (2) decision support systems, (3) intelligent decision support 
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systems, and ( 4) expert systems. Deterministic aids may or may not be computerized. 

These aids include any tool that provides judgment aid in an algorithmic manner. As 

such, deterministic aids are best employed in a very structured decision-making 

environment. A decision support system is "a computer-based system that helps decision 

makers confront semi-structured problems through direct interaction with data and 

analysis models" (Burn and Caldwell, 1990). A decision support system is based on 

limited and specialized knowledge and is best used in situations that are reasonably 

defined, have a moderate degree of uncertainty, and require only a moderate level of 

expertise. Both intelligent decision support systems and expert systems provide decision 

recommendations in semi-structured or unstructured decision environments that are 

narrowly defined (Ashton and Ashton, 1995). The differences between the two lies in 

their design. Intelligent decision support systems are model-based (for example, neural 

networks) while expert systems are analytically based. Together, intelligent decision aids 

and expert systems may be referred to as intelligent decision aids (Silverman, 1994). 

The remainder of this chapter shall examine decision aid studies. These studies 

will be topically organized by decision quality, decision aid reliance, and knowledge 

acquisition. Finally, a section that summarizes the extant work in knowledge acquisition 

through interaction with decision aids will be presented. This section will focus on what 

is known and what is not known in this area, thus setting up the need and value of the 

current study. 
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Decision Aids and Decision Quality 

Advantages of using a decision aid include comparability and consistency of 

decisions among users (see Rose, 2001 for a discussion of the perceived benefits 

associated with using a decision aid). IDAs embed human expertise; therefore, a properly 

designed decision aid should provide the user with the decision-making finesse of an 

expert (Awad, 1996). An implication of this statement is that the use of well-designed 

decision aids should produce decisions of superior quality. While decisions may be 

comparable and consistent among decision·aid users, evidence suggests that a claim of 

decision superiority cannot be supported. One explanation is provided by the theory of 

technology dominance (Arnold and Sutton, 1998). This theory stipulates that when the 

expertise of the user of a decision aid is inferior to the expertise embedded in that 

decision aid, decision quality may suffer .. Arnold and Sutton (1998) also consider: (1) 

when a decision maker will decide to rely on a decision aid; (2) when that user's decision 

might be dominated by the decision aid; and (3) whether this dominance will lead toward 

a de-skilling of expertise. While this theory has implications for both decision quality and 

decision aid reliance, empirical evidence concerning this theory is largely of a quality 

nature. This section presents an examination of studies concerned with the decision 

quality of users ofIDAs and relies on the theory of technology dominance for 

understanding of the results of these studies. 

Butler (1985) conducted a study to determine whether the use of a decision aid 

could reduce the bias inherent in human decision processing. Bias in this study was the 
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tendency of an individual to fix on one or more aspects of risk to the exclusion of other, 

often more important but overlooked or forgotten, aspects of risk. The decision aid was 

shown to be effective in redirecting auditors' attention to more salient risk factors, thus 

improving their decision quality. The subjects in this study were auditors who had an 

average of 2.6 years of experience, therefore, the subjects' level of expertise may have 

matched that of the expertise found in the decision aid. 

Timmermans and Vlek (1994) also found support for increased decision quality 

through decision aid use in a personnel selection task. The personnel selection task 

involved determining the best candidate for an assistant professor position and a project 

manager position. Subjects were students who presumably had a lower level of expertise 

than did the IDA. While these novices outperformed non-decision aid users in tasks of 

low to moderate complexity, decision aid users in a more complex task made poorer 

hiring decisions than did the non-decision aid users. An implication of these results is that 

as the difference in expertise increases between a novice and a decision aid, the quality of 

the novice's decision will decrease. 

Kotterman, Davis, and Remus (1994) found that while decision aid users in a 

production-planning task decision had greater confidence in their decisions, their decision 

quality was significantly less than for the control group. Subjects in the Kotterman et al. 

(1994) study were MBA students from an operations research class rather than working 

experts. Again evidence indicates that a mismatch exists between the user and the aid and 

that this mismatch may negatively affect decision aid effectiveness. 

While individuals who have their own expertise may employ decision aids, these 
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individuals may not agree with the outcome of the decision aid process. In this case, even 

if the decision aid produces a superior decision, that decision may be questioned and even 

ignored in the decision process. Will ( 1992) conducted a field examination of an expert 

system with oil and gas engineers. Fourteen engineers made decisions without expert 

system guidance and 14 used an expert system. The quality of decisions did not differ 

between the groups, but the expert system group expressed a greater degree of 

confidence in their decisions. Because there was no decision-quality difference between 

the two groups of experts, Will (1992) concluded that novices might benefit more from 

expert system use than would experts, especially since the decision aid users (in spite of 

their confidence in the decision made) expressed discomfort in the decision process. This 

conclusion is without empirical support and contradicts the theory of technology 

dominance. 

One aspect of decision aid use is that the aid might perform routine functions and 

provide the user with more cognitive freedom to consider non-routine implications of a 

decision task. Todd and Benbasat (1992) examined this issue. Instead of finding an 

increase in decision quality among decision aid users who could then use additional 

information, decision aid users were determined to minimize their overall effort. 

In an examination of insolvency specialists, Arnold et al. (2000) found that IDAs 

were most beneficial to individuals possessing greater expertise. An implication of this 

work was that decision aids might be a better complement to expertise than a substitute 

for expertise. Masselli et al. (2000) used tax preparation software to determine the 

effects of this decision aid on tax preparation decisions. Tax preparation software 
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typically employs "audit flags" which are embedded intelligent agents. The authors 

examined the impact these "audit flags" had on the determination of tax liability among 

tax novices and tax experts. Results indicated that novices took a conservative approach 

when faced with an audit flag and produced returns that included a higher tax liability 

than did subjects with greater experience. Again, these results indicate that decision aids 

might complement expertise more than substitute for it. Noga and Arnold (2002) 

examined the determined tax liability of subjects in a 2 x 2 factorial design. The two 

factors were expertise and use of a decision aid. Findings show that the decision aid 

effectively reduced the determined tax liability for both experts and novices but that 

experts benefited more from the decision aid than did novices. Once more support was 

provided for the theory of technology dominance. 

The studies cited here have a common thread. When experts use IDAs, decision 

quality does not appear to be negatively impacted; when novices use IDAs to make 

relatively simple decisions, decision quality does not appear to be negatively impacted. 

But when a mismatch between the user and the aid exists - specifically, when a novice 

uses an aid to produce a decision beyond the novice's sphere of ability - decision quality 

may suffer. While IDAs are employed with a goal of producing consistent and 

comparable decisions, these aids must be matched to user expertise when used in an 

actual decision-making environment. An alternative approach may be to use more 

sophisticated aids as a training tool for novices. 
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Decision Aids and Decision Aid Reliance 

A decision aid is of little practical or learning value if the advice provided by the 

aid is ignored. Further, any purported advantage of knowledge transfer from using a 

decision aid may be effectively negated through over reliance on decision aids. Both of 

these issues are considered in this section. 

If a decision aid produces, in general, an optimal decision, why might that decision 

be ignored? Will (1992) provided some insight into this question when he determined a 

higher degree of disagreement and discomfort existed with an aided decision among 

experts. In Will's experiment, experts were not given the choice of acceptance. 

Boatsman, Moeckel, and Pei (1997) employed a management fraud decision aid 

and found that audit seniors failed to rely on the decision aid in their final planning 

decisions. A number of factors were sited for this lack ofreliance: (1) Self-possessed 

knowledgeable decision makers have more confidence in their own decision making skills. 

(2) Increased performance pressure will increase non-reliance on a decision aid. (3) No 

decision aid is perfect. If future consequences can result from decision aid reliance, an 

expert may mitigate those consequences if self-possessed knowledge contradicts the aid. 

Eining, Jones and Loebbecke (1997) employed (1) a decision aid that solicited 

input from auditors in a management fraud decision task, (2) a decision aid that merely 

provided a solution, and (3) a checklist. Results of the experiment were that soliciting 

input increased the chance that an auditor would utilize the aid and, thereby, make more 

optimal decisions than would those for whom input was not solicited. Similarly, 

17 



Whitecotton and Butler ( 1998) conducted an experiment wherein half of the subjects 

were allowed to select information for a bond rating prediction and the other half were 

provided optimal information by the decision aid. Both groups then received a decision 

aid's prediction based on optimal formulation of the selected data. While the subjects 

who were allowed to select information produced decisions that were sub-optimal, these 

subjects were more willing to accept the decision than were those who had no input in the 

process. When the goal is to get a decision maker to use a system, allowing input that 

results in a sub-optimal outcome may be beneficial. This is especially true when, as 

Whitecotton and Butler (1998) found, the sub-optimal decisions are better than decisions 

that would have been made without the decision aid. 

Barr and Sharda (1997) examined the literature on decision quality through 

decision aid use and determined that most studies found an increase in decision quality. 

An understanding of why quality increased became their central question. In a 

longitudinal investigation which included adding to and taking away decision -aids, Barr 

and Sharda (1997) found that while decision quality increased with use of a decision aid, 

the apex of quality decisions was not attained when the aid was removed. They 

concluded that decision makers, and especially novice ones, relied on the decision aid 

without understanding the basis of the aid's decisions. Similarly, Glover, Prawitt, and 

Spilker (1997) also found that novices used decision aids in a mechanistic and non

participatory manner. 

Taken together with the evidence stated in the previous section, novices seem to 

make sub-optimal decisions when they use decision aids that are not matched well in 
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terms of expertise. Further, novices tend to over rely on decision aids. Because of these 

adverse :findings, the question of when novices should use decision aids becomes critical. 

Are IDAs tools that should be left out of the hands of novices to prevent over-reliance on 

a tool that helps the novice potentially make poorer-quality decisions? Conversely, 

should well-designed IDAs be supplied to novices to enable them to substitute for 

experts? Or is the answer somewhere in the middle. Might IDAs that are matched well 

with user ability and have the capacity to train be the preferred answer to the question of 

novice use oflDAs? The capacity to use decision aids as a training tool will be explored 

next. 

Decision Aids and Knowledge Acquisition 

Rose and Wolfe (2000) suggest two expected accounting benefits for knowledge 

acquisition through the use of decision aids: (I) Aids are not always available to 

accountants even though decisions must be made. (2) As accountants rise to managerial 

positions, their decisions must be made based upon their professional knowledge. 

Accountants must use their professional knowledge to evaluate staff decisions that are 

based on decision aids. Therefore, gaining expertise as one progresses from staff 

accountant to manager is critical. One of the possible benefits of using an IDA is that the 

decision aid can be a training tool and, that a user can actually gain expertise through 

his/her interaction with the aid. An examination of how expertise may be gained via 

decision aids follows. This section has three subsections: an examination of studies based 

on theories of cognition, research based of the theory of cognitive load, and a summary of 
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the implications and limitations of the extant research. 

Theories of Cognitive Skill Acquisition 

Cognitive psychologists consider production system architecture to be the 

framework through which human cognition may be understood (Anderson, 2000). While 

Anderson is not the sole theorist in skill acquisition (see Fitts, 1976 and Craik and 

Lockhart, 1972), Anderson's work has emerged as the dominant theory in cognitive skill 

acquisition. Further, this body of work (Anderson, 1976; Anderson, 1983; and Anderson 

1993) has served as the basis for much of the literature concerning cognitive skill 

acquisition via decision aid interaction. To retain a commonality of semantics and to 

parallel the stages of cognitive skill acquisition explicated in the decision aid literature, 

this section briefly describes Anderson's 1993 theory and reveals some of the extensions 

of that theory as they apply to the acquisition of cognitive skills through the use of 

decision aids. Anderson's theory will be examined in greater detail in chapter three. 

The basic premise of ACT-R (Anderson's 1993 theory is an acronym for Adaptive 

Character of Thought -Rational) is that cognitive skills are built upon, obtained through 

the acquisition of, and realized by production rules. Production rules, in turn, are IF -

THEN (condition - action) pairs (Anderson, 1993). Because the ability to perform a 

mental task or solve a problem is contingent upon having a set ofIF - THEN rules that 

lead to the ultimate solution, ACT-R theorizes how production rules are acquired. 

Anderson (1993) purports three distinct memories within the human mind: (I) a 

short-term or working memory; (2) a long-term declarative memory; and (3) a long-term 
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procedural memory. Among the three memories, only working memory is limited. 

Estimates on the nwnber of items that may be concurrently held in working memory vary 

from as few as five to as many as nine (Awad, 1996). Because neither declarative or 

procedural memories seem to have storage limits, the inability to recall items from either 

long-term memory is attributed to retrieval errors (Anderson, 1993). A discussion of 

each of these memories follows. 

Working Memory. 

An analogy between a computer's random access memory (RAM) and working 

memory exists. Both have a memory limit and both hold the information currently 

receiving focus. Within the working memory, information under consideration could be 

one or more of four different types. It could be factual information about a new situation, 

or it could be factual information retrieved from declarative memory. Conversely, it 

could be a new problem that requires a solution or it could be a production rule retrieved 

from procedural memory (Anderson, 1993). 

Sweller et al. (1990) and Sweller (1993) considered the implications of the size 

limitations of working memory on learning. Sweller et al. (1990) observed a traditional 

approach for instruction in mathematics and engineering which involved a presentation of 

mutually referring information. This approach to problem solving resulted in misdirected 

attention and cognitive overload. Sweller (1993) examined the effects of solving a large 

nwnber of conventional problems on learning. He found a significant and negative 

correlation existed between learning and solving numerous problems. Working memory 
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limitations were stated as the determinant factor of limitation in both of these studies. 

Declarative Memory 

Anderson (1993) makes the case for the existence of two distinctly different long

term memories (i.e., declarative and procedural) based on studies conducted with 

individuals suffering from amnesia. Amnesiacs were found to be able to demonstrate 

procedural skills but were unable to retrieve declarative knowledge (Corkin, 1968; Cohen 

and Squire, 1980). 

"Declarative knowledge is factual knowledge that people can report or describe" 

(Anderson, 1993, p. 18). Declarative knowledge is a direct encoding of the environment. 

As such, declarative knowledge can be taught and expressed in words. The basic unit of 

knowledge in declarative memory is called a chunk. Chunks have a limited number of 

components (perhaps three; i.e. apple, red, sweet), perform different roles (propositional, 

semantic, and relational), and may be organized in a hierarchical manner ( chunks of 

chunks) (Anderson, 1993). 

New factual knowledge is considered by working memory, transferred to 

declarative memory and stored in chunks. All information that leaves working memory 

remains and can be recalled or reactivated through a spreading activation process 

(Anderson, 1993). Spreading activation is the level of activation assigned to a chunk and 

is based on an estimation of the "base-level of activation of a memory structure and the 

activation that spreads to the memory structure from elements in the current context." 

(Anderson, 1993, pp. 50-51). 
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Anderson and Matessa (1997) measured subjects' abilities to accurately recall 

serial lists. This study tested the spreading activation process formulated in ACT-R 

(Anderson, 1993). Results of this study showed: (1) As a list got longer, activation was 

divided among more chunks. (2) As a list got longer, activation suffered a decay. (3) As 

a list got longer, more positional confusion resulted. (4) As a list got longer, acoustic 

confusion increased. (5) Successful recall oflonger lists required more intermediate 

success. Anderson and Matessa (1997) provided empirical support for the necessity of 

spreading activation among chunks in the successful retrieval of declarative memory 

units. 

Studies investigating the encoding process have focused on the effects of 

elaborations. Elaborations are additions of statements to chunks that provide the chunks 

with greater meaning. Stein et al. (1982a) found that learners demonstrated more 

effective recall if they elaborated upon declarative-stage facts. Consider the statement 

''the tall man bought crackers." If the learner's responsibility was to remember that the 

cracker buyer was tall, an elaboration of" ... from the top shelf' effectively helped in 

correct recall. However, Stein et al. (1982b) found that not all subjects were equal in their 

ability to generate meaningful elaborations. For example, one subject elaborated that the 

tall man bought crackers because he was hungry. While the elaboration was not untrue, it 

did little to help the subject remember that the man who bought crackers was tall. Franks 

et al. (1982) found that less successful learners required explicit elaborations whereas 

more successful learners required only implicit elaborations for effective recall. An 

implication of this stream of research is that the provision of explicit elaborations may 
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help a learner encode declarative information in a manner that increases the level of 

activation spread to a memory item. 

Pressley et al. (1987) examined the effects of elaborations on intentional learners 

and incidental learners. In that study, intentional learners were those subjects who had 

been informed that a test would follow the presentation of a number of sentences; 

incidental learners were not informed of a test. In addition, prompts that asked the 

subject to consider the logic of each sentence were given to half of the intentional learners 

and half of the incidental learners. Results showed that a prompt was not effective for the 

group who intended to take a test; however, it did increase the incidental learners' 

abilities to recall facts. 

Chi et al. (1989) conducted a study to determine the effect of developing 

elaborations on understanding. In that study, students were asked to study examples of 

already-solved problems prior to undertaking problem-solving activities. Protocols of 

their study were also recorded. Some students merely read the study problems, others 

uttered self-explanations as they worked through the example problems. Subsequently 

evaluated problem-solving skills showed that students who offered more self-explanations 

also exhibited greater problem-solving ability. It was believed that providing self

explanations required greater attention from the learner and a higher level of learner 

involvement in the learning process. In terms of Anderson's (1993) theory, those who 

offered self-explanations were more likely to establish true and retrievable chunks during 

the declarative stage. Moreover, incidental learners may need to be prompted to provide 

self-explanations. 
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Declarative Memory and Decision Aids. In an accounting context, Pei and 

Reneau (1990) studied the effect a user's mental model had on knowledge transfer via 

expert system usage. Two methods of instruction in internal control evaluation were 

employed to impart mental models. The first method presented controls as they occur 

within a process or cycle (i.e. input, process, and output (IPO)). The second method 

presented controls as a hierarchy (i.e. prevention, detection, and correction (PDC)). The 

IPO approach introduced prevention, detection, and correction controls as they occur 

within a cycle; the PDC approach introduced controls as a hierarchy and then presented 

the hierarchy within each step through a cycle. 

Pei and Reneau (1990) devised two expert systems that presented internal 

controls in either an IPO or a PDC order. Half of the !PO-trained subjects were assigned 

to an IPO system and the other half to a PDC system. A similar assignment was made of 

the PDC-trained subjects. Findings showed that when a subject's mental model (method 

of instruction) was congruent with the expert system's order of presentation, the subject 

was more likely to recall rules and, until the task became too complex, to join rules 

together. 

From a cognitive psychology perspective, matching mental models with expert 

system design affects encoding, a declarative stage activity. To successfully encode and 

compile, the learner must have a mental model that is congruent with the presentation 

format of the expert system. 

Murphy (1990) presented subjects with three decision aids in an attempt to 

determine which aid best affected learning as measured by a subject's ability to ( 1) recall 
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SFAS 91 rules, (2) recall and apply these rules and (3) to apply these rules correctly to a 

new and unaided situation. The three decision aids included a manual system and two 

expert systems. The manual system was a surrogate that presented the rules, in narrative 

form, which were embedded in the SF AS 91 expert systems. Subjects used a self

directed search to obtain pertinent information from the manual decision aid. Expert 

system subjects were given one of two expert systems, one with explanations and one 

without explanations. 

The first two measures, recall and application, in Murphy (1990) correspond to 

the declarative stage. The third measure, rule application in a new situation, corresponds 

with Anderson's (1993) procedural stage. 

In one-day long experiment, Murphy (1990) found that manual system users 

outperformed users of both types of expert systems in their ability to (I) recall SF AS 91 

rules and (2) recall SFAS 91 rules and determine if a loan transaction correctly applied 

these rules. No significant difference existed among the three groups' abilities to 

correctly apply rules to a new situation. Further, no significant differences existed 

between expert system users who did or did not use an expert system with explanations. 

Steinhart and Accola ( 1994) manipulated the type of explanation provided by an 

expert system and the degree of expert-system-user involvement to observe the effects of 

these factors on knowledge transfer. Cognitive psychology theories predict that when a 

learner receives meaningful explanations about a fact, that fact will be more likely to be 

correctly encoded (Pressley et al. 1987; Stein et al. 1984). In addition, as the richness of 

an explanation increases, the learner will be more likely to link a new fact to prior 
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knowledge, thus facilitating recall (Anderson 1993). Steinhart and Accola (1994) 

employed two levels of explanation in their study, rule-traced explanation and 

justification. Rule-traced explanations merely stated the IF - THEN rules that "fired" 

Justification provided an explanation of why a rule was significant. 

Research in psychology also shows that the more actively involved a learner is, 

the more that learner will learn (Bransford et al. 1982; Franks et al. 1982; Stein et al. 

1982a; and Stein et al. 1982b ). Involvement connotes time and effort in a cognitive task. 

The amount of time spent attending to a fact should increase the probability that the fact 

will be recalled, a declarative stage activity. Anderson (1985) showed a learner will be 

more successful solving a third problem ifhe attempted to solve the previous two 

problems rather than merely viewed the previous problems as examples with solutions. 

To promote involvement, Steinhart and Accola (1994) required half of their subjects to 

explicitly type responses to two questions: (1) What was the link between the listed threat 

and specific control objectives? (2) What is the seriousness of the listed threat? 

The effects of manipulating explanations were measured by the subjects' abilities 

to recall control procedures and to identify threats (declarative-stage measures). The 

effect of manipulating involvement was measured by a comprehensive essay response (a 

procedural-stage measure). Results indicate that neither of the manipulations significantly 

affected the declarative-stage measures. Involvement, however, significantly and 

negatively affected user satisfaction. 

Odom and Dorr ( 1995) manipulated the type and placement of explanations in an 

attempt to find the effect an explanation has on knowledge transfer through expert system 
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usage. Explanations in this study were provided by the expert system and not generated 

by the user. As in the work of Bransford et al. (1982), Franks et al. (1982), Stein et al. 

(1982a), and Stein et al. (1982b), the authors here believed that the precision of an 

explanation should have an effect on the development of declarative knowledge. 

Moreover, the authors believed that providing examples in an explanation should affect 

procedural knowledge. Results showed that precise explanations with examples actually 

negatively affected declarative-stage knowledge and had no significant affect on 

procedural-stage knowledge. 

The amount of feedback given to a learner was also tested in Odom and Dorr 

(1995). Half of the subjects in this study received explanations at each step in expert 

system usage, the other half received explanations only at the end of an expert system 

application. Results showed that neither the type nor placement of feedback significantly 

affected either declarative- or procedural-stage knowledge. As with Pei et al. (1994), the 

optimal level of feedback remains a question. 

Procedural Memory. 

"Procedural knowledge is knowledge people can only manifest in their 

performance" (Anderson, 1993, p. 18). Procedural knowledge is the ability to 

accomplish a task that requires, on some level, thought. Anderson (1993) suggests that 

procedural knowledge can only be acquired through example or analogy, it can neither be 

acquired through direct instruction nor directly communicated. 

Learning is a process of adapting to new situations and our ability to learn is 
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rooted in human evolution. Prehistoric human, for example, did not have the ability to 

tell another prehistoric human how to start a fire. If the second human were to learn from 

the first human, he learned by observing an example of the first human's fire-lighting 

technique. This is an example oflearning by example. Similarly, early humans may have 

known that the root of a specific plant with large green and purple leaves was edible. A 

given human could have come across a similar looking plant, remembered the qualities of 

the first and, by analogy, determined that the second plant could also be edible. This is an 

example of learning by analogy. 

Anderson and Fincham (1994) conducted experiments that demonstrated subjects 

could obtain valid production rules by studying examples. In these experiments subjects 

first memorized examples of uniquely paired numbers, for example 24 m 33 and 68 n 75. 

After the memorization phase, the subjects were able to map unique pairings to a new set 

of numbers. For example given the two memorized strings stated above, subjects were 

shown the partial strings of 61 m _ and 47 n _ . Subjects were able to provide 70 and 54 

by determining the rules embedded in the memorized strings1 

Caplan and Schooler (1990) conducted an experiment wherein subjects were 

expected to learn to use computerized painting software (Fullpaint ). In their study, 

Caplan and Schooler presented training instructions in two orders, organized and random. 

Further, one half of the subjects received an analogical model of the software features 

24 m 33 implied the first digit in the second number exceeded the first digit in the first 
number by one and the second digit in the second number was one less than the second 
digit in the first number. Using this rule, identified by the character ''m", 61 m 70 was 
correct. 
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(for example, stencils represented two-dimensional drawing features) and the other half 

received no form of analogy. They found that analogies were beneficial for solving less 

complicated tasks and organized training instructions were of benefit in solving more 

complex tasks. Anderson (1993) explains that while production rules cannot be directly 

taught, the presentation of production rules acts as a form of example through which a 

learner can produce production rules. The Caplan and Schooler (1990) experiment 

demonstrate the benefits of both example and analogy in learning. 

Pirolli and Anderson (1985) examined the role of examples in a programming 

task. They found that novices rely on examples in their initial solution attempts. Further, 

they found learning success increased as the number of examples increased. 

The basic unit of knowledge in procedural memory is a production or production 

rule (Anderson, 1993). As was previously stated, productions are IF - THEN (condition 

- action) pairs and cognitive skills are realized by production rules (Anderson, 1993). 

The set of productions required to perform a cognitive skill is called a production system 

and a production system is operated through a pattern matching and conflict resolution 

cycle (Anderson, 1993). 

Basically, a declarative fact exists in working memory that requires a solution 

Productions are retrieved from procedural memory and the condition sides of those 

productions are examined to determine whether any condition exists in procedural 

. memory that matches the declarative fact in working memory - pattern matching. If only 

one match exists, the action side of that production fires. However, the possibility exists 

that more than one match can be found. In this situation, competing productions are 
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examined to determine which action should be fired- conflict resolution (Anderson, 

· 1993). 

Productions have four aspects or characteristics that allow productions to be 

optimized for use. Unlike declarative chunks, productions have a modular characteristic 

that allows them to be added and deleted independently of other productions. Production 

systems (hence skills) can grow or adapt by the addition or deletion of productions. 

Productions have an abstraction aspect that allows a degree of generalization among 

productions. This means that a specific stimulus need not exist for pattern matching, 

instead, productions can be abstracted to match varying stimuli. It is, however, necessary 

to be able to respond differently to the same generalized stimuli in order to adapt. 

Therefore, productions also have a goal-structuring aspect that provides for different 

responses given similar conditions. Finally, productions lack symmetry between their 

condition and action sides. The implication of this characteristic is that rules are 

considered in a condition-action order rather than vice versa (Anderson, 1993). 

Limited evidence exists to support these optimization characteristics. Anderson 

and Fincham (1994) demonstrated the asymmetric qualities of production rules. In this 

study, subjects were given inputs and asked to calculate outputs and vice versa. Inputs 

compared to the condition side of a production rule and outputs compared to the action 

side. While they were eventually able to calculate inputs given outputs, subjects did so at 

a significantly slower rate than with the reverse task. 

As with information in declarative memory, procedural knowledge is not 

forgotten. However, searching through all productions for all possible matches would be 
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cognitively exhaustive and ineffective. Therefore, a buildup and decay of productions 

exists that parallels the process in declarative knowledge retrieval. Anderson (1993) calls 

this process procedural-rule tuning. Like the spreading activation process associated with 

declarative memory, procedural-rule tuning is a statistical estimation process that assigns 

a production precedence based upon the strength of the rule (i.e. how useful the rule has 

been in the past), the probability that the rule will produce the intended effect, and the 

perceived cost (cognitive effort) that will result from the execution of the rule (Anderson, 

1993). 

Procedural Memory and Decision Aids. Fedorowicz, Oz, and Berger (1992) 

examined the financial risk analysis ability of novices. College seniors and graduate 

students served as subjects in an experiment to determine whether financial risk 

assessment decisions might improve through the use of an expert system developed by 

CitiCorp. This system provided no feedback to the users other than an expert assessment 

of overall risk and an assessment of component nsk. Not only did expert system users 

outperform non-expert system users, the performance of these expert system users was 

found to improve not only during their use of an expert system, but also after the expert 

system was withdrawn. 

Eining and Dorr (1991) (also see Eining, 1988) conducted a study over a five

week period to .assess how well subjects learned to evaluate the control environment in 

payroll. In their study, subjects were divided among four treatment groups: a control 

group that received no decision aid, a group that received a manual questionnaire that 
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was similar to a directed decision aid used in practice, and two groups that worked with 

expert systems to direct their assessment of internal controls. The expert system used by 

one group offered no explanation for its control assessment while the second displayed 

the rules that "fired" to reach an assessment of internal controls (Eining, 1988; Eining and 

Dorr, 1991). 

The authors hypothesized that subjects receiving a decision aid would increase 

their speed and accuracy in decision making, a procedural-stage measure of having 

learned. Further, the authors believed that expert system users would outperform non

expert system users and that the group that received explanations would outperform all 

other groups. All subjects were required to make decisions without the benefit of a 

decision aid during the first and fifth weeks of the experiment. Changes in these decisions 

provided the data for analysis. 

Results of analysis showed that the expert system groups made significantly better 

assessments of controls than did the other two groups, that expert system users made 

decisions significantly faster than did the control group, and that there was no significant 

difference between the two expert system groups for either speed or accuracy. 

Pei et al. (1994) suggested that alternative designs of expert systems could affect 

the quantity of knowledge transferred to users. To this end, they designed systems that 

manipulated prompting and judgment strategy. Prompting was an attempt to require the 

reader to think about why a fact was true, the rationale underlying each step in a process, 

or to explicitly examine the effect of alternatives (Lewis and Anderson 1985). Prompting, 

in this study, may be seen as an attempt to strengthen declarative chunks and attend to 
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specific elements in examples. 

Manipulation of judgment strategy was an attempt to determine whether the order 

in which rules were presented, compared to the users' mental models, affected skill 

acquisition (as done in Pei and Reneau, 1990). Judgment strategy was operationalized in 

the design of two expert systems. One expert system presented rules as they would occur 

in an evaluation of controls in a cycle (input, processing, and output). The second expert 

system presented rules as they would occur when evaluating a system for preventive, 

detective, and corrective controls. 

Subjects were tested for both declarative stage knowledge and procedural stage 

knowledge via three tests: a pretest given after two sessions oflecture, a posttest given 

at the conclusion of one experimental session, and a second posttest given one week 

following the expert system session. Analysis of the first posttest showed that (1) 

judgment strategy significantly affected the subjects' abilities to classify controls (a 

declarative~stage measure), (2) prompting significantly affected the subjects' abilities to 

recall the functions of controls (a declarative-stage measure), and (3) both judgment 

strategy and prompting affected the subjects' abilities to solve context-specific problems 

(a procedural-stage measure). Analysis of the second posttest showed that prompting 

significantly affected the subjects' abilities to classify controls, an interaction between 

judgment strategy and prompting affected recall, and both judgment strategy and 

prompting affected the subjects' abilities to solve context-specific problems. 

Hornik and Ruf (1997) also manipulated the type of explanation given a subject in 

an attempt to determine the effect of explanation type on knowledge transfer from the use 
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of an expert system. In this experiment, subjects evaluated internal controls in a payroll 

environment. One expert system provided only the expert's evaluation of the control 

environment (low, medium, or high), a second provided the experts' evaluation and the 

rules followed to arrive at that evaluation, and a third provided the evaluation, the rules 

followed, and requested the user view a log of previously-solved problems. By requiring 

the subjects to review a log of previously-solved problems, the authors were attempting 

to make subjects attend to the similarities between the current problem and problems they 

had already seen, learning by analogy to previously solved problems. Subsequent analysis 

showed that users of the expert system that required a reflection of previously-solved 

problems performed significantly better in a posttest of unaided-problem solving. 

Mascha (200 I) conducted a study that examined the effects of task complexity 

and feedback types on procedural knowledge acquisition from an expert system. Task 

complexity was set at two levels: simple and complex. Feedback type was set at three 

levels: no feedback, rule-based feedback, and detailed-text-with-example feedback. 

Mascha found that subjects who evaluated complex control assessment cases 

demonstrated a greater degree of procedural skills than did subjects who evaluated simple 

control assessment cases. Further, Mascha found that subjects receiving either type of 

feedback performed better than those who received no feedback. Finally, Mascha found 

an interactive effect of complexity and feedback, but the interactive effect was counter 

intuitive. While it was predicted that task simplicity would combine with rule-based 

feedback to produce a higher degree of procedural skill demonstration, this combination 

actually produced a lower level of procedural skill acquisition. 
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Theory of Cognitive Load 

Rose (1998), in his dissertation, hypothesized that efforts to provide instructive 

prompts within decision aids had the effect of increasing the load on the user's working 

memory to the end that both learning and the decision task were adversely effected. This 

study found: (1) as cognitive load increased, schema acquisition decreased; (2) as effort 

increased, schema acquisition increased; (3) users with greater ability obtain more 

schema as effort increases; (4) problem-solving speed is a determinant of effort duration; 

(5) problem-solving ability effects schema acquisition; (6) cognitive load effects subjects 

of all abilities; and (7) cognitive load does not impact the amount of time spent learning. 

Rose used his finding to help explain the disparate :findings of the effects of decision aids 

on knowledge acquisition. Further, Rose explained the lack of congruity between 

learning theory and effects of decision aids on learning as a :function of cognitive 

overload. 

Summary of Theories of Learning 

An examination of the literature regarding declarative memory knowledge 

structures shows a mixture of results. It is this eff~ct of strength on level of activation 

that lead psychological researchers (Stein et al., 1982a and 1982b; Bransford et al., 1982; 

and Frank et al., 1982) and decision aid researchers (Murphy, 1990; Eining and Dorr, 

1991; Steinhart and Accola, 1994; Pei et al., 1994; Odom and Dorr, 1995; and Hornik 

and Ruf, 1997) to evaluate the effects of elaboration type and placement on learning. 
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Elaborations or explanations have been used to increase the strength of a memory 

structure and may be measured directly by the ability to retrieve a declarative fact. Of the 

decision aid studies stated above, only Murphy (1990), Steinhart and Accola (1994), Pei 

et al. (1994), and Odom and Dorr (1995)provided a declarative-stage measure of the 

effectiveness of elaborations. The findings from these four studies are evenly divided on 

these effects. Murphy (1990) and Steinhart and Accola (1994) found their manipulations 

of elaborations were not effective in promoting declarative-stage learning. The opposite 

was true with Pei et al. (1994) and Odom and Dorr (1995). This discrepancy in results 

begs reexamination. 

Facts, examples, and analogies, according to Anderson (1993) provide learners 

with the declarative chunks necessary to begin learning. These declarative chunks must 

be turned into production rules if the learner is to become proficient. Moreover, 

production rules need to be optimized to increase their efficiency. Well-formed 

production rules are demonstrated to the word via a demonstration of the ability to 

perform a cognitive task. Of the studies stated, Fedorowicz, Oz, and Berger (1992), 

Eining (1988), Eining and Dorr (1991), Murphy (1990), Pei et al. (1994), Odom and 

Dorr (1995), Hornik and Ruf (1997), and Mascha (2001) provide a procedural measure 

oflearning-demonstration of the ability to perform a cognitive task. 

For the most part, studies that compared knowledge acquisition among expert 

system users and manual system users (Fedorowicz, Oz, and Berger, 1992; Eining, 1988; 

Eining and Dorr, 1991; Murphy, 1990; and Mascha, 2001), found the use of an expert 

system to be more beneficial than the use of a manual system. Only Murphy (1990) 
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found contrary results. The first conclusion suggested is that simple use of a decision aid 

that was developed as a learning tool may promote learning. Facts, examples, and 

analogies were not explicitly manipulated in any of these studies, but facts, examples, and 

analogies are the building blocks of Anderson's (1993) theory of cognition. All other 

things being equal, an expert system user may be more likely to extract facts about a 

learning situation, view tasks as sets of examples, and form their own analogies than are 

non-expert system users. 

Explanation types were manipulated without·significant procedural knowledge 

effect in Eining (1988), Eining and Dorr (1991), Murphy (1990), Odom and Dorr (1995), 

and Mascha (2001). The preponderance of this evidence is understandable in light of 

Anderson's (1993) theory. Explanations are most effective in strengthening declarative 

memory structures and these memory structures are fact based. While declarative 

knowledge is turned into procedural knowledge, factors extraneous to declarative 

structure strength are associated with this knowledge evolution. These factors include 

examples and analogies, which may be supplied by the learner, and which may confound 

determination of the effects of explanations on knowledge acquisition. 

Pei et al. (1994), Odom and Dorr (1995), Hornik and Ruf (1997), and Mascha 

(2001) manipulated examples and analogies. Pei et al. (1994) found an interactive effect 

of examples and judgment strategy on long-term procedural knowledge. Odom and Dorr 

(1995) found that feedback with examples did not significantly promote skill acquisition 

over other types of feedback. Similarly, Mascha (2001) found detailed examples did not 

significantly differ from rule-based feedback in promoting end-stage learning. Hornik and 
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Ruf (1997) found that prompting for analogies increased procedural knowledge. These 

results suggest that the type of examples provided makes little difference but do not 

suggest that examples are not helpful to learners. Moreover, providing analogies within 

an IDA appears to be beneficial. Nothing in this literature refers to the optimization of 

production rules. 

According to Anderson (1993), abstraction is an optimization technique that 

should increase the learner's ability to perform pattern matching. Similarly, goal 

structuring is an optimization technique that should increase the learner's ability to 

perform conflict resolution. While the effects of facts, examples, and analogies on 

cognitive skill acquisition have been examined in the decision aid literature, the effects of 

manipulating the optimization techniques of abstraction and goal structuring on 

knowledge acquisition via IDA use have not been examined. 

The next chapter formally presents Anderson's ACT-R theory, including detail on 

the theorized effects of abstraction and goal structuring on optimizing production rules. 

Hypotheses concerning the effects of explanations and optimization on learning are also 

presented. 
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CHAPTER III 

THEORY AND HYPOTHESES DEVELOPMENT 

Introduction 

Cognitive psychologists have long sought to understand how the human brain 

processes information. Questions of how people absorb information, transform 

information, and learn to perform new tasks capture the attention of these scientists. In 

the 1970's cognitive psychologists embraced new computer science methodologies of 

artificial intelligence (AI) in their quest to find answers to many of their questions. With 

the emergence of programs that mimicked human activity came a format in which 

cognitive psychologists could implement their models of human thought and learning 

(Cohen and Feigenbaum, 1982). 

Newell and Simon (1972) developed the general problem solver (GPS). This 

early AI system contained a core of knowledge about a task environment which the 

system could query to develop solutions to task-independent questions. Perhaps the 

greatest success of the GPS was the subsequent work it initiated (Anderson, 1993). 

From the GPS model came two production system prototypes: OPS and ACTE. OPS, 

the given name of a programming language, was developed by Forgy (1984) as an expert 

system programming language. ACTE was the basis upon which Anderson has built his 
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theory of human cognition (Anderson, 1993). 

Adaptive Character of Thought 

Anderson's general theory of cognition is called Adaptive Character of Thought 

(ACT). This theory has undergone a number of refinements, each refinement producing a 

slightly new theory name: ACTE - Adaptive Character of Thought Electronic 

(Anderson, 1976), ACT* -Adaptive Character ofThought Star (Anderson, 1983), and 

ACT-R - Adaptive Character of Thought - Rational (Anderson, 1993). Given the 

similarities among these acronyms, it is not surprising to find that the literature is 

inconsistent in citing Anderson's theories, indeed, the names attributed to Anderson's 

theories include almost any set of words that can form the acronym ACT. The discussion 

in this chapter focuses on Anderson's most recent iteration of ACT - ACT-R (Anderson, 

1993). 

Anderson's (1993) ACT-R theory of cognitive skill acquisition proposes the 

existence of three distinct memories, defines the relationships among these memories and 

the learning environments, and introduces several factors that impact these memories. A 

discussion of ACT-Rand a set of hypotheses derived from the ACT-R theory follow. 

Figure I presents an overview of the three memories within a learning 

environment. The environment supplies, to working memory, facts about a new learning 

task. In addition, a learner may obtain from that environment (in working memory) facts 

about a new learning task, examples of the task solution, and analogies to similar tasks. 

New facts and steps implied from examples and analogies are stored, as chunks, in 
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declarative memory. Because reconstructing the declarative steps of examples and 

analogies is cognitively expensive, the learner may alternatively store examples and 

analogies as a set of production rules in procedural memory. When a new goal state 

(problem) is presented to working memory, the learner will attempt to retrieve facts, 

example·steps, and/or analogy steps from declarative memory and/or the learner will 

attempt to match production rules from procedural memory to the new goal state. Once 

a new goal state is successfully matched the production rule fires, and a solution is able to 

be demonstrated to the environment. 

FIGURE I 

AN OVERVIEW OF THE LEARNING ENVIROmAENT 

Chunks ~ Production 
~ Rules 

Working Memory 

~-------~ 

~ 
Declarative Memory Procedural Memory 

Facts, Examples, 
Analogies Cognitive Skills 

Learning Environment 
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As an example of this process, suppose the problem posed to working memory is 

to find a solution to 4 + 6. Further, suppose the individual was familiar with addition 

problems. A declarative fact that "4 + 6 = 1 O" may be stored in declarative memory. The 

learner could probe declarative memory until that solution is obtained by retrieving chunk 

after chunk from declarative memory until a match of"4 + 6" is found. Alternatively, the 

learner could probe procedural memory for a set of rules that could derive the solution. 

The distinction between these two memory searches is ~hat the first supplies a ''what" 

answer, the second supplies a "how" answer. Given that both memories are available to 

the learner, the search chosen will depend upon the learner's implicit perception of cost 

and success of a search. 

Now suppose the learner was not familiar with addition problems. There are a 

number of ways in which the learner could discover a solution to this new problem. The 

learner could read an addition table, working methodically through "O + 0 = O; 0 + 1 = 1; 

0 + 2 = 2; etc." until a match is found. Obviously, this approach would be quite time 

consuming and would result in the storage of many declarative facts in declarative 

memory. Further, a subsequent search through a mental addition table would be 

necessary in order to solve this problem in the future. If the learner has reason to suspect 

this problem may have to be solved in the future, a more efficient method is desired. 

Two more efficient methods are available to the learner: examples and analogies, 

both of which may be obtained from the environment. Examples of previously-solved 

addition problems may be examined by the learner (i.e. 3 + 5 = 8). These examples will 

provide the learner with the repeated steps necessary to perform addition problems. 
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Analogies might also prove helpful to the learner. For example, learning that if a baker 

had already placed four cups of flour in the bowl and then added six cups of flour, he/she 

would have ten total cups of flour in the bowl, provides an additive analogy that once 

again provides the learner with solution steps. 

Steps provided by examples and analogies may be stored as declarative facts. 

When the learner is required to perform a new addition problem, these steps can be 

retrieved from declarative memory. However, if the problem is somewhat complex, the 

steps must be repeated numerous times. Once again the learner might desire a more 

efficient method. Efficiency requires that these steps be converted to a set of rules that 

apply to all addition problems. These rules embody the "how'' of addition as opposed to 

a set of''what" results from additive steps. 

Declarative Stage Knowledge 

The ability to retrieve a chunk from declarative memory to working memory is 

contingent upon the level of activation ascribed to that chunk. A chunk ( or declarative 

memory structure) must be retrievable ifit is to be used for a direct solution or in the 

formulation of production rules. Anderson (1993) formally states the level of activation 

as: 

~=Bi+ l,j ~ Sji 
Where: 

(Equation 3 .1) 

~=a specific memory structure's level of activation 
Bi = the base level or strength of a memory structure 
Wj = the salience or validity of memory structure j 
Sj i = the strength of association between memory structure j and i 
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According to this formula, the level of activation (the probability of retrieval) of a 

chunk in declarative memory is contingent upon base strength, validity, and relevance. 

Strength (BJ is determined by the number of times a chunk has been retrieved in the past. 

Frequency of retrieval indicates utility of a memory structure, a memory structure that has 

proven useful in the past will be more likely to be considered useful in the future. While 

strength indicates the probability that a memory structure will be directly retrieved, the 

possibility exists that a memory structure will be retrieved because an associated memory 

structure has been retrieved. Strength of association (SjJ is a measure of relationship 

between memory structures j and i. A memory structure that has proven to be associated 

with another memory structure in previous problems may be perceived as valuable in 

future problems, especially if the first memory structure was useful. Salience(~) refers 

to the usefulness ascribed to the first element G). 1 

Logically, an increase in the strength of a chunk and/or its level of association 

with another relevant chunk will increase the possibility that the first chunk can be 

retrieved from declarative memory. Therefore, two approaches can be used to increase a 

chunk's level of activation: (1) increase the strength and/or association of a related 

relevant chunk or (2) increase the strength of the chunk itself. A memory chunk may 

hold several facts and the composition of each chunk is individual specific. One 

individual may store two related facts in the same chunk while another will employ two 

Anderson ( 1983) referred to this process as "spreading activation." In the 1983 version 
the salience of element j was not considered. Anderson (1993) includes salience and 
ascribes~ with a value from Oto 1. The value of this factor is that associated but 
irrelevant memory structures are ignored. 
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separate chunks for those two facts. Because of the individual, internal, and non

observable manner of storing facts, testing the first approach is problematic and perhaps 

almost impossible. IDA researchers have focused on the second approach by attempting 

to increase the relative strength of a chunk through embedded agents that offer additional 

facts about a desired chunk of information. The first hypothesis here follows this 

approach by employing similar agents that provide the learner with chunk-enriching 

information. 

H1: There will be no difference in the ability to retrieve declarative chunks 
before and after activities designed to increase chunk strength. 

A related question is whether all individuals will demonstrate the same ability to 

retrieve declarative chunks. Anderson (1993) infers that chunk strength is directly related 

to the number of times a chunk has been retrieved. Therefore, an individual's ability to 

retrieve a chunk is only dependent upon past retrieval success and is independent of all 

other things. Activities designed to strengthen memory chunks should have an equal 

effect on all individuals. This leads to the second hypothesis to be considered in this 

study. 

H2 : There will be no difference in declarative chunk retrieval ability between 
groups of individuals engaging in identical strengthening activities. 

ACT-Risa general theory oflearning and is not addressed to learning in any 

specific context. IDAs have been used for their perceived ability to facilitate declarative

knowledge acquisition. Typically, training has been the result of different types of 

feedback provided by the IDA. One type of feedback and IDA can provide is a set of 

explanations that provide additional meaning to declarative-stage information. 
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Procedural Stage Knowledge 

Given a goal state (a problem that requires a solution) in working memory, a 

learner will draw on both chunks and production rules to satisfy the goal. The previous 

discussion involved the level of activation attached to declarative memory chunks and 

descn"bed the hierarchy of the process of searching through declarative-memory chunks. 

A discussion of the search through procedural-memory production rules remains. 

Production rules are defined as pairs ofIF - THEN statement~. Each production 

rule must have both an if ( condition) and a then ( action) clause to meet this definition. 

Anderson (1993) claims that all cognitive skills are obtained by developing a system or 

set of production rules. This production system provides the learner with the ability to 

accomplish a task. While chunks are facts that may be vocalized, a production system 

provides the ''how'' of task solution that cannot be explicitly stated. 

A search through procedural memory may yield one or more production rules for 

which there is a match between the goal state and the condition side of the rule or rules. 

Anderson (1993) calls this process ''pattern matching." The search process will not 

consider every rule in procedural memory as this would be a cognitively exhaustive 

search. Instead, only production rules with sufficient strength will be considered in the 

pattern matching search. Anderson (1993) defines the strength of a production in terms 

of the learner's implicit perception of a production rule's success and cost. Production

rule success will be discussed first followed by a discussion of production-rule cost. 
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The probability of success of a production (P) is stated: P = qr / (1 - (1 - q) f) 
(Equation 3.2) 

Where: 
q = ( a + m) I ( a + P + m + n) 

And: 
(Equation 3.3) 

m = the number of times a production rule has lead to a 
success in the past 

n = the number of times a production rule has lead to a 
failure in the past 

a and P = are parameters describing prior probability of 
success 

r = ( a + m) I ( a + P + m + n) 
And: 

(Equation 3.4) 

m = the number of times a goal is eventually achieved 
n = the number of times a goal is not eventually achieved 
a and P = are parameters describing prior probability of 

success 

f = deterioration in prospects if a production fails 

Equation 3.3 is an evaluation of how successful a production rule has been in 

solving prior problems. A production rule that has been useful in the past will be 

perceived as being more useful in the future. Hence, q is a measure of the probability that 

a production rule will achieve the desired effect. 

Equation 3.4 is an evaluation of the probability that the goal will eventually be 

obtained given the current production rule is successful. Hence, r is a measure of the 

probability of goal satisfaction. 

Equation 3.2 combines the results of Equation 3.3 and Equation 3.4. The relative 

success assigned to a production rule is a function of both how successful that rule has 

been in the past and how many times the rule helped to obtain a goal. A final element 

considered in the estimation of production rule's success is failure rate. The more time 
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failure is encountered in the consideration of production rules, the less likely the learner 

will consider an additional production rule to be successful. 

While success is a measure of prior accomplishment, cost is a measure of effort 

required to reach an eventual solution. Anderson (1993) provides the following to 

estimate the total cost (C) of firing a production: C =a+ b (Equation 3.5) 

Where: 
a = the cost of performing a production 
b = the cost of further action after this production has performed 

The cost of firing a production (Equation 3.5) is simply an estimation of total 

effort demanded of the learner. Total effort is a measure of the effort required to perform 

the action clause of the current production rule plus the effort that will be required to 

perform the action clause of all subsequent production rules. Taken together, the 

strength assigned to a production rule will increase as success increases and decrease as 

cost increases. 

Production rule strength is nothing more than the chance that a given rule will be 

retrieved to see if it matches a goal in working memory. Retrieval of a production is of 

little value if the action suggested by the production rule fails to successfully match the 

action required by the goal state. In other words, the condition side of the production 

rule matches the condition in working memory but produces the wrong answer. For 

example, suppose the goal state was for the learner to find a way to warm a room. A 

possible production rule might suggest that if it is cold, one needs to light a fire. If no fire 

place exists in the cold room, the action of a correctly-matching production rule would be 

inappropriate. Therefore, a successful learner must be able to select from the set of 
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productions that employ a correct pattern match, only the production rules that also meet 

the action sought in the goal state. Anderson (1993) calls the process of choosing among 

possible productions "conflict resolution." 

Anderson (1993) further suggests that production rules can be optimized to 

increase their utility. Optimization of production rules is a trade off between the range of 

applicability of a rule (pattern matching) and its efficiency of application ( conflict 

resolution). Productions have two characteristics that promote optimization: they are 

both modular and asymmetric. Modularity implies that one may add to and delete from a 

set of productions required for skill accomplis~ent; it also implies that skills can be 

developed by acquiring new productions and strengthening existing productions. The 

asymmetric quality of productions requires a distinction between the condition and action 

sides of a production and requires that a condition be first satisfied before an action is 

considered, thus niaking the total consideration process more efficient. Abstraction and 

goal structuring are two additional aspects of production optimization. 

The concept of abstraction is grounded in the condition-and-response work of 

Guttman and Klaish (1956). Guttman and Klaish used pigeons that were trained to peck 

a key when presented with a light of a particular wavelength, then the wavelength was 

subtly altered to determine. how much difference could be made before the pigeons failed 

to recognize the light color as one that required a key-pecking action. One result of the 

Guttman and Klaish work was that conditions were found to be generalizable (Anderson, 

2000). 

When the condition side of a production rule is stored in a very explicit form, the 
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process of comparing the production condition to the goal condition is quite exacting and 

computationally expensive. Anderson (1993) contends that if the condition side of a 

production rule can be reformed in a more general manner, pattern-matching expense can 

be mitigated. Anderson (1993) calls the process of making productions more general in 

nature abstraction. Anderson (1993) perceives abstraction as an inherent characteristic of 

a production rule. 

One obvious advantage of abstraction is that the cost of retrieving, comparing, 

and firing a production will be reduced. As was stated earlier, reduced cost increases the 

relative strength of a production rule. A less obvious advantage of abstraction involves 

production rule success. The success of a production rule will increase as number of 

times that production rule matches a goal condition increases. A generally stated 

production rule condition is more likely to match more goal conditions. Therefore, a 

generalized production rule will match more frequently and will be more successful than 

one that is not generalized. Further, the strength of that rule will increase. The fine

tuning process of abstraction increases the relative strength of a production rule by 

decreasing cost and increasing success. A stronger production rule is more likely to be 

considered in subsequent tasks. In synthesizing these various aspects and predictions 

noted in the above discussion, the theory in this area can be reduced to the inference that 

abstraction can be used to improve pattern matching. Hornik and Ruf (1997) indirectly 

considered the possible benefits of abstraction by requesting that IDA users reflect on 

previously solved problems. The intent in this study was to cause learners to form 

generalities, but learners likely relied as much on learning by analogy as on abstraction. 
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Therefore, an abstraction activity of directly comparing similar production rules is 

suggested. This leads to a third testable hypothesis: 

H3: There will be no difference in pattern-matching abilities between 
individuals who engage in abstraction activities and individuals who do not 
engage in abstraction activities. 

Only production rules that match a goal condition can be considered and fired in 

the process of solving a problem. Because cognitive skill acquisition is dependent upon 

obtaining a set of valid productions, it is reasonable to assume that improved pattern 

matching will yield a more successful production system. If pattern matching can be 

improved through abstraction, it is also reasonable to expect that abstraction can also lead 

to improvement in cognitive skill performance. 

H 4: There will be no difference in cognitive skill demonstration between 
individuals who engage in abstraction activities and individuals who do not 
engage in abstraction activities. 

Anderson (1993) suggests that abstraction is a necessary activity but does not 

discuss whether abstraction is internally generated and/or externally stimulated. 

However, prompting has been demonstrated as a somewhat successful means of 

promoting declarative chunk strength. A logical progression, in an IDA context, is that 

prompting may also induce a strengthening among procedural memory productions. 

A production rule not only contains a condition side, it also contains an action 

side. While many production rules can match an internal condition, a critical element of 

adaptation to new learning situations is the ability to distinguish among the best-matching 

productions by evaluating the actions suggested by those productions. As with 

abstraction, the learner's goal is to strengthen productions that not only match, but also 
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produce the correct result because it is costly to fire a production rule that yields an 

incorrect result. When a learning situation involves slightly different outcomes, a critical 

action is that the learner must fire the production rule that is best matched to the different 

outcomes. The process of forming production rules that encompass differing outcomes is 

called "goal structuring" (Anderson, 1993). 

Goal structuring is also rooted in condition-response literature. Jenkins and 

Harrison (1960) considered pigeons that were to receive a reward if they pecked an 

object when a particular frequency of sound was introduced. After initial training the 

sound :frequency was varied to elicit a generalization process. It was determined that the 

pigeons began to peck at the introduction of all sound frequencies. When rewards were 

only offered for responses within a frequency range, the pigeons began to differentiate 

between their pecking responses and the sound :frequency; 

Anderson (1993) infers that goal structuring can be manipulated to increase the 

possibility of correctly matching different outcomes. Pei et al. ( 1994) asked IDA users to 

consider a number of factors including how outcomes could differ as production rules 

differed. This study did not measure the effect of this goal structuring activity separately 

from the other factors, but this approach did serve as a basis for introducing goal 

structuring activities in an IDA context. The question of the effect of goal structuring 

activities can be tested under the following hypothesis: 

Hs: There will be no difference in responding to different outcomes among 
individuals who engage in goal structuring activities and individuals who 
do not engage in goal structuring activities. 

Demonstration of cognitive skill acquisition is dependent upon the acquisition of 
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an appropriate set of production rules. This set must contain production rules that differ 

as outcomes differ. Therefore, production rules must be goal structured to demonstrate 

cognitive skills. This leads to the sixth hypothesis. 

8<;: There will be no difference in cognitive skill demonstration between 
individuals who engage in goal structuring activities and individuals who 
do not engage in goal structuring activities. 

Anderson (1993) also suggests the necessity of goal structuring without providing 

a prescribed mechanism for promoting procedural learning. As with abstraction, a 

potential means of promoting goal structuring in an IDA environment is to provide the 

learner with a prompt to simulate this activity. 

When a production rule has been successfully abstracted and goal structured, that 

rule should be more successful than a rule that has not been similarly optimized, and 

successful rules gain strength to the end they will be retrieved. A learner must develop 

these successful rules. A learner must form generalities among rules and be able to 

distinguish among these generalized rules. Given the almost antagonistic nature of the 

two optimization techniques, there must exist a trade-off. Anderson (1993) does not 

provide a basis concerning the relative necessity of abstraction versus goal structuring. 

Instead, both types of production rule optimizations are considered imperative. 

Therefore, abstraction and goal structuring must interact to provide a combined effect on 

rule strengthening. The interaction between the two is considered in the next hypothesis. 

H7: Difference in cognitive skill performance for both levels of abstraction is 
consistent over all levels of goal structuring. 

Successful problem solving is, according to Anderson (1993), a function of 
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practice. With practice, problem-solving time is expected to decrease because necessary 

chunks will have sufficient activation levels and production rules will be sufficiently 

strengthened. Problem-solving speed may be defined as the time required to retrieve all 

necessary productions and the time required of each production is stated as: 

T P = I,Be -b(Ai = Sp) for all i 

Where: 
T P = The time it will take to match chunk ~ and production rule SP 
~ = The level of activation of a memory chunk i (Equation 3.1) 
SP= The strength of production p (Equations 3.2 and 3.5) 
B and b are constants 

The strength of a given production rule is increased, in part, by optimization. It 

follows then that both abstraction and goal structuring activities will produce stronger 

rules thereby decreasing the time required to retrieve those rules. 

H 8: Difference is problem-solving speed for both levels of abstraction is 
consistent over all levels of goal structuring. 

Summary 

Anderson (1993) presented a theory on cognitive skill acquisition. This theory 

proposed the necessity of developing chunks of declarative (factual) memory items that 

can be retrieved by the learner. While a skill may be performed in a step.,.by-step manner 

based solely on declarative chunks, this process is both cumbersome and cognitively 

trucing. Anderson (1993), therefore, proposed that a true demonstration of a cognitive 

skill required a transformation of declarative chunks into procedural production rules. 

Further, these production rules required optimization. Anderson (1993) further clarified 
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the difference between declarative learning and procedural learning as a ''what to do" 

versus "how to do it" approach. 

Because chunks are the building block of production rules, they must be 

developed first and they must be of sufficient strength that the learner can retrieve them. 

This chapter presented two hypotheses concerning declarative chunk strength. The next 

chapter will present an experiment in which these two hypotheses can be tested. 

Cognitive skill acquisition requires that the learner develop a production system -

a set of production rules that leads the learner from the initial question to the ultimate 

solution. The production rules are condition-action pairs that require some fine tuning 

that will also make them strong enough to be called upon and used. Anderson (1993) 

calls the fine-tuning process optimization and suggests two optimization techniques that 

should promote production-rule strength. Abstraction is one optimization technique that 

causes the learner to form a few generalized condition-side statements from many 

statements. Goal structuring is an optimization technique that differentiates the action

side of the production rule. Anderson (1993) theorizes that both optimization activities 

are necessary and that the two are interactive. While the relationships between 

abstraction and goal structuring and learning are hypothesized here, the following chapter 

also presents a method of testing these relationships. 

A final postulate presented in Anderson (1993) concerns the relationship between 

problem-solving speed and production-rule optimization. Generally, a speed up in 

problem solving is expected as rules are optimized. Again, this hypothesized relationship 

will be tested in an experiment described in the subsequent chapter. 
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CHAPTERIV 

METHODOLOGY 

Introduction 

An overview of the literature concerning cognitive skill acquisition from 

intelligent decision aids (IDA) revealed two significant issues. The first issue was that 

there were mixed results for the effect of explanations on declarative-stage knowledge. 

The second issue was that the separate and joint effects of abstraction and goal 

structuring on procedural-stage knowledge have not been examined. The current study 

reexamined the effects of explanations. This was done with the use of prompts that 

provided subjects with explanations about a number of internal controls. More 

importantly, the current study examined the separate and joint effects of abstraction and 

goal structuring on procedural-stage knowledge acquisition from IDA usage. IDA 

prompts were employed to provide a focus on some similarities and differences among a 

number of internal controls. The study was conducted in a laboratory experiment 

environment. 

The following sections will be presented in this chapter. The first section will 

describe the task employed to test the effects of explanations, abstraction, and goal 

structuring on cognitive skill acquisition through the use of an IDA. Section two will 
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identify the subjects involved in the task and will present an analysis of subject 

demographic information. A third section will provide a discussion of the dependent and 

independent variables as well as how these variables were operationalized. The fourth 

section will describe the procedure employed to test the hypotheses presented·in the 

previous chapter. This section will include a discussion of the experimental procedure, a 

pilot test from which the experiment benefitted, and participation incentives. The final 

section will present model statements for each of the analyses to be performed. In 

addition, this section will present predicted outcomes of the analyses. 

Task 

This study was concerned with learning through IDA interaction. Therefore, a 

learning task was needed in order to study whether an IDA could aid the user in 

developing a cognitive skill. In addition, the task for this study had to be one that was 

realistic, one with which subjects had some familiarity, and one that could be 

accomplished in a reasonable time. The assessment of the adequacy of internal controls 

in a payroll environment using an IDA met all of these requirements and was; therefore, 

selected as the experimental task. 

Staff auditors routinely employ decision aids in their. initial determination of the 

adequacy of internal controls (Eining, 1988; Eining and Dorr, 1991). These decision aids, 

which can be as simple as a manual checklist and as complex as an IDA, are used to 

record the presence or absence of specific internal controls. An initial judgment of 

control adequacy is made based on the combination of controls. With a checklist, this 
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judgment generally results from a form-directed question and response search. With an 

IDA, this judgment relies on a knowledge-base and inference engine search. Because 

IDAs are used in practice to assess the adequacy of internal controls, such a system was 

desirable for this study. 

The evaluation of internal controls in a payroll environment was an appealing 

subject for IDA design for two reasons. First, payroll is a system that is familiar to the 

majority of subjects in this study. Second, payroll represents a relatively capsulized 

process that employs a series of consistent and well-defined rules. These rules are both 

straight-forward to model in an IDA and can be learned within the time constraints of a 

laboratory experiment. 

To assess the separate and joint effects of abstraction and goal structuring, four 

IDAs were developed. The first IDA served as a control system, the second presented 

abstraction prompts, the third presented goal structuring prompts, and the fourth 

presented both abstraction and goal structuring prompts. In addition to finding the 

effects of abstraction and goal structuring, this study also sought to understand the effects 

of explanations on declarative-stage knowledge acquisition. Therefore, each of the four 

IDAs provided explanations (for both the level and functional characteristic) for each of 

the controls considered by the system. 

Visual Basic 6. 01 was selected as the IDA development tool for several reasons. 

1 Visual Basic. is a registered trademark of Microsoft Corporation, Redmond, 
Washington. 
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Visual Basic is a Rapid Application Development (RAD)2 tool, that features Agent OCX 

(QLE Control E~ension) that is employed extensively in contemporary system design. 

As such, Visual Basic is a current standard in the development ofIDAs (The Haley 

Enterprise, Inc., 1996). Visual Basic also produces an interface that has a "Windows 

look and feel" that allows a user, comfortable in a Windows environment, to utilize the 

software without first becoming acquainted with a new operating system (Lynch, 1995). 

Finally, from a practical perspective, the computer labs used in this experiment provided 

Visual Basic for each subject. The advantage here was that each experimental version of 

the IDA could be packaged and run from a single diskette or downloaded from a server 

without adding additional software or hardware locks to the lab computers. 

Two internal auditors from Oklahoma State University specializing in payroll 

audits reviewed the logic and decision trees used to construct the IDAs for this study. 

Their review and suggestions enhanced the system development and provide some 

external validity for the IDA developed exclusively for the present study. Both the 

decision trees and the Visual Basic code are included in Appendix C and D. 

Subjects 

Students enrolled in Accounting Information Systems at The University of 

Nevada, Las Vegas served as volunteer subjects for this experiment. Novice auditors 

who use ID As in their appraisal of internal controls comprised the external population of 

2 RAD is a method of systems development that combines prototyping and joint 
application development. 
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interest. Accounting Information Systems is a senior-level class at The University of 

Nevada, Las Vegas, as such, these enrollees were considered to be good surrogates for 

entry-level auditors (see Gordon et al., 1987 and McMillan, 1994). These students, many 

of whom were currently serving internships, possess approximately the same educational 

and experiential background as would novice auditors. 

An extensive pilot test was conducted prior to the actual experiment and was used 

to refine the instruments. During the pilot study, 86 junior, senior and graduate students 

at Oklahoma State University acted as subjects (Oklahoma State University Institutional 

Review Board approval is provided in Appendix E). These subjects were volunteers who 

were either enrolled in one of several different courses that provided course credit for 

participation or who participated out of interest in the study. 

The use of human subjects at The University ofNevada, Las Vegas required the 

approval of the Office of Sponsored Programs (OSP). Further, subjects had to be clearly 

informed that they were taking part in a research·study as well as the type and extent of 

the tasks they would have to perform. A copy of the OSP approval form has been 

included in Appendix E. While subjects were not told the actual hypotheses being tested 

nor the differences among the experimental groups to which they were assigned, they 

were verbally informed that this was a research study designed to investigate how IDAs 

could increase learning. In addition, subjects were required to provide their consent for 

inclusion in the experiment on an Informed Consent form. This document explicitly 

stated the risks and benefits expected from the experiment, the voluntary nature of the 

experiment, class credit that could accrue from participation in the experiment, alternate 
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methods of earning equivalent credit, and the confidential nature of reporting 

experimental results. A copy of that form is also included in Appendix E. Further, 

computerized screens (included in Appendix A) reiterated much of this information. 

One hundred fifty nine subjects began this experiment and 155 usable responses 

were obtained. An a priori assessment of sample size lead to the following conclusions. 

Stevens (1996) suggested a minimum of 15 observations per independent variable to 

ensure a 50% chance of detecting differences when they existed in a multiple-dependent

variable examination. This study examined 6 dependent variables, so a minimum of 90 

subjects was required. Sample size for univariate analysis (as suggested by Hicks, 1993) 

was determined based on variances and parameter shifts found in Eining and Dorr (1991). 

Holding a= 0.05 and P = 0.10, a minimum sample size of80 was determined to be 

sufficient. One hundred and fifty-five subjects, therefore, should be sufficient for the 

analysis conducted in this study. 

Responses from four subjects were not used in the analysis. Diskettes used to 

collect responses from two subjects were not readable due to defects in the diskettes. 

One subject dropped the course in which the experiment was conducted prior to the 

conclusion of the experiment, thus no posttest information was obtained from that 

subject. One subject suffered a back injury which required medication and eventual 

surgery. While this subject was encouraged to participate for class credit and the 

potential of learning, this subject's responses were omitted because the medication might 

decrease the validity of the responses. 
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Randomization Checks 

Subjects were randomly assigned to experimental groups based on the toss of two 

coins. A HH combination indicated assignment to the control group, a HT combination 

indicated assignment to the experimental group that received abstraction prompts, a TH 

combination indicated assignment to the experimental group that received goal 

structuring prompts, and a TT combination indicated assignment to the experimental 

group that received both abstraction and goal structuring prompts. Demographic data 

were collected from all subjects at pretest. These data included age, GPA, gender, 

number of semester hours completed, auditing experience (had taken auditing previously, 

was currently taking auditing, would take auditing in the future), comfort level using 

computers (0 = I am comfortable using word processing, spreadsheet, and internet 

software; 1 = l use word processing, spreadsheet, and internet software but am not very 

comfortable; 2 = I am comfortable using word processing, spreadsheet, internet, and 

programming software; 3 = I use word processing, spreadsheet, internet, and 

programming software but am not very comfortable), computer use (personal, work, 

school) and prior expert system use. Data for the subjects who completed the experiment 

are presented in Table I. Note that the acronym WSP in the Median Use Level row of 

Table I connotes computer use for work, school, and personal purposes. 
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TABLE I 

SUBJECT DEMOGRAPHIC INFORMATION 

Response Variable Group 1 Group 2 Group 3 Group4 

Females 20 25 22 23 
Males 19 14 17 u 
Total 39 39 39 38 

Average Age 27.82 25.44 28.41 29.53 
Average GPA · 3.27 3.34 3.35 3.35 
Avera2e Completed Hours 117.72 116.10 124.54 115.05 
Median Audit Experience Previously Previously Future Future 

Enrolled Enrolled Enrollment Enrollment 
Median Comfort Level 0 0 0 0 
Median Use Level WSP WSP WSP WSP 
Median Expert System None None None None 

Consideration should be given to the implications of the median responses 

reported in Table I. More subjects in groups one and two had enrolled in auditing in a 

previous semester than were enrolled in auditing concurrent with the experiment or than 

were planning to take auditing in the future. In contrast, more subjects in groups three 

and four planned to take auditing in the future than the other two enrollment options. 

The median response for level of comfort using computers for all groups was an 

indication of comfort using word processing, spreadsheet, and internet software. The 

median indication of computer use for all groups was for work, school, and personal use. 

No groups had an indication of expert system use. 

Because gender, auditing enrollment, and computer use were nominal, a test of 

independence was performed to determine whether these subject characteristics differed 

among group assignment. A contingency table was prepared for gender, auditing 

enrollment, and computer use; a Pearson Chi Squared test was performed. A Pearson 
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Chi Squared is a test of difference between two proportions which, when significant, 

indicates general association. Results of this analysis, which show no statistical 

association between group assignment and class enrollment or gender, are presented in 

Table II. 

TABLE II 

CHI-SQUARED ANALYSIS OF SUBJECT GROUP ASSIGNMENT 

Source DF PearsonX2 p-value 
Gender 3 1.459 0.971 
Taken Auditing 6 10.436 0.107 
Expert System Use 3 3.838 0.280 

Despite the fact that the median response for when auditing was scheduled within 

a subject's course of study differed between group assignment, this difference was not 

found to be significant (p = 0.107). Nor were there significant differences between 

groups for gender or prior expert system use. 

Subject age, GP A, hours completed, level of comfort using computers, and 

degree of computer use had ordinal characteristics and were ranked accordingly. An 

analysis of variance on these tanked factors by group assignment was performed with 

results as shown in Table III: 
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TABLEIII 

ANOV As TO COMP ARE SUBJECT GROUPS FOR EACH RESPONSE VARIABLE 

Response Variable DF Type I SS Mean Square F-Value p-value Levene's Test 

p-value 

Age 3 345.731279 115.2437595 2.09 0.1043 0.1043 

GPA 3 1.805238 0.060174 0.41 0.7456 0.4724 

Hours 3 1608.09182 536.030607 0.85 0.4691 0.1896 

Computer Comfort 3 4.735950 1.57864989 0.44 0.5067 0.9343 

Computer Use 3 1.813330 0.604443 0.54 0.6555 0.2034 

Analysis of variance on these ordinal demographic information factors reveals that 

none are significantly different due to group assignment. Taken together with the results 

presented in Table I, the four groups do not appear to differ by subject age, GP A, hours 

completed, computer comfort or use, gender, or auditing enrollment status. The 

randomization technique employed appear to be successful, and none of these factors 

need be employed as covariates in subsequent analysis. 

Hicks {1993, p. 69) lists assumptions of an analysis of variance as: 

1. The process is in control, that is, it is repeatable. · 

2. The population distribution being sampled is normal. 

3. The variance of the errors within all k levels of the factor is homogeneous. 

This experiment is repeatable. An assumption of normality is generally considered 

to be met when the sample size exceeds 30. In this case, the sample size is equal to 155. 

One method of determining whether the variances are homogeneous is Levene's Test for 

Equal Variances. With the Levene's Test, variances are assumed to be equal if the 

associated p-value is greater than 0.05. These tests were performed for each of the 

demographic variables used in the ANOV A and p-values are reported in Table III. 
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Results show that all variances may be assumed to be equal. 

Variable Definitions 

This investigation employed both independent and dependent variables. Because 

the literature presented mixed results concerning the constructs of explanations and their 

influence on declarative-stage learning and little evidence concerning the effects of 

abstraction and goal structuring on procedural-stage learning, these three constraints 

were the independent variables of concern in the current study. Since no demographic 

factors were found to differ significantly between groups, posttest measures of 

declarative- and procedural-stage learning, together with their pretest covariates were 

considered to be dependent variables. Discussion of both types of variables follows. 

Independent Variables 

Three independent variables were employed in this study: explanations, 

abstraction, and goal structuring. Explanations were presented as statements of control 

level and functional characteristic. For example, subjects were asked, for each scenario, 

who authorized hiring. The response choices were Personnel, Payroll, and Supervisor. 

When a subject selected the hiring agent for that scenario, a message box appeared 

stating, "This is an authorization control designed to prevent unauthorized personnel from 

being paid." 

Explanations were provided for only five or six of the 22 questions posed with 

each scenario and were alternated among the eight scenarios. Thus an explanation for 
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each control was presented twice during each of the two experimental sessions. 

Intermittent prompting, as given here, has been shown to be beneficial (Pei et al., 1994) 

because learners tend to disregard prompts that are presented at each step. 

Abstraction was operationalized via a prompt that asked subjects to consider how 

the current control was similar to a control previously considered. For example, subjects 

were first asked who authorized hiring and then who approved overtime. When selecting 

the agent who approved overtime, a message box appeared asking how this control was 

similar to the hiring authorization function. Abstraction prompts were provided three 

times for each scenario. 

To discriminate among differences,· subjects had to first be presented with a 

control evaluation, make a change in one rule, and determine how that change would 

affect a subsequent evaluation. Therefore, subjects in the groups for which goal 

structuring was manipulated (i.e., Group 3 and Group 4) were first asked to enter the 

control environment depicted in a scenario and request the decision aid's evaluation of 

the adequacy of the controls. They were then asked to click on a "Make a Change" 

button. This button activated a screen that requested the subject to change his/her 

response for a particular question to something else and then to make another request for 

the ID A's evaluation of the adequacy of controls. For example, if the scenario said that 

the supervisor authorized hiring, the control ev~uation was probably less than high 

( determination of control adequacy in each scenario involved several controls, therefore 

an exact evaluation cannot be stated here). If the subject changed the hiring agent to 

personnel, the subsequent control evaluation probably increased. Prompts for changes 
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occurred three times in each scenario. 

Dependent Variables 

Anderson ( 1993) distinguished declarative-stage' knowledge from procedural

stage knowledge by stipulating the first as ''what to do" knowledge comprised of facts 

(chunks) and the second as "how to do it" knowledge comprised of production rules. 

Given these distinct forms of knowledge, the following discussion of dependent variables 

will group these variables by the knowledge stage to which they relate. 

Declarative-Stage Knowledge 

Declarative-stage knowledge is comprised of chunks or facts the learner has 

obtained from his/her environment. The ability to access these chunks is dependent upon 

the relative strength assigned to each chunk. One means of increasing a chunk's strength 

is for the learner to reference it multiple times. The IDAs utilized here employed rules 

used in the evaluation of the adequacy of internal controls. These rules embodied the 

controls themselves and the controls could be stated factually. Each control had both a 

level and a functional characteristic. Levels included prevention, detection and, 

correction. Functional characteristics included authorization, separation of responsibility, 

accounting records, access, and independent verification. For example the internal 

control of storing unused checks in a locked area exemplifies a preventive control that 

limits access to an asset. The ability to recall these facts is an integral part of learning to 
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understand how internal controls work together in an internal control environment. A 

measure of a subject's ability to recall these facts about a control is to present a control 

and ask the subject to define the level and functional characteristic of that internal control. 

This was done for 10 different internal controls at both the pretest and posttest. This 

measure is referred to as recall in the remainder of this paper. 

Procedural-Stage Knowledge 

Procedural-stage knowledge is based upon a production: system - a set of 

production rules necessary to demonstrate the ability to perform a cognitive skill. 

Anderson (1993) stresses that the relative strength and usefulness of each production rule 

is dependent upon how well that rule has been optimized. Anderson (1 ?93) also asserts 

that well-optimized sets of production rules will allow the learner to better demonstrate 

cognitive skills and do so more quickly than non-optimized sets of production rules. The 

implication here is that a cognitive skill must be measured in terms of correctness and 

speed. For the current study, the cognitive skill in question is the ability to make accurate 

assessments .of the adequacy of controls in a payroll environment. This assessment can be 

measured in terms of correctness and speed at which that assessment was made. A 

further implication is that assessment correctness and speed are dependent upon 

production-rule optimization. 

IDAs that provided abstraction and/or goal structuring prompts were employed to 

help subjects optimize production rules. If subjects truly learned through their interaction 

with an IDA, then they should have been able to make a more accurate unaided 
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assessments of the adequacy of internal controls after IDA. The global measurements of 

control assessment accuracy and control assessment speed were used in Eining (1988) 

and Eining and Dorr (1991) and are appealing as constructs here because they reflect the 

end stage of expertise acquisition. These measures will be referred to as the control 

accuracy score and speed, respectively. 

A set of global measures, however, may not adequately capture the effects of 

abstraction and goal structuring. More direct measures of these activities are also 

warranted. Unfortunately, the literature did not provide pretested measures for these 

activities. The following measurements flowed instead :from the experimental 

manipulations of abstraction and goal structuring. 

Abstraction is a process of finding similarities among productions and then 

combining several similar productions into one production. If subjects successfully 

abstracted the rules in a control assessment task, they should have correctly determined 

when two or more controls were similar. One means of measuring the separate effect of 

abstraction was the score a subject received on a matching instrument where a subject 

was asked to choose :from a set of controls, the one control that best paralleled another 

given control. The instniment was a matching quiz, and the number of correct matches 

on the quiz is referred to as a match score. 

A prompt to stimulate this process has been shown to be necessary (Stein et al., 

1982a; Stein et al., 1982b). Hornik and Ruf(1997) used examples of previously solved 

problems by having the user refer to a log. Such action is possible only for certain types 

ofIDAs with log-viewing capabilities and it is not a usable alternative in all IDAs. Pei et 

71 



al. (1994) used a system that displayed 27 rules. A prompt to consider the meaning of 

these rules appeared after the third and 19th rules. While Pei et al. (1994) did not directly 

manipulate abstraction or goal structuring with their prompting scheme, their scheme 

produced significant learning. In addition, their scheme was adaptable in most IDAs. 

The frequency with which prompts should be provided is not known. Pressley et 

al. (1988), in a non-computerized setting, found benefits for prompting for each item to 

be learned. Gal and Steinhart ( 1992) raised the possibility that prompting at each rule in a 

computer-based system could actually cause the user to respond mechanically, thus 

decreasing true interactive behavior. Pei et al. (1994) found a significant benefit by 

presenting four prompts within a series of27 rules. The study reported in this study 

relied on the Pei et al. (1994) findings and presented a proportional number of prompts, 

three3• 

Similarities in controls lie along two lines. Different controls are similar if they 

both fit into one of the control-level categories: preventive, detective, or corrective. 

Two controls are also similar if they both fit one of the following control function 

categories:(!) proper authorization of transactions, (2) separation of responsibilities, (3) 

design and use of adequate accounting records, (4) asset access limitation, and (5) 

independent verification. Consequently, abstraction prompts include asking the user to 

observe that two controls fall within the same functional category or perform the same 

level of protection (prevention, detection, and correction). All other things equal, it was 

expected that IDA users who received abstraction prompts would e:xhtbit greater 

34/27 ~ 3/22 
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procedural-stage knowledge, as measured by the match score, than those who did not 

receive this prompt. 

Goal structuring is a process of determining the effects of differences between 

competing productions. If subjects effectively accomplished goal structuring, they should 

have been able to determine the effect of a rule change on a control adequacy assessment. 

One means of measuring the separate effect of goal structuring was the score a subject 

received on a rule-change instrument. This instrument presented a control assessment 

along with a rule that was used in making that assessment. Subjects were then asked to 

determine the effect on control adequacy that resulted from a change in one control. The 

instrument was a quiz concerning changes and the number of correct determinations for 

the effect of each change and is referred to as the change score. 

Using the prompting scheme stated above, goal structuring was also presented at 

two levels: present and absent. After viewing the system's conclusion, subjects were 

asked to change one or more of the input items and consider the effect of that change on 

the new system conclusion. The result of such an action allows the user to see both a 

correct and an incorrect application of a production and the total effect of that production 

on the conclusion. This study employed this type of system to measure the effect of goal 

structuring on knowledge transfer from an IDA. 

Experimental Procedure 

The experimental design employed is a 2 x 2 factorial arrangement of treatments 

in a randomized design. A 2 x 2 design implies two factors, each at two levels. The two 
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factors in this study were abstraction and goal structuring, each factor was presented at 

two levels each - present and absent. 

This study was conducted in two phases. A pilot was conducted during the 

Spring 1999 semester at Oklahoma State University. As will be explained in this chapter, 

this pilot study aided in identifying several control problems. The second phase of the 

study served as the basis for analysis. After addressing the control problems revealed in 

the first phase and making appropriate modifications to the study, the actual experiment 

was run over three semesters at the University ofNevada, Las Vegas. Discussion will 

first surround the actual experiment and then the pilot study. 

The Pilot Study 

The pilot study involved five sessions spanning a five-week period with one 

session held each week. The first session of the pilot study served as an orientation 

session as well as the collection period for demographic and pretest data. Subjects were 

randomly assigned to one of four treatment groups (i.e., one of the four IDAs) prior to 

the initial session. During each of the three experimental sessions (sessions two, three, 

and four), subjects were presented with eight different (i.e., 24 in total) scenarios. The 

final session served as a posttest and debriefing session. 

Each experimental session was scheduled at various times throughout each week 

to accommodate subject schedules. Of the 83 subjects who completed the pilot study, 11 

failed to attend one regularly scheduled session. Four subjects, for example, were 

allowed to join the test during the second week. These four participated in two sessions 
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during the second week. Five subjects failed to attend one session each. The subjects 

were contacted by telephone and were rescheduled for a different session time. Two 

subjects missed the final session and were rescheduled for the following week. 

Because this pilot study was not conducted during any regular group meeting 

time, the experimenter arranged seven meeting times for each session each week. To 

increase attendance, each subject was e-mailed or called each week to remind him/her of 

his/her scheduled meeting time. Further, if a subject failed to attend a session, the 

experimenter contacted that subject to arrange a make-up session. Only three subjects 

failed to complete the pilot study. In each case, withdrawal from the study followed 

withdrawal from the course from which the subject was recruited. 

The pilot study provided an opportunity to identify several weaknesses in both the 

software and the experimental procedure. Identification of problems through the pilot 

study allowed the experimenter to make necessary corrections to improve the 

experimental environment. A discussion of these corrections follows. 

During the second session of the pilot test it was discovered that subjects could 

\ 

click on the "continue" button at the bottom of each scenario input screen and continue 

to a second screen without completing work on the first screen. The impact of this 

shortcoming was that subjects could complete the experimental phase of this study 

without being exposed to the training manipulation. Prior to the third session, the 

program code was modified. Additional code was included to require each question to be 

answered sequentially and for all questions to be answered prior to screen advancement. 

This modified code was employed in subsequent testing. 
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While subjects in the pilot study had all taken a course in accounting information 

systems, this course could have been taken at any time and from several instructors. The 

problem that could stem from subjects' prior instruction from a variety of instructors 

concerned the mode of instruction. Pei and Reneau (1990) found that mental models 

need to match the presentation order of an IDA for users to be most successful in 

learning from the decision aid. The decision aid in this study employed a prevention, 

detection, and correction (PDC) approach that may or may not have matched the models 

of prior instruction. In the actual experiment, all subjects were presented with a PDC 

instructional model that matched the IDA model. 

Demographic information was obtained from all pilot test subjects. This 

information included subject classification (i.e., junior, senior, graduate, or other), class 

emollment (i.e., Auditing, EDP Auditing, Cost Accounting, or other), age (i.e., 18-21, 

22-25, 26-29, or 30 or over), gender, GPA (i.e., Below 2.0, 2.0-2.4, 2.5-2.9, 3.0-3.4, or 

3.5-4.0), prior expert system use, and level of comfort using computers (i.e., Very 

Comfortable, Comfortable, Neutral, Uncomfortable, or Very Uncomfortable). The 

purpose of this information was to determine whether the randomization technique 

employed was successful or whether any of these factors should be employed as 

covariates in subsequent analysis. A number of shortcomings existed with the factors and 

response categories presented. Subject classification, for example, proved to be 

somewhat ambiguous for the Oklahoma State University students. Oklahoma State 

University offers a traditional four-year accounting degree as well as a 3-2 degree that 

leads to a Master's degree. Some subjects emolled in the 3-2 program considered 
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themselves to be graduate students even though they had not completed a minimum of 

120 hours. A more exact measure of"number of hours completed" was subsequently 

used in the study described in the actual experiment. 

Responses to the question of age were presented in range form, one range being 

"30 or over." This broad category was not sensitive to the wide disbursement of possible 

numbers that existed with ages greater than thirty. The demographic instrument was 

adjusted to request subjects provide age in years rather than via ranges. 

A final point of confusion with demographic information solicitation concerned 

GP A. Students at Oklahoma State University receive several differently computed GP As. 

While the GP A a subject had earned toward matriculation was expected, the type of GP A 

each subject reported was uncertain. The alternatives included the GP A a subject 

expected to earn during the current semester, the GPA earned in a major field of study, 

and upper division GP A. The demographic instrument was adjusted to provided exact 

instruction as to the GP A requested. In addition, GP A was solicited as a number rather 

than a range. 

The final session served several purposes. In this session, posttest data was 

received, data for manipulation checks were provided, and debriefing was performed. 

Another problem was discovered with this final session of the pilot study, manipulation 

checks were not sensitive enough to be useful. The following changes were made and 

used in the actual study. (1) "The project was a good learning experience" was changed 

to " My knowledge of internal controls improved because of this project." (2) The length 

of time was changed from five to four weeks on one question. (3) "My ability to 
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recognize similarities among internal controls improved through this project" was added. 

( 4) "Projects like this should become a part of every accounting course" was changed to 

"I believe all accounting courses should require projects that use the computer." And (5) 

"I tried as hard as I could to gain knowledge from this project" was added. 

Experimental Study 

The experiment that provided data for analysis involved four sessions spanning a 

four-week period with one session held each week. No information existed to suggest an 

optimal number of experimental repetitions, and scheduling constraints made a shorter 

period necessary. The experiment was replicated with groups in each of three 

consecutive semesters. 

The first session served as an orientation session as well as the collection period 

for demographic and pretest data. During the first session, each subject provided 

demographic information through a computerized interface. Further, each subject was 

tested on his/her knowledge of internal controls by his/her responses to a series of 

questions. These questions were designed to measure the subjects' ability to recall 

control levels and :functional characteristics, to recognize similarities and differences 

among controls, and to accurately assess the adequacy of controls in five different internal 

control scenarios. In addition, a measure of problem-solving speed was recorded based 

upon the five internal control scenarios. The results of the pretest data served as a base

line for subsequent learning. 

Sessions two and three served as the experimental sessions in which subjects were 
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randomly assigned to one of four treatment groups (i.e., one of the four IDAs). During 

each of the two experimental sessions, subjects were presented with eight different (i.e., 

16 in total) scenarios. Subjects were asked to respond to 22 questions within each 

scenario. The responses to these questions provided the IDA with the input necessary for 

the system to evaluate the adequacy of the internal control structure for each scenario. 

Subjects were then asked to request the IDAs' evaluations and to read those evaluations 

along with the rules the system evoked. 

. In addition to the systems' evaluations of control adequacy, all subjects received 

cues concerning the level and :functional characteristic of each internal control. Further, 

all subjects, except those in the control group, received prompts designed to stimulate 

abstraction and/or goal structuring. The nature of these cues and prompts will be 

explored in a subsequent section. 

To increase the chance that subjects would complete each scenario, fully respond 

to all questions, attend to the cues, and respond to the prompts, several steps were taken. 

The responses to each scenario were recorded on individual diskettes. The system was 

coded to ensure that each of the 22 questions concerning each scenario had been 

answered before a subject could advance to a new screen and start a new scenario. The 

software was written so that subjects had to respond to each question sequentially. For 

example, if the first question was left blank and a subject attempted to respond to the 

second question, a message box appeared saying, "You must respond to Question #1 

before you may proceed," and the answer to the second question was rejected. Cues and 

prompts were presented in message boxes that were cleared only by clicking an OK 
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button. While this last measure did not guarantee subject attention to the content of the 

message box, it did at least require the subject to look at the message box. In addition, 

the experimenter roamed the classroom during all sessions. 

The final session served as a posttest and debriefing session. As with the first 

session, subjects were presented with questions designed to measure their ability to recall 

control levels and functional characteristics, to recognize similarities and differences 

among controls, and to accurately assess the adequacy of controls in five different internal 

control scenarios. A measure of problem-solving speed was recorded. The posttest data 

reflected the results of subject responses without the aid of an IDA and served as a 

measure oflearning. Finally, a set of questions to illicit subject feedback was presented. 

Appendix A contains simulations of each of the interface screens used during the pretest, 

experimental, and posttest sessions. 

Incentives and Motivation 

Subjects in this pilot test were motivated to participate in two ways - via class 

credit and through a monetary incentive. Providing class credit for participation was not 

considered to be an adequate means of motivating subjects to perform at their highest 

level. In the workplace, such a level of performance is stimulated through monetary 

incentives. Bolle (1990), recognized that the monetary incentives offered in many studies 

seemed unrealistically low and limited expected subject motivation and experimental 

abstraction. Bolle utilized a lottery system wherein one subject received the entire 

budgeted experimental remuneration. Bolle found, that while the expected value of the 
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remuneration was equal to a low payoff, subjects were more inclined to participate given 

one chance to win a substantial amount. Bolle's premise was incorporated into the 

incentive structure of the pilot study. Subjects were informed that one person from each 

of the four experimental groups would win $100 based on his/her responses throughout 

the experiment. Subjects were not told which responses would be considered but that 

their best efforts throughout the experiment should be provided. 

While a monetary incentive might be helpful in stimulating a higher level of 

participation, one could not be offered for the actual experiment. The experimenter was 

also the instructor of the classes from which subjects were drawn. Because of this duel 

status, a monetary incentive was not offered. Discussion with University of Nevada, Las 

Vegas officials yielded a concern that a monetary incentive could compromise the 

appearance of the instructor's objectivity. Instead, only class credit was offered to 

subjects in the actual experiment. Therefore, an incentive to earn up to 50 points 

(approximately 8.3% of the total available points) was the only participation incentive. 

All subjects were aware that they were being observed, the experimenter could 

visually ascertain that some degree of attention was being paid to the task, and subject 

questions could be asked and answered. In addition, subjects were informed that the 

credit to be received for participation would be based upon responses that were recorded 

throughout the experiment, to earn full credit, a subject needed to do his/her best on all 

parts of the experiment. 
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Predictions and Models 

Declarative-stage knowledge, as measured by accuracy in rule recall, was 

expected to increase for all subjects through IDA interaction. Further, the treatment 

effects stated below should not have affected any of the experiment groups' abilities to 

recall. The model used to evaluate this prediction is: 

Recall2ijk = µ + ~(Recalllijk - Recalll ) + ABSi + GSj + ABSi x GSj + Eijk 

where: 

Recall2ijk = The posttest recall score for the kth observation (k = 1 .. n) on 
the ith abstraction treatment (i = 1 or 2) and the jth goal 
structuring treatment (j = I or 2). 

µ = The effect common to the whole experiment. 

~ = The slope coefficient between Recall2 and Recalll over all data. 

Recalllijk - Recalll = The adjustment for covariation between the pretest 
measure and the treatment. 

ABSi = The effect of the ith treatment (i = 1 or 2) - whether abstraction is 
introduced or not. 

GSj = The effect of the jth treatment (j = I or 2) - whether goal 
structuring is introduced or not. 

Eijk = The random error present in the kth observation on the ith andjth 
treatments. 

This model is an analysis of covariance. The reasoning for using an analysis of covariance 

as opposed to an analysis of variance is discussed in detail in the next chapter. A simple 

explanation of the model is provided here. Recall2 is the posttest recall score for each 

subject. The model implies that the value for each posttest score is dependent upon each 

subject's pretest score (Recalll) - adjusted for the average pretest Recall score for all 

subjects -- and group assignment (i.e., the group receiving abstraction prompts, goal 

structuring prompts, neither, or both). Group assignment is captured by ABS (presence 

or absence of abstraction prompts), GS (presence or absence of goal structuring prompts) 
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and the interaction of ABS and GS. 

The procedural-stage activities of abstraction and goal structuring were also 

considered here. In this experiment, abstraction was presented at two levels: present and 

absent, as was goal structuring. These optimization techniques were predicted to 

enhance cognitive skill acquisition. Cognitive skill acquisition could be measured by the 

global variables of control accuracy score and speed. Based on theoretical predictions, 

abstraction should be positively correlated with match score and goal structuring should 

be positively correlated with change score. 

The multivariate and univariate models employed in the analysis of these 

predictions were as follow: A multivariate model that evaluated whether abstraction or 

goal structuring or a combination of the two affected a subject's ability to accurately 

recall the level and/or characteristic of a control, match similar controls, find the effect of 

a change in controls, assess the adequacy of internal controls in a payroll environment, 

and the speed at which a subject completes the control assessment tasks is stated as: 
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RecaWMatch/Cbange/Scenario/Speed = xp + Zu+ E 

where: 

Recall/Match/Change/Scenario/Speed= An 155 x 6 matrix of 
the ten internal control level response totals, ten internal 
control characteristic response totals, ten match response 
totals, ten change response totals, five scenario scores and 
speed measure, all taken at the posttest for each subject. 

X = An 155 x 4 identity matrix. 

P = A 4 x 6 matrix designating the experimental treatment by 
which each of the 6 response measures were influenced. 
There are two levels of each treatment: (2 x 2 = 4). 

xp = The treatment partition of variance. 

Z = Ann x 6 matrix of the six pretest response measures of each 
subject. 

u = 6 x 6 matrix having the slope coefficients ( U1 to u5) on the 
diagonal and zeros elsewhere. 

zu = The covariant partition of variance. 

E = An 155 x 6 matrix of the error. The transpose of each 6 x 1 
row of E has a 6 x 6 covariant matrix. 

This model represents an analysis of covariance with multiple dependent variables and is 

stated using the matrices that are employed in the analysis. The six dependent variables 

are the posttest measures of recall (both the level and characteristic of an internal 

control), match, change, control accuracy, and speed. Each of these dependent variables 

is assumed to be reflective of both an individual's six pretest scores and the individual's 

group assignment. 

The univariate models to assess the effects of abstraction and/or goal structuring 

on the ability to match similar controls, distinguish the effect of control changes, and 

assess control accuracy score are: 
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Match2ijk = µ + ~(Matchl ijk - Matchl ) + AB Si+ GSj + AB Six GSj + Eijk 

where: 

Match2ijk = The match score for the kth observation (k = 1 .. n) on the ith 
abstraction treatment (i = 1 or 2) and thejth discrimination 
treatment (j = 1 or 2). 

µ = The effect common to the whole experiment. 

~ = The slope coefficient between the pretest and posttest Match Score 
over all data. 

Matchl jk - Matchl = The adjustment for covariation between the pretest 
measure and the treatment. 

ABSi = The effect of the ith treatment (i = 1 or 2) - whether abstraction is 
introduced or not. 

GSj = The effect ofthejth treatment (j = 1 or 2) - whether goal 
structuring is introduced or not. 

Eijk = The random error present in the kth observation on the ith andjth 
treatments. 

This model is also an analysis of covariance (ANCOV A) and the remarks made for the 

previous ANCOVA pertain here as well. Instead of Recall, however, this model implies 

that the posttest Match Score (Match2) is dependent upon both the pretest Match Score 

(Matchl) (adjusted for the average of all pretest Match Scores) and an individual's group 

assignment. The groups provided with abstraction prompts were expected to earn higher 

average Match Scores than the groups not receiving abstraction prompts. 
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Change2ijk = µ + P(Changelijk - Changel) + ABSi+ GSj + ABSi x GSj + Eijk 

where: 

Change2ijk = The change score for the kth observation (k = 1 .. n) on the 
ith abstraction treatment (i = 1 or 2) and the jth discrimination 
treatment (j = 1 or 2). 

µ = The effect common to the whole experiment. 

p = The slope coefficient between the pretest and posttest Change Score 
over all data. 

Change 1 jk - Change 1 = The adjustment for covariation between the pretest 
measure and the treatment. 

ABSi = The effect of the ith treatment (i = 1 or 2) - whether abstraction is 
introduced or not. 

GSj = The effect ofthejth treatment (j = 1 or 2) - whether goal 
structuring is introduced o:r not. 

Eijk = The random error present in the kth observation on the ith andjth 
treatments. 

This model is also an ANCOVA that implies an individual's posttest Change Score 

(Change2) is dependent upon his/her pretest Change Score (Changel) adjusted for the 

average pretest Change Score and the individual's group assignment. The groups 

receiving goal structuring prompts were expected to earn higher average change scores 

than the other groups. 
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Control Accuracy Score2ijk = µ + P(Control Accuracy Scorelijk - Control Accuracy 
Score 1 ) + AB Si+ GSi + AB Si x GSi + Eijk 

where: 

Control Accuracy Score2ijk = The control accuracy score for the kth 
· observation (k = 1 .. n) on the ith abstraction treatment (i = 1 or 

2) and thejth discrimination treatment (j = 1 or 2). 

µ = The effect common to the whole experiment. 

P = The slope coefficient between the pretest and posttest Control 
Accuracy Score over all data. 

Control Accuracy Scoreljk - Control Accuracy Scorel = The adjustment 
for covariation between the pretest measure and the treatment. 

ABSi = The effect of the ith treatment (i = 1 or 2) - whether abstraction is 
introduced or not. 

GSi = The effect of the jth treatment (j = 1 or 2) - whether goal 
structuring is introduced or not. 

Eijk = The random error present in the kth observation on the ith andjth 
treatments. 

This ANCOVA implies a relationship similar to the previous ANCOVA's. Here, the 

posttest Control Accuracy Score (Control Accuracy Score2) is dependent upon the 

pretest Control Accuracy Score and group assignment. The groups receiving abstraction 

and/or goal structuring prompts were expected to earn higher average control accuracy 

scores than the control group. Further, the group receiving both types of prompts were 

expected to earn higher average control accuracy scores than any of the other groups. 
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The model used to assess the effects of abstraction and/or goal structuring on 

speed is: 

Speed2ijk = µ + p (Speedlijk - Speedl ) + ABSi + GSj + ABSi x GSj + Eijk 

where: 

Speed2ijk = The average time for the kth observation (k = 1 .. n) on the ith 
abstraction treatment (i = 1 or 2) and thejth goal structuring 
treatment (k= 1 or 2). 

µ = The effect common to the whole experiment. 

P = The slope coefficient between Speedl and Speed2 over all data. 

Speedlijk - Speedl = The adjustment for covariation between the pretest 
measure and the treatment. 

ABSi = The effect of the ith treatment (i = 1 or 2) - whether abstraction is 
introduced or not. 

GSj = The effect of the jth treatment (j = 1 or 2) - whether goal 
structuring is introduced or not. 

Eijk = The random error present in the kth observation on the ith and jth 
treatments. 

This model captures the effects of both the pretest measure of problem-solving speed 

(Speedl) and group assignment on the posttest measure of problem-solving speed 

(Speed2). The group receiving both abstraction and goal structuring prompts were 

expected to have a significantly lower problem-solving speed at posttest than the other 

groups. 

Summary 

To test the effects of explanations, abstraction, and goal structuring, 155 subjects 

used one of four different IDAs over a two-week period. Prior to IDA use and after IDA 

use, measures were taken of subject ability to recall the levels and functional 

characteristics of several internal controls. In addition, measures were taken for subject 
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ability to find similarities and differences among internal controls, ability to accurately 

access internal control adequacy, and problem-solving speed. The decision aids 

introduced prompts that provided descriptive information about specific internal controls, 

requested subjects to consider similarities among internal controls, and requested specific 

changes to an internal control scenario. Because explanations, abstraction, and goal 

structuring are all theorized to be instrumental in the demonstration of a cognitive skill, 

the prompts provided by the IDAs were expected to cause an increase in the measures 

taken from subjects from pretest to posttest. 

Chapter two highlighted the need to investigate the effects of explanations, 

abstraction, and goal structuring on learning through the use ofIDAs. Chapter three laid 

out the theory that drove the hypotheses concerning the effects of explanations, 

abstraction, and goal structuring on learning through the use ofIDAs. This chapter has 

developed the task, experimental design, and models to be employed to test these 

hypotheses as well as the outcomes predicted. The next chapter will provide the results 

of these tests. 
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CHAPTERV 

RESULTS 

Introduction 

Anderson (1993) asserted that a learner must first accumulate facts about a new 

situation. These facts are stored as chunks in declarative memory and are more likely to 

be recalled as they gain strength. One means of strengthening chunks is to provide the 

learner with explanations about the facts. Prior research has provided mixed results for 

the effects of explanations provided by intelligent decision aids (IDA) on declarative

stage recall. Anderson ( 1993) further suggested that procedural-stage production rules 

could be optimized via abstraction and goal structuring. The advantage of these two 

optimization techniques is that optimized production rules become both more successful 

and less costly. Little can be found in the literature that provides evidence on whether 

an IDA can help the learner optimize production rules. 

The current study presents an examination of the effects of explanations on a 

learner's ability to recall declarative-stage facts. One reason this recall ability is 

important to the learner is that production rules are formed from chunks, and production 

rules are the means by which a learner can demonstrate the acquisition of a cognitive 

skill. While Anderson (1993) claimed that optimization is important, he did not provide 
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any guidance as to whether any of the optimization techniques are internally or 

externally derived. The current study may shed some light on the nature of abstraction 

and goal structuring. Further, the current study examines whether an IDA can be 

devised to help the learner obtain optimized production rules. 

All three mechanisms ( explanations, abstraction, and goal structuring) were used 

in a series of prompts provided to users ofIDAs in the experiment conducted here. 

Explanations concerning the level and characteristic of a number of internal controls 

were provided to 155 subjects. These subjects had the task of determining the adequacy 

of internal controls in a payroll environment and were provided with one of four IDAs to 

help them complete the task. While all subjects received explanation prompts, the total 

group was divided among four different IDAs. One group received prompts designed to 

stimulate both abstraction and goal structuring, one group received prompts for just 

abstraction, one for just goal structuring, and the final group received neither of these 

optimization prompts. Information was collected at pretest and posttest to determine 

whether any of these prompts were effective in promoting learning. This chapter 

presents the results of this examination. 

Multiple- and univariate-analysis of covariance models were computed for each 

of the dependent variables (recall- of the level or characteristic of an internal control, 

match score, change score, control accuracy score, and problem-solving speed). These 

models provided statistical tests for the hypotheses generated in chapter three. The 

multiple analysis of covariance (MANCOV As) provides an indication of overall 

significance. That is, whether explanations, abstraction, and/or goal structuring 
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significantly affected at least one of the dependent variables. Only marginal 

multivariate significance was found. Subsequent univariate analysis of covariance 

(ANCOV A), however, revealed no significant effect of explanations on recall, and 

abstraction and/or goal structuring on the match score, change score, control accuracy 

score, or speed. 

The overall lack of significant findings requires a more in-depth examination of 

the results of the experiment described in the previous chapter. This examination shall 

explore the statistical tests employed, the results of the analysis, and the relationship of 

these results to the specific hypothesis tested. In addition, discussion of the findings and 

subsequent analysis is presented. 

Statistical Tests 

This section will proceed as follows: First, the multivariate procedure will be 

presented and then the results of univariate tests will be examined. The univariate tests 

include ANCOV As for recall ability, the ability to find similarities among internal 

controls, the ability to determine the effects of differing internal controls, the ability to 

accurately assess internal control adequacy, and the speed at which ,control adequacy 

assessments were made. 

Six pretest and posttest measures were obtained for each subject in this 

experiment. These measures included each subject's ability to correctly recall internal 

control levels and functional characteristics, his/her ability to match similar controls, 

his/her ability to determine the effect a change might have on assessment of control 
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accuracy, his/her ability to correctly assess the adequacy of internal controls, and how 

quickly he/she made that assessment. An increase of any of these measures from pretest 

to posttest represents an indication oflearning. As a control for potential differences in 

the treatment groups, an analysis of covariance was performed. Such an analysis treated 

the pretest scores as a covariant with the treatment. Cook and Campbell (1979) and 

Hicks (1993) both suggested a preference for MANCOVA over MANOVA when each 

subject is measured at pretest and posttest. The advantage of using this technique is that 

one is not limited to running an experiment on only those pupils who have 

approximately the same pretest scores or matching pupils with the same pretest scores 

and randomly assigning them to control and experimental groups. Covariance analysis 

has the effect of providing 'handicaps' as if each student had the same pretest scores 

while actually letting the pretest scores vary along with the gains (Hicks, p. 388). 

Steel and Torrie (1980) suggest that MANCOVA is appropriate when the 

observed variation in the dependent variable is partly attnbutable to variation in an 

independent variable. "The use of covariance removes, by regression, certain effects 

that cannot be or have not been controlled effectively by experimental design" (Steel and 

Torrie, 1980, p. 402). 

The strongest approach for analyzing related multiple dependent variables was to 

conduct one test that encompassed all the dependent variables (Stevens, 1996). A 

univariate assessment with a.= 0.05 yields a 0.05 probability of failing to reject a 

spurious result. Conducting the same univariate test six times for the variables used 

here would have produced a Bonferonni a. ~ 0.30 (i.e., a 0.30 probability of rejecting a 
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true hypothesis1.) One method of controlling alpha when several dependent variables 

are present is to conduct one analysis that involves all the dependent variables. If that 

analysis proves to be significant at the a. = 0.05 level, then it can be implied that 

significance exists for at least one of the dependent variables and the researcher can 

examine each dependent variable univariately to determine which variable(s) is 

significant without losing control of the tests. This study examined six measures of 

learning (i.e., six dependent variables). 

As Table I -- in the previous chapter -- indicated, cell sizes for analyses were not 

equal. Thirty nine subjects were assigned to three of the experimental groups and only 

38 were assigned to the fourth. Therefore, all analysis of covariance were conducted 

using the General Linear Models procedure in SAS version 6.122• This procedure uses 

the harmonic mean rather than the arithmetic mean for analyses. 

TheMANCOVA 

Hair et al. (1995, p 274) provided the following framework for a multivariate 

analysis of covariance .. Multivariate analysis of covariance (MANCOV A) is a simple 

extension of the principles of AN COVA to multivariate analysis; that is, MANCOV A 

can be viewed as MANOVA of the regression residuals (i.e., variance in the dependent 

variables not explained by the covariates.) Two-step analyses were performed. A 

1 A Bonferonni inequality is approximated by the number of dependent variables times 
alpha. Here a.= 0.05 and there are six dependent variables. 

2SAS is a registered trademark of SAS Institute, Inc., Cary, NY. 
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multiple regression, in which each of the six pretest measures were regressed on the six 

posttest measures and the six posttest residuals of this regression were outputted. Then a 

MANOV A using these residuals as dependent variables and the treatment factors as 

independent variables provided statistics for analysis. This model was developed in the 

previous chapter and is stated here in two parts, the first represents the regression model 

and the second the MANOV A model. 

Y = XI} + Za + s (The Regression Model) 
where: 
Y = an 155 x 6 matrix ofposttest control adequacy scores. 
X = an 155 x 4 design matrix. 
fl = a 4 x 6 matrix defining each subject's treatment group by which the posttest 

scores were influenced. 
Z == an 155 x 6 matrix of the 6 pretest scores for each subject. 
a = a 6 x 6 matrix with the slope coefficients for the pretest scores on the 

diagonal and zeros elsewhere. 
s = an 155 x 6 matrix of error. 

R = XI} + s (The MANOV A) 
where: 
R = an 155 x 6 matrix of the residuals for each of the 46 posttest measures. 
X = an 155 x 4 design matrix. 
fl = a 4 x 6 matrix defining the treatment group by which the posttest scores were 

influenced. 
s = an 155 x 6 matrix of error. 

Wilks' 11. is a measure of the effect the independent variables had on the 

dependent variables. The Wilks' 11. F-statistic was 0.941768 with a p-value of0.11 and 

is, at best, only marginally significant. Nonetheless, given the complexity of the model, 

it was assumed that the marginal significance found in this MANCOV A was sufficient 

to warrant examination of the univariate tests directed specifically at each of the 

hypotheses. The following are MANCOVA assumptions (Stevens, 1996): 
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1. The observations are independent. 
2. The observations on the dependent variables follow a multivariate normal 

distribution. 
3. The population covariance matrices for the six dependent variables are 

equal. 

A lack of independence among observations can result from a group setting where an 

entire group is affected by common experiences. These experiences can include but are 

not limited to confusing instructions and room noise. Hair et al. (1995) suggest 

employing a form of covariant analysis to account for dependence. The above analysis 

was an analysis of covariance. 

Hair et al. (1995) and Stevens (1996) state that a test for multivariate normality 

does not exist. Moreover, both authors suggest that violations of this assumption are 

inconsequential when, as with ANOV A, a sample size exceeds 30. Accordingly, no 

tests of normality were conducted. 

The final assumption, homogeneity of covariance matrices, was tested via a Chi

square analysis. Test results of Chi-square= 73.3012 and p-value = 0.1760 support a 

conclusion that the population variances for the groups may be considered to be 

approximately equal. Hair et al. (1995) and Stevens (1996) also note that MANCOVA 

is conditionally robust to this assumption. If group sizes are equal or approximately 

equal, the condition for robustness is met. Approximately equal groups are those where 

the largest is not more that 1.5 times the smallest. In this study, the largest group size 

was 39 and the smallest group size was 38. 
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The ability to retrieve declarative-memory chunks (Recall) is a foundation of 

learning. Recall was operationalized as the subjects' ability to correctly determine both 

the level (prevention, detection, or correction) and characteristic ( access, accounting 

records, authorization, separation of function, or independent verification) of a given 

internal control. Subjects were given ten internal controls and asked, for each control, to 

provide the control's functional level and characteristic. For example, the first control 

element was ''using an internal auditor to investigate payroll complaints." The level 

choices were: Prevention, Detection, and Correction. The functional characteristic 

choices were : Access, Accounting Records, Authorization, Independent Verification, 

and Separation of Function. The correct responses were Independent Verification and 

Correction (a replication of the computer interface is provided in Appendix A). The 

Visual Basic program was coded to collect the total number of correct responses. This 

total ranged from a possibility of zero to 20. The recall exercise was presented at pretest 

and posttest. 

The first two hypotheses concerned the effects of explanatory prompting on 

recall and are restated as: 

H1: There will be no difference in the ability to retrieve declarative chunks before 
and after activities designed to increase chunk strength. 

H2 : There will be no difference in declarative chunk retrieval ability between groups 
of individuals engaging in identical strengthening activities. 

The first hypothesis, in the alternate form, predicted that recall scores would 

increase from pretest to posttest. The second hypothesis, in null form predicted there 
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would be no difference in posttest recall scores due to group assignment. Table IV 

presents the pretest and posttest mean recall scores for each group. Table V presents the 

means and the results of a T-test of differences between the means. 

Pretest Recall Scores 
Posttest Recall Scores 

Variable 
Pretest Recall 
Scores 

Posttest Recall 
Scores 

Paired Difference 

TABLEIV 

GROUP RECALL MEANS 

Group 1 · Group 2 Group 3 
16.2307 15.5385 15.1538 
14.9744 15.2308 15.3077 

TABLEV 

RECALL MEANS AND T-SCORE 

Mean Std Dev Std Error T-Score 

15.8129 2.1405 0.1719 

15.2258 2.2808 0.1832 
-0.5871 2.1435 0.1722 -3.4100 

Group 4 
16.3421 
15.3947 

p-value 

0.0008 

For two groups, group one and group two, average recall scores actually 

decreased from pretest to posttest while groups three and four showed an increase. 

Table V reveals pretest and posttest recall means and their differences for all subjects. 

These results indicate that recall scores decreased, on average, 0.5871 from pretest to 

posttest and that this decrease was significant. However, this was a one-tailed T-test 

with a predicted positive value. Therefore, the p-value must be reversed for correct 

interpretation (i.e. p-value = 1.0 - 0.0008 = 0.9992). The conclusion is that the message 

boxes (explanations) were not an effective method of helping all subjects recall control 
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characteristics and the level of these controls. Results of an analysis of covariance for 

recall scores are presented in Table VI. The assumptions for ANCOVA (as stated in 

the previous chapter) were met for this examination. 

TABLE VI 

ANCOVAFORRECALLSCORES 

Source DF Type I SS Type IMS F-Value p-value Levene's 
p-value 

Recall Pretest 1 226.2539 226.2539 61.15 0.0001 
Abstraction 1 0.0428 0.0428 0.01 0.9145 
Goal structuring 1 2.2242 2.2242 1.14 0.2870 
Abstraction x Goal structuring 1 15.6151 15.6151 4.22 0.0417 0.7693 
R2 = 0.307249 

As Table VI indicates, there is a significant difference (p = 0.0417) in the mean 

posttest recall scores for at least one of the experimental groups. Specifically, the mean 

posttest recall score for group four (the group receiving prompts for abstraction and goal 

structuring) was significantly higher than the mean posttest recall score for group one 

(the group that did not receive any abstraction or goal structuring prompts). The 

predicted outcomes for both hypotheses one and two did not occur. The explanations 

provided did not help all subjects to recall better (fail to reject hypothesis one) and there 

was a difference in average recall scores based on group assignment (reject hypothesis 

two). Two possible explanations exist. The first is based upon the fact that the group 

receiving both abstraction and goal structuring prompts outperformed the other groups 

in their ability to recall declarative facts. Declarative facts form the basis for production 

rules that the optimization techniques seek to improve. The extra drilling on these 
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production rules encouraged by the abstraction and goal structuring prompts may have 

helped subjects strengthen the chunks in which the declarative facts reside. A second 

possible explanation is that all subjects, on average, ignored the explanations provided. 

Only the procedural-stage prompts were attended to, prompts that the poorest 

performing group (group one) did not receive. 

In light of the mixed results for the effect of explanations found in prior work, 

some discussion is in order. The effect of explanations has been tested on a set of 

variables that forms a continuum from declarative-stage measures to procedural-stage 

variables. Murphy (1990) employed a declarative-stage variable and found that his 

explanations were not effective. Steinhart and Accola (1994) found that the type of 

explanation did not matter. Odom and Dorr (1995) found that explanations which were 

accompanied by examples had an interactive effect with placement on declarative-stage 

knowledge. Explanations alone had no effect. Pei et al. (1994) found a positive effect 

for explanations on their declarative-stage variable. Eining (1988) and Eining and Dorr 

( 1991) found no effect for explanations on procedural-stage variables. 

Murphy (1990) and Steinhart and Accola (1994) had findings that differed from 

the other researchers who investigated the effect of explanations on declarative-stage 

knowledge. However, IDA users who received explanations in Murphy (1990) had a 

higher, but not significantly higher, average score on his declarative-stage measure than 

did IDA users who did not receive explanations. Steinhart and Accola (1994) found 

their simple explanation was just as effective as a more complex one. The findings here 

fail to support these other findings. 
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Anderson (1993) established a connection between explanations and declarative

stage knowledge. Because Eining (1988) and Eining and Dorr (1991) looked for a 

procedural-stage relationship, their lack of significant findings actually support 

Anderson's (1993) theory. 

The present study found that explanations did not cause increased recall scores 

for all subjects. This study also found that when both abstraction and goal structuring 

prompts were combined with explanations, higher recall scores did result. These 

findings lend support to the findings of Odom and Dorr (1995). Explanations alone do 

not seem to affect declarative-stage learning; instead, a combination of explanations 

with procedural-stage variables is necessary. The preponderance of evidence suggests 

that explanations, even the simple ones used here and in Steinhart and Accola (1994), 

can be beneficial in increasing declarative-stage knowledge, provided other information 

is also given. 

Match Score 

The match score was operationalized as the total number of matching questions 

each subject answered correctly. At both the pretest and the posttest, all subjects were 

presented with a ten-question matching quiz. The intent of the quiz was to find how 

well subjects could identify similarities among rules. Finding similarities is a necessary 

step toward abstraction. 

Subjects were given a control and asked to choose from a list of controls the one 
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control that was most like the given control. For example, one given control was having 

a supervisor approve overtime. The parallel control choices were: "Having payroll post 

earnings to individual accounts," "Having a paymaster distribute paychecks," 

"Comparing the job cards to the time cards," and "Having personnel authorize 

overtime." The correct choice was the last one because both the given control and the 

optimal choice are authorization controls that are designed to prevent errors. 

The experiment program code was written to determine correct responses and to 

tabulate the number of correct answers for each subject. The average pretest and 

posttest scores for each group are presented in Table VII. Group one was the control 

group, group two had abstraction prompts, group three had goal structuring prompts, and 

group four had both types of prompts. 

TABLE VII 

GROUP MATCH SCORE MEANS 

Group 1 Group 2 Group 3 Group4 
Pretest Match Score 5.9488 6.1282 5.2308 6.2105 
Posttest Match Score 6.2308 5.9231 5.3077 6.4211 

By recognizing similarities among internal controls, subjects were matching 

condition-side patterns among production rules. The third hypothesis, which is restated 

here, provided a testing structure for the effects of abstraction on a subject's ability to 

match similar internal controls. 

H3: There will be no difference in pattern-matching abilities between individuals 
who engage in abstraction activities and individuals who do not engage in 
abstraction activities. 
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The third hypothesis, in the alternate form, postulated that the experimental 

groups that received abstraction prompts would outperform the other groups in their 

abilities to determine the correct association among controls. Table VII provides initial 

evidence that the predicted direction of change is not satisfied. The only group to 

decline in average match scores from pretest to posttest was group two - the group 

receiving only abstraction prompts. Further, the average posttest match scores for 

groups one and three - the two groups that did not receive abstraction prompts -

increased. An ANCOV A was performed to test the third hypothesis and the results are 

presented in Table VIII. 

TABLE VIII 

ANCOVA FOR MATCH SCORE 

Source DP Type I SS Type IMS F-Value p-value Levene's 
p-value 

Pretest Match Score 1 36.6657 36.6657 23.09 0.0001 

Abstraction 1 2.2065 2.2065 1.39 0.2403 

Goal structuring I 4.5521 4.5521 2.88 0.0915 

Abstraction x 
Goal structuring 1 0.5953 0.5953 0.37 0.5413 0.5838. 

R2 = 0.156085 

Analysis shows a lack of significance and a failure to reject the null hypothesis 

that no difference exists in the average match scores among the four groups. It was 

predicted that this hypothesis would be rejected, but it seems that the abstraction 

prompts, or lack thereof, actually performed in antithesis of the theorized direction. 
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Change Score 

The change score was operationalized as the total number of questions 

concerning the effect of a change each subject answered correctly. At both the pretest 

and the posttest, all subjects were presented with a ten-question change quiz. The intent 

of this quiz was to find how well subjects could identify the ,change in control adequacy 

resulting from differing rules. Finding differences among rules is a necessary step 

toward goal structuring. 

Subjects were given a control adequacy assessment that resulted from one of 

several control conditions. They were then told that the control condition had changed 

and were asked to determine whether their new control adequacy assessment would 

increase, decrease, or remain the same. For example, if the adequacy of internal controls 

was determined to be high because it was believed that blank checks were tightly 

controlled and then it was determined that those checks were not tightly safeguarded, the 

subjects' new determination of control adequacy should have decreased. 

The experiment program was written to determine correct responses and to 

tabulate the number of correct answers for each subject. The average pretest and 

posttest scores for each group are presented in Table IX. 
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TABLE IX 

GROUP CHANGE SCORE MEANS 

Group 1 Group 2 Group 3 Group4 
Pretest Change Score 5.2821 5.0770 5.3077 5.1842 
Posttest Charu!e Score 6.1026 5.8462 5.9231 5.9474 

Being able to recognize the effects of changes in internal controls is analogous to 

responding to differing outcomes. The theorized relationship between goal structuring 

and recognizing differing internal controls is given in hypothesis five: 

B5: There will be no difference in responding to different outcomes among 
individuals who engage in goal-structuring activities and individuals who do not 
engage in goal structuring activities. 

The fifth hypothesis, in its alternate form, predicted that groups that received 

goal structuring prompts (groups three and four) would have higher average change 

scores than would groups that· did not receive goal structuring prompts. An evaluation 

of the means presented in Table IX shows that on average all groups improved their 

mean change score from pretest to posttest. An ANCOVA was also performed to test 

this hypothesis. Results are presented in Table X. 

Source 

Pretest Change Score 
Abstraction 
Goal structuring 
Abstraction x 

Goal structuring 
R2 = 0.052595 

TABLEX 

ANCOVAFORCHANGESCORE 

DF Type I SS Type IMS F-Value 

1 9.64419 9.64419 7.46 
1 0.32632 0.32632 0.25 
1 0.09697 0.09697 0.08 

1 0.69784 0.69784 0.54 
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p-value Levene's 

p-value 
0.0071 
0.6160 
0.7846 

0.4637 0.0723 



Results of this ANCOVA show that while all groups increased their average 

scores on the change quiz from pretest to posttest, the change was not significantly 

different between any of the groups. The only conclusion that may be drawn here is that 

the use of the IDA was sufficient to increase all subject's abilities (on average) to 

recognize the effects of differing internal controls on their evaluation of internal 

controls. The prompts provided to stimulate improvement did not seem to make a 

difference in this measure. 

The fourth and sixth hypotheses predicted the effects of abstraction and goal 

structuring on the global learning measure in this experiment. These hypotheses are 

restated here: 

R.: There will be no difference in cognitive skill demonstration between individuals 
who engage in abstraction activities and individuals who do not engage in 
abstraction activities. 

lit;: There will be no difference in cognitive skill demonstration between individuals 
who engage in goal-structuring activities and individuals who do not engage in 
goal-structuring activities; 

Hypothesis four predicts, in the alternate form, that the groups provided with abstraction 

prompts (groups two and four) would earn higher average control accuracy scores than 

would groups not receiving these prompts. The sixth hypothesis predicts, in the 

alternate form, that the groups provided with goal structuring prompts (groups three and 

four) would earn higher average control accuracy scores than groups not receiving these 

prompts. Table XI provides the average control accuracy posttest scores for each group 

along with the significance of the paired comparisons made between all groups. The 

group means along with any significant differences may be used to assess the predictions 
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made in hypotheses four and six. 

TABLE XI 

PAIRWISE COMPARISONS (LSD P-V ALUES) OF CONTROL ACCURACY SCORE 
MEANS 

Group 1 Group2 Group3 Group4 
Posttest Control 
Accuracy Score Means 3.63936400 3.35006843 3.51840316 3.42616874 
Group 1 ..... 0.2304 0.2300 0.3793 
Group 2 0.2304 ..... 0.4850 0.7534 
Group 3 0.6154 0.4850· ..... 0.7035 
Group4 0.3793 0.7534 0.7035 ..... 

The first finding of note from this analysis is that the group which received none 

of the prompts thought to increase learning- group one-had the highest average 

control accuracy score. The second point of note is that none of the pairwise 

comparisons were significant. While group one had the higher average score, this 

average was not significantly higher than any of the other scores. An ANCOV A was run 

on control accuracy scores. Results of this ANCOV A, which are presented in Table XII, 

show no significance for abstraction and/or goal structuring on control accuracy scores. 

The conclusion is that neither abstraction nor goal structuring prompts were significantly 

helpful and hypotheses four and six cannot be rejected. 
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Source 

Pretest Control 
Accuracy Score 

Abstraction 

Goal structuring 

TABLE XII 

ANCOVAFORCONTROLACCURACYSCORE 

DF Type I SS Type IMS F-Value p-value 

1 12.164497 12.164497 10.81 0.0013 

1 1.415930 1.415930 1.26 0.2637 

1 0.02059 0.02059 0.02 0.8926 

Abstraction x Goal 1 0.37613 0.37613 .0.33 0.5640 
structuring 

R2 = 0.076499 

Control Accuracy Score 

Levene's 
p-value 

0.4016 

A pretest and posttest measure of how well subjects could evaluate the overall 

adequacy of internal controls in a payroll environment was taken for each subject. The 

task of the IDAs employed here was to evaluate control adequacy. The goal of the 

experiment was to determine whether subjects could better evaluate control adequacy 

after IDA use than before IDA use. Control adequacy assessment is the overall measure 

oflearning via IDA usage. 

Subjects were provided with a partial organizational chart and five control 

scenarios for a hypothetical company. For each scenario, subjects were required to 

respond to 22 questions concerning the absence or presence of several internal controls. 

Responses were made via computerized instrument. After entering the value for each 

control, subjects were asked to provide their evaluation of the adequacy of the controls 

in the scenario. Possible levels of evaluations were high, moderate, and low. Janell and 
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Wright (1991) found that large CPA firms use a non-quantitative approach to the 

assessment of control risk. To make this experiment as generalizable as possible, the 

non-quantitative approach of practice was adopted. 

Program code was written to capture subject responses for each of the scenarios. 

Scoring involved a two-fold process. First, each of the five scenarios were evaluated by 

the IDA designed for this experiment. The response files were then opened and scored 

manually by comparing the subject's response to the IDA evaluation. The subjects 

received one point for each response that matched the IDA evaluation. Possible control 

accuracy scores ranged from zero to five. 

Hypothesis seven predicts the joint effects of abstraction and goal structuring 

prompts on control accuracy scores. 

H7: Difference in cognitive skill performance for both levels of abstraction is 
consistent over all levels of goal structuring. 

Mean control accuracy scores for the four experimental groups were presented in Table 

XI. Results of an ANCOV A for control accuracy scores were presented in Table XII. 

In order to reject hypothesis seven, there had to be a significant interactive effect 

of abstraction and goal structuring on the control accuracy posttest score. Results of the 

ANCOVA (at the 0.5604 level) show this is not the case. Taken together with the group 

means, results of this ANCOV A suggest that the combined effects of abstraction and 

goal structuring do not produce a higher measure of learning. 

The final hypothesis concerned an increase in speed solution time for the group 
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that received both abstraction and goal structuring prompts. 

H 8: Difference in problem-solving speed for both levels of abstraction is consistent 
over all lt:vels of goal structuring. 

The time it took each subject to make the five assessments of control adequacy 

( described above) was recorded at the pretest and posttest. The average pretest and 

posttest solution times are presented in Table XIII. Table XIV contains the results for an 

ANCOV A performed on problem-solving speed. 

TABLE XIII 

GROUP PROBLEM-SOL YING SPEED MEANS (in minut~s) . 

Pretest Problem-Sol · 
Posttest Problem-Sol · 

Source DF 

Pretest Speed 1 
Abstraction 1 
Goal structuring 1 
Abstraction x 
Goal structuring 1 
R2 = 0.122866 

Grou 1 Grou 2 
19.91564 18.93488 
13.67615 13.69795 

TABLE XIV 

ANCOVA FOR SPEED 

Type I SS Type IMS F-Value 

318.61242 318.61242 20.22 
1.94639 1.94639 0.12 
9.43070 9.43070 0.60 

1.14819 1.14819 0.07 

Grou 3 Grou 4 
18.59538 18.37395 
13.83000 13.80368 

p-value Levene's 
p-value 

0.0007 
0.7258 
0.4404 

0.7876 0.7078 

Two points result from analysis of problem-solving speed. The first is that all 

subjects, on average increased the speed in which they were able to evaluate the 

adequacy of internal controls. Whether this speed up is a result of learning as suggested 

by Anderson (1993 ), a result of greater familiarity with the task at hand, or a 
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combination of both is not known. The second point resulting from this analysis is that 

the joint effect of abstraction and goal structuring does not produce a lesser average 

problem-solving speed than the absence of these two factors. 

Discussion of the Findings 

Anderson (1993) theorized that declarative-stage learning entailed the acquisition 

of facts, examples, and analogies and the storage of these in declarative memory chunks. 

Recall of a fact or a step in an example or analogy was dependent upon the relative 

strength associated with the memory chunk in which the fact or step is stored. The 

relative strength of a chunk could be increased by increasing the number of times it has 

been recalled in the past. One successful method used to strengthen a chunk was to 

provide the learner with explanations or elaborations about that chunk. Consistent with 

the theory, the current study provided subjects with explanations. These explanations 

were given in the form of prompts provided by an IDA. 

Anderson (1993) also theorized that procedural-stage learning entailed the 

acquisition of production rules that were optimized. Two optimization techniques were 

abstraction and goal structuring. Abstraction is a process of finding similarities among 

the condition sides of several production rules and then forming one generalized 

condition for all these production rules. Goal structuring, on the other hand, requires the 

learner differentiate actions among several production rules with similar conditions. The 

current study provided subjects with decision aid prompts ( abstraction and goal 

structuring) that were intended to help optimize production rules. Optimized production 
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rules are theorized to be more successfully retrievable and less costly for eventual 

problem solving. 

Results of the study conducted here failed to support Anderson's (1993) theory. 

This section will first summarize the hypotheses, state the predicted direction of the tests 

of these hypotheses, and present the outcomes of the tests of the hypotheses. Next, this 

section will present three possible explanations for the unexpected results produced. 

Finally, this section will present a direction for subsequent examination oftest results. 

The null hypotheses, alternative predictions and results may be summarized as: 

Null Hypothesis Alternative Prediction Result 

1 Recall Pretest = Recall Posttest Recall Pretest < Recall Posttest Fail to Reject 

2 Recall Posttest will be equal for Recall Posttest will be equal for all Reject 
all groups groups 

3 Match Scores will be equal for Match Scores for Groups 2 and 4 > Fail to Reject 
all groups Match Scores for Groups 1 and 3 

4 Control Accuracy Scores will be Control Accuracy Scores for Groups 2 Fail to Reject 
equal for all groups and 4 > Control Accuracy Scores for 

Groups 1 and 3 

5 Change Scores will be equal for Change Scores for Groups 3 and 4 > Fail to Reject 
all groups . Change Scores for Groups 1 and 2 

6 Control Accuracy Scores will be Control Accuracy Scores for Groups 3 Fail to Reject 
equal for all groups and 4 > Control Accuracy Scores for 

Groups 1 and 2 . 

7 Control Accuracy Scores will be Group 4 Control Accuracy Scores > Fail to Reject 
equal for all groups Control Accuracy Scores for the other 

groups 

8 Problem-solving speed will be Group 4 Problem-solving speed < Fail to Reject 
equal for all groups Problem-solving speed for the other 

groups 

Note that because all groups received identical explanatory prompts, no difference in 

recall ability was expected among the four groups. 

Without exception, the results of the empirical tests for these hypotheses were 
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contrary to the theoretical predictions. Three possible explanations are considered here. 

The first considers the possibility of a mismatch between the knowledge and abilities of 

the subjects and the IDA they used. The second explanation considers the possibility 

that Anderson's (1993) theory is not applicable to learning in an IDA environment. The 

third explanation considers whether the subjects in this study were intentional learners. 

The theory of technology dominance (Arnold and Sutton, 1998) postulates a high 

risk of a negative relationship between good decision-making ability and use of an IDA 

when an expertise mismatch exists between the user and the IDA. In other words, if the 

IDA contains more expertise than the user possesses, decision quality will frequently 

decline as a result of using the decision aid. The question, then, is whether subjects in 

this study were mismatched with the IDA. 

The truest measure of decision quality in this study were the subjects' abilities to 

accurately assess the adequacy of internal controls in a payroll environment (Control 

Accuracy Score). As Table XV indicates, Control Accuracy Scores increased 

significantly from pretest to posttest for each experimental group as well as for subjects 

as a whole. This increase could be indicative of an appropriate match between the ID As 

and the users. It is, however, possible that a confounding effect exists between 

explanations and the two optimization prompts since all groups received identical 

explanatory prompts. The theory of technology dominance then might suggest that a 

match exists for explanatory prompts and users, but perhaps not for the optimization 

prompts and users. 
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TABLE XV 

AVERAGE CONTROL ACCURACY SCORES AND T-TESTS 

All Subjects Group 1 Group2 Group3 Group4 

Pretest Mean 2.91613 2.92308 2.84615 3.00000 2.89474 

Posttest Mean 3.48387 3.64103 3.33333 3.53846 3.42105 

Pretest Std. Dev. 1.1619 1.0609 1.2378 1.0513 1.2901 

Posttest Std. Dev. 1.0892 0.9315 1.2353 1.0723 1.0813 

T-Statistic -7.81 -5.55 -114.22 25.68 -2.52 

p-value 0.0001 0.0001 0.0001 0.0001 0.0104 

Does Anderson's (1993) theory of cognitive skill acquisition apply to a situation 

where learning is expected from interaction with an IDA? Tests of ACT-Rhave been 

undertaken in both a decision aid context and a traditional learning context. While a 

great deal of evidence supports ACT-R in a traditional learning environment, IDA 

studies have not been as successful (see Eining, 1988; Murphy, 1990; Pei and Reneau, 

1990; Eining and Dorr, 1991; Steinhart and Accola, 1994; Pei, et al., 1994; Odom and 

Dorr, 1995; and Hornik and Ruf, 1997). The original Adaptive Character of Thought 

(ACTE) theory was actually designed to be implemented and tested with a computerized 

routine not unlike an IDA. It, therefore, is counterintuitive that ACT-R would lose this 

connection. 

Another explanation for findings that run contrary to theorized predictions lies in 

the instrument itself If the instrument has failed to manipulate abstraction and/or goal 

structuring in a way that subjects were impacted, a lack of theorized results would not be 

unexpected. 
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The type of learner involved in the current study becomes the fourth explanation 

of the results found here. Pressley, et al. (1987), examined intentional and incidental 

learners. Among their findings was the fact that those learners who intend to gain 

expertise will do so at a much higher rate than will individuals who have identical 

exposure but lack an intent to learn. Could the results reported in the previous section 

lack conformity to theoretical predictions because not all the subjects possessed an 

intention to learn? Two facts suggest this may be the case. 

Intent to learn may be driven by motivation to learn. While the results of the 

pilot test are not reported here, those results were more consistent with the theorized 

predictions. One of the differences between the pilot test and the current study involved 

incentives. The pilot study provided a monetary incentive in addition to class credit, the 

current study did not. However, a questionnaire provided during the last session of the 

current study, gives some support to the notion that motivation was lacking for subjects 

in the current study. One question on the survey was: "I should have been given more 

class credit for participation in this experiment." On a scale of O = Strongly Agree to 4 

= Strongly Disagree, the mean response was 2.0455 and the standard deviation was 

1.234. The dispersion of responses here was extreme, indicating strong agreement or 

disagreement with this question. Eighteen percent indicated a desire for more credit. 

All survey questions, means, and standard deviations are provided in Table XVI. The 

interface for this survey is included in Appendix A. While some of the questions were 

reverse scored, all questions will be stated here in a positive form to allow for more 

comparable means. 
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TABLE XVI 

EXIT SURVEY QUESTIONNAIRE MEANS 

Question Standard Mean 
Deviation Response 

The scenarios were easy to read 0.684 0.632260 

My knowledge of internal controls improved via project 0.739 1.000000 

Working with computers does not make me nervous 0.856 0.659065 

I should have received more credit for participation 1.234 2.045161 

The experiment.would have been more beneficial ifit lasted 1.093 2.116129 
longer 

This experiment did not waste my time 0.673 0.741935 

I better understand internal controls 0.666 0.625806 

I better recognize similarities among controls 0.701 1.051613 

The use of scenarios was helpful 0.651 0.935484 

I better recognize differences among controls 0.738 1.083871 

All accounting courses should have projects like this 1.096 1.032258 

Review questions were helpful 0.754 1.096774 

Explanations were helpful 0.791 1.154839 

I did not ignore explanations 1.015 1.526129 

The expert system challenged me 0.818 1.393548 

I want to know more about expert systems 0.810 1.180645 

I tried as hard as I could 0.792 1.058065 

I always accepted system recommendations 0.969 1.541936 

I felt more confident evaluating the scenarios this session 0.853 1.135484 

I better understand how controls work together 0.635 1.000000 

I better understand differences among controls 0.686 1.058065 

Responses for each question and the values for each response were: "Strongly Agree" = 
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O; "Agree"= I; ''Neutral"= 2; ''Disagree"= 3; and "Strongly Disagree"= 4. 

The second indication that some of the subjects might not be intentional learners 

here involves the Recall scores. At pretest, subjects were asked to provide the level and 

characteristic of a number of internal controls. Throughout the experiment subjects 

were given prompts that provided the level and characteristics of these internal controls. 

At posttest subjects were once again asked for level and characteristic responses. Half 

(78 out of 155) of the subjects made a lower score at posttest than at pretest. The only 

explanations for this involve copfusion or lack of effort. If confusion is the explanation, 

then the IDA components were detrimental. However, if some subjects (as they 

indicated in the questionnaire) simply were not motivated to learn, then an examination 

of the more motivated subjects could provide additional insights. 

Post Hoc Analysis 

If subjects in this study may be divided between those who intended to learn and 

those who did not, it is the first group that is of greatest interest. How could intentional 

learners be separated from incidental learners in this study? One way was the criterion 

stated above: intentional learners should have benefited from the control level and 

characteristic prompts. Therefore, intentional learners would not be expected to have a 

lower Recall score at posttest than at pretest. Subjects for this last set of analyses were 

divided by Recall scores. For all subjects the pretest Recall score was subtracted from 

the posttest Recall scores. Those with a negative net score were classified as incidental 

learners. Those with a positive ( or zero) net score were classified as intentional learners. 
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It is the second group that serves as the basis for subsequent analysis. Incidental 

learners totaled 77, intentioi:w learners totaled 78. The tests reported here replicate the 

tests reported earlier. The mean values for intentional learners as a whole and by group 

are presented in Table XVII. 

TABLE XVII 

MEANS FOR INTENTIONAL LEARNERS 

Total Group 1 Group2 Group 3 Group4 

Number 78 14 21 26 17 

Recall Pretest 15.0000 15.2143 14.6190 14.8462 15.5294 

Recall Posttest 16.2051 16.4286 16.0000 16~1538 16.3529 

Match Pretest 5.9487 5.7857 6.2381 5.5385 6.3529 

Match Posttest 6.2692 5.9286 6.0476 6.5000 6.4706 

Change Pretest 5.1667 5.5000 5.3333 5.1538 4.7059 

Change Posttest 5.9231 6.2857 5.8571 5.9231 5.7059 

Control Accuracy 2.8718 2.6429 2.7143 3.0000 3.0589 
Pretest 

Control Accuracy 3.4615 3.8571 3.2857 3.2692 3.6471 
Posttest 

Speed Pretest 18.9365 19.8686 19.1729 18.8646 17.9871 

Speed Posttest 14.1526 13.9536. 14.4338 14.3415 13.6800 

The fact that Recall scores increased from pretest to posttest is a consequence of 

the subject selection criterion. The only thing of consequence to be gained :from these 

scores is that all posttest recall scores, on average, increased ( as opposed to remaining 

constant) and this increase was significant at the 0.01 level. 
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Group two was the only group to receive only abstraction prompts, group two 

was also the only group to decline from pretest to posttest on the measure (match score) 

designed to determine whether abstraction prompts were helpful. The other group 

receiving abstraction prompts showed an insignificant increase in this measure. The 

initial indication here is that abstraction prompts may have actually been a hindrance to 

learning rather than a help. All subjects, on average, increased their scores on change 

recognition from pretest to posttest. This was true even of the groups (groups one and 

two) which did not receive goal structuring prompts. The· consideration of the effects of 

abstraction and goal structuring will be revisited in a closer evaluation of the control 

accuracy scores. A final point suggested from an examination of these means is that 

average control accuracy scores increased for all groups and problem-solving speed 

declined for all groups. Discussion of these points will center on the following 

MANCOV A and ANCOV A results (Table XVIII). 
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TABLE XVIII 

RESULTS OF TESTS ON INTENTIONAL LEARNERS 

F - Statistic p-value X2 or Levine's p-value 

MANCOV A Control 3.7291 0.0047 782.63 0.0001 
Accuracy 

MANCOVA Change 1.9193 0.0582 969.18 0.0001 

ANCOV A Recall 1.6248 0.2923 1.24 0.2998 

ANCOVA Match 1.65 0.2036 1.13 0.3411 

ANCOVA Change 0.30 0.5878 1.22 0.3103 

ANCOV A Score 2.69 0.1000 1.47 0.2305 

ANCOV A Speed 0.40 0.5277 0.63 0.5982 

A MANCOVA of the six dependent variables (i,e. control level, control 

characteristic, match score, change score, control accuracy score, and speed) was not 

significant. However, each of these variables, with the exception of speed, was a total of 

multiple measures. Therefore, MANCOV As were conducted for each question within 

each variable. Two of these MANCOV As were significant: (1) there was significant 

variation in a least one evaluation of control accuracy due to abstraction and/or goal 

structuring (F-value = 3.7291; p-value = 0.0047) and (2) there was significant variation 

in at least one determination of the effect of an internal control change on control 

adequacy due to abstraction and/or goal structuring (F-value = 1.9193; p-value = 

0.0582). These tests support further univariate analyses. 

The first ANCOV A evaluated the effects of abstraction and/or goal structuring 

on recall. The predicted outcome of the first hypothesis was that all groups would 

increase their recall ability from pretest to posttest. Because all subjects in the post hoc 

120 



analysis were selected on the basis of pretest to posttest improvement, prediction was 

self-fulfilled. The predicted outcome of the second hypothesis was that this average 

increase would not differ due to the effects of abstraction and/or goal structuring. 

Results of analysis of covariance for recall yield an F-value of 1.6248 and a p-value of 

0.2923. The conclusion here is that the null hypothesis ofno difference due to group 

assignment cannot be rejected. As predicted, abstraction and/or goal structuring 

prompts did not significantly affect posttest recall scores. 

The ANCOV As for Match and Change scores lead to the conclusion that the 

interactive effects of abstraction and goal structuring did not significantly affect the 

posttest scores for either the Match score (p-value = 0.2036) or the Change score 

(0.5878). Without signifi~ant interaction, consideration of the separate effects of either 

abstraction or goal structuring is not feasible. No support exists for the predicted 

outcomes from hypotheses three and five, abstraction and/or goal structuring seem to 

have no effect on either the match or change measures. 

The greatest difference in limiting subjects to those who intended to learn lies in 

the analysis based on the marginal significance found with the control accuracy 

ANCOV A (F-value = 2.69; p-value = 0.10). There is an interactive effect of abstraction 

and goal structuring in subjects' abilities to accurately evaluate the adequacy of internal 

controls in a payroll environment. The quality of this interaction may be understood via 

an evaluation of pairwise comparisons of group means. Such comparisons are 

summarized in Table XIX. 
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TABLE XIX 

PAIRWISE COMPARISONS (LSD) OF CONTROL ACCURACY SCORE MEANS 
FOR INTENTIONAL LEARNERS 

Group 1 Group2 Group 3 Group4 
Posttest Control 
Accuracy Score Means 3.49426800 3.38046138 4.06849557 3.28116919 
Group 1 ..... 0.9545 0.0989 0.5039 
Group 2 0.9545 ..... 0.1142 0.5773 
Group 3 0.0989 0.1142 ..... 0.0283 
Group4 0.5039 0.5773 0.0283 ..... 

Group three, the group that received only goal structuring prompts, had the 

highest average control accuracy score. This average was significantly higher (p-value 

= 0.0283) than the group four average. The difference between the two groups was that 

the latter also received abstraction prompts. Group three also produced an average that 

was higher (with marginal significance ofp = 0.0989) than the group two average. 

Group two received only abstraction prompts. Finally, the group three average was 

higher than the control group (group one) average, but not significantly so. One 

conclusion that may be drawn here is that goal structuring prompts are beneficial to the 

intentional learner, but abstraction prompts seem to diminish this effect. In terms of the 

hypotheses (numbers four, six, and seven), one null hypothesis may be rejected. While 

abstraction prompts do not increase control accuracy scores (hypothesis four), and while 

the combined effect of abstraction and goal structuring are equally suspect (hypothesis 

seven), goal structuring prompts alone (hypothesis six) appear to have a positive effect 

on control accuracy scores. 

The final analysis here concerns the effects of abstraction and/or goal structuring 

on problem-solving speed. ANCOV A results again fail to support the prediction 
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concerning hypothesis eight. There seems to be no joint effect of the two, and it is not 

appropriate to examine the separate effects. An interesting observation concerning 

speed exists. Correlations were run on all variables in this study. There exists a 

significant and negative correlation between problem-solving speed and control 

accuracy scores for all subjects (-0.15493; p = 0.0542). The interpretation here, in light 

of Anderson (1993), is that as control accuracy scores increase, problem-solving speed 

declines. 

Summary 

This chapter has presented the results of the experiment outlined in Chapter Four. 

A summary of those results shows that when all subjects are evaluated, outcomes do not 

support the theory underlying the study. However, there was reason to suspect that not 

all subjects gave their best effort throughout the investigation, thus bringing to question 

the results. Subjects were subsequently divided into intentional versus incidental 

learners and subsequent analysis was performed on the intentional learners. Markedly 

different results were obtained based on this analysis. Most importantly, goal 

structuring prompts significantly improved internal control adequacy evaluations. There 

continued to be some appearance, however, that abstraction prompts may have a 

detrimental effect. This raises the question of whether the optimization technique of 

abstraction is somewhat automatic for the learner and whether goal structuring is less 

automatic. If so, developers ofIDAs may enhance the training ability of aids by 

including goal structuring direction; future research is indicated. 
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CHAPTER VI 

CONCLUSION 

Summary 

Anderson's (1993) theory of cognitive skill acquisition stipulates that a learner 

must progress through two stages on his/her path toward acquiring expertise. In the first 

stage, the learner must obtain a set of facts or chunks. Further, these chunks must be 

adequately strengthened so the probability of being able to recall an essential fact is 

sufficient. In the second stage, the learner must develop a set of production rules. 

Production rules are condition - action pairs that allow a learner to progress from the 

initial question to an ultimate solution. In addition, these rules must be optimized for 

successful retrieval from memory. Two optimization techniques are abstraction (i.e., 

generalization to match similar conditions) and goal structuring (i.e., differentiation to 

react to differing outcomes). 

Research concerning acquiring expertise via IDA use has been guided by this 

theory. However, prior research has yielded mixed results for manipulations of 

explanations that may aid in the ability to recall chunks. Moreover, prior research has 

not examined the combined and individual effects of manipulations that may direct the 

learner to discover similarities and differences among rules. This study reexamined the 
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effects of explanations on recall. Further, the effects of abstraction and goal structuring 

on the ability to demonstrate a cognitive skill were examined. 

In a laboratory experiment that spanned a four week interval, subjects were 

randomly assigned to one of four different IDAs. The IDAs differed by the types of 

prompts provided to subjects. The experimental task in this study was to evaluate the 

adequacy of internal controls in a payroll environment. All subjects received prompts 

that provided level and characteristic definitions about these internal controls. Half of 

the subjects also received prompts asking them to consider similarities among several 

controls. Half of the subjects received prompts requesting them to change an internal 

control and then determine the effect that change might have on overall control 

adequacy. One hundred and fifty five subjects, who had previous instruction in internal 

controls, completed the ~xperiment. 

Anderson (1993) stated a need for a learner to first acquire facts about a new 

learning situation and then build the strength of the chunks in which those facts were 

stored to increase the probability that the chunk could be recalled. In a control 

assessment task, the facts were considered to be the internal controls themselves. More 

specifically, the facts were the level (i.e. preventive, detective, or corrective) of the 

internal control and the characteristic (i.e. access, accounting records, authorization, 

independent verification, or separation of duty) of the control. It was believed that 

prompts which provided level and control information about each of the internal controls 

presented in the experiment would cause subjects to be better able to recall facts about 

these controls. A pretest and posttest measure of recall ability was taken for each 

subject, based on a prior belief: measure should increase for all subjects from pretest to 

125 



posttest. An examination of these measures showed that this was not the case. Three of 

the four groups demonstrated a decrease in recall ability from pretest to posttest. 

According to Anderson ( 1993) facts are used by a learner to construct production 

rules. A set of production rules (also called a production system) is the basis for all 

cognitive skills. While production rules are comprised of facts, a subtle difference exists 

between the two. Facts reside in declarative memory and may be verbally explained. 

These facts are the ''what to do" portion oflearning. Production rules reside in 

procedural memory and are conceptual in nature. Production rules are difficult ( or 

impossible) to verbalize but represent the "how to do it" portion of learning. 

Establishing a set of production rules is not enough. According to Anderson 

(1993) the production system must be fine tuned to make it most usable. The learner's 

goal is to find a production rule that answers the question at hand. The learner will first 

examine production rules that have been successful solving prior questions. A learner 

will also avoid rules that are too costly in terms of total cognitive effort. Optimization 

of the production system yields rules that are both more successful and less costly. 

Abstraction is one optimization technique. Here a learner will search through the set of 

rules with similar conditions. Then the learner will form one generalized rule from 

several similar rules. A generalized rule is believed to be one that will be successful. 

Generalization can, however be detrimental if a rule is not sensitive enough to attend to 

critically differing outcomes. Therefore, a second optimization technique, goal 

structuring, is necessary. While abstraction seeks to limit the number of production 

rules, goal structuring increases the size of a production system to make it suitably 

sensitive to differences. 
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In this study, abstraction was operationalized as IDA prompts that asked subjects 

to consider how one internal control was similar to another. Goal structuring was 

operationalized as IDA prompts that required subjects to make changes in the internal 

controls presented and to consider the effect of those changes on the IDA's evaluation of 

internal control adequacy. 

Because abstraction and goal structuring are second-stage independent variables, 

the effects of their manipulation was measured as second-stage knowledge acquisition. 

Four second-stage knowledge measures were employed: (1) how well subjects could 

match similar internal controls (Match Score); (2) how well subject could determine the 

effect on control adequacy that resulted from changing internal controls (Change Score); 

(3) how well subjects could, without the aid of an IDA, evaluate the adequacy of a 

combination of internal controls (Control Accuracy Score); and (4) how quickly subjects 

could formulate their evaluation of internal control accuracy (Speed). 

Initial analysis found no groups significantly differed from the others on any of 

these measures. One explanation for the lack of significant findings was that subjects in 

this study were not adequately motivated to perform well. Based on first-stage learning 

scores, only half of the subjects appeared to have an intention to learn. A second set of 

analyses was performed on the subjects who were determined to be intentional learners. 

This second set of analyses led to conclusions that paralleled Anderson's 1993 theory. 

Recall, the measure of first-stage learning, increased, on average, for all subjects. 

Further, no significant difference existed among the average recall scores for any group. 

The overall increase was expected because this was the measure used to separate 

intentional learners from incidental learners for this set of analyses. A lack of difference 
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among groups on this measure was expected since all groups received the same 

explanations concerning the level and characteristics of the internal controls. 

No difference was found for the effects of abstraction and/or goals structuring on 

subjects ability to match similar controls. Examination of the averages of the 

experimental groups, in fact, implied that abstraction prompts were actually detrimental 

in helping individuals make good matching choices. One explanation is that abstraction 

is a natural process for learners and an attempt to increase this technique was not only 

unnecessary, but also confusing. 

Goal structuring prompts, on the other hand, did prove beneficial in two regards. 

A measure of the effect of goal structuring prompts was the ability to recognize the 

effects of different internal controls on control adequacy assessments ( change score). 

The two groups that received these prompts produced higher average change scores than 

did the two groups that did not receive these prompts. Another measure of the effect of 

goal structuring was the ability to accurately assess internal control adequacy ( control 

accuracy score). The group that received only goal structuring prompts produced the 

highest average control accuracy scores. 

Finally, there was no difference in problem-solving speed among any of the 

experimental groups. Of interest, however, is the fact that all experimental groups 

demonstrated an increase in problem-solving speed. In addition, a significant and 

negative correlation existed between problem-solving speed and problem-solving 

accuracy. 
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Contributions 

Based on post hoc investigation, three benefits may accrue from this study. First, 

this study demonstrated that prompts requiring learners to attend to differences between 

rules were beneficial. As was presented in Table XIX, the group that received goal 

structuring prompts also performed control adequacy assessment at the highest level. 

The contnbution of this demonstration is two-fold. First, this is a new finding. Second, 

the goal structuring prompts presented here are replicable in any IDA. Hornik and Ruf 

(1997) found benefits for generalizing activities, but their findings were dependent upon 

an IDA that allowed the user access to a log of previously-solved problems. The present 

work presents a scheme that is adaptable for systems that do not have log-viewing 

capacities. Projections from these results should be tempered by the fact that post hoc 

investigation is the focus here. 

A second benefit is that while the cognitive psychology literature provided the 

theory that guided this exploration, little information existed to guide its 

implementation. Specifically, a method of operationalizing abstraction or goal 

structuring was not known. The present study offers something back to the cognitive 

psychology researchers, one method of operationalizing their theories. 

A final benefit of this study is provided to developers ofIDAs. IDAs have the 

potential to reduce the training costs a company faces if the systems include tutorial 

features. This study provides IDA developers with some of the features that may be 

included in a system designed to train. Moreover, this study provides IDA developers 

with a method of including those features. Future researchers and developers should 
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consider the strengths and weaknesses of the design approaches that have been put forth 

in this study given the conflicting results between the experimental and post hoc 

analysis. 

Limitations 

As with all experimental investigations, there are limitations to this study. One 

such limitation is that this was a controlled experiment in a laboratory setting. The 

results of this study may not be fully generalizable to all situations employing ID As. 

The subjects in this experiment were tested on a number of criteria. Testing, at least 

overt testing, is not generally employed in a professional setting. Indirect testing, in 

terms of job advancement, is done. 

Students were used as surrogates for novice auditors in this experiment. While 

the educational and experiential background of both senior-level students and 

inexperienced auditors may be quite similar, the two populations are not identical. 

Therefore, there is a limit as to how well the findings within the first population are 

generalizable to the second. 

While all prompts and explanations provided in this study required that subjects 

at least move their cursors to the prompts and explanations, whether subjects actually 

read the prompts or explanations is not known. The possibility exists that results would 

differ if subject attention were forced, but a method of forcing that attention is not 

known. 

Because all subjects received identical prompts offering explanations about 

internal controls, the effects of these prompts may have been confounded within the 
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treatments for abstraction and goal structuring. The design of the experiment makes it 

impossible to determine whether any confounding exists. Future investigation might 

separately examine whether explanations, abstraction, and/or goal structuring combine 

to increase learning. 

It was determined that some subjects in this study lacked motivation. A first

stage learning measure was used to separate unmotivated subjects from analysis. A 

differing explanation might have been that some subjects simply did not understand and 

learn from this study. If that is the case, the separation measure is not appropriate. 

Implications for Future Research 

As with Pei et al. (1994) abstraction and goal structuring prompts were presented 

in fixed quantity. The question of how often to present prompts has yet to be addressed 

but should be. Prompting at some rate seems to be beneficial, but Gal and Steinhart 

(1992) found that constant prompting is ineffective.· There must exist an optimal 

prompting rate that can be determined. It is also probable, but unknown, that the 

prompting rate might vary due to a number of factors. These factors include the 

complexity of the task and how well an IDA and user are matched. Without this 

information, IDA developers are hindered from creating the most effective product. 

Anderson (1993) suggested that learners first generalize and then discriminate in 

their progress toward skill acquisition. The present study presented abstraction and goal 

structuring prompts almost simultaneously. Only the fourth group received both types 

of prompting, but that group received both prompts within each scenario evaluation. 

Greater learning may take place if learners first received a series of abstraction prompts 

131 



then, after some repetition, prompts to discriminate, or vice versa. In addition, all 

groups received identical explanations. This offers the possibility that the effects of 

explanations might be confounded with the effects of abstraction and goal structuring. 

Future investigation might employ a 2 x 2 x 2 factorial arrangement, the third factor 

would be the presence or absence of explanations. To isolate simple effects, this design 

would require eight experimental groups. Further, a switching replications approach 

with intermediate measurements might help determine whether there is an order effect 

for abstraction and/or goal structuring. 

Anderson ( 1993) suggests that explanations can increase chunk strength and that 

production rules need to be optimized. There are, however, other factors that affect 

learning. This study has touched on the importance of intention to learn. Pei and 

Reneau (1990) demonstrated a need to attend to the mental models of the learner. 

Steinhart and Accola (1994) showed that involvement was an important facet of 

learning. Mascha (2001) introduced the idea of task complexity and its effect on 

knowledge transfer through IDA interaction. An integration of all these factors may 

merit some consideration as well. 

As the literature review was conducted, an interesting subject came to light. 

While several studies employed one or more versions of Anderson's ACT theory, there 

lacked a clear consensus of what was implied in each. In fact, the name of the theory 

itself was stated incorrectly on several occasions. The impression was that there is a 

need to clearly outline each version of Anderson's theory and compare the theory to the 

interpretations provided in studies using the theory. This analysis would be of 

tremendous benefit to researchers who wish to rely on Anderson in future studies as it 

132 



would present a picture of what has been done according to theory and what has been 

done according to slightly stilted interpretations of the theory. 

This work marks a laboratory examination of the last unexamined elements of 

Anderson's (1993) cognitive skill acquisition theory (i.e., abstraction and goal 

structuring). Because the results found here ( or lack thereof) may indicate a problem 

with the instrument, one of the first things that must be investigated is the validity of that 

instrument. Also of great importance is the need to reexamine all elements of cognitive 

skill acquisition theory in a field setting. A field setting may remove many of the 

limitations previously stated and a truly generalizable set of findings may be established. 

A number ofIDAs have been developed for and are being used by professionals in a real 

job setting. Value may be found in the introduction of some of the learning prompts that 

have proven successful in a laboratory setting to these production IDAs to see if the 

laboratory results hold. A study of this nature would be problematic but not impossible. 

Such an investigation would require a partnership with the IDA developer to alter 

existing software to incorporate new learning features. In addition, a partnership with 

the professionals using these systems would be required. This is, however, a step that 

must be taken before the knowledge we have gained through research can be 

implemented in practice. 
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Introduction Interface 

Iii. lnlwduction ~fil l'3 

Thank you for participating in lhis study. The results of your responses throughout 
lhis investigation wiU help developers of expert systems to better design lhese 
systems. You should also develop a better understanding of how intemal conlrols 
work together. 

Please take as much time as necessary to provide your best response. 

Please answer all questions. 

You will receive up to 50 points ol class credit tor working accuralely through an 
four sessions. 

Continue I 
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Demographic Information Interface 

Iii~ Demog1aph1c Information 1!!!!1013 

Demographic Information 
1) Name: IGeorgiaSmedley 

2) How many credit hours have you earned? iroo-
4) Which of the followina is true? 

r I am CURRENTI. Y enrolled in Auditing 

r Male 
3) Gender: 

r. Female 

5) Grade Point Average? 13.95 

6) Age? !45 

1-1 I have PREVIOUSLY enrolled in Auditing 

r I have NOT YET ta~n Auditing 
7) Do you have experience using r. Yes 

or designing Expert Systems? r No 

8) Which of the following best describes how you use computers? 

r For Work Only r For School Only r For Personal Use Ci' For Work. School. 
Only and Personal Use 

r For Work Md School r ForSchoolMd 
Personal Use 

9) Which of the following best describes your familiarity with application software? 

r I am comfortable using word processing. spreodsheet. ond Internet software. 

r I use word processing. spreadsheet. nnd Internet soltwnre. but am not ve,y comfortable. 

Ci' r,im confortable using word processinlJ. spreadsheet lnlBmet Md prog"'!"ming softwarej 

r I use word processing. spreadsheet. Internet ond programming software. but nm not ve,y comfortable. 

Proceed 
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Control Type Quiz Interface - Screen 1 

~. Conhol T ypc l!l!iil ~ 

Pleose provide the chmacterizotion 811d dassiliaition of each of lhe following control elements 

1. Using on intemol ouditor to investigole payroll comploints 

r Access r Accammg Recoids r Aulhorizaton 

r Prevenoon r, Detecton r Cotreciion 

2. Hoving Payroll prepare pnychecks nnd hoving the Cashier sign them 

r Acee>, r Accollllitg Records r Aulhorization r lndependenlVeriicalion 

r. PreYel'IOOn r Detecton r eu,ection 

3. Using o Time aock to stamp beginning nnd ending work times on n Time Cord 

r Access r. Accomtr,g Recoids r Authorization r lndependentVecilicalion r Sepaiation of Fundion 

r. Prevention r Detedim r Coirection 

4. Using o mochine to sign Poy a.eeks 

r Access r Ac:cowttilg Records r. AuthorizatOO 

r, p...,.,....,, r Detection r Correction 

5. Posting awnings to individuol eornings records 

r Access r. Accou'lli'lg Records r Aulhorizaoon r lndependenlVeriicalion r Sepaiation d Functioo 

r Detection r Conection 
Continue 

if!Startj 8 ;._· :$i .LI» ~Wol<f'edectS-[C: ... 1 ~S=ior/lne·MK:ro. .. jlt:i ContndTJP" 
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Control Type Quiz Interface - Screen 2 

-. Conhol Type Pugc 2 1!!!1§ EJ 
&. Storing blank checks in B. locted B.18B. 

7. HD.Ying u intemnl B.uditor perform B. surprise payroll dislribution 

rf'lavenlion 

8. HD.Ying a Cashier sign chedcs ud B. Paymastm dislribute them 

r Detection 

9. Having the SupeNisor approve all D111!rlime 

10. Submitting terminlllion forms to Personnel r-

r Conection 

r Coneclim 
Continue 
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Matching Quiz - Screen 1 

"· Match l!!lr;] El 
This screen lists se,,e,al .-.ol ""'-1h lhal are """-'I~ fou- choices. One ol lhe fou- choices - closelp ....-- the giw,n 
cenlrol element lhan the olhen. Click .., lhe chaice Iha! most r:lolelJ ....-aleb lhe given cenllol ei.-.t. 

1. Using a Time Clock to st-p beginning and ending work limes on the Time Card. 

r Using a mactine lo sign checks. 

r Prepaing POJ<oi registets. 
r. Using a separale bank acco,.a,t far pa)l!cil. 
r Stoong blank checks in a locl<ed ,. •• 

2. Comporing Job Cards to Time Cards. 

r Using a separalo bank account for P"Jl!cil. 
r Ho,irg the CM,i,,r ,jg, che<:ks ond lhe POl'M..tor di,lribu\e thorn. 
r. Seeing I tho distribution summa,y and the pay,oll ie!i,tor _._ 

r Havirg the audtor investigate p¥)1 inaccuacy ,_is_ 
3. Storing blank checks in o. locl<.ed o.reo.. 

r Haw,g the Supervistt -ave ovortine. 
r. U$ing a macline to sign checks. 
r Using a separale bank accotmt for POJ1!ci1. 
r Seeing I the distribution ,ummoiy ond the POJ'IOII rcg,ter ogiee. 

.f. Having o. Supervisor npprove overtime. 

r Hoving Po)'loU po,I ~ lo individuol OCCOU"lts. 

r Ho,irg • POJ>l,1..ier dmribute ~• 
r °""'"""9 the Joo ca.ds lo the Tire Canis 
r. Haw,g Personnel aulhomo Ml' rate• 

5. Having the Cashier sign checks and a PayMaster distribute them. 

r Using a separalo bank account for pa)l!oll 
r Personnel mointoins hiri,g ilfOfmotiln ond 01.lhoci= -•I• changes. 
r. [Tho supor,;,ci approves ovetlime and Payroll ~-<!s time work"'!} 
r Stoong blank checks i:1 a locked,... 

Jit!StaitJ !,3,. ~ .iJ » r;!worcPedeci9-[C .. J t\:i Sem,rllne-Micro. .. JJ ti Natch 
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Matching Quiz - Screen 2 

ii,Motch l!ll!illJ 

6. Using a machine to sign poychecks. 

r Using a time clock to st"'1) time; on a lime c,rd. 
r Comp,ring Joh uros to Tme uros. 
r Uoing a ,eparate bark accourt lex paJ'lol 
r. Stoting bid check, i, o locl<ed areo. 

7. Having personnel approve paymtes and payroll post earnings to individual accounts. 

r U,n,g o ,_ate bark occount lex-ol. 
r. Havi,g the Cafflier sign check, and lhe P~asler disbii>l.te lhern. 
r Seeino l lhe dislrhution sumrna1J1 and the payroll regisler agree. 
r Havi,g the audl:or investigate paJ<OU inaccuracy repor"1. 

0. Having personnel authorize payrllles. 

Ci' Havi"ag the Supervisor approve overtine. 
r Uoing a machi,e to '91 checl:.s. 
r Uoino a ,eparate barj,. account lex paJ'lol 
r Seeing I the dislnbulion sunmary and the P<l!'IOII regisler agree. 

9. Having a separate bank account for pnyroll. 

r. HO'ffl!I Payroll post eamin~ to iidvidual account,. 
r HavngaPO)ll;lastor<htr-~. 
r Comp,ring lhe Joo cam, 1o lhe Tine Cards. 
r Havi,g Peisonnel 8\lhorize pay rates. 

10. Having Payroll enter pay information and a cashier sign checks. 

r Using a ,epaiale barj,. account lex~ 
r Per.omel mantains ~ nloonalion and aulhorizes P<!llate changes. 

Ci" \Ihe Supel"m01 approves overtime and PayroB records tine ~~j 
r Storing bid check, i, o locked oreo 

:j!S1ao1! !3 ;._, ~ .LJ » ~WcxdPerlec19-[C ... 1 fli Seui...One-Micro. .. ff t:i Maleh 
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Assessing Effects of Changes - Screen 1 

"'· Change Qui, l!lf;J E3 
Each of the foRowing questions stiles a hypothetical enloilion of the Adeqn1cy o( intemill controls in I payroR 
environment Euh qnestion <tales one control, among the amy !hit were used in del8Timling the stoled &\Faloilion. 
You ue asked lo deteniine the 1e>U!ting chmge in die AdeqUAcy of intemal controls if !hot one control were ch1nged. 

1) You hlll/e evoluated the adequacy of internal controls to be "MODERATE" because, in part the 
supeivisor distribules paychecks. 

You have now discovered that the internol auditor makes surprise distributions of paychecks. 
Will your new evaluntion: 

r. Increase r Remain the Same r Deaease 

2) You hlllle evoluated the odequacy of internal controls to be "HIGH" becnuse, in plll'I. you 
believed blank checks were tighdy controlled. 

Now you have discovered that blank checks are not kept in a locked area. 
Will your new evaluation: 
r Increase r Remain the Same r. Deaease 

3) You have evoluated the adequacy of internal controls to be "LOW" becnuse. in plll'I. Personnel 
mointains hiring informalion Md distributes paychecks. 

Now you ho.ve found Ihm a PayMaster distribules poychecks. 
Will your new evaluation: 

r. Increase r Remain the Same r Deaease 

4) You have evoluated the adequacy of internal controls lo be "MODERATE" because. in part no 
one reconciled the payroU register and the labor distribution summary. 

Now you have discovered that Accounts PByable performs this reconciliation. 
Will your new evaluntion: 
r Increase r, Remain the Same r Deaease 

5) You have evaluated the adequacy of internal controls lo be "MODERATE" becnuse. in part. a 
check-signing machine -s not used. 

Now you ho.ve found thot a check-signing machine is used. Continue 

Will your new evolualion: 
r. [ru;iiiins!ll r Remain the Same r Deaease 
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Assessing Effects of Changes - Screen 2 

o;. Chanae Uutz l!ll!ll'i'Jl3 

6) You have evaluated the odequucy of internal controls ID be "MODERATE" because. in port lhe 
supervisor distributes paychecks. 

You have now discovered that the cushier distributes paychecks. 
Will your now evaluation: 

C" Increase r. Remain lhe Same r Decrease 

7) You have evaluated the odequacy of internal controls to be "MODERATE" because. in port lhe 
cushier both signed end distributed paychecks. 

Now you have discovered lhat lhe supervisor distributes paychecks. 
Will your new evaluation: 

' Increase r. Remain lhe Same r Decrease 

B) You have evaluated the 11dequucy of internal controls ID be "MODERATE" because. in part u 
time clock ww, not being used. 

Now you hm/e found that the time dock was used. 
Will your new evaluation: 

r. Increase r Remain lhe Swne r Decrease 

9) You have evaluated the odequacy of internal controls to be "MODERATE" because. in port no 
one approved overtime. 

Now you have discovered lhat payroll approves overtime. 
Will your new evaluation: 
r Increase r. Remain lhe Same r Decrease 

1 D) You h1111e evaluated the lldequacy of intemlll controls ID be "MODERATE" because. in port 
lhe internal auditor mode surprise distributions of paychecks. 

Now you have found that ll Pay Muster lllways mllkes this distribution. Conti~ 

Will your new evlllu11tion: 
r Increase 
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Scenario Evaluation Screen 

lli S cenauo One l!lrJ El 

1.Himgond~-areaulhomedbi<---------- r Paid r. p......,...i r 5,.,pen,i,o 

20Nr,gesin~aleaiedai!edby. --------- r Payrdl r. p........,i rs_..... 

3. EIJ1lloymonl termination fonns aie ou!riled tu - - - - - - r Pairol r. l'elsonnel r Supe,visor 

~.lsatimeclockused? -------------- r No Ii' Yet 

5.JdJcaid .. reappnwedl¥------------- r Noone r p~ r. Supe!Yisor 

6.0YS!linoisapp0Yedl¥-------------- r No One r Pql'IOII r. Supervisor 

7. Jobcald< are compaied to limecards 1¥- - - - - - - - -
8. Prepaation ol Paioched<t a'l<I ~ registers are performed by. 

r. General Ledger r No One r SupeMO<X 

r Au!ior r Cactier r P~aster r. Pa,roll 

Hami,g...,post,,dtoin<ividuahecadsby. ------- r. Payrcll r p........i r s_.;sa 

10.l'!\l,mldisbiiutimYOOCherispreparedby.-------- r. ACCOl.fflP~ r P"'"°" 

11.1.mdi,tlibutioruUflllllOll'ispoporedby. ------- r. Accol.fflP,wable r GS1111all.edger 

12.\llhocoq>5SSlhelabordistri>Uionsummall'andPll!'l"liajsla? r CostAcclg r. 1,.,..a1Ledger r NoOne 

1llsachecksv,ilgmaclineu,ed?--------- r No r. v .. 
14.Whocontrols,nigned[blonk]checks? -------- r. Cashier r No One r Payrdl 

1s.Whoisresponomlelursigningchecb?-------- r Au!ior r. ea.tier r Pai,rol r s_.;,or 

16.lsa-atechecki,gaccountusedlupag,ml? ----- r No r. Yes 

17. Who clslibJles Pll!'IOi! checks? - - - - - - - - - - r Au!ior r Cactier r. p~- r s...,....;,or 
18.Whohas,eoponsi,i\jlluundaimedchecks? ------ r Audlu r. Ca.tier r Paif,4aster s_.;,or 
19. lllhruislriiulasPlll'IOllmaNl)lisebasis? ------ r. Auch 

20.Whocompse,~lobudgelodligwe,?------- r. Audlltt 

21.Whoirr,estigatespayroilcompl-? --------- r. Audila-

r NoOne 

r Noone 

r NoOne 
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What is your 
assassmenl of lhe 
inlemnl conlmls as 
shown in Scenario 

Ona? 

r Low 

r Modemle 

r. i!!i.\I!!l 

Conllnue 



Exit Survey - Screen 1 

... Ex,t Su,vcy !lr;J£1 
Please provide an HONEST and ACCURATE response lo each of the following stalemenls. The credit 
you receive for participating in this experiment will IN NO WAY be influenced by your responses. 

1. The scenarios -re easy to mad. 

2. My knowledge of internal controls 
improved because of this project. 

3. Working with computers makes me 
nervous. 

4. I should have receive more class credit 
for pnrticipating in this experiment 

5. My knowledge of internal controls 
improved because of this project. 

r. Strongly 
Agree 

r. Strongly 
Agree 

r Strongly 
Agree 

r Strongly 
Agree 

r. Strongly 
Agree 

r Agree 

r Agree 

r Agree 

r Agree 

r Agree 

6. This experimenl would have been more Sir ly 
beneficial if it had losled longer lhan lour r Ag';:; r Agree 
sessions. 

1. This experimenl was a tolol waste of my 
time. 

8. I understand less about internal controls 
now thM when I stnrted this experiment 

r Strongly 
Agree 

r Strongly 
Agree 

9. My abilily to recognize similarities among r. !trongly 
controls improved through U.is project gree 

10. The use of scenarios -s helpful in 
understnndingcontrol componenls. 

11. My obilily to recognize how controls 
differ improved because of Ibis project. 

r. Strongly 
Agree 

r Agree 

r Agree 

r Agree 

r Agree 

r Neutral 

r Neutral 

r Neutral 

r Neutral 

r Neutral 

r Neutral 

r Neutral 

r Neutral 

r Neutral 

r Neutral 

r Neutral 
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r Disagree r Strongly 
Disagree 

r Disagree r Strongly 
Disagree 

r Disagree r. Strongly 
Disagree 

r Disagree r. Strongly 
Disagree 

r Disagree r Strongly 
Disagree 

r Disagree r. Strongly 
Dis11gree 

r Disagree r. Strongly 
Disagree 

r Disagree r. Strongly 
Disagree 

r Disagree r Strongly 
Disagree 

r Disagree 

r Disagree 

r Strongly 
Disagree 

r Strongly 
Disagree 

Continue 



Exit Survey - Screen 2 

111i.EH1tSur1eJ,PageTwo "l7:JE3 
12. I believe all accounting courses 

.. Sbongly r Strongly should require projects that use the r Agree r NeUbal r Disagree 
computer 

Agree Disagree 
j 

13. I left the questions that caused me to .. Sbongly r Agree r NeUbal r Disagree r Strongly 

review my work were useful. 
Agree Disagree 

14. I left that the expert syslem .. Strongly r Agree r Neutral r Disagree r Strongly 

explanations were helpful. Agree Disagree 

15. I often ignored the expl11111ltions 
, Strongly r Agree r Neutral r Disagree .. Strongly 

provided by the expert systems. Agree Disagree 

16. The expert syslem for Smedley .. Strongly r Agree r Neulral r Disagree r S1rongly 

Sprodcels challenged me. 
. Agree Disagree 

17. I would like to learn more about '"Strongly r Agree r NeUbal r Disagree r Slrongly 

expert syslems. 
Agree Disagree 

18. I tried BB hmd BB I could to gain .. Strongly r Agree r Neutral r Disagree r Strongly 

knowledge from this project. 
Agree Disagree 

19. I alwa.ys nccepted the expert r Strongly r Agree Ii' Neutral r Disagree r Slrongly 

system's recommendations. 
Agree Disagree 

20. I feh more confident evaluating the .. Strongly r Agree r Neutral r Disagree r Slrongly 

scenarios presented ia this session. Agree Disagree 

21. I better understand bow controls act Ii' Sbongly r Agree r NeUbal r Disagree r Strongly 

together because ol this project 
Agree Disagree 

22. I better understand the differences 
.. !Strongly I r Strongly among controls because of this r Agree r Neulral r Disagree 

project. ~ Disagree 

End 
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APPENDIXB 

CONTROL EVALUATION INTERFACES, ORGANIZATIONAL CHART, AND 
SCENARIOS. 
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Experimental Session Input Screen for Group One and Group Two 

"'· Scena110 One Rr;J~ 
1. Last.vear's evwation of inlemal controls was:- - - - - _ r low <i" Hicth r Moderate 

2 Hirirg cn:I paytate a:ie aulhmized by: - - - - _ _ _ _ r Pag,roU r. Persomel r S~or 

3. Change.sin p&J,11'.el:e are authorized by: - _ _ _ _ _ _ _ r Pcli!,'IOII r. Persor-nel r Sl.4JBIVisu 

4.Em~nttemJnationfo,msaiesubmitledto:------ r Payroll r. Persomel r S~ 

5.lsatimecb::kused? ------------- r No r. Yes 

6. Jobcards are apixoved by. - - _ - _ _ _ _ _ _ _ r No One r. Payroll 

7.01o1ertineisappr0Yedby:------------ r Noone « P,ayro\1 

<" s..,...,;,« 
rs~ 

8. Jobcarck are compared lo tm,card$ by: _ - - _ _ _ _ r General Ledge, r- No One r S~ 

9. Preparation of paychecks and~ registers are performed by: r Audlrn r Cashier R Pa,vMaster r Payroll 

1 o. Earning~ po;ted to individual records by. - - _ _ _ _ _ r P~I r. !Pel'SQ!lll§.1 r Sl.llervisor 

11. PaJIIOl lkt,ibu:ion vm.cher is pi:epared by:- _ _ _ _ _ _ r Accounts Pavable r Payroll 

12 Labor distribuion :scmtrMry ~ prepared bv:- _ _ _ _ _ _ r Accounts Payatje r 611sr&al ledger 

13.Whocomparesthe disl:rbutionvouchefcl'ld:stamlal]'?--- r CostAcctg r Genesa!Lcdger r NoOne 

14.lsacheek.s:igningmdmeused?--------- t No r Yes 

15.Whoccnlrokun,jgned[blank]check,? ------- <" c..hi« <" No One r P,aytoll 

16.Whois:regpondJ!efagi!,iingchecks?------- r Audioi r Ca#lier r Payroll r Supe,vi:sa 

17.basepard:echecking.aiccountusedfor~oll? ----- r No r Yes 

18.Who&hibute$peyrollcheck.s? ---------·- r Audi.or r Cashierr PayMaster r S~r 

19. Who h~ responsibility fa unclamed checks? _ - ____ r Audlot r Cashier r Payt,,taster r Supervi$or 

20. 'Who di;tribute$ p&yrotl on a :surprise basis? - _ _ _ _ _ _ r Aul:D:01 

21. Who compaaes pay1oll to bu:::lgeted figues:?- _ _ _ _ _ _ r Au:ft:ot 

22 Who investigete• pa,yrol compleinl:$? - - - _ _ _ _ _ r At.dim 

r Noone 

r NoOne 

r No Dre 
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Please enter all 
information from Scenario 
One on the left and then 
click on the GREEN button 
to receive the System's 
ev81uo.tion of Internal 
Control Adequacy. 

Provide System 
Appraisal of Control 

Adequacy 

Oick "Continue• 

Continue 



Experimental Session Input Screen for Group Three and Group Four 

1. La>lyea'sevaualioncf..teu,alconlrolswasc-------- <' Lew <' Hi¢ <' Moderate 

2Himgmdpayr.Seo11Jeaulhorizedby:---------- r Payroll r Personnel r Supervis;or 

3. Dlcriges in ~ale are aulhoozed by: - - _ - - - _ _ _ _ r P.a.vron r Per:sonnel r Supcrvi:or 

4. Ef11)1oyment termination forms. are submitted ta - - _ _ _ _ _ r PalKoD r- Peraonnel r SupetVi$or 

5.1:satimedockused? --------------- r No r Yes 

6.Jcbcad+ .. eapprovedla,:------------- <' Noone <' P.,.ol <' Supeiwu 

7.0yertmeisapprovedby.-------------- r NoOne r Peyrol r Supervioor 

e. Jobe• .me compated to timecaKk tiy: _________ r General Ledgm r No One r Supmvisoi 

9. Preparetion of p~;; and P8Y!'otl registers ere performed by._ _ r Auditor r Cast.er r PayMaster r PayroD 

10. Earning ae posted to rovidua> rlBCOfds by.-_______ r Pa.vroll r Persomel r SupefWOI' 

12. Labor disbmuticri surnmaiy a: prepai'ed by.- ________ r Accounli Payeble <' General Ledger 

13.Whoc~eslhe CMbibulionvoud"tera1chumma1y?----- r CostAcctg r Gener.al Ledger r NoOne 

14.lsacheck~machinaused?----------- r No 

15.WhocontrolsunsiQned(blank)checb? --------- r Cashier 

r Yei 

r No One r Payidl 

16. Who is responsible for signi'lg check$? _ _ _ _ _ _ _ _ _ r Aud'itor r Castier r Payroll r SUfl8(Vi:sor 

17.lsasepa1atecheckingaccountusedlorpayrol? ------ r No r Yet 

18. Who c.islribute$ ~ checks? _ _ _ _ _ _ _ _ _ _ _ r Auditor r Castier r Pi11Master r Sl,IJlefWOf 

19.Whoha,responsibiltyforunclaimedohacks? ------- <' Audit<> r C..tief< Po,,Ma,t.,<' s_.,;ro, 

20.'w'hocfifflibutet~oYonaswpri:;ebom?-------- r Auditcr 

21. Who_ .. ,....o1 lo budgeted i.,,.,et? - - - - _ _ _ _ <' Awltcx 

22. Who invesligates payroll c:omplarts? - - - - - _ _ _ _ _ <' Audit<> 

r No One 

r Noone 

r No One 
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Please enter all infomullion from Scenmio One 
on the left and then click on the GREEN button 
to receive the System•s evaluation of Internal 
Control Adequacy. 

Provide System 
Appraisal of Control 

Adequacy 

Now click the RED "Make A. Change" button. 
Moke the requested cha.nge to the information 
on the left and dick on the GREEN button to 
observe the effect of 1hat change on 1he 
System's evo.luotion of Internal Control 
Adequacy. 

·.··, 
Now click the PINK button. make the requested 
change. and click the GREEN button. 

Make Another Chnnge 

Finnlly. elicit the PA.LE PINK button. make the 
requested chBDge. und elicit the GREEN 
button. 

Make One More Change 

Click ·Continue• 

Continue 



I I 
Accounting 

Internal 
Auditor 

Cost Accounting 
-clerk 

- Payroll Clerk 

_ General Ledger 

_ Accounts Payable 

Partial Organization Chart 

President 

I 
Treasurer Personnel Manufacturing 

Cashier Supervisor 

Factory Employee _ 

Factory Employee_ 

Factory Employee_ 

Factory Employee_ 
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Scenario 1 (Pretest and Posttest) 

During last year's audit, the evaluation of internal control over payroll was determined to 
be high. 

Factory employees are hired by the personnel department which determines the 
appropriate pay rate. The personnel department sends notice of employment and the pay 
rate to the payroll clerk. All changes in pay rate are authorized by the personnel 
department. When factory employees terminate their employment, they must complete a 
form and submit it to the personnel department which notifies the payroll clerk. 

Employees manually record their starting and stopping times on timecards. The factory 
employees record the time on each job onjobcards which are approved by the supervisor. 
Any overtime worked is authorized by the supervisor. At the end of each work week, the 
total hours from the timecards are compared with total hours on the jobcards by the 
general ledger department. 

The payroll clerk prepares the paychecks and the payroll register using the hours from the 
time cards and the current pay rate. The payroll clerk then posts the information to the 
individual earnings records. Accounts payable checks the payroll register and prepares 
the payroll distnbution voucher. Using the information from the jobcards, accounts 
payable prepares the labor distribution summary. The general ledger clerk is responsible 
for comparing the payroll register and the labor distribution summary and reconciling any 
differences. 

The company does not use a check signing machine and all unsigned checks are not 
tightly controlled. The cashier has responsibility for signing the checks after she 
thoroughly examines the payroll distribution voucher. A separate bank account is used 
for payroll. The cashier distnbutes the payroll checks. Any unclaimed checks are 
retained by the cashier. 

An internal auditor distnbutes the payroll on a surprise basis. The internal auditor also 
regularly compares the amount of the payroll with the budgeted figure and investigates 
any significant differences. All employee complaints about their pay are handled by the 
internal auditor. 
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Scenario 2 (Pretest and Posttest) 

During last year's audit, the evaluation of internal control over payroll was determined to 
be low. 

Factory employees are hired by the supervisor who determines the appropriate pay rate. 
Notice of employment is sent to the personnel department which notifies the payroll 
clerk. All changes in pay rate are authorized by the personnel department. When factory 
employees terminate their employment, they must complete a form and submit it to the 
personnel department which notifies the payroll clerk. 

Employees manually record their starting and stopping times on timecards. The factory 
employees record the time on each job onjobcards. Any overtime worked is authorized 
by the supervisor. At the end of each work week, the total hours from the timecards are 
compared with total hours on the jobcards by the general ledger department. 

The auditor prepares the paychecks and the payroll register using the hours from the 
timecards and the current pay rate. The payroll clerk then posts the information to the 
individual earnings records. The payroll .clerk checks the payroll register and prepares the 
payroll distribution voucher. Using the information from the jobcards, accounts payable 
clerk prepares the labor distn"bution summary. The general ledger clerk is responsible for 
comparing the payroll register and the .labor distribution summary and reconciling any 
differences. 

The company does not use a check signing machine and all unsigned checks are not 
tightly controlled. The cashier has responsibility for signing the checks after she 
thoroughly examines the payroll distn"bution voucher. A separate bank account is used 
for payroll. The cashier distributes the payroll checks. Any unclaimed checks are 
retained by the cashier. 

An internal auditor distn"butes the payroll on a surprise basis. All employee complaints 
about their pay are handled by the internal auditor. 
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Scenario 3 (Pretest and Posttest) 

During last year's audit, the evaluation of intern.al control over payroll was determined to 
be moderate. 

Factory employees are hired by the payroll clerk who determines the appropriate pay rate. 
Notice of employment is sent to the personnel department which notifies the supervisor 
and payroll clerk. All changes in pay rate are authorized by the supervisor. When factory 
employees terminate their employment, they must complete a form and submit it to the 
supervisor who notifies the payroll clerk. 

Employees manually record their starting and stopping times on timecards. The factory 
employees record the time on each job onjobcards which are approved by the supervisor. 
Any overtime worked is authorized by the payroll clerk. At the end of each work week, 
the total hours from the timecards are compared with total hours on the jobcards by the 
general ledger department. 

The pay master prepares the paychecks and the payroll register using the hours from the 
timecards and the current pay rate. The payroll clerk then posts the information to the 
individual earnings records. The payroll clerk checks the payroll register and prepares the 
payroll distribution voucher. Using the information from the jobcards, the general ledger 
clerk prepares the labor distribution summary. 

The company does not use a check signing machine but all unsigned checks are tightly 
controlled by the cashier. The cashier has responsibility for signing the checks after she 
thoroughly examines the payroll distribution voucher. Factory paychecks are written on 
the company's only checking account. The cashier distributes the payroll checks. Any 
unclaimed checks are retained by the cashier. 

An intern.al auditor distributes the payroll on the first payday of every month. 
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Scenario 4 (Pretest and Posttest) 

During last year's audit, the evaluation of internal control over payroll was determined to 
be low. 

Factory employees are hired by the supervisor who determines the appropriate pay rate. 
Notice of employment and the pay rate are sent to payroll. All changes in pay rate are 
authorized by the supervisor. When factory employees terminate their employment, they 
must complete a form and submit it to the supervisor which notifies the payroll clerk. 

Employees manually record their starting and stopping times on timecards. Neither the 
jobcards nor overtime require approval. Time cards are never compared to job cards. 

The cashier prepares the paychecks and the payroll register using the hours from the 
timecards and the current pay rate. The payroll clerk then posts the information to the 
individual earnings records. The accounts payable clerk checks the payroll register and 
prepares the payroll distribution voucher. Using the information from the jobcards, the 
general ledger clerk prepares the labor distn"bution summary. The general ledger clerk 
compares the labor distribution summary and the payroll distnoution voucher. 

The company does not use a check signing machine and all unsigned checks are not 
tightly controlled. The cashier has responsibility for signing the checks after she 
thoroughly examines the payroll distnoution voucher. Factory paychecks are written on 
the company's only checking account.. The cashier distn"butes the payroll checks. Any 
unclaimed checks are retained by the cashier. 

An internal auditor distributes the payroll on the first payday of every month. 
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Scenario 5 (Pretest and Posttest) 

During last year's audit, the evaluation of internal control over payroll was determined to 
be low. 

Factory employees are hired by the personnel department which determines the 
appropriate pay rate. Notice of employment and the pay rate are sent to payroll. All 
changes in pay rate are authorized by personnel. When factory employees terminate their 
employment, they must complete a form and submit it to the personnel which notifies the 
payroll clerk. 

Employees record their starting and stopping times by inserting their timecards in the 
timeclock located near the factory entrance. The supervisor is responsible for approving 
jobcards and authorizing overtime. At the end of each work week, the total hours from 
the timecards are compared with total hours on the jobcards by the general ledger 
department. 

The payroll clerk prepares the paychecks and the payroll register using the hours from the 
timecards and the current pay rate. The payroll clerk then posts the information to the 
individual earnings records. The accounts payable clerk checks the payroll register and 
prepares the payroll distribution voucher. Using the information from the jobcards, the 
general ledger clerk prepares the labor distnbution summary. Cost accounting compares 
the labor distribution summary and the payroll distribution voucher and reconciling any 
differences. 

The company does uses a check signing machine and all unsigned checks are tightly 
controlled by the internal auditor. The cashier has responsibility for signing the checks 
after she thoroughly examines the payroll distnbution voucher. Factory paychecks are 
written on a separate checking account. The pay master distributes the payroll checks. 
Any unclaimed checks are retained by the auditor. 

An internal auditor distnbutes the payroll on a surprise basis. The internal auditor is also 
responsible for investigating large variances he finds when the payroll voucher is 
compared to a budgeted figure. In addition, all employee complaints concerning their 
paychecks are investigated by the internal auditor. 
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DECISION TREES 
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Who Prepares the Check? 

Payroll 

-~ 

Auditor 

Separation of Function Decision Tree 
Pay Check 

Who Signs the Check? Who Distributes the Check? 

~

Cashier 
Cashier ~ Supervisor 

Auditor 
Pay Master 

Payroll = Cashier 

~ ~ Sul"'.rvisor -----=::::------ Auditor 
Pay Master 

Auditor Supervisor 
~

Cashier 

Supervisor 

Cashier 

--=:::::::::::: Auditor 
Pay Master 

~

Cashier 
Supervisor 

· Auditor 
. Pay Master 

;::=:=::=:::::===== Cashier 
1;; Supervisor 

-------------~Auditor 
Pay Master 

Payroll -1111111!~~~:::=::::=:::::::::==:;~ ashier upervisor 
~~~uditor 

------.;:,ay Master 

Auditor Supervisor 
.~Cashier 

--==.:::::----Auditor 
Pay Master 

~

Cashier 
Supervisor Supervisor 

--=::::::::---- Auditor 
Pay Master 

Outcome 
Low 
Low 
High 
High 
Low 
Low 
Low 
Low 
High 
Low 
Low 
High 
High 
Low 
High 
High 
Moderate 
Low 
Moderate 
Moderate 
Moderate 
Low 
Low 
Moderate 
Low· 
Low 
Low 
Low 
Moderate 
Low 
Low 
Moderate 
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Who Prcmares the Check? 

PayMaster 

Cashier 

Separation of Function Decision Tree 
Pay Check (Continued) 

Who Signs the Check? Who Distributes the Check? 

Cashier 

Payroll 

~ 7.~;:~sor -------".'"----=- Auditor 
Pay Master 

;;;;;;:::::::::::::::::::::::::===~Cashier e Supervisor 
-------Auditor 

Pay Master 

Auditor ~ = ~~~SOT ~ =Auditor 
-- Pay Master 

~

Cashier 

. . 
. . 

. Supervisor 
--_ ~Auditor 

Pay Master 

Supervisor 

;::::=::::::::::::::::::::==== Cashier ~ Sul"'.rvisor 
----..::::::: - Auditor 

Cashier 

.Pay Master 

.. .._e§§;:=:=:::::::::===~ Cashier Payroll Supervisor 
--.;;;:;:------....~ Auditor 

Auditor 

Supervisor 

------ Pay Master =Cashier 
4C Supeivisor 
--=::::::::::::----------~-Auditor 

Pay Master 

~

Cashier 
Supervisor 

·~Auditor 
Pay Master 

Outcome 
Low 
Low 
Moderate 
Low 
Moderate 
Moderate 
Moderate 
Low 
Moderate 
Moderate 
Low 
Low 
Moderate 
Low 
Moderate 
Low 
Low 
Low 
Low 
Low 
Low 
Moderate 
Moderate 
Moderate 
Low 
Moderate 
Low 
Moderate 
Low 
Low 
Moderate 
Moderate 



Separation of Function Decision Tree 
Pay Information 

Wh2 Mnintain~ Pa~ Rate? Who A!wroves Job Card? Who Ul;!dat~~ Individual Records? OutcQme 
·Payroll High 

Supervisor Personnel .Low 
Supervisor Low 
Payroll Low 

Personnel <:= Payroll Personnel Low 
Supervisor Moderate 
Payroll Moderate 

No One Personnel Low 
Supervisor Moderate 
Payroll Low 

Supervisor Personnel Moderate 
Supervisor Low ..... 

Payroll~ 
Payroll Low O'I 

O'I Payroll Personnel Low 
Supervisor Low 

-Payroll Low 
No One Personnel Moderate 

-Supervisor Moderate 
Payroll Low 

Supervisor Personnel Low 
Supervisor Low 
Payroll Low 

Supervisor ~ Payroll Personnel Moderate 
Supervisor Low 

--Payroll Low 
No One Personnel Moderate 

Supervisor Low 



Separation of Function Decision Tree 
Time Card 

Is a Time Clock Used? Who Qpdates Individual Records? Who Authorizes Overtime? Outcome 

Supervisor High 
Payroll Payroll· .Low 

No One Moderate 

Supervisor Moderate 
Yes Personnel Payroll Moderate 

No One Moderate 

Supervisor Low 
Supervisor Payroll . Moderate 

No One Low ..... 
°' ....J 

~ Supervisor Moderate 
Payroll Payroll Low 

No One Low 

Supervisor Low 
No Personnel Payroll Low 

No One Low 

Supervisor Low 
Supervisor Payroll Low 

No One Low 



Separation of Function Point Calculation 

Separation of Function Separation of Function Separation of Function 
Pay Check Pay Information Time Card Points 

Low Low Low 0 
Low Low Moderate 1 
Low Moderate · Low 1 
Moderate Low Low 1 
Low Moderate Moderate 2 
Moderate Low Moderate 2 
Moderate Moderate Low 2 
High Low Low 2 
Low High Low 2 
Low Low High 2 
Moderate Moderate Moderate 3 
Low Moderate High 3 
Low High Moderate 3 
Moderate High Low 3 
Moderate Low High 3 
High Low Moderate 3 
High Moderate Low 3 
Moderate Moderate High 4 
Moderate High Moderate 4 
High Moderate Moderate 4 
High High Low 4 
High Low High 4 
Low High High 4 
High Moderate High 5 
High High Moderate 5 
Moderate High High 5 
High High High 6 
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Expert Opinion Decision Tree - Separation of Function is 6 
Comparison of Reconciliation of 

Imprest Job Card Labor Summary and Surprise Payroll 
Account And Time Card Distribution Voucher Distribution Points Outcome 

~ 
Cost Accounting Auditor IO High 

No One 9 High 
Supervisor General Ledger --=:::::::::---_,,...----- Auditor 10 High 

-----No One 9 High 
No One Auditor 9 High 

No One 8 High 

~ 
Cost Accounting Auditor 10 High 

No One 9 High 
Yes General Ledger General Ledger --=:::::::::---------Auditor IO High 

-----No One 9 High 
No One --=:::::=-----Auditor 9 High 

8 High 

~ 
Cost Accounting Auditor 9 High 

No One 8 High 
No One General Ledger --=:::::::::----------Auditor 9 High 

- · -----NoOne 8 ~ 
$ · No One Auditor 8 High 

No One 7 Moderate 

~ 
Cost Accounting Auditor 9 High 

----No One 8 High 
Supervisor General Ledger ------------Auditor 9 High 

No One 8 High 
No One --=::::::=:::----- Auditor 8 High 

No One 7 Moderate 

~ 
Cost Accounting Auditor 9 High 

-------NoOne 8 High 
No General Ledger General Ledger -=:::::::::---Auditor 9 High 

-----No One 8 High 
No One Auditor 8 High 

No One 7 Moderate 
Cost Accounting ~ Auditor 8 High 

No One 7 Moderate 
No One < General Ledger -=:...:::::: Auditor 8 High 

7 Moderate 
No One Auditor 7 Moderate 

6 Moderate 



-...J 
0 

Imprest 
Accowtt 

Yes 

No 

Expert Opinion Decision Tree - Separation of Function is S 
Comparison of Reconciliation of 
'Job Card Labor Summary and Surprise Payroll 
And Time Card Distribution Voucher Distnbution Points -
Supervisor General Ledger -=:::::::== A~: 9 ~

(.;ostAccounnng _ · ··· -

· ---NoOne 8 

No One --==:::::::::::==Auditor 8 
No One 7 

General Ledger General Ledger ~ Auditor 9 ~ 
CostAccounting ~:W~: : 

· ---NoOne 8 

No One --=::::::::::::===-Auditor 8 
No One 7 

No One 7 
·~ Cost Accounting Auditor 8 

No One ~General Ledger ~Auditor 8 
----....NoOne 7 

NoOne --==:::::::::::==Auditor 7 
No One 6 

~ 
Cost Accounting Auditor 8 

No One 7 
General Ledger ------Auditor 8 

No One 7 
No One --==:::::::::::==Auditor 7 

Supervisor 

No One 6 

-=======~~~ ~ 
General Ledger ~ 

Cost Accounting 

General Ledger -=-----
. No One --==='"------

No One 
Cost Accounting --====:::=:-Auditor 

NoOne 
NoOne -EE------ General Ledger 

------
Auditor 
NoOne 

8 
7 
7 
6 
7 
6 
7 
6 
6 
5 

No One Auditor 
NoOne 

Outcome 
High 
High 
High 
High 
High 
Moderate 
High 
High 
High 
High 
High 
Moderate 
High 
Moderate 
High 
Moderate 
Moderate 
Moderate 
High 
Moderate 
High 
Moderate 
Moderate 

· Moderate 
High 
Moderate 
High 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 



Expert Opinion Decision Tree - Separation of Function is 4 
Comparison of Reconciliation of 

Imprest Job Card Labor Summary and Surprise Payroll 
Account And Time Card Distribution Voucher Distribution Points Outcome 

~ 
Cost Accounting Auditor 8 High 

· · No One 7 Moderate 
Supervisor General Ledger ------Auditor 8 High 

No One 7 Moderate 
No One Auditor 7 Moderate 

--No One 6 Moderate 

~ 
Cost Accounting Auditor 8 High 

No One 7 Moderate 
Yes General Ledger General Ledger -------------- Auditor 8 High 

No One 7 Moderate 
No One Auditor 7 Moderate 

No One 6 Moderate 

~ 
Cost Accounting Auditor 7 Moderate 

- No One 6 Moderate 
,_. No One General Ledger ------Auditor 7 Moderate 
-...J No One 6 Moderate 
,_. No One Auditor 6 Moderate 

No One 5 Moderate 

~ 
Cost Accounting Auditor 7 Moderate 

--No One 6 Moderate 
Supervisor General Ledger ------Auditor 7 Moderate 

No One 6 Moderate 
No One Auditor 6 Moderate 

No One 5 Moderate 

~ 
Cost Accounting Auditor 7 Moserate 

-No One 6 Moderate 
No General Ledger General Ledger -------------Auditor 7 Moderate 

No One 6 Moderate 
No One --==:::::::::==----- Auditor 6 Moderate 

No One 5 Moderate 
Cost Accounting Auditor 6 Moderate 

- No One 5 Moderate 
No One ~ General Ledger ------Auditor 6 Moderate 

No One 5 Moderate 
No One Auditor 5 Moderate 

No One 4 Moderate 



..... 
~ 

Expert Opinion Decision Tree - Separation of Function is 3 

Imprest 
Account 

Yes ---------

No 

Comparison of Reconciliation of · 
Job Card Labor Summary and Surprise Payroll 
And Time Card Distribution Voucher Distribution Points 

AntfHnr 7 -
Supervisor ~ General Led:; -------=A~;; 7 
~ NoOne 6 

No One --==========Auditor 6 
No One 5 

No One 6 ~ 
Cost Accounting · Auditor 7 

General Ledger General Ledger -------Auditor 7 
No One 6 

No One --==::::::::::===Auditor 6 
No One 5 

~

. Cost Accounting Auditor 6 
No One 5 

No One General Ledger -------~ Auditor 6 
. No One 5 

No One --==::::::::==== Auditor 5 
No One 4 

~ Cost Accounting --==::::::==Auditor 6 
No One 5 

GeneralLedger 6 
5 

NoOne 5 

Supervisor 

General Ledger ~

. Cost Accounting 
--NoOne 

General Ledger -------Auditor 
NoOne 

No One --==::::::::::::::=== Auditor 

NoOne --<~------
Cost Accounting 

General Ledger 

NoOne 
--===:::::::::-Auditor 

NoOne 

-------
Auditor 
NoOne 

No One ---==========-Auditor 
NoOne 

4 
6 
5 
6 
5 
5 
4 
5 
4 
5 
4 
4 
3 

Outcome 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moserate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Low 



Expert Opinion Decision Tree - Separation of Function is 2 
Comparison of Reconciliation of 

Imprest Job Card Labor Summary and Surprise Payroll 
Account And Time Carg DistributiQn Vou£h!:lr Di§tributiQn Points 0ut£Qme 

~ Co,tAooounting Andito< 6 Moderate 
No One s Moderate 

Supervisor General Ledger -=-==-=:::::::: Auditor 6 Moderate 
NoOne 5 Moderate 

No One Auditor s Moderate 
NoOne 4 Moderate 

~ Co,t Aocoonting Auditm 6 Moderate 
No One 5 Moderate 

Yes General Ledger General Ledger Auditor 6 Moderate -==:::::::::::: No One 5 Moderate 
No One Auditor 5 Moderate 

NoOne 4 Moderate 

~C..tA«0-
Auditor s Moderate 
NoOne 4 Moderate -=-==-=:::::::: Auditor• 5 Moderate - No One General Ledger 

4 Moderate No One 
-..J No One Auditor 4 Moderate w 

NoOne 3 Low 

~=-· Auditor 5 Moderate 
4 Moderate 

Supervisor General Ledger 5 Moderate 
4 Moderate 

NoOne 4 Moderate 
3 Low 

~ = Acoow,ting Auditm 
5 Moserate 

No One 4 Moderate 
No General Ledger General Ledger -=-==-=:::::::: Auditor 5 Moderate 

No One 4 Moderate 
No One ~ Auditor 4 Moderate 

No One 3 Low 
Cost Accounting ---- Auditor 4 Moderate 

No One 3 Low 
NoOne < General Ledger -=-==-=:::::::: Auditor 4 Moderate 

NoOne 3 Low 
No One Auditor 3 Low 

No One 2 Low 



Expert Opinion Decision Tree - Separation of Function is 1 
Comparison of Reconciliation of · · 

Imprest Job Card Labor Summary and Surprise Payroll 
Account And Time Card Distribution Voucher Distribution Points Outcome 

~ 
Cost Accounting Auditor 5 Moderate 

No One 4 Moderate 
Supervisor General Ledger ~ Auditor 5 Moderate 

· ----No One 4 Moderate 
No One Auditor 4 Moderate 

No One 3 Low 
· ~ Cost Accounting Auditor S Moderate 

No One 4 Moderate 
Yes GeneralLedger GeneralLedger --.............=-------Auditor S Moderate 

----No One 4 Moderate 
No One Auditor 4 Moderate 

No One 3 Low < Cost Accounting --=:::::::=Au. ditor 4 Moderate 
NoOne 3 Low 

No One General Ledger -......::::::=-Auditor 4 Moderate 
::j .. ----No One 3 Low 
~ No One --===::::::::===Auditor 3 Low 

No One 2 Low 

~ Cost Accounting ---==::::::=Auditor 4 Moderate 
No One 3 Low 

Supervisor General Ledger -.............= Auditor 4 Moderate 
----No One 3 Low 

No One Auditor 3 Low 
No One 2 Low 

~ 
Cost Accounting Auditor 4 Moserate 

No One 3 Low 
No General Ledger General Ledger --.............=.,,.-----Auditor 4 Moderate 

----No One 3 Low 
No One Auditor 3 Low 

No One 2 Low 
Cost Accounting Auditor 3 Low 

No One 2 Low 
No One . <: General Ledger w.::::::::=- Auditor 3 Low 

------ No One 2 Low 
No One Auditor 2 Low 

No One l Low 



Expert Opinion Decision Tree - Separation of Function is 0 
Comparison of Reconciliation of 

Imprest Job Card Labor Summary and Surprise Payroll 
Accowt And Time Card Distribution Voucher Distribution Points Outcome 

~ 
Cost Accounting Auditor 4 Moderate 

No One 3 Low 
Supervisor General Ledger --=:::::::::::...,,,.--.----Auditor 4 Moderate 

No One 3 Low 
No One -==========--Auditor 3 Low 

No One 2 Low 
Cost Accounting Auditor 4 Moderate 

~ ---No One 3 Low 
Yes General Ledger General Ledger --=:.:::::=--- Auditor 4 Moderate 

----No One 3 Low 
No One Auditor 3 Low 

No One 2 Low 

~. 

Cost Accounting Auditor 3 Low 
No One 2 Low 

No One General Ledger -...:::.:::::=-Auditor 3 Low 
'.::i -----No One 2 Low 
VI No One Auditor 2 Low 

No One l Low 

~ 
CostAccounting Auditor 3 Low 

No One 2 Low 
Supervisor General Ledger -----Auditor 3 Low 

No One 2 Low 
No One Auditor 2 Low 

No One l Low 

~ 
Cost Accounting ------ Auditor 3 Low 

No One 2 Low 
No General Ledger General Ledger -e::::::::::::= Auditor 3 Low 

-----No One 2 Low 
NoOne ---==::::::::===~Auditor 2 Low 

No One l Low 
Cost Accounting Auditor 2 Low 

No One 1 Low 
No One <C General Ledger -C::.::::::::.: Auditor 2 Low 

l Low 
No One Auditor 1 Low 

0 Low 
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Intelligent Decision Aid Logic Code 

Dimension of variable statements: 

Dim TC As Integer (TC = Time Card ) 
TC=O 

Dim TCV As String (TVC = Value assigned to separation of duty over the Time 
Card) 

Dim PC As Integer (PC = Pay Check) 
PC=O 

Dim PCV As String (PCV = Value assigned to separation of duty over the Pay 
Check) 

Dim Pl As Integer (Pl = Pay Information) 
PI=O 

Dim PIV As String (PIV = Value assigned to Pay Information separation of duty) 
Dim Sof As Integer (Sof = 

Sof=O 
Dim Sotv As String (Sotv = Strength of Time Card, Pay Check, and Pay 

Information separation of duty) 
Dim GoOn As Boolean 

GoOn=True 

Assignment of value to TC (Time Card)' 
If0pt5Yes.Value = True And OptlOPay.Value = True And Opt7Sup.Value = 

True Then 
TC=2 

End If 
If0pt5Yes.Value = True And OptlOPay.Value = True And Opt7No.Value = 

True Then 
TC= 1 

End If 
If0pt5Yes.Value = True And OptlOPer.Value = True Then 

TC= 1 
End If 
If0pt5Yes.Value = True And OptlOSup.Value = True And Opt7Pay.Value = 

True Then 
TC= 1 

End If 
If0pt5No.Value = True And OptlOPay.Value = True And Opt7Sup.Value = 

True Then 
TC= 1 

End If 
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Assignment of value to TCV (Separation of duty over Time Card) 
IfTC=O Then 

TCV="Low" 
End If 
lfTC= 1 Then 

TCV = "Moderate" 
End If 
IfTC=2 Then 

TCV= "High" 
End If 

Assignment of value to PC (Pay Check) 
If0pt9Pay.Value = True And Opt16Cash.Value = True And Opt18Aud.Value = 
True Then 

PC=2 
End If 
If0pt9Pay.Va1ue = True And Opt16Cash.Value = True And Opt18PM.Value = 

True Then 
PC=2 

End If 
If0pt9Pay.Value = True And Opt16Aud.Value = True And Opt18Cash.Value = 

True Then 
PC=2 

End If 
If0pt9Pay.Value = True And Opt16Aud.Value = True And Opt18PM.Value = 

True Then 
PC=2 

End If 
If0pt9Pay.Value = True And Opt16Sup.Value = True And Opt18Sup.Value = 

False Then 
PC= 1 

End If 
If0pt9Aud.Value = True And Opt16Cash.Value = True And Opt18Sup.Value = 

True Then 
PC= 1 

End If 
If0pt9Aud.Value = True And Opt16Cash.Value = True And Opt18PM.Value = 

True Then 
PC= 1 

End If 
If0pt9Aud.Value = True And Opt16Pay.Value = True And Opt18Cash.Value = 

True Then 
PC= 1 

End If 
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If0pt9Aud.Value = True And Opt16Pay.Value = True And Opt18PM.Value = 
True Then 
PC= 1 

End If 
If0pt9Aud.Value = True And Opt16Sup.Value = True And Opt18Cash.Value = 

True Then 
PC= 1 

End If 
If0pt9Aud.Value = True And Opt16Sup.Value = True And Opt18PM.Value = 

True Then 
PC= 1 

End If 
If0pt9PM.Value = True And Opt16Cash.Value = True And Opt18Aud.Value = 

True Then 
PC= 1 

End If 
If0pt9PM.Value = True And Opt16Pay.Value = True And Opt18PM.Value = 

False Then 
PC= 1 

End If 
If0pt9PM.Va1ue = True And Opt16Aud.Value = True And Opt18Cash.Value = 

True Then 
PC= 1 

End If 
If0pt9PM.Value = True And Opt16Aud.Value = True And Opt18Sup.Value = 

True Then 
PC= 1 

End If 
If0pt9PM.Value = True And Opt16Sup.Value = True And Opt18Cash.Value = 

True Then 
PC= 1 

End If 
If0pt9PM.Value = True And Opt16Sup.Value = True And Opt18Aud.Value = 

True Then 
PC= 1 

End If 
If0pt9Cash.Value = True And Opt16Pay.Value = True And Opt18Cash.Value = 

False Then 
PC= 1 

End If 
If0pt9Cash.Value = True And Opt16Aud.Value = True And Opt18Sup.Value = 

True Then 
PC= 1 

End If 
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If0pt9Cash.Value = True And Optl6Aud.Value = True And Optl8PM.Value = 
True Then 
PC= I 

End If 
If0pt9Cash.Value = True And Optl6Sup.Value = True And Optl8Aud.Value = 

True Then 
PC= I 

End If 
If0pt9Cash.Value = True And Optl6Sup.Value = True And Optl8PM.Value = 

True Then 
PC= I 

End If 

Assignment of value to PCV (Separation of duties - Pay Check) 
IfPC =OThen 

PCV="Low" 
End If 
IfPC = I Then 

PCV = "Moderate" 
End If 
IfPC=2 Then 

PCV = "High" 
End If 

Assignment of value to PI (Pay Information) 
If0pt2Per.Va1ue = True And Opt6Sup.Value = True And OptlOPay.Value = 

True Then 
PI=2 

End If 
If0pt2Per.Va1ue = True And Opt6Pay.Value = True And Optl0Sup.Value = 

True Then 
PI= 1 

End If 
If0pt2Per.Value = True And Opt6No.Value = True And OptlOPer.Value = False 

Then 
PI= 1 

End If 
If0pt2Pay.Value = True And Opt6Sup.Value = True And OptlOPer.Value = 

True Then 
PI= I 

End If 
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If0pt2Pay.Value = True And Opt6No.Value = True And OptlOPay.Value = 
False Then 
PI= 1 

End If 
If0pt2Sup.Value = True And Opt6Pay.Value = True And OptlOPer.Value = 

True Then 
PI= 1 

End If 
If0pt2Sup.Value = True And Opt6No.Value = True And OptlOPer.Value = 

True Then 
PI= 1 

End If 

Assignment of value to PIV (Pay Information separation of duty) 
IfPI = 0 Then 

PIV="Low" 
End If 
IfPI = 1 Then 

PIV = "Moderate" 
End If 
IfPI =2 Then 

PIV= "High" 
End If 

Assignment of value to Sof 
Sof= Sof +TC+ PC+ PI 

Assignment of value to SofV (Separation of Duties) 
IfSof= 6 Or Sof= 5 Then 

SofV = "HIGH" 
End If 
If Sof = 4 Or Sof = 3 Then 

SofV = "MODERATE" 
End If 
If Sof < 3 Then 

SofV="LOW" 
End If 

Assignment of other values 
Dim IP As String 'Is an imprest account used' 

If0pt17Yes.Value = True Then 
IP= "Yes" 
Else: IP = ''No" 

End If 
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Dim JCRec As String 'Reconciliation of Job Card and Time Card' 
If0pt8Sup.Va1ue = True Or Opt8GL.Value = True Then 

JCRec = "Yes" 
Else: JCRec = "No" 

End If 
Dim LSRec As String 'Reconciliation of Labor Summary and Distn"bution 

Voucher' 
If Opt13Cost.Value = True Or Opt13GL.Value = True Then 

LSRec = "Yes" 
Else: LSRec = "No" 

End If 
Dim Surprise As String 'Surprise Payroll Distribution' 

If 0pt20Aud.Value = True Then 
Surprise= "Yes" 
Else: Surprise= ''No" 

End If 

Assignment of values to strength of Others 
Dim Other As Integer 

Other= 0 
If Optl 7Yes.V alue = True And Opt8Sup.V alue = True And 

Opt13Cost.Value = True And Opt20Aud.Value = True Then 
Other=4 

End If 
If0pt17Yes.Va1ue = Tnie And Opt8Sup.Value = True And 

Opt13Cost.Value = True And Opt20No.Value = True Then 
Other= 3 

End If 
If0pt17Yes.Va1ue = True And Opt8Sup.Value = True And 

Opt13GL.Value = True And Opt20Aud.Value = True Then 
Other=4 

End If 
If0ptl 7Yes.Value = True And Opt8Sup.Value = True And 

Opt13GL.Value = True And Opt20No.Value = True Then 
Other= 3 

End If 
If0pt17Yes.Va1ue = True And Opt8Sup.Value = True And 

Opt13No.Value = True And Opt20Aud.Value = True Then 
Other= 3 

End If 
If0pt17Yes.Va1ue = True And Opt8Sup.Value = True And 

Optl3No.Value = True And Opt20No.Value = True Then 
Other=2 

End If 
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If Optl 7Yes.Value = True And Opt8GL.Value = True And 
Opt13Cost.Value = True And Opt20Aud.Value = True Then 
Other=4 

End If 
If0ptl 7Yes.Value = True And Opt8GL.Value = True And 

Opt13Cost.Value = True And Opt20No.Value = True Then 
Other= 3 

End If 
If0pt17Yes.Va1ue = True And Opt8GL.Value = True And 

Opt13GL.Value = True And Opt20Aud.Value = True Then 
Other=4 

End If 
If0ptl 7Yes.Value = True And Opt8GL.Value = True And 

Opt13GL.Value = True And Opt20No.Value = True Then 
Other= 3 

End If 
If0pt17Yes.Value = True And Opt8GL.Value = True And 

Opt13No.Value = True And Opt20Aud.Value = True Then 
Other= 3 

End If 
If0ptl 7Yes.Value = True And Opt8GL.Value = True And 

Opt13No.Value = True And Opt20No.Value = True Then 
Other= 2 

End If 
If Opt 17Y es.Value = True And Opt8No.V alue = True And 

Opt13Cost.Value = True And Opt20Aud.Value = True Then 
Other= 3 

End If 
If0pt17Yes.Value = True And Opt8No.Value = True And 

Opt13Cost.Value = True And Opt20No.Value = True Then 
Other=2 

End If 
If Opt 17Y es. Value = True And Opt8No.Value = True And 

Opt13GL.Value = True And Opt20Aud.Value = True Then 
Other= 3 

End If 
If0pt17Yes.Value = True And Opt8No.Value = True And 

Opt13GL.Value = True And Opt20No.Value = True Then 
Other= 2 

End If 
If0pt17Yes.Value = True And Opt8No.Value = True And 

Opt13No.Value = True And Opt20Aud.Value = True Then 
Other=2 

End If 
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If Opt 17Y es.Value = True And Opt8No. Value = True And 
Opt13No.Value = True And Opt20No.Value = True Then 
Other= I 

End If 
If Optl ?No.Value= True And Opt8Sup.Value = True And 

Opt13Cost.Value = True And Opt20Aud.Value = True Then 
Other= 3 

End If 
If Optl ?No.Value= True And Opt8Sup.Value = True And 

Opt13Cost.Value = True And Opt20No.Value = True Then 
Other=2 

End If 
If Optl ?No.Value= True And Opt8Sup.Value = True And 

Opt13GL.Value = True And Opt20Aud.Value = True Then 
Other= 3 

End If 
If Optl ?No.Value= True And Opt8Sup.Value = True And 

Opt13GL.Value = True And Opt20No.Value = True Then 
Other=2 

End If 
If0ptl ?No.Value= True And Opt8Sup.Value = True And 

Opt13No.Value = True And Opt20Aud.Value = True Then 
Other=2 

End If 
If0pt17No.Value = True And Opt8Sup.Value = True And 

Opt13No.Value = True And Opt20No.Value = True Then 
Other= I 

End If 
If Optl ?No.Value= True And Opt8GLValue = True And 

Opt13Cost.Value = True And Opt20Aud.Value = True Then 
Other= 3 

End If 
If Optl ?No.Value= True And Opt8GL.Value = True And 

Opt13Cost.Value = True And Opt20No.Value = True Then 
Other= 2 

End If 
If Optl ?No.Value= True And Opt8GL.Value = True And 

Opt13GL.Value = True And Opt20Aud.Value = True Then 
Other= 3 

End If 
If Optl 7No. Value = True And Opt8GL.V alue = True And 

Opt13GL.Value = True And Opt20No.Value = True Then 
Other= 2 

End If 
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If0pt17No.Value = True And Opt8GL.Value = True And 
Opt13No.Value = True And Opt20Aud.Value = True Then 
Other=2 

End If 
If0ptl ?No.Value= True And Opt8GL.Value = True And 

Opt13No.Value = True And Opt20No.Value = True Then 
Other= 1 

End If 
If Optl ?No.Value= True And Opt8No.Value = True And 

Opt13Cost.Value = True And Opt20Aud.Value = True Then 
Other=2 

End If 
If0ptl7No.Value = True And Opt8No.Value = True And 

Opt13Cost.Value = True And Opt20No.Value = True Then 
Other= 1 

End If 
If0ptl ?No.Value= True And Opt8No.Value = True And 

Opt13GL.Value =: True And Opt20Aud.Value = True Then 
Other=2 

End If 
If Optl ?No.Value= True And Opt8No.Value = True And 

Opt13GL.Value = True And Opt20No.Value = True Then 
Other= 1 

End If 
If0pt17No.Value = True And Opt8No.Value = True And 

Opt13No.Value = True And Opt20Aud.Value = True Then 
Other= 1 

End If 
If0pt17No.Value = True And Opt8No.Value = True And 

Opt13No.Value = True And Opt20No.Value = True Then 
Other=O 

End If 
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Assignment of Final Decision 
Dim Outcome As String 

Outcome= "MODERATE" 
Dim Totals As Integer 

Totals= 0 
Totals = Sof + Other 

If Totals > 7 Then 
Outcome= "HIGH" 

End If 
If Totals < 4 Then 

Outcome= "LOW'' 
End If 

Relate Decision and Process to User 
MsgBox "Separation of Function over the Time Card is " & TCV & "." & " 

Separation of Function over the Pay Check is " & PCV & "." & " 
Separation of Function over Pay Information is" & PIV & "." & " 

OVERALL SEPARATION OF FUNCTION is" & SofV & " 
Is there a separate bank account for payroll? " & IP & " 
Does anyone reconcile the Job Cards and the Time Cards? " & 

JCRec & " 
Does anyone reconcile the Distribution Summary and the 

Distribution Voucher? " & LS Rec & " 
Is payroll distributed on a surprise basis? " & Surprise & " 

THE OVERALL ADEQUACY OF INTERNAL CONTROLS FOR THIS 
SCENARIO IS " & Outcome 
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Visual Basic Code for Each Option Button 

Private Sub Optl Hi_ Click() 
If OptlHi.Value = True Then 

End If 
End Sub 

MsgBox "The level of control adequacy determined last year tells you how 
extensively you need to review internal controls this year." 

Private Sub OptlLo_Click() 
If0pt1Hi.Value = True Then 

End If 
End Sub 

MsgBox "The level of control adequacy determined last year tells you how 
extensively you need to review internal controls this year." 

Private Sub OptlMod_Click() 
If Opt 1 Hi.Value = True Then 

End If 
End Sub 

MsgBox "The level of control adequacy determined last year tells you how 
extensively you need to review internal controls this year." 

Private Sub Opt2Pay _ Click() 
If0pt1Lo.Value = False And OptlHi.Value = False And OptlMod.Value = False 

Then 

End If 

MsgBox "Please answer Question #1." 
Opt2Pay.Value = False 

If0pt2Pay.Value = True Then 

End If 
End Sub 

MsgBox "This is an authorization function designed to prevent 
inappropriate personnel from being paid or to prevent paying an 
employee at a wrong rate." 
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Private Sub Opt2Per _ Click() 
If0pt1Lo.Value = False And OptlHi.Value = False And OptlMod.Value = False 

Then 

End If 

MsgBox "Please answer Question #1." 
Opt2Per.Value = False 

If0pt2Pay.Value = True Then 

End If 
End Sub 

MsgBox "1bis is an authorization function designed to prevent 
inappropriate personnel from being paid or to prevent paying an 
employee at a wrong rate." 

Private Sub Opt2Sup _ Click() 
If0pt1Lo.Value = False And OptlHi.Value = False And OptlMod.Value = False 

Then 

End If 

MsgBox "Please answer Question #1." 
Opt2Sup.Value = False 

If Opt2Pay.Value = True Then 

End If 
End Sub 

MsgBox "This is an authorization function designed to prevent 
inappropriate personnel from being paid or to prevent paying an 
employee at a wrong rate." 

Private Sub Opt3Pay _ Click() 
If0pt2Pay.Value = False And Opt2Per.Value = False And Opt2Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #2." 
Opt3Pay.Value = False 

Private Sub Opt3Per _ Click() 
If 0pt2Pay.Value = False And Opt2Per.Value = False And Opt2Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #2." 
Opt3Per.Value = False 
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Private Sub Opt3Sup _ ClickQ 
If0pt2Pay.Value = False And Opt2Per.Value = False And Opt2Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #2." 
Opt3Sup.Value = False 

Private Sub Opt4Pay _ ClickO 
If0pt3Pay.Value = False And Opt3Per.Value = False And Opt3Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #3." 
Opt4Pay.Value = False 

Private Sub Opt4Per _ ClickO 
If0pt3Pay.Value = False And Opt3Per.Value = False And Opt3Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #3." 
Opt4Per.Value = False 

Private Sub Opt4Sup _ Click() 
If0pt3Pay.Value = False And Opt3Per.Value = False And Opt3Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #3." 
Opt4Sup.Value = False 

Private Sub Opt5No _ Click() 
If0pt4Pay.Value = False And Opt4Per.Value = False And Opt4Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #4." 
Opt5No.Value = False 
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Private Sub Opt5Yes _ Click() 
If0pt4Pay.Value = False And Opt4Per.Value = False And Opt4Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #4." 
Opt5Yes.Value = False 

Private Sub Opt6Per _ Click() 
If0pt5No.Value = False And Opt5Yes.Value = False Then 

MsgBox "Please answer Question #5." 
Opt6Per.Value = False 

End If 
If0pt6Per.Value = True Then 

End If 
End Sub 

MsgBox "This is an authorization function designed to detect inaccurate 
work infonnation." 

Private Sub Opt6Pay _ Click() 
If0pt5No.Value = False And Opt5Yes.Value = False Then 

MsgBox "Please answer Question #5." 
Opt6Pay.Value = False 

End If 
If0pt6No.Va1ue = True Then 

End If 
End Sub 

MsgBox "This is an authorization function designed to detect inaccurate 
work infonnation." 

Private Sub Opt6Sup _ Click() 
If0pt5No.Va1ue = False And Opt5Yes.Value = False Then 

MsgBox "Please answer Question #5." 
Opt6Sup.Value = False 

End If 
If0pt6No.Value = True Then 

End If 
End Sub 

MsgBox "This is an authorization function designed to detect inaccurate 
work infonnation." 
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Private Sub Opt7Per _ Click() 
If0pt6Per.Value = False And Opt6Pay.Value = False And Opt6Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #6." 
Opt7Per.Value = False 

Private Sub Opt7Pay _ Click() 
If0pt6Per.Value = False And Opt6Pay.Value = False And Opt6Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #6." 
Opt7Pay.Value = False 

Private Sub Opt7Sup _ Click() 
If0pt6Per.Value = False And Opt6Pay.Value = False And Opt6Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #6." 
Opt7Sup.Value = False 

Private Sub Opt8GL _ Click() 
If0pt7Per.Value = False And Opt7Pay.Value = False And Opt7Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #7." 
Opt8GL.Value = False 

Private Sub Opt8No _ Click() 
If0pt7Per.Value = False And Opt7Pay.Value = False And Opt7Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #7." 
Opt8No.Value = False 
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Private Sub Opt8Sup _ Click() 
If0pt7Per.Value = False And Opt7Pay.Value = False And Opt7Sup.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question #7." 
Opt8Sup.Value = False 

Private Sub Opt9Aud _ Click() 
If0pt8GL.Value = False And Opt8No.Value = False And Opt8Sup.Value = False 

Then 

End If 
End Sub 

MsgBox "Please answer Question #8." 
Opt9Aud. Value = False 

Private Sub Opt9Cash _ Click() 
If0pt8GL.Value = False And Opt8No.Value = False And Opt8Sup.Value = False 

Then 

End If 
End Sub 

MsgBox "Please answer Question #8." 
Opt9Cash. Value= False 

Private Sub Opt9Pay _ Click() 
If0pt8GL.Value = False And Opt8No.Value = False And Opt8Sup.Value = False 

Then 

End If 
End Sub 

MsgBox "Please answer Question #8." 
Opt9Pay.Value = False 

Private Sub Opt9PM _ Click() 
If0pt8GL.Value = False And Opt8No.Value = False And Opt8Sup.Value = False 

Then 

End If 
End Sub 

MsgBox "Please answer Question #8." 
Opt9PM.V alue = False 
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Private Sub Opt 1 OPay _ Click() 
If0pt9Aud.Value = False And Opt9Cash.Value = False And Opt9PM.Value = 

False And Opt9Pay.Value = False Then 
MsgBox "Please answer Question #9." 
OptlOPay.Value = False 

End If 
If0pt10Pay.Value = True Then 

End If 
End Sub 

MsgBox "This is an accounting records control that helps prevent 
inaccurate and incomplete records. There is separation of function 
over pay information if the person responsible for maintaining the 
payrate (#2), the person responsible for approving the job card 
(#6) and this person are different." 

Private Sub OptlOPer_Click() 
If0pt9Aud.Value = False And Opt9Cash.Value = False And Opt9PM.Value = 

False And Opt9Pay.Value = False Then 
MsgBox "Please answer Question #9." 
OptlOPer.Value = False 

End If 
If0pt10Per.Value = True Then 

End If 
End Sub 

MsgBox "This is an accounting records control that helps prevent 
inaccurate and incomplete records. There is separation of function 
over pay information if the person responsible for maintaining the 
payrate (#2), the person responsible for approving the job card 
( #6) and this person are different." 

Private Sub Optl OS up_ Click() 
If0pt9Aud.Value = False And Opt9Cash. Value= False And Opt9PM.Value = 

False And Opt9Pay.Value = False Then 
MsgBox "Please answer Question #9." 
OptlOSup.Value = False 

End If 
IfOptlOPSup.Value = True Then 

End If 
End Sub 

MsgBox "This is an accounting records control that helps prevent 
inaccurate and incomplete records. There is separation of function 
over pay information if the person responsible for maintaining the 
payrate (#2), the person responsible for approving the job card 
( #6) and this person are different." 
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Private Sub Optl lAP _ Click() 
If0ptl0Pay.Value = False And OptlOPer.Value = False And OptlOSup.Value = 

False Then 

End If 

MsgBox "Please answer Question 10." 
Optl lAP.Value = False 

If0pt11Pay.Value = True Then 

End If 
End Sub 

MsgBox "The distribution voucher represents an accounting records 
function designed to prevent errors." 

Private Sub Optl lPay _ Click() 
If0ptl0Pay.Value = False And OptlOPer.Value = False And OptlOSup.Value = 

False Then 

End If 

MsgBox "Please answer Question 10." 
Optl lPay.Value = False 

If0pt11Pay.Value = True Then 
MsgBox "The distribution voucher represents an accounting records 

function designed to prevent errors." 
End If 

End Sub 

Private Sub Opt 12AP _ Click() 
If0pt11AP.Value = False And Optl lPay.Value = False Then 

MsgBox "Please answer Question 11." 
Opt12AP.Value = False 

End If 
End Sub 

Private Sub Opt 12GL _ Click() 
If0pt11AP.Value = False And Optl lPay.Value = False Then 

MsgBox "Please answer Question 11." 
Opt12GL.Value = False 

End If 
End Sub 

Private Sub Opt13Cost_Click() 
If0pt12AP.Value = False And Opt12GL.Value = False Then 

MsgBox "Please answer Question 12." 
Opt13Cost.Value = False 

End If 
End Sub 
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Private Sub Opt13GL_Click() 
If0ptl2AP.Value = False And Opt12GL.Value = False Then 

MsgBox "Please answer Question 12." 
Opt13GL.Value = False 

End If 
End Sub 

Private Sub Opt13No_Click() 
If0pt12AP.Value = False And Opt12GL.Value = False Then 

MsgBox "Please answer Question 12." 
Opt13No.Value = False 

End If 
End Sub 

Private Sub Optl 4No _ Click() 
If0pt13Cost.Value = False And Opt13GL.Value = False And Opt13No.Value = 

False Then 

End If 

MsgBox "Please answer Question 13." 
Opt14No.Value = False 

If0ptl4No.Value = True Then 

End If 
End Sub 

MsgBox "This is an access function designed to prevent fraud in the 
signing of checks." 

Private Sub Opt14Yes_Click() 
If0ptl3Cost.Value = False And Opt13GL.Value = False And Optl3No.Value = 

False Then 

.End If 

MsgBox "Please answer Question 13." 
Opt14Yes.Value = False 

If Optl4No.Value = True Then 

End If 
End Sub 

MsgBox "This is an access :function designed to prevent fraud in the 
signing of checks." 

Private Sub Optl 5Cash _ Click() 
If0ptl4No.Value = False And Opt14Yes.Value = False Then 

MsgBox "Please answer Question 14." 
Optl 5Cash.V alue = False 

End If 
End Sub 
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Private Sub Optl 5No _ Click() 
If0pt14No.Value = False And Opt14Yes.Value = False Then 

MsgBox "Please answer Question 14." 
Optl5No.Value = False 

End If 
End Sub 

Private Sub Optl 5Pay _ Click() 
If0pt14No.Value = False And Optl4Yes.Value = False Then 

MsgBox "Please answer Question 14." 
Optl5Pay.Value = false 

End If 
End Sub 

Private Sub Opt16Aud_Click() 
If0pt15Cash. Value= False And Optl5No.Value = False And Opt15Pay.Value = 

False Then 

End If 
End Sub 

MsgBox "Please answer Question 15." 
Opt16Aud.Value = False 

Private Sub Optl 6Cash _ Click() 
If0pt15Cash.Value = False And Optl5No.Value = False And Opt15Pay.Value = 

End If 
End Sub 

False Then . 
MsgBox "Please answer Question 15." 
Optl 6Cash.V alue = False 

Private Sub Optl 6Pay _ Click() 
If0pt15Cash. Value= False And Optl5No.Value = False And Opt15Pay.Value = 

False Then 

End If 
End Sub· 

MsgBox "Please answer Question 15." 
Opt16Pay.Value = False 
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Private Sub Opt16Sup_Click() 
If0pt15Cash.Value = False And Opt15No.Value = False And Opt15Pay.Value = 

False Then 
MsgBox "Please answer Question 15." 
Opt16Sup.Value = False 

End If 
End Sub 

Private Sub Optl 7No _ Click() 
If0pt16Aud.Value = False And Opt16Cash.Value = False And Opt16Pay.Value 

= False And Opt16Sup.Value = False Then 
MsgBox "Please answer Question#16." 

End If 
End Sub 

Optl 7No. Value = False 

Private Sub Optl 7Y es_ Click() 
If0pt16Aud.Value = False And Opt16Cash.Value = False And Opt16Pay.Value 

= False And Opt16Sup.Value = False Then 
MsgBox "Please answer Question #16." 

End If 
End Sub 

Optl 7Yes. Value = False 

Private Sub Optl 8Aud _ Click() 
If0ptl ?No.Value= False And Optl ?Yes.Value= False Then 

MsgBox "Please answer Question #17." 
Opt18Aud.Value = False 

End If 
End Sub 

Private Sub Optl 8Cash _ Click() 
If0pt17No.Value = False And Opt17Yes.Value = False Then 

MsgBox "Please answer Question #17." 
Opt18Cash.Value = False 

End If 
End Sub 

Private Sub Optl 8PM _ Click() 
If Optl 7No. Value = False And Optl 7Y es.Value = False Then 

MsgBox "Please answer Question #17." 
Opt18PM.Value = False 

End If 
End Sub 
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Private Sub Optl 8Sup _ ClickO 
If Opt 17No. Value = False And Optl 7Y es.Value = False Then 

MsgBox "Please answer Question # 17." 
Optl8Sup.Value = False 

End If 
End Sub 

Private Sub Opt19Aud_ClickO 
If0pt18Aud.Value = False And Optl8Cash.Value = False And Opt18PM.Value 

= False And Opt18Sup.Value = False Then 

End If 
End Sub 

MsgBox "Please answer Question #18." 
Opt19Aud.Value = False 

Private Sub Opt l9Cash _ ClickO 
If0pt18Aud.Value = False And Optl8Cash.Value = False And Optl8PM.Value 

= False And Opt18Sup.Value = False Then 

End If 
End Sub 

MsgBox "Please answer Question #18." 
Optl 9Cash.V alue = False 

Private Sub Optl 9PM_ ClickO 
If0ptl8Aud.Value = False And Optl8Cash.Value = False And Opt18PM.Value 

= False And Opt18Sup.Value = False Then 

End If 
End Sub 

MsgBox "Please answer Question# 18." 
Optl9PM.Value = False 

Private Sub Opt 19Sup _ ClickO 
If0pt18Aud.Value = False And Optl8Cash.Value = False And Optl8PM.Value 

= False And Opt18Sup.Value = False Then 

End If 
End Sub 

MsgBox "Please answer Question #18." 
Opt19Sup.Value = False 
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Private Sub Opt20Aud _ Click() 
If0ptl9Aud.Value = False And Optl9Cash. Value= False And Optl9PM.Value 

= False And Optl9Sup.Value = False Then 
MsgBox "Please answer Question #19." 

End If 
End Sub 

Opt20Aud.Value = False 

Private Sub Opt20No _ Click() 
If0pt19Aud.Value = False And Optl9Cash.Value = False And Optl9PM.Value 

= False And Optl9Sup.Value = False Then 
MsgBox "Please answer Question #19." 

End If 
End Sub 

Opt20No.Value = False 

Private Sub Opt21Aud _ ClickO 
If0pt20No.Value = False And Opt20Aud.Value = False Then 

MsgBox "Please answer Question #20." 
Opt21Aud. Value = False 

End If 
End Sub 

Private Sub Opt21No_ClickO 
If0pt20No.Value = False And Opt20Aud.Value = False Then 

MsgBox "Please answer Question #20." 
Opt21NO.Value = False 

End If 
End Sub 

Private Sub Opt22Aud _ Click() 
If Opt21No. Value = False And Opt21Aud.V alue = False Then 

MsgBox "Please answer Question #21," 
Opt22Aud.Value = False 

End If 
End Sub 

Private Sub Opt22No _ Click() 
If Opt21No.Value = False And Opt21Aud.Value = False Then 

MsgBox "Please answer Question #21." 
Opt22No. Value = False 

End If 
End Sub 
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Private Sub OptAnsHi_ ClickO 
If0pt22Aud.Value = False And Opt22No.Value = False Then 

MsgBox "Please answer Question 22." 
OptAnsHi. Value = False 

End If 
End Sub 

Private Sub OptAnsLo _ ClickO 
If0pt22Aud.Value = False And Opt22No.Value = False Then 

MsgBox "Please answer Question 22." 
OptAnsLo. Value = False 

End If 
End Sub 

Private Sub OptAnsMod _ Click() 
If0pt22Aud.Value = False And Opt22No.Value = False Then 

MsgBox "Please answer Question 22." 
OptAnsMod.Value = False 

End If 
End Sub 
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Legend for Visual Basic Variables 

Question Value Variable Name 

1. Last year's evaluation of internal controls was: Low OptlLo 
Moderate OptlMod 
High OotlHi 

2. Hiring and payrate are authorized by: Payroll Opt2Pay 
Personnel Opt2Per 
Supervisor Opt2Sup 

3. Changes in payrate are authorized by: Payroll Opt3Pay 
Personnel Opt3Per 
Supervisor 0pt3Sup 

4. Employment termination forms are submitted to: Payroll Opt4Pay 
Personnel Opt4Per 
Supervisor Opt4Sup 

5. Is a time clock used? No Opt5No 
Yes Oot5Yes 

6. Jobcards are approved by: No One Opt6No 
Payroll Opt6Pay 
Supervisor Opt6Sup 

7. Overtime is approved by: No One Opt7No 
Payroll Opt7Pay 
Supervisor Oot7Sup 

8. Jobcards are compared to timecards by: General Ledger Opt8GL 
No One Opt8No 
Supervisor Oot8Sup 

9. Preparation of paychecks and payroll registers are Auditor Opt9Aud 
performed by: Cashier Opt9Cash 

Paymaster Opt9Pay 
Payroll Oot9PM 

10. Earnings are posted to individual records by: Payroll OptlOPay 
Personnel OptlOPer 
Supervisor OptIOSup 

11. Payroll distribution voucher is prepared by: Accounts Payable OptllAP 
Payroll OptllPay 

12. Labor distribution summary is prepared by: Accounts Payable Optl2AP 
General Ledger Oot12GL 

13. Who compares distribution voucher and Cost Accounting Optl3Cost 
summary? General Ledger Optl3GL 

No One 0ptl3No 

14. Is a check signing machine used? No Optl4No 
Yes Ootl4Yes 
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15. Who controls unsigned checks? Cashier Opt15Cash 
No One Optl5No 
Payroll Opt15Pay 

16. Who is responsible for signing checks? Auditor Optl6Aud 
Cashier Optl6Cash 
Payroll Opt16Pay 
Supervisor 0pt16Sup 

17. Is a separate checking account used for payroll? No Opt17No 
Yes Opt17Yes 

18. Who distributes payroll checks? Auditor Optl8Aud 
Cashier Opt18Cash 
Paymaster Opt18Pay 
Supervisor Oot18Sup 

19. Who has responsibility for unclaimed checks? Auditor Optl9Aud 
Cashier Opt19Cash 
Paymaster Opt19Pay 
Supervisor Opt19Sup 

20. Who distributes payroll on a surprise basis? Auditor Opt20Aud 
No One Oot20No 

21. Who compares payroll to budgeted figures? Auditor Opt21Aud 
No One Opt21No 

22. Who investigates payroll complaints? Auditor Opt22Aud 
No One Opt22No 
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APPENDIXE 

HUMAN STUDIES COMPLIANCE FORMS 
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.. 

DATE: 03-10-99 

OKLAHOMA STATE UNIVERSITY 
INSTITUTIONAL REVIEW BOARD 

IRB #: BU-99-016 

Proposal Title: ATTENDING TO SIMILARITIES AND DIFFERENCES: AN 
EXAMINATION OF THE EFFECTS OF GENERALIZATION AND 
DISCRIMINATION ON COGNITIVE SKILL ACQmsmoN FROM EXPERT 
SYSTEMS 

Principal Investigafor(s): David Smith Murphy, Georgia Ann Smedley 

Reviewed and Processed as: Exempt 

Approval Status Recommended by Reviewer(s): Approved 

Signature:~ {)~ Date: March 12, 1999 

Carol Olson, Director of University Research Compliance· 
· cc: Georgia Ann Smedley 

Approvals are valid for one calendar year, after which time a request for continuation must be submitted. 
Any modification to the research project approved by the IRB must be submitted for approval. Approved 

· projects are subject to monitoring by the IRB. Expedited and exempt projects may be reviewed by the full 
Institutional Review Board. 
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DATE: 

TO: 

November 5, 1999 

Georgia Smedley 
Accounting 
6003 

FROM: ~ Y Dr. William E. Schulze, Director 
~ Office of Sponsored Programs (X1357) 

RE: Status of Human Subject Protocol Entitled: 
"Attending to Similarities and Differences: An Examination of the Effects 
of Generalization and Discrimination on Cognitive Skill Acquisition from 
Expert System" 
OSP #201F1199-151e 

The protocol for tlie project referenced above has been reviewed by the Office of 
Sponsored Programs and it has been determined that it meets the criteria for exemption 
from full review by the UNL V human subjects Institutional Review Board. This protocol 
is approved for a period of one year from the. date of this notification and work on the 
project may proceed. 

Should the use of human subjects described in this. protocol continue beyond a year from 
the date of this notification, it will be necessary to request an extension. 

If you have any questions .regarding· this information, please contact the Office of 
Sponson,d Programs at 895-1357. 

cc: OSP File 

Office of Sponsored Programs 
4505 Maryland Parkway• Box 451037 • Las Vegas, Nevada 89154-1037 

(702) 895-1357 • FAX (702) 895-4242 
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University of Nevada, Las Vegas 
Department of Accounting 

Information: 
I am Georgia Smedley :from the UNL V Department of Accounting. You are invited to participate in a research study 
investigating the effects of different prompts on learning via the use of an Expert System. 

Procedures: 
For the next four classes, during our regular class meeting time, you will be asked to use the computer at your seat to 
respond to questions and to analyre the adequacy of internal controls in a number of different scenarios. To receive 
full class credit for participation, you must attend all four experimental sessions, fully respond to all questions, and 
complete the forms fur each scenario. This study involves the use of four different expert systems. The system 
assigned to you may be different :from that of your neighbor. Should you choose not to participate in this study, you 
may still use the expert system, but you will be required to submit a 1 to 2 page paper in order to receive class 
credit. 

Benefits of Participation: 
By participating in this study, you will be contributing to the body of knowledge concerning how people learn :from 
expert system use. Further, you will be exposed to a number of control scenarios. This exposure and the prompts 
provided :from the expert system should increase your understanding of the interaction of internal controls and your 
comfort in assessing control adequacy. This is an important step in your preparation to become professional 
accountants. 

Risks: 
This research experiment involves the use of computers and an expert system. Because the expert system is 
software that is unfamiliar to you, you may become anxious and feel out of your element. You are encouraged to 
alert me it'; at any time during the experiment,.you become uncomfortable. 

Contact: 
If you have any questions about this study, or if you experience adverse effects as a result of participation in this 
study, you may contact me at 895-3994. For questions regarding the rights of research subjects, you may contact the 
UNLV Office of Sponsored Programs at 895-1357. 

Participation: 
Your participation in this study is voluntary. You may refuse to participate in this study or in any part of this study 
and you may withdraw at any time without prejudice to your relations with the university. If you choose not to 
participate or if you choose to withdraw :from this study, 50 points of class credit may be earned via a written 
assignment. YOU are encouraged to ask questions about this study prior to its beginning or any time during the 
study. You will be given a copy of this form. 

Confidentiality: 
All information gathered in this study will be kept completely confidential. No reference will be made in written or 
oral materials which could link you to this study. 

Consent: 
I have read the above information and agree to participate in this study. 

Signature of Participant Date 

Signature of Researcher Date 
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