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Discussant’s Response to
“Expert Systems and Al-Based Decision
Support in Auditing: Progress and Perspectives”

Dana A. Madalon

Frederick W. Rook
Price Watierhouse

1. Introduction

A critical issue affectimg gragress iin ttie disxdbgpmeant «ff Adbhasedddedi-
sion support systems for awdiitiing) iis tie relafiomnship hetween ragearsramtd
application dewellgpaezent Inl ordkeerotpreresendunviviewithéhe kefiaiiahshibebe-
tween these two concepts, it iis wseful tooffiss idiieassonuipeesgeetiecandbaatk-
ground in both Al technology research and expert system development.

As Al technology researchers, wie have aandlucted nesearch iinkmowviieiige
acquisition, knowledge represeniaition, natural language analysis and un-
derstanding, planning and design, and computational theory. For example,
we have examined and advanced the use of canstraiint satisfaction yowaiilkem
formulations as a method of iiffarencing. Wiereeoggrizecthiecestéentttowhivth
the state of Alttedimallggyissdiixantyyreaseatdnimttiieareasaffcoatpptierseti-
ence, computer engineering, cognitive psychology, decision sciences, oper-
ations research, human factors engineering, and mathematical logic. To
ensture the most effectiive wsedaffthlesed ¢etinicad Hdewbdppmeantisdahecppiikied
realm, we have warked cllosely wiith anuntier off dadiigg¥hF¢ssaschbessThesse
include Dr. Robert Wilensky at the University of Cdlitamia Heeiedtsy MIRee-
search Center, Drs. Judea Pearl and Riita Dechter at the Cognitive Sysiems
Laboratory of titie Uliivarsity off (GlilidoriiaheAdgelissDRDEre M Betiottt
at the Yale University Al Project, Drs. B. Chandrasekaran and John Joseph-
son at the Ohio State University Laboratory for Artificiall Intelligence Re-
search, and Dr. Andrew Sage at the George Mason University School of
Informatiiom Technology and Engiineering.

As expert system developers, we have designed, developed, and imple-
mented over thirty prototype and operational expert systems in a variety of
application areas. Our expert systems have addressed such problem types
as monitoring, diagnosis, assessment, risk analysis, resource allocation,
scheduling, and planning. While we have successfully ficldied aparational ex-
pert systems, we have also met technological hurdles too great to be over-
come with today’s technology. Tieftaundiztion offoorissucess b hililitipgepeert
system applications is the ability to leverage existing Al technology, i.e.,
technology that in many cases has been effectiivelly tirasferred fromnuiiiixer
sity settings.
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One of tiie gyreatiest cvdlbsnges fiading Hetthazaddemisandinddisstyyissthiee
effective utilizatvanoDAXkresaetchesrdtdi Tdoofafteneseaeahcresadtsl faifab to
be incorporated into the mainstream of Anjlliesion disxdbppieent ThiksRarar
brieflly idientifies ssamedfftiieaeassnssahipy Theeeselgabbdihpapaads to
provide an industry perspective on several issiies identified in the paper by
McCarthy, Denna, and Gal [1990]. In Seetion 11, we discuss our view of ttie
differeins: hetweaan raseateh Andl disxdbgnmant. ISt weediistissstie
issuie of hrifgiNg researeh resulistohear sinreat-wad ks, IinSwaaiisn
1V wie presenit a view of Hipw acaTiawik A iHHiRY il werk ttggehal.
gléﬂ%lly, \\7@ Brieflly summarize eur view 6f tihe flitiwre &f A lidNaeceawiHoiMn

etion

2. Relationship of Research to Developiment

The McCarthy et al. papar faauses coonsiierdiltcatttenitonoonthiesretitionisbifp
between research and development. The central issue in examiniing research
and development is defining tihe relationship hghrvesrtthewopprocsssesRBe-
search in Al provides a technological foundatiom upon which real-world ap-
plications can be developed. This relationship is depicted in Figure 1.

Lamm Cloyzonate
Mgg Wiraiarwiiing Keoznumiing
Bs . Ess
Exqert Credit Purtiolio
Systam Aireization Maaaagament
Dexeloprent ESH ESs
]
Technology
Faundistion
Kauwidaline Iinfrence Tiuth
& ” Moetizxi Maia
- Ubusstainty KGaovidetiye
Propegation Aemyition

Figure 1. The Relationship of RResearcdh tio [Dowdbgpneant

The task of dltessifyiing axppoggeamintioeiitiesreeseanthoorddseddppesritiss
not a difficullt cire Researrdhachuanesstectéetimd

tebiniimess,
methods, models, or approaches that may be applied to avariety ef isdéormeeiion
pfocessing requlrement& For example, Al research in knowledge repre-
sentation has yielded suich concepts/paradigms as production rules, frames,
scripts, and so forth; research in inferemce techniques has yielded pattern
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matchmg algorithms, diverse search strategies, control mechanisms, etc.; re-
search in truth maintenance has yielded methods of Inypetihetical ressoniing,
multiple hypothesis management, and parallel planning approaches. It is im-
portant to note that while a research program may in fact be conducted
under the umbrella of = sypecific prathllam axes, €g,, intarant didk ardiydis,
nonetheless its results have application to a variety of dinnsins. Tiwo esxam-
ples will illustrate this point.

One example of riellevantt research, diveltargely tio Ciandirzsekaran [[1355]
revolves around the theory that there is a small number of iiftonmation ppe-
cessing tasks undertaken by humans while solving problems. The richness
of pitikenn ssstbviing ety iés dive mutt tio alkatge muntier afppodiddemctlasess,
but to both the variety of iingtaness aff agppativcldarctlasofprrbleiem aawelll
as the synthesis of thwo @t ke groilkem tyres in A cnnpkex reannar. Chan-
drasekaran and his colleagues have identiified six such generic tasks:

¢ Hierarchical classificatiomn,

Sitate abstraction,

Kunowlledige-directed information passing,
Object synthesis by design,

Hiypodhesis matching, and

Abductive assembly of exqjitartany Hyypohessss.

The implication for apyliicaion iisiin representing, iin am exjpeart sysienm for
any domain, problem solving at the appropriate level of ahsiraction, andl
these generic informaiiom processing tasks serve this end. For example, ob-
ject synthesis is defined as the process of digsigringanciij¢ett((sdtetiingaant
organizing components) to satisfly 2set of speedifteaitons. Obfjecis gldffieerinin
avery broad sense; it can be a physical entity such as a circuit board, or soft-
wate, or more abstractly, a concept such as an audit plan. Similarly, compo-
nents can be wites, circuitry, subroutines, or more abstractly, concepts,
actions or sub-plans.

Another area in which this research can be extended is iim diewecllopiing tech-
niques that permit efficienit extiraction of thectyppeofkhowledggatihatiitese
generic tasks entail. If kinowitstigie diicittafion matodts ate devdloped tivt are
specific tiotthese ganarictiadks, then arrangefhlumaappobibdensedlitigg-oaildd
be efficienttly elitditatl and iepresented, regarnditass «f doamiin Fooregxanphde,
research in the psychology of mrollkern selkiing s fiaaused conttrermactidingg
of tthe assodiatied aagriliive processes asexpliiditinfianmation processes. Bro-
tocol analysis [Ericsson and Simon, 1984; Witerman and Newell, 1971] iis a
form of ddateaandjysistthatiasieranussetittoiniéerunddelyyigg ifdematitanppse-
cessesfitom a person’s verbal utterances while solving a problem. In think-
ing aloud protocols (the form of intéeesstttomosstAd kessarctiesss) )thiecsabisect
verbally solves a problem, sayiing ewarytiing tiuat iis@ntismiiat) Huoveseershilbint
or insignificanit it may seem to him. The verbalizations are transcribed and
then analyzed.

There are several steps to a rigorous protocol analysis [Ericsson and
Simon, 1984]:

o Create a tape of ttessilijpet twestiplly sdiing apprdiibam.
¢ Transcribe the tapeintosgmentatimmsafindaiddebispjsicoviderss.
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¢ Create akey-word diictionary to represent the individiual tinougdiit

¢ Transform tiiie tiopiic segpments, wita thie diciionary, iitto sancartiic
elements, consisting of knowitatige ellamaitts andl qparatior eke-
ments.

* Cambine semantic elements into operator groups, each con-
sisting of anapatatar and e knowltadige ittwses () and any
new knowledge it creates (owtput).

» Create a problem behavior graph which portrays the problem
solving process; arcs into nodes represent knowledge currently
possessed, nodes represent operators, and arcs emanating from
nodes represent newly generated knowledge.

Theftinal output of pratiocal arelysis, tiie problem tehavior grapln (@PMB)
reflects the problem solving process at the lowest level of atisstraction, thret
of pfiimikiive canegptis andl qpatitiors. These primiiives can e wriition gomer
ically so that task-related meanings for apatiutar diomdincaneasilyhesiih-
stituted. Furthermore, if tieo seanininrotescissingion| tie fhingriveitfvegior an
entirely difdenerdomadimniy ma;elmwwltuted

Having discussed the role of Alreesse it btiingy
dation for alll appliication dicwelspment, mmwmum mw:amummﬂnem—
teraction of nesearch andl dievdlgumant adiiiites. Aceiittedisssiecn i
research and development is appropriate reeogniﬁon of tihe:f@iketﬂmﬁmﬂh
process plays in gpplitcsiion ar sysiam JReHressen Redbpm
in artificial idelligence ate latgely dirivien byadiamw mr@blem ﬁdﬁﬁtﬂt@d
in Fidgufe 2, The domain problem generates 1) techwullgyysinesahibateaat as
the driver of /@seaskhabiiviticamd®)2)eredrsnnmenthal ativceiveet ag mipjalica-
tion dn@bppionnbroasssREesacAABiiHicseredinnaeine ittt eledelsiping
approaches, technigues, and methoeds that satisfly the faghinmggisdaagasiehéhe
problem, while development aciivtites fiaaus m&amwéﬁsﬁﬁ @elerh-
fieal approashes te the system reguirements. The ultimate eutput ef ﬁk@:r@
seareh and development proeess is a wnﬁ‘ &{gm ThisInbetde maﬁt
every proBlem has issues a§§eelated it that require researeh be
§y§£em eaﬂ Be develsped. Iﬁ fact, Mest HaHams A ik o solle

9§@ el 1§ﬂue§ have aifeady Beeﬁ §¥H@il§d aﬁd solved with ex
Eim& 38, all research does H Raveto be d Hveﬁ y & pRAfic

D 55

M. HOWEBVEF, Fesearch 1S Aot a0 aim §88@1%§V8F u{ fﬁ faﬂaew
se 9ol is the contHBuken i8 e vaﬂesfn m ﬁaaga
mh %{& saq xﬁeeﬁseﬁ
?Hsa i9 f _:ﬂ@ 3 a@yaﬁw CGRIPRIRLYIAN HAAt

sBlve Feak-waHd iF)FQ1 EMs:

Since the focus afresseaxdhissoorteetimdbgged babaacess ressutsscaancon-
tribute to any number of applicaiion aneas. 11‘11115 itsil s teatiad iim Fig-
ure 3 and contrasts with the view presented in M y et al. For example,

advancements made in uncertainty propagation that resultfitom a require-
ment that emerged while developing an expert system for awdifing could po-
tentially enhance the effectivemesss of an expert system for portfialiin
fanagement. Furthetmore, systems previously developed with mature tech-
nielegy may benefit from ongoiing research. Our perspective on research and
develepment differss significantly firam MdCaethiyyeenhis switlirespeectdalibe
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Figure 2. System Development as a Problem-Solving Process

byproducts of anaypliicaiion diexdlamaeant process. MECarthy ot £l ghpearto
indicate that many expert system application development projects have an
associated research component Our experience in expert system developiient
is in sharp contrast. Our opinion is that most expert system application de-
velopments involve no All reesearch, huttrathar @ondist afftiiecappliliagidonodbex-
isting) A Ittactmollogyy. [nfiatt, weermai tibintibafdane xpae ysyeiend elalofmpaant
projects should be undertaken once critical technology gaps have been iden-
tified.
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Figure 3. “Accounting Firm” System Research and Development Perspective
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The process by which the technological advances are infused iintiotie sys-
tem development process is called techwuibggyrinayisfddeffitepitiedighigde 2).
This process is the single most difficulit agpsataffretitinggressancthtécesppett
system development and is discussed in the next section.

3. Issues In Technology Transfes

Technology transfler, i.e., bringing research results to bear on the real
world problems of itniiustiry;, nemeiins ttive @tiifical, and et diffficult asppetbof
relating research to expert system development. There are several reasons
for thiis diifficulty. Thwesonmijooarss scakdbiiilifyaaddppesomnred) asecadddesseed
below.

The utility of mesearch findimgss iis strongly conrelated to tive acouracy of
assessing and modeling the characteristics of thepradkom dixnein, TiHuss coree
of tiie et ritficall issauesimttsdimallogyy tramsfer issuhlaabiagdbeesntderneetithiee
scalaiiityy ppobdlslemWiVetennnarf 1 88863t steseSWHnegrgssssisipliflifyingsas-
sumptions are made about a complex problem, and its data, the resulting so-
lution may not scale up to the point wiere it its appliicaiike to thened podilbam ™
We have observed, on several occasions, research activities based on a do-
main subset that assumed away critical problem characteristics such as in-
complete or conflicting data, real-time processing requirements, and needs
for diistrithuted, mmmmmm@mmmwmmlmmm
inability to transferr technology appreaches to the often mypre conyplksx, real-
world problem.

Another source of diffficulty witithtéetimdbeyyttaarsdterresséswitithtbleesgys-
tem developers themselves. The most successfiull expert system develop-
ment efforts are those that are undertaken by bona fide expert system
developers, i.e., persons who are well-grounded in the underlying theoreti-
cal concepts of catificial intédliggenecaantiazrceehivcatatliinarbespesitanestliin
expert system design and implementation. This foundaiiiom enables:

* Proper assessment up-front affsggstemddeeblppmoann tféeastillity.

o Kmowliedge of apppiiate ttadimellagjies tto eanypllyy, egy,, witat
knowledge elicitation techniques would be most effectiive, witwdt
knowledge represenizion formalisms best correspond to the
problem at hand.

o Appropriate system design.

o ldentificatiom of axzasimwititdhneseaidh iy prove ussil aadd
in what time-frame resuiltks ey e exqpactad.

o Efficientt syystamiinpiéenserttaiion.
In general, domain experts do not make good system deve]opers First, ef
fective knowledge acquisition requires a level of alirstraction tit 2n exgpatt

is unable to achieve by virtue of liis “espatimess.” Iin @iiver wwodls, Simse an
expert thinks at a highly compiled level, itis difficult fﬁ)‘r}mmwéﬁmmbyr&e—
trieve the details of Hiis problem-soliviing prasss gtored i lorgtemm meom-
ory—a necessary step in transferimg knowledge to a computer. Second,
domain experts are not usually educated in both their ownflield and that of
system design.
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4. Academia And Industry Working Together

We have outlined afiramework for tie priacess af asadeeniicaacbinddisstyy
working together. As depicted in Figure 4, in order to effectivally thwilldl zandl
field oppeatitionhbrppetr bpyttamsitiidnneessaayytdeatppigibbdifressaarhbess
and practitioners throughout the entire cycle. It isitnaumtient upon praditiioners
to remain abreast of aumranttresearch wititdhwill ffediitete kkooiddggabtmegth-
ods, tools, approaches, etc. that emerge. Similarly, it is necessary for the re-
search community to keep abreast of mmmmmmdmmst
effectivally guiidie tine tener afri Undeesstantiingwitagippobidéenss
are faced lnyiindlustiny nelipsgittieeseandh ttowartissudhisssies ashaonliatige
represeniaiion, inferencing, umoertainty andling, dkgoriitiumns, etc. thvtexen-
tually may help solve problems faster and better. An example of ttiis aooyp-
eration between academia and industry is given below; it is followed by an
example of meseardh iinitantifying the meture af egppetisecthian thaasinpicon-
tions for fiutinire désredbppnestitedfionts.

The problems of awdiifiig nd| auwdiitplbamiiog tinawe e thine fisows off 2eon-
siderable amount of nesearch and disxed et acfivity. Thie Reat Niamwiidk
Foundation and the Graduate School of Business off thecUnineessiyyosPRits-
burgh recently completed a 2-ear research effortt tto disxellnp sypdtantiic
methods of riidk assesament yy tiyiing tio windkarstand and vamdidl e ridk as-
sessment process within auditing [Dhar, Lewis, and Peters, 1988 Tieltongar
range goal was to provide a foundation wjpen wikitdh zm ayparaticmnal irttdl gyt
knowledge-based decision support system (expert system) to support audit
planning could be designed and built.

RESEARCH DEVELOPMENT BHFERIT

Figure 4. Academia and Industry Working Together
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The results of thhiiseffiort inchhdeed:
* There is a difference> Hasiverandissefipitansiintteliitetieantl
what actually occurs in practice.
¢ Audiitors do not consider it approptiate to geﬁefate nuimeric es-
timates of riidk @ an seesuntyaeeaut Kad

* Auditors prefer to analyze a climtt’sfﬁnaneiﬂl statement using
knowledge abotit changes.

Additionally, the development of tthe grictotype madidl canitihued sig-
nificanilly to tie wndierstandiing cfthegpocessodinintienentislskistssassivenivhiaich
in turn helpedfine-tune the knowledge acquisition process to elicit stherwise
unobtainable knowledge from tlhe expafs.

In a recent experiment, Ettenson, Shanteau, and Krogstad [1987] demon-
strate that it is the way informaitiom is used, rather than the amotint, thatisa
better indicator of expattiise. Ikn tthelir @wmm, lll)a’iuﬂttm andl 1
accounting senlorsfirom 5 Bighieht accounting firms and 11l flaxdle-
counting students who had completed at least one but nek two | (GAasees
in auditing and had fie formall experience, were asked to evaluate aceeunt:
ing-related information in making judgments of materaliy.

The results demonstrated that while the strategies of tihe stiudtants watied
widely, the judgment of tireprsitessional aadiiotéeddert barefiletionopHistimeyy
source of itftatination. THecppodéssitnndls aldsostiuaveeliachigdhdedegeecoticean-

lseﬂlsléls while the students did not. Fifom an expertise standpoin, itaplleaisnns
nclude:

« Simplification strategies may be an important characteristic of
expert decision makers.

» Elimination of mumess thit zake sseakdh ifvansive may ilRgeease
performance;, i.e., further research is needed in “informaliion
search” strategles of expats.

* Non-use of iitffotmation Hyy exgratts rmay reeflsct “Skiltatl caniis-
sion” rather than a cognitive limitation.

o Sheer amount of iirfformation issrmatagrraraguiksiie ttoancxgpati-
enc?d decision, rather it is the intelligent use of awdildilleitifior-
matlon.

Implications for developmental efforits are obvious: if @ patiar undier-
standing of wihat redkes an exgpatt a0 “expart s attdivad], then hetiar kaowd-
edge elicitation methods can be employed, better knowledge representation
schemes can be developed, and expertise can be better replicated ifi a com-
puter.

5. Future of Al in Accounting

The future aff MiriraacoausitigdgdadbighhboncWhiideliber ans sceserbéex-
amples of suneessiin ansiing Al tecthinology tio diexalop expart systiars thivt
solve real-world problems, thefiield is still in its infancy. Anzassessiment «ifAAl
activity in the Big Six accountingfiirens reveals that allfiirms are actively en-
gaged in Al projects, rangingffiom strategic systems for iittiearnal wse to tie
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establishment of Mlcconsutimggyaips Inastitititon manyunineesiiitsareac-
tively conducting Al research that has significant implications for account-
ing expert systems.

It is important to realize that the very nature of tthefieltis aff aaconutiiigg
and artificiall intelligence contributes to the current and future state of &s-
counting expert systems. Auditing is a mature discipline, with methods, ap-
proaches, and qualified exparts prevalient tiroughout e imdiustry. i contrast,
Al contiinues to rapidly evolve as the result of reeseaith Teedhriiguessaartittadds
that are several years old are often qut-ofdiste. AsHitiatiodrneidesdrnrnwhiibhwwe
are constantly applying a rapidly changing technicalffield, Al, to a more sta-
ble, mature discipline, e.g., auditing. Thetefioie;, the application of Al tto -
diting is still very much in itsiintancy. THeddaskeseerd yanstaves jdhldedhmece
questions than answers about how best to develop auditing Al sysiems. Nev-
ertheless, current research activities and application development effforiss
will produce the foundation ffar ffttarirfifsiioroiAlAddnth¢rmditthigripderdiain.
The key to this foundatiiom development is the successffull integration of re-
search and development.

Maost Al research will he canducted by wmisarsities. Miost oparational ex-
pert systems will be implemented by industry. Undersmnding the relation-
ship between research and development, the respective roles of each
community, and, most important, how the two can effectivelly wesikttpgatiear,
will facilitate ﬂhemmmdhr@u@n%htﬂhamnmﬁngﬂlwmﬁmmwmwe
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