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SUMMARY

Roth practitioners and researchers have devoted significant effort to the study of decision aids, especially expert
systems, to assist anditors in internal conirol evaluations. In addition to being used as a decision aid, researchers
have long contended that expett systews could be used to tratn non-expert users. Even though the professional
accounting literature makes it clear that responsibility for maintaining an effective internal control system rests
with managemment rather than suditors, the focus to date has been on expert sysieras atmed at assisting/training
auditors, not an organization’s management. In contrast, this study focuses on management as users of an expert
system for internal control evaluation. We describe the development process, explain how the resulting system
was evaluated, and discuss results of that evalpation. These results suggest that such a system gives a new way
to help managers morease effectiveness and efficiency of a critical organizational process: the evaluation of
internal couirels. Copyright © 2044 foha Wiley & Scos, Lid.

1. INTRODUCTION

A mumber of reviews have been published dealing with the nature of expertise in auditing (Marchant,
1989; Bonner and Pennington, 1991; Fedorowicz ef ¢f., 1992; Libby, 1995; Licb and Gillease, 1996;
Weber, 1999}, Among these reviews, several have examined experienced anditors’ internal control
knowledge (Eining and Dorr, 1991; Libby, 1995}, The study and evaluation of internal controls is
2 problem involving the expertise of well-trained auditors. The iternal control evaluation process
ig characterized by the use of heuristic rules to determine how well the client’s controls support
specific assertions for specific accounts {Gadh ef al., 1993).

Both practitioners and researchers have devoted significant effort to the study of audit decision
aids to assist anditors in internal control evaluations (Bailey ef gf., 1985; Boritz, 1985; Gal, 1985;
Cuommings and Apostolog, 1987; Cumimnings er af., 1988; O’ Leary and Watkins, 1989; Brown and
Phillips, 1990; Murphy, 1990; Graham ef ql., 1991; Vinze er o, 1991; Messier, 1995). Several
researchers suggest that audit judgment can be improved through the vse of decision aids (Messier,
1995; Brown and Jones, 1998). Among these decision aids, expert systems have evolved to boecome
practical tools used in aiding decision makmg (Bonczek ef al., 1981; Holsapple and Whinston, 1987;
O’ Leary, 1988; Biggs and Morrison, 1990; Wong and Monaco, 1995},
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164 C. CHANGCHIT AND C. W. HOLSAPPLE

In addition to being used as a decigion aid, researchers have long contended that expert gystems
could also be used to train non-expert users (Biggs er ¢f., 1987 Borthick and Wegt, 1987; Ege and
Sullivan, 1990; Gal and Steinbart, 1992; Pei and Reneau, 1992; Bonner and Walker, 1994; Steinbart
and Accola, 1994; Gdem and Dorr, 1995). Prior studies found that subjects who practiced making
decisions with the aid of an expert svsiem were betier and quicker at reaching decisions than subjecis
who practiced without the support of the expert system (Cz, 1989; Eining and Dogr, 1981,
Fedorowicz er al., 1992).

Expert systems for iaterpal control evaluation are generally developed using either professional
literature for a knowledge source, or interview or protocol amalysis to acquire knowledge from
human experts {(Meservy er al., 1986; Holsapple and Raj, 1994). The respltant system is able to
emwtlate the results of an aunditor’s internal control gvaluation process. The professional accounting
fiterature makes it clear that the responsibility for maintaining an effective internal countrol system
rests with management rather than with the auditors (COSO, 1992; Arens and Loebbecke, 1994},
However, the focus to date has been on expert systems atmed at assisting or training auditors, not
ap organization’s management. Most of these systerns are designed to help anditors detenmine the
extent of other tests they will perform in conducting an audit. If an auditor determines that the
client’s internal conirol systemas are designed properly and are functioning as designed, he or she
can reduce direct testing of account balances accordingly {(Gadh ef ol 19931

Although the literature does not report on expert systerns that can facilitate the transfer of internal
control knowledge to managers, there are several reasons why such systems deserve to be invest-
igated. First, establishment and supervision of internal control svstems are the responsibility of
management, not external auditors (COSO, 1982}, Second, managers have more immediate and
detailed insight into operations (fncluding their intemnal condrol facets) than external auditors. Third,
decisions made by managers often have nternal control implications, but they may not be recog-
nized or adequately considered due to managers’ insufficient interral countrol knowledge. Fourth,
evaluation of internal control systems ideally should be treated as a continuous process, allowing
weaknesses to be prevented or detected as soon as possibie.

Moreover, 1 the wake of recent financial scandals, the Sarbanes-Oxley Act of 2002 was enacted
o emphasize the importance of vigilant and effective corporate governance participants—including
the board of divectors, the audit committee, management, internal auditors, external auditors, and
governing bodies {e.g. Securities and Exchange Commiasion, American Institute of Certified Public
Accountantsy—can play in preventing and detecting financial statement fraud (Rezace, 2004), The
act requires public coropanies to validate the accuracy and integrity of their financial management.
The processes and documentation required for compliance are rigorous: companies must have estab-
lished procedures for meeting their reporting obligations, and CEOQs and CFOs must personally
certify that their own company’s statements are complete and accurate,

Having said this, we do not imply that internal control evahuations should be performed by
management mstead of auditors. Rather, we contend that ongoing attention to internal control issues
by management would be a useful complement to ordinary anditing activity. However, this requires
that managers possess or have easy access {o internal control evaluation knowledge. The expert
systemn described in this paper is aimed at transferring such knowledge fo managers.

The remainder of this paper begins with an overview of system objectives. This 18 followed by
a description of the development process, including knowledge acquisition, e set specification,
and expert testing. We discuss how the resulting systern was evaluated in experimental sessions with
practicing managers. The results give strong evidence that an expert system can be valuable in both
directly supporting managers’ internal control decisions and training them to make such decisions.
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MANAGERIAL EVALUATION OF INTERNAL CONTROLS 10§

The major contribution of this work ie its exploration of a new way to increase the effectiveness
and efficiency of a critical orgamizational process: the evalvation of internal controls.

2. OBIECTIVES

This study is unique in its focus on managers as users of an expert system for interpal control
evaluations. Even though there 18 evidence in some problem domains that the use of expert systerms
can facilitate the transfer of expertise to novice subjects, we cannot antomatically assume that this
1g feasible or effective for the transfer of internal control evaluation knowledge o euperienced
managers.

Managers come from diverse backgrounds (marketing, operations, technical, ete.} and do not
necessarily bave an accounting eduncational background (Viator and Curtis, 1998). Differences in
educational background have been directly linked to differences in knowledge structure (Curtis and
Viator, 2000). Studies have shown that a mismatch between knowledge structure and task structure
can have g detrimental effect on performance (Pet er ¢l, 1994; Nelson ef al., 19935}, and differences
in knowledge structure are gystematically associated with the quality of performance in reviewing
wnternal control systems (Curtis and Viator, 2000). Given the variations in managers’ educational
backgrounds, work experiences, and knowledge structures, constructing an expert system for effec-
tive mternal control evaluation by managers (a8 compared with external auditors or accounting
student novices) may not be feasible. Moreover, real managers may resist learping about internal
controls, or they may feel uncomfortable using an expert system to do so. A manager may provide
incorrect inputs, not understand system outputs, find 1t difficult to work with an expert system, or
resist considering the advice it gives.

The central objective of this study is to explore whether the foregoing reservations can be over-
come. This exploration has two aspects: building an expert systern atmed at helping managers
evaluating interpal coontrol weaknesses and demonstrating that practicing managers can use this
systern in 4 way that results in the transfer of internal control knowledge to them,

Because the targeted users are managers, who fend not to be well versed in internal control
evaluation concepts, the required features of the system are different from those of expert systems
developed for auditors. Specifically, the systern was designed to meet the following objectives:

e The gystern should aid users in understanding why internal control ig important. It is divided into
five sections based on internal control objectives, Each section begins with an introduction to the
basic concepts of such control.

= The system should aid users in understanding how a particular problem is solved. For instance,
several diagrams are incorporated inio the interface in order to help users capture the concept of
how a wealuess is detected so that the learning i1s enhanced,

« The system should be easy to understand and use by persons experienced with business operations
but who are unfamiliar with internal control concepts. For example, the systern prompts users to
enter data relevant to detecting internal control weaknesses (e.g. the name of the person who re-
cetves cash, the name of the person who records cash receipts), and reports each weakness found,

« The system should report each weakness found, not just the adequacy of the overall organization’s
internal control system.

e The system should provide the reason why each weakness found is considered to be an internal
control weakness.
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3. DEVELOPMENT PROCESS

Expertise has been defined as the knowledge about a particular domain, understanding of domain
problems, and skifl in solving such problems, The nature of expertige includes the ability to (1} solve
the problem, (2) explain the result, (3) learn, {(4) restructure knowledge, (5) break rules, (6) deter-
mine relevance, and (7) degrade gracefully (Davis and Lenat, 1982}, An expert’s knowledge has
both public and private aspects. Public knowledge includes the facts, theories, and definitions as
found in texts and journals referenced by those studying in the domain, whereas much private
knowledge ig in the form of rules of thumb referred to as heuristics (Haves-Roth er al., 1983},
Heurnstics allow experts to make educated guesses when necessary, to recognize promusing ap-
proaches 1o problems, and to deal effectively with errorful or incomplete data (Meservy, 1985},

The review and evaluation of internal accounting controls s a critical step m every financial andit
and is an area in which the auditor exhibits substantial expertise (Meservy, 1985). To meet the
objectives outlined in Section 2, it 18 necessary to determine the reasoning that auditors use in
gvaluating a client’s internal control svstern, formalize and represent that reasoning knowledge
as rule sets stored in a knowledge system, and then test the usefulness of the resultant expert
gystem.

The knowledge incorporated into this expert systern formalizes the expertise of an auditor expen-
enced in evaluating an internal confrol system of the sales and collection cyele in medium-size
merchandising organizations. Typically, the strengths and weaknesses of an internal accounting
control system are evaluated by determining control objectives, identifving controls and faults from
a description of the system, and then combining the controls and faults into an overall evaluation
of the sufficiency with which each confrol objective has been met. The expert from whom the
knowledge for this expert system was acquired i3 a4 partner in 4 major international accounting firm,
He has more than 10 years of experience in the area of internal control evaluation and deronstrated
significant interest in the research project.

The tool selected for developing the expert system was the GURU integrated artificial intelligence
environment, version 3.01 (Holsapple and Whinston, 1987; Micro Data Base Systerns, 1991).
Bevond the rule management facilities typically found in expert gystern shells, GURU provides
integral facilities for relational database management, forms management, program management,
and spreadsheet management. These are integrated into a single problem-processing system in such
a way that any of these knowledge handhng techniques can be used independently or several can
be used interdependently. In this particular expert systen application, the techniques used included
rule management, program management, forms managernent, and database management. For in-
stance, conclusions of some riles invoked program meodules which, in furn, invoked operations on
form specifications. Once the source of expertise was identified and the development tool was
gefected, knowledge acquisition began.

3.3, Koowledge Acquisition Method

Knowledge acquisition plays an important role in expert systern development. [t is evident that the
quality of the resulting system is dependent on the quality of the knowledge originally elicited
(Bolger and Wright, 1994; Moody ef al., 1998). The knowledge acquisition process began with the
question: What are the processes that anditors are using to arrive at internal accounting control
evaluations? The task of reviewing and evaluating internal accounting was then analyzed, resulting
m the identification and characterization of important agpects of the task.
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Examine How An Expert (i.e., An Experienced Auditor)
Evaluates Clients’ Internal Control Systems

Examine What Examine What
Knowledge is Needed to Knowledge is Used to
Describe a Solution Reason about a Situation
Language
System
U
Knowledge
S System
E Problem Processing System
(Inference Engine) * Rule Sets
R * Variables
* Interface Programs
s * Form Specifications
¢ Presentation
System
I An Expert System Architecture |

Figure 1. A diagram of the juterview process

Koowledge for the expert systern was acquired via a2 & month series of inferviews with the expert.
The expert was asked to identify all potential weaknesses that might occur in the sales and collection
cycle of a medinm-size merchandising organization. The expert was asked further to describe, in
detail, the techniques and processes that were used to discover each of these weaknesses m a chient’s
internal control system. The rationale for each beuristic was also acquired in an attemopt to develop
an expert system that would be able to emulate both the expert’s knowledge and their reasoning
behavior, Figure 1 shows how the interview process was conducted.

The interview guestions were divided into two streams. The first line of questions was asked to
examine what descriptive knowledge was needed by the expert auditor in order to evaluate clients’
internal control systems. Such guestions were then incorporated into the presentation system of the
cxpert system for eliciting the users” inputs (which comprised the expert system’s language systeni).
The second siream of guestions was asked to understand what redasoning knowledge the expert
auditor employed in drawing inferences from the descriptive knowledge. This reasoning knowledge
was then mcorporated into the knowledge system of the expert system as rule sets.

Interestingly, consistent with the finding of Frederick (1991}, during the interview process,
the expert first identified each transaction required in sales and collection for a merchandizing
organization schematically (by flows of transactions}. All the potential weaknesses that could occur
in each of these transactions were then identified. The expert then reprouped these weaknegsses
taxonomically by objective. Figure 2 presents a resultant model for assessing internal controls in the
sales and collection-cycle functions of a mediom-size merchandising orgamization,
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Functions in Sales and Collections Cycle Internal Controls by Objective
Receive Customer
Purchase Orders Check Control
for Adequate
/ Segregation of Duties
Credit Sales
Cash Sales
Authorize Credit Check Control for
Term & Discount | | Proper Authorization of
Transactions &
/ Accounts
Prepare
Sales Orders
Check Control for
Prepare Execution Adequate Documents
Instructions & Other & Records
Sales Related Documents
Prepare Sales I¥1v0ices, Billing Check Conrol for
Customers, & Record A/R Physical Control over
¢ Assets & Records
Receive Cash, Cheques,
& Remittance Advice
Check Control for
Record Accounts Receivable, Independent Check
Sales, & General Ledgers on Performance

Tigure 2. Medel of internal controls for a sales and collection cycle in a merchandising organization

32. Rule Set Specification

In order to construct the expert system’s rule sets, all variables needed were identified in each of
the basic internal controls grouped by objective. For example, in order to identify all variables
needed for checking the control for adequate segregation of duties, the expert started by descnbing
ail departments involved in sales and collection cycles of a merchandising organization. Each func-
tion required in each departioent was then identified and represented as a variable. Logical vanables
{Yes/No} were also used to check oun the existence of certain conirols. For instance, in order to check
whether the finctions of recording cash/cheques and the function of receiving cash/cheques were
performed by the samoe person or persons whe have a family relationship, the variables needed were
identified and represented as follows:

s The function of recording cash/cheques was represented as RCQ.
« The function of receiving cash/cheques was represented as ECQ.
+ A logical variable was used to check whether the persons who perform these functions are related.

Once all variables needed were identified, knowledge acquired from the expert was represented
in sets of rules. These rule sets were also grouped according to the basic internal controls by
objective.
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MANAGERIAL EVALUATION OF INTERNAL CONTROLS 109

Figore 3. A diagram for checking the existence of proper authonization of sales orders, sales nvolces, credit
memo, and changes in payment conditions memos

3.3, System Outputs

Several diagrams were devised to facilitate learning by the systems’s users. For example, each
restriction between functions was analyzed and represented first as a diagram describing ali require-
ments for adeguate segrepation of duties. The diagrams were then incorporated into the expert
gystern as form specifications to provide users with an idea of what duties would be detected by
the subsequent rule sets. Figure 3 presents an example of a diagram for detecting whether there
is a proper authorization for sales orders, sales invoices, credit memos, and changes in payment
conditions memos.

The screen displaying this diagram is followed by a menu that prompts the user to select the
person required to approve a specific document. For wnstance, Figure 4 presents a meny for selecting
the person required to approve a sales invoice. Inn order to ensure that the user does not select a menu
option accidentally, the next screen prompts the user for verification of his’her selection. Figure §
presents an example of a verification screen.

By processing sets of rules, the system infers a recommendation of potential internal control
weaknesses. This recommendation identifies significant internal conirol weaknesses discovered in
the situation being evaluated and indicates resolting exposures that could occur in 3 user’s organi-
zation. For example, if the user does not identify the right person{s) required to approve sales
invoices, then a weakness in internal control ig reported, along with reasong why the expert considers
this circumstance to be a weakness. Figure 6 presents an example of the weakness found for
improper authorization of sales tnvoices,
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LUEIIHIHHTTTIMTITTjbumsjas

Figure 4. A menu for selecting the person who is required to approve sales invoices

¢

Figure 5. A wverification of user’s selection
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MANAGERIAL EVALUATION OF INTERNAL CONTROLS 111

RIS

Figure 6. A report of a weakness found for improper anthorization of sales invoices

Figures 7 and 8 present additional examples of recommendations for weaknesses found in the
wternal conirol system. Such weaknesses indicate an madequate segregation of duties by:

» Having the same person doing both the functions of preparing sales invoices and recording sales
mvoices.

¢ Having a relationship between the person who records cash/cheques and the person who receives
cash/cheques.

3.4. FEvaluating the System’s Validity

Validation is often considered the cornersione of expert system evafuation {(Back, 1994). 1t is the
process of analyzing the knowledge and decision-making capabilities of the expert system (O’ Leary,
1988}, Comparison of an expert’s recommendations with those of the expert system is a major
criterion for evaluating that systeny’s validity. Test cases are developed and used fo examine whether
the cxpert svstem offers sufficiently good and timely advice compared with the human expert.

For the expert systemn described here, test cases were generated from the manipulation of several
cues for detecting potential weaknesses in an internal control systers over the sales and collection
cycle. These cues were obtained from a review of auditing texts, accounting texis, and input from
accourting professors and experienced auditors. The expert was asked to evaluate each test case and
detect its potential internal coutrol weaknesses, Reasons for each potential weakness were also
requested. Then, the prototype expert system was used to detect the potential weaknesses and offer
reasons for such weaknesses as well. The resulis were then compared.

Copyright © 2004 John Wiley & Soms, Ltd. Intell, Sys. Acc. Fin. Mgme. 13, 103-120 (2004)
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. A report of a weakness found for inadequate segregation of duties: having the sarae person perform
both functions of preparing and recording sales invoices

(44
~J

Figur

It turped out that the expert and expert system bad some discrepancies in detecting the internal
control weaknesses in the first case and the last (L.e. the fourth) case. The expert could identify only
eight weaknesses in the first case and only nine weaknesses in the last case (instead of 10 as the
expert system did). Where there were discrepancies, the expert reconsidered his responses and
agreed that the expert system’s responses were indeed correct. Interestingly, this illustrates that an
expert system can sometimes be useful even to an expert (e.g. to double check the expert’s reason-
ing). After all refinornents were made, the resuliing systern cousisted of 256 rule sets and 952
additional files (L.e. form specifications, database tables, program fragmentg),

3.5. Evaluating the System’s Utility

Beyond validity, it is tmportant to assess an expert systemn’s wiility with respect o its objective.
Usefulness can be evaluated via eropirical testing. To examine the tmpact of using an expert system
to facilitate the transfer of the auditor’s nternal control evalvation knowledge o management, an
experiment was conducted to assess the effectiveness of managers using it. The experiment was
conducted in a conference room and a laboratory room of a college, providing an isolated and
controlled environment for the study. The research mode} used is Hustrated in Figure 9.

Two decision-aid treatments were used as valoes of the independent variable: expert system (ES)
and no decision aid (NDA). Three response variables were measured as follows:

1. Effectiveness—accuracy of decision making was examined as a measure of the system’s
effectiveness.
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Figure 8. A report of a weakness found for inadequate segregation of duties: the functions of receiving cash/
chegue and recording cash/cheque are performed by persons who are related

Effectiveness §
P Case Study

A‘t’ﬁﬂgﬂﬂy of R Requiring .| Participant Satisfaction

S et xpert Decision about with Performance

ystem as a Internal Control
Training Tool Weakn
caxnesses Participant Perception of
the Task
Independent Variables Response Variables

Figure 9. Research model

2. Participant perception of the task-—post-experiment guestionnaires were used fo measure the
participants’ perceptions about the fask.

3. Participant satisfaction with performance—post-experiment gquestionnaires were used to measure
the participants’ satisfaction with performance.

The following hypotheses were tested to examine the utility of the expert systern in facilitating
transfer of an auditor’s internal control evaluation knowledge to management,
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Hi. The improvement in accuracy scores of participanis trained with the expert system (partici-
pants in the ES group) is higher than the improvement in accuracy scores of participants in
the NDA group.

H2a. Participants in the ES group are more satisfied with their accuracy thap participants in the
NIDA group.

H2b. Participanis in the ES group are more satisBed with their speed than participants in the NDA
Sroup.

H3a. Participants in the ES group perceive that performing (asks requires less effort than partici-
pants in the NDA group perceive.

H3b. Participanis i the ES group perceive that performing tasks is more interesting than partici-
pants in the NDA group perceive.

Sixty-five practitioners voluntarily participated in this experiment. Al played managerial roles in
their respective organizations. No participant had either specific background in internal control
concepts or prior hands-on experience with an expert system. Table 1 shows the industries repre-
sented by the participants.

The experiment involved four sessions, as presented in Table 11 Fach session made use of one
of four cases. Bach case presented an eight-page, single-gpaced narrative description of a scenario

Table 1. Participant demographics

Industry No. of subjects

[,

ES RSV SRS S B SR S e i

Consultarnt
fegal
Manufacturing
Government
Insurance
Banking
Construction
Distribution
Mining
Transportation
Education
Finance
Others

[

Total

o)
in

Table 1. Experimental tasks w each session

Session [

Session I1

Session 11

Session [V

S group Participants detect
titernal control
weaknesses in case B
without the ES

NDA group Patticipants detect
tternal control
weakinesses in case B
without the BS

Participants detect
internal control
weaknesses in case D
with the £8
Participants detect
internal control
weaknesses in case D
without the ES

Participants detect
wternal control
weaknesses in case O
with the £S
Pasticipants detect
internal control
weaknesses in case
without the BES

sipants detect
nternal controt
weaknesses in case A
without the B8

wnits detect
internal control
weaknesses in case A
withoiut the ES
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MANAGERIAL EVALUATION OF INTERNAL CONTROLS 113

involving an organization with some internal control weaknesses. To prevent any bias in designing
the case studies, the expert who participated in developing the prototype expert system was not
aflowed to participate in generating case studies. Three experienced auditors and three managers
were asked to pilot test the case studies to validate their contents, as well as ensore that each case
had the same level of difficulty. Ten MBA students performed pre-tests to validate the clarity of
the cases. Prior to the experiment, the four case studies were randomly assigned to the sessions.

Participants played the role of a manager tryving to detect the potential weaknesses of the internal
control system described in a case study. Ten internal control weaknesses were intentionally incor-
porated ito each case. The maximun fime allowed for each session was 2 h. For each session, an
accuracy score was calculated and the deciston time was recorded. Questionnatres were distributed
at the end of ecach session to measure participants’ satisfaction with their performances, as well as
their perceptions abowt the task (see Appendix A).

Accuracy of decision making is regarded as a measure of the system’s effectiveness. Two expe-
rienced auditors and two accounting professors evaluated the list of internal control weaknesses
previously described. Hach evaluator assigned a score to each weakness using a scale of § to 16,
based on the degree of importance of each weakness (0 being the least important, 10 being very
important}. The average of the scores for cach weakness (i.e. total divided by four) was assigned
as itg importance.

In arriving at an accuracy score, all points related to correctly identified weaknesses are added.
In order to prevent the subjects from trving to detect weaknesses by guessing, they were informed
at the begioning of the experiment that one-third of all poists for inaccurately identified weaknesses
would be subtracted as the penalty for guessing. A non-response for a potential weakness results
in neither addition nor subtraction.

In testing the hypotheses, we examined the deviations of participants’ performances between
session 1 and session IV. In both sessions, patticipants had to perform fasks without the expert
system support. The deviations examined are attributed to the learning effects that ocourred while
rerforming tasks in sessions T to HI There were two types of potential learning effect that we
expected here. First, there 1§ the learning effect that could occur from participants having used the
expert system; this could happen only for the ES group. Second, there is the learning effect that
could ocour from participants having performed four cases consecutively; the degree of thig type
of leaming effect could be expected to be comparable for the ES group and NDA group.

To verify homogeneity of internal control evaluation knowledge between the ES and NDA groups,
an analysis of variance (ANOVA) was performed on the first segsion results for the experimental
group {ES group) versus the control group (NDA group). The ANOVA was performed to test for
differences in the dccuracy Score between the groups. At an & level of (.05, no significant differ-
ence was found between the groups.

4. EXPERIMENTAL FINDINGS

The experimnental data were analyzed as a completely randomized design with a one-way treatment
structure using the ANOVA techuique. Treatments had a grouping structore and fixed effects. Bach
participant was an experimental unit. The F-test was used to test hypotheses about group means for
each responge variable: {1} accuracy score (H1}, (1) participants’ satisfaction with performance (H2a
and H2b)}, and (iti) participants’ perceptions of the task {(H3a and H3b). Hypothesis H1 was tested
by comparing the deviations of performances of each participant in session IV versus session I
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between the expert system group and the NDA group. Hypotheses H2a, H2b, H3a, and H3b were
tested by comparing participants’ responses from the questionnaires given at the end of session IV,

Regarding hypothesis H1, session 1 versus session IV resulis show that participants could detect
internal control weakuesses significantly more accurately after being trained with the expert system
(i, = 4.575 versus py, = 16.073) than before. Even though there is also an increase in the accuracy
score for the NDA group (4, = 8.584 versus Uy = 12.250), this increase was not nearly at the same
significance levef as in the experimental group. It is clear that the increase in accuracy in the ES
group {having practiced with the expert systemn} is much greater than the increase in accuracy in
the ND}A group. The accuracy score in the experimental group is more than three times better after
being tratned with the expert system, whereas the oprovement 1n the NDA group s less than 50%.
A itest conducted on the improvement score between two groups {11.498 for the ES group and
3.666 for the NDA group) also confirms that the improvements in performance of participants in
the ES group were significantly higher than the improveroents in performance of participants in the
NDA group from an accuracy standpoint {7 = 0.0033), The results are presented in Table L

The major findings for testing hypotheses H2a, H2b, H3a, and H3b are swumarized in Table IV,

The participants’ answers o the post-experiment questionnaires reveal the attitudes of participants
in both groups toward the task as follows:

Table III. Resulis of testing hypothesis H1

Mean of accuracy score Deviation between P-value between
{range: 20 o 38} Sessions [ and IV ES8 and NDA groups®
Session I* Session 1V®

ES group (49 participants)®
Eroup (57 i 1 :

4.575 16.073 11.498 0.0035
NOA group (15 participants)

K584 12.250 3.666

* Participants perform case B without the expert system.

® Participants perform case A without the expert systesn,
¢ Represents significance of at least o = 0.01.
* One participant had an emergency call and left while performing case 1. His data were taken out.

Table IV. Resalts of testing hypotheses H2a, H2b, H3a, and Hib

Response Variabie H, Session IV Fvalue®
ES group NDA group

Mean of patticipanis” aftitude on the difficulties of the task H2a 3.68 283 0.085

{1: very difficult; 7: very easy}

Mean of participants’ attitude about their satisfaction with HZb 3.94 3.00 0.05

the accuracy in answering the case study

{1: very unsatisfactory; 7: very satisfactory}

Mean of participants’ attitude about their satisfaction with the H3a 4.04 2.87 0.028

speed in answering the case study (1: very unsatisfactory, 7
very satisfactory)
Mean of participants’ attitude on how mieresting was the fask H3b 418 2.87 0.028

-

{1: very boring; 7: very interesting}

* Represents significance of at least & = 0.05.

A2
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e Participants in the ES group were more satisfied with their perceived accuracy than participants
i the NDA group {(iigg = 3.94 versus ihpa = 3.00, P = 0.05).

« Participants in the ES group were more satisBed with their perceived speed than participants in
the NDA group (fipg = 4.04 versus Yy, = 2.87, £ = 0.025).

e There was no significant difference in participants’ aftitude between the ES group and the NDA
group on the difficulty of the task. That is, expert system exposure and training does not appear
to affect perceptions of task difficulty. These findings might be attributed to the following:

1. Because participants in the ES group were allowed to use the expert aystem in sessions I and
{11, they may lose some confidence after the expert system was removed in session 1V.

2. The increase in participants” perceptions mn the NDA group may be the result of learning that
may have accrued from having the participants perform three consecutive cases.

= Participanis in the ES group perceived that the task was more interesting than participants in the
NDA group perceived {fiye = 4.18 versus gypa = 2.87, £ = 0.025).

s Answers to open-ended questions also reveal satisfaction with the use of the expert system. Most
of the participanis were rterested in the avatiability of the systen: and the idea that they could
fearn how to evaluate internal controls. A number of these participants even asked whether the
system was commercially available.

5. CONCLUSIONS, LIMITATIONS, AND DIRECTION FOR FUTURE RESEARCH

This research is an initial investigation of the use of an eapert system to train praclicing managers
on making internal control evaluations. The roajor finding of this research is that i 8 feasible to
transfer an auditor’s internal control evaluation knowledge to management via the vse of an expert
system. However, as with any computerized system, the expert svstem must be used with care. Tt
is important to note that the objective of the system i not to replace the auditor’s work. An auditor
stil} plays the traditional role. The roain purpose of the svstem is to provide managers with a practical
applied understanding of internal controls. Having this knowledge can help managers maintain an
effective internal control system, thus providing more reliable accounting data and better safeguard-
ing of assets. It could let organizations save time and money by allowing weaknesses in internal
control systems to be detected and solved more quickly. The communication between management
and auoditors relating to the tmportance of internal controls might alsc be improved.

Generalizability of the results in this study may be constrained in several respects. First, this
research concentrates only on the evahuation of controls coromonly found in the sales and collection
cycle. Second, it investigates internal countrol systems coromonly found in the merchandising indus-
try. {t i3 not expected to handle novel (uncommonly different) accounting systerns. In addition,
because this is just an initial study, there may still be some Jimitations concerning the design of
system’s user interface {e.g. the inabiity to go back directly to change or correct an answer in the
previous screen). These limitations point to directions in which the research presented here can be
extended by future investigations.

The fiture development of this system might use an Tnternet-compatible tool so that access to the
system can be significantly increased. Researchers might try to incorporate additional transac-
tion cycles, industries, or other auditing functions into the expert system. Thev could develop and
study another expert gystem by acguiring the expertise from an internal auditor ingtead of the
exterpal auditor. Anocther direction is o acquire expertise from multiple auditors and then conduct
experiments similar to the one reported here. Finally, researchers may investigate the feasibility of
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integrating this kind of expert system with a company’s databases so that users are not required to
mput as much information.
APPENDIX A: POST-EXPERIMENT QUESTIONNAIRES

Please answer the following questions. Please kKeep in mind that the following guestions refer ONLY
fo the last case study vou bave done.

1. On a scale of 1 (very unsatisfactoryy to 7 (very satisfactory), how satisfied were you with your
accuracy in answering the case study?

§ 2 3 4 5 6 7

very unsatisfactory siiphtly neutral slightly satisfactory very
unsatisfactory unsatisfactory satisfactory satisfactory

2. On a scale of 1 (very difficult) to 7 {very easy), how difficult was it to do the case study?

§ 2 3 4 5 6 7
very difficult siightly neutral slightly casy very
difficult difficuit easy easy

g

3. On a scale of 1 {very unsatisfactory) to 7 {very satisfactory), how satisfied were you with your
speed in answering the case study?

§ 2 3 4 3 & 7
very unsatisfactory siightly neutral slightly satisfactory very
unsatisfactory unsatisfactory sattsfactory satisfactory

4. On a scale of 1 {very boring) 1o 7 (very interesting), how interesting was the task vou performed?

J 2 3 4 3 6 7
very bormg slightly neutral slightly interesting very
boring boring interesting interesting
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