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Abstract

With the expansion of related business groups and impact of digitization on financial
industry in Taiwan, in recent years, financial holding companies often fail to provide
adequate internal supervision and management due to problems of audit-staff scheduling,
which frequently leads to adjudication and penalization. The study aims to solve the
problem and find better performance evaluation method of auditors beginning by
reviewing past performance appraisal models in prior literature. We then integrate
the random forest and differential evolution technology and propose a two-stage data
analysis method. Applying this method, we analyze audit data collected from the financial
information system; optimize the internal audit performance; and resolve issues related
to audio performance evaluation and task planning. The verification results show this
two-stage model can accurately evaluate the audit performance of high-level audits
under different tasks; smoothly assign appropriate audit tasks; and strengthen operational
decisions. Secondly, we prove the construction of a multi-objective mathematical model
based on provision of professional courses, audit qualification system, task auditing,
etc. can optimally classify the most applicable action plan and dispatch rules, which are
extremely helpful to the management of audit-staff scheduling. Lastly, with the practical
application of this audit data project, we demonstrate the heuristic method suggested
would be more feasible in execution than the conventional planning method.

[ Keywords ] decision-making model, auditors performance appraisals, audit-task
scheduling, dispatching rules, integrated data-drive models

B EMR | FIMERIR



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

mE

WER > MESREMBEXHBRREXBLA > 2EAFNFGEELAA RN
HE MEARNHETEEGK  RRBAXLHE - AU RRTBORGPE T Rl
E RGBS S — S B SRR 2 LB R BRI S
MR s F AT &G BIE R ENAEZA 8B - A7 RGBT (T
BRBIFE - BMAEARET () —HEREMNT RN E#ERIFEEZAIET R
TETHEZRI  BIRGEBLET > BLEEREK S Q REFXRE BHRERE
EREHEFHEN L ERRRER > 2 EREFERARABENIKRTERN > #HEH%
ANEBEBREYZ Q) EVBREZENTREAT  BEXFTE2eREAMENZE
A HATHE ©

[BASRT | RRBR G ERGEME ~ HEREHAE S IRTFER ~ R BEBRES 1R

)



NTU Management Review Vol. 33 No. 1 Apr. 2023

= =
R

TEp R - EEAIRTTE E# RV - IR TR - R R Y
ThRe AU RS % » AN RSESES ~ (BRtil ~ MEEHEEFERBHIRIFE 237 T » (2
SRITAHRARY S ERFIE B DA 3 e - R RIS - ARMTFR - ZEAH
B Rl E R R MR R - SR AFAIE RE AT TSN - SRS R
Bk - EMZFEEE - WG A FIMEMRY " SR H e s A | f8
BT - DU R ER Rl - fORE2E AR REEEL — (5
I BLEGESE - 2020) -

WESTERZE BRI ER o bt 75 £ BEAE R AT A 095 AL N J 728t 3 A i O s RS R
R 22 (Hirst, 1994; Brown and Leigh, 1996; Choi, Choi, Hogan, and Lee, 2013) = Aff
FEHHL - MR ANV E RS A B SRR R IE MBS o MERSIZ AT E B Y e
FAWFEH - AR ERE « — R FHERE R N B BRE R BEALRIRERL - BRETAN
A& b T R FHEFERE A B SRS RZ B A Y T/ERERL - M 7o F FERE A IR
SRR AN BRI LIERIR - RS TTE - S8 A B e B A TIE
R AL ~ R LR T B oA IR/ IME - DUHUR IR SR E AR - BB & 2R ]NE
1% H IR BR € T SR RS LB IR = - B R 3R B TR 8 R AU RE I (55 A &[] R
(Abboud, Inuiguchi, Sakawa, and Uemura, 1998; Lin and Gen, 2008) ° [fR#5:5 £ gk
HIRfFFEREam - FMEEEL - EHEABIR ARG T ROV EEAR - R A [FIFE
A BRIBITHER - FHRBREAEHEEANE - SRIES B AN E » 16REEE
FAEZE2E R e B2 3R (Abdolmohammadi and Wright, 1987; Campbell, 1988; Maynard
and Hakel, 1997) ° #8152 » WHEIEREMEHE N FERSEZ AN BAEAF LIE N ZiEt%sE
o TTREHH S ERE A IRIRE SIS AR -

WEMFRLE R E T - ZEETE - REREESEELTRETEIEAE
HURE L BB B R B 1% (Relevance) BRae - #EILIR AT R BCERETE A B TIERERUHY
so o ORI 5 DA BRI THEREHE - iR R S EE S B AR i 52
% BAGEHERLEB IR KPR R AR RE D) - R H. - EMMET TR
PEEF A RENE I SR A AR IETHE] - SO & B B B S B R T
HAERA R ER B SR E B EM TG  EMEERE B R LT K
I B ST R R B MR REE o (RIIG - A0 {a) s U538 43 0 B AR G
JTE DV —(ERE R N\ B HBRIESUE B A (Performance Management System)
FERCRE B — -

FERTE EALAERGEHE R SN - SHEREGEE TTE - e —FEMTERT
R T AR MRIB A R & TR B e QS B I BR (R R IR FEH]

3



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

I =CHE 7T TEHI T/E (Fayyad, Piatetsky-Shapiro, and Smyth, 1996) - fH%} AT AT E
B2 T B AT ARSI N BERIRERGH G Z ERIN S - sl - a2 TR
I AR B AL T R IR (T in 2 5T 2 RE R ARV EOR - th AR S MRy 2 8
AT o BRRES B i T B P E AR MR B AR VE R R - IR BORAE A 22 - RS
R R RE TR A 5 VR BLEBEE ) (BN ~ TR SR - 2004) < [
ARG BB A IR 1 M e P 2 il - KA a iR w K& R~ NES
FrEE IR o ANHFFE D& i iR Bl i A RS - DRSS ARR B i 1 Ry
FERE TR EL T FER ) ERUERYT EE - R IR E Y R EE R 1R
FER o AWFTE AHEEE = (Heuristic) 57BN HYAZHC (Crossover) B12€%# (Mutation)
R B i (i - SR — W IR (R AR el R 17 i - (RIS DIE HE R (Morris
and Showalter, 1983; Hwang, Kao, and Horng, 1994) -

Ry TAGHE(LRT A REIRSIZ N BEANE LIE N 2R - [FllR T EEAR R ERR
I N2 REANEBRIKGR - ARLL "SR A FREREIE | Rl - BEREREARME
AR =R B - AR TR - SRS R B RIRSRZAERN - FFIRIEPT SKAE
BT IR LRERAEBSHRIR » REILORAR T RERZR G ) B T RSB AR &, [
o R SRR ER R EIBIR A BRI E SR - & 7 EA e BB s
AHETTRERZ N BRIFEIRAE] - AWT7EE SR B SRR RS B BdR o ATl - 55—
P& Bz (o FH BB B AR R B A 2 B2 2 BR B g e (k2T IR E TERZ A\ B EAN A TAE
NZrERAER - DGETTATA [ERITEHE] 5 58 " FEERIBRE A BB TREIE - &5
TR S AT e R AL AR - EURERE O SR TR S R R R R R A ]
(RREA

KRWFFEAEE NSRS ZErEEL - B DU T RIEER - AWF7est HieRZ A ST #] -
NESTERZ B EIRET » FEESGHE EEE VRS - 121 " 2SS 2 BlRL
A EEE , REESIREEL - DR E TIFS RS - #HH S
ETREMAERE B EFISE - Z 8 @ SO ARG FIRE L TR TR A B i
Bh o RREOEES A o FERTR M GBS R AR - AR S
N FEIFERLER TR RAVRS I E T HE (R A BT R EHTEIR ~ FERZIRT
AT WEREERTLEHE SRS A B BIEB RS R AL P B TR &
HEEEEMEEE - REHBE ARSI SR BEER R 2 -
B o A R AL P R < SR RO P B RERZ AR -



NTU Management Review Vol. 33 No. 1 Apr. 2023

B SRkEREY

— ~ BB UUR S - BERERE LR

RIS R B R RE % A BRI & Rk A B B 52 R - S AH B B E TR A & T
{F - BUTIERZEETIE, - FEfZ N BB SRR B R E HIAHRRA AR - FIE (2RI
M55~ SRISNE G S - MR - EERMBHERIREZERT - R TEEE E
P E R E R BRSO R RS R AN AT ) —ER 57 -

REEF » EEEBEZF NSNS EHI S &R (IR - 1995 5 BH
F o E=EAIEHEERS - 2019) - BISNEZ AR Ry A EDR A S HRH BB 73 A H i
FHEANE RS Bl 2B N BIIESEHE ZEM (Banarescu, 2015; Kirimi
and Moturi, 2016; Kokina, and Davenport, 2017; L' Heureux, Grolinger, Elyamany, and
Capretz, 2017; Boskou, Kirkos, and Spathis, 2019; Qiao, 2020) °

RSB AERE - ER BRI Ia e E B R B B LAF - DUEST
BRFEEER - BICEEMEE RNV EE TR - MEE emiE S0 %
& B ORGSR - E AR EREN R TR (Data-driven decision-making) HIAERX
EHRMAEHEZ AT » KRS S E A -

= 1B\ BRARGEES TR

TERGETES (Performance Appraisals) /7772 f5E FHEUEET  E Mo alkF
TETEIREE R - IR — R R —E iR - BEEEE T 5% - HE
TR B R M B - QA IEMMERERRE ARG - EH B REERE R ET
ANJTVET > IR 3 ESR (Aggarwal and Thakur, 2013; Ahmed, Sultana, Paul,
and Azeem, 2013; Schleicher, Baumann, Sullivan, Levy, Hargrove, and Barros-Rivera,
2018) °

FERZAE NG AL B RG RZ TR IR B R G I AR A B e Y B 5 » BT DU
TSGR AN BRRERCET B E ERE T RE IR AR E 2 R 2E
Fe et B IR R i ARG RIS « AWFZE IR H DU SR SR R By AR S
R B R AW e B — B R R HARRRE I N BRERUE LR - IS
RGBS A B R IR R -

W% 1 ATIRERGHE Tk LR - Al B A e 2B G R =UR SR g - 2
BT + (1) MR BARE G B R P AR = - B B A A
RAEAREER - LEELGEGETERRR - H A BRI REGER] 5 E
BRI DIBRRR R BB - AR ERS AR AT ETRRE § (2) Hds
B PR GHAG TR SR T 2 3T 2 ek bRt - 20 BRI TR AR H BrHRA » B

5



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

&1 EEAE (B) BEHMLELER

b
;_;3 R SRR ERRIE T A B2 EREL =]z
Petasis, WARBMEHMEER: ERHZBUEERE PTA X2 A BERGE
Christodoulou, - BiZ&IBERY EEFE - BEIH ST RUAMET A » HFERLEE
and Louca -ENEEEEE BTG E AR KBALON - BRENE
(2020) - FEET Y EIE A EHBEHER mMALRES GEENE
SHMEERIER . BTEOWER E-
RmgZERE -
Francis (2011) #EHBENGEHEER: BUAMERES A EER TEE2FT
- SEBR A AR HEBME SR EyE BZASRE
- - BRYTTE RESHER B BEREE 5 WEMERHE
7 -BBERESE NMEBAEIEH . WHERETE BZEOMK
= HITRERR - HBR¥ERPE AL
(G % MENHEE
Chen and HESBETENEHE BARTRRERE B BEESEMM 0 TEEAIAE
Wang (2010)  #&3( : FREE B B REMEE ) EX I
- RERTE BVTRIEEN . TASHAE RINSEN
- TRIEHBER /5 7% BEEEE) C HEBE RERNE#H BETMNME
-RiEAEHAE  MEASMN BER 285 B RAIRES
- ENIERY A SEFSRERAEME o A AREE - RIE FMEHMEER
FFEER o
Dodin and REREZIEIR  TIKEBIERESSE SRR EHE TELHS
Elimam (1997) &3 : MENRER K BTEHETEE REHEREAS
- BEGHEE =RIE{L/NBIERFIA JEIEFI kB - J% 0 K15M
- D FUGRE R ABIRK Y BERALTEZ  BRER-
- BfREFRBIE EFTERERE - BRERER
i TEBFHHIZEE

¥ Wang and EllEEEZiE R ERRSHMER LREERE NEHRE

= Kong (2012)  #&3( : 78 EHRFIFNE SR #LW BEEEA
K - BREEA KR EEHLA 8- HREHE KE—EM
- WFRREE THRE  @RX RugER—B BASEE
- ENELA BUERFT ~ BBE0PT » R EREE T (FRAIITHY
BRI B o 1TRR . EIAME REAE-
REBEEZH
ExfERE o
v HIFRIRL BOBNEEEN REE SR REEREE AEIER
= -“REEBELSN RBE Wi B B @A BAE
& T Bt FRNEE EfaomAE BhEEET
l ZEF & SHTEAE B -

S EIRIEE

EE RN k5



NTU Management Review Vol. 33 No. 1 Apr. 2023

A AR M R R R BRI & 5 B Bl FHERAMEH R - 1L BT E
HIZ2B(EET - RES R T2 i B B T D B M B AR MR B TR » (R R S B AR M R RE K i
HYBERAR = T T R BB H SR RRE ST - TENFAEREE T E A HHRERGHE T2 - B
BB )5 ] DMRGE BB RO BUER 200 » e ORI R IS 2R MERY AL R (3) 2BEK
T B2 T B I Pt A e R 1 1 5B & ROl B AR - 2 ek A b A 22 R R o AT R
At R TR - ISR RR IR AU HY — iz {LBE T (Generalization Ability) » FE158% HiAt
P es 2 o ELASEE  PEAS IR B IR M R YRR = (Krogh, 1996; Abbott, 1999;
Adeva, Beresi, and Calvo, 2005;Chen, Cho , Dou, and Lev, 2022) ° i & &G G
ANt E PERIRERU S FTHE R - B H S ERITRRIE & - RS R R - b8
BEARM TR AR IR AT T - RE S IR BB s 2 B R = R (S HE
W E R DTRERHAE T © (4) Rl o RIS TEIRIG - SR 2R EAIRE ~ $UTHY
A - S5 R R KR 2 INEE - AT LT (DL 7 (Approximation Algorithms)—
A2 4 /b7 (Binary Differential Evolution, BDE) » DA fsk##5:7% (Local Search)
A RETE A IRAVE T RF I USRS — T DL - EA T = ~ ERERR I =C - AHEL
R EEE - EREE R R T REEE - 2o LB 2 BEEN
TARaR ERR TR S50 » RN K ERaE ) 2 B R B AN B L (Chen, Xie,
and Zou, 2015)

RIB FAPRET - AWFFRBAE A T am S ORk - Bl S a2 ARG R
X THHRERZ N BRERGAESRN 06 R SR BRI TR A AR A - 35 L
1T NERFE LA S HUAG HERT A Bl i (R LRI RS R R LA

= BRI R LR 57t i Tl

By TREE PRI TRERERGHAG R » A FCIRIERE BT 2e AR BE SRR » BF Al
—REE RIS ARG A MEESEH SR (= 1)~ B EESES
izl (X 2) ~ SRR (E3) -

1 TEAEESEHEE ) - EEEEST - ESEHE I EARE LR
ANNERERBARESEHE T E T - B EEHESGHEEE - 360 EEXGE
R FERGIHET 57 (Ahmed et al., 2013; Islami, Mulolli, and Mustafa, 2018) » £ &
BEITHE - B A BEER— A FIRI A B i ELAHREIRE - (3N RS
et N Bt B IRERCE RS - B IR A AESE IRE T (Bedard, 1989) ©
SINT A B 1R B 2 TUAE R (Multivariate Effectiveness Measures) #E{h—E(E A
TAEBEREIEEE CRIES: ~ IR FEEoR a3k - 2008 ) - AHAKSE ERFERL A BHY
TEREFNIBE (In-Service Training) » 375 it {1 Bk HA R A 10 3 P S0 R L 11 2 SNSRI R 2 4R
# - BTSN BERIFERLEZE -



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

Rzl 2 T REM ARG R EFIRREE AR (BEA) B
KBk - $HE B RERZERN IS RS N A BRI AN BE 143 - DU R R ETT
e N BB G - FEEE BB SR M G R BB T - A HEALE
ST ET o RIR B A E R EETREZ A B (BEEAL) AUEREHE (F=IK
CEAE R 0 2017)  IEBEMHISHEREZ A S (BUEAL) RIS TR E(LAYRA
PEAENFEIT (KPD) « E M NIRIARGIALET /71 » NS EHESGEHE B &R
HAEERHER N A (EER - PEERRER - 2006 ; ZTEE © 2018) - &K
SF A B 53 AT LA B N B 5 2 TR RCRE - DU ST B TETHESNIVE{EE
RELTEH -

R 3 T RS EEMEHEE ¢ EREEE TR T E RN RS EEE - @R
A AR AR R BB e R E LR o TR R R RO - e R TR
B H ARSI - SREERSELE T B IEa e R0 B (R RS Ry B M A A
(Learning Organization) » DAL 2 & # AR5 - Rl - WHEFERE S HR
HURRE ARG TAL 280 - B HARR - Eoth HXEREGZHM - IRE S
R FROE B DARE SR » SEETh A N B0 & i i B e A R F) S PIE R AR
e NEERE - R ABHEEERE - B ABER - IS A BB - 8%
B ERE « RS EEREEE - B2 B REEERET 0T - Wkt - A8
LT SR EE ARG A B TR -

o 5 B N SNE S RS R B R e mT ER A HE DU R AL = (1) e B Bl =22
FE - BRBEA & ETHEE B SRS ILEE G - e E MR EZERIE - ISR E R B
2 (Cloyd, 1997 ; Z=%E - 2001 ; Francis, 2004; Wu, Huang, Huang, and Yen, 2017 )
(2) I EFEE ~ TIF & & E et 23 A 22 (Bonner, 1994; Caramanis
and Lennox, 2008; Francis, 2011) ; (3) f§ 1% & IE B & Bl - 22 & 5 47 & 8= B RS 1%
TE X 2 3 IE [\ 52 2 (Asare and McDaniel, 1996; Bonner, 1991; Clement, Koonce, and
Lopez, 2007; Lim and Tan, 2009) ; (4) F&%E G & RERT s BIE R AMER EREERS -
&SRS BT RSB ES AR - ERERAESE a2 (Mohd-Sanusi
and Mohd-Iskandar, 2007; Alissa, Capkun, Jeanjean, and Suca, 2014) ; (5) NfEZ&NEH
k(RS E - HEEDS - ITENRY - EeEREEHESITEI 2 (EE
0 2017) -

2 SRR DITIREY

— o SEPEREH LR
FERTBIT TR E LR - IENNLARET BB IR - 3% 2 RS IERE L2 TAE - £

8



NTU Management Review Vol. 33 No. 1 Apr. 2023

TR RER EEE TR - 2 hlE (1) £ TIEETERE 3 F 4 B - THHIRERZ AR
FEATHE TAERURE R - BT A BRI 225 ; 2) /£ LIEATE 5 71 6 B - 41
AHEIRTERZAERS - DA EE(LEFIEAZ LIRS 5 (3) (ELIFE%RL 7 A1 8 » ANl 21T &
PERERIR THEA R LA T E -

= ZREBORERGEEA AEX
AW LAE 1 BT E R R UE AR (CRISP-DM) E R #THEZE (Shearer,
2000) - FE] " ZFEEAESGHEIREL B TR o

Business s
Understanding

Data
Understanding

=

Data
Preparation

il

Modeling

Deployment

Evaluation

1 CRISP-DM t&EYH1TIRAZ
&I : Shearer, C. 2000. The CRISP-DM model: the new blueprint for data mining. Journal of Data
Warehousing, 5(4): 13-22.

PURSHE A E —af A -
¥ 75 32 #% (Business Understanding) :

Shearer (2000) $5 2 75 3 fi 45 5% (Il BA S 2 B - A Bh IR T FESHIA1HE (Domain
Knowledge) + i& ffEMEE S5 BT » BLEHE ~ HEE T HE » flE B 5E % -
H e E G AR S ME RIS S - IS A B BB/ M BE R
WHIRERL - MEERF S NEHIE R ESRY - TERBIIEK - (FRIFETYE - MERE
EESHER B 2EH T ERENEESRE  BAFNHTEEFIHRS MESE
ALY B TR s R 2 B HARE R S - (eGSR N EEAS A - B fariE
ez FEEEREETHE B TEAEREE N B AERER % - AR
FERZAE E AR AT S TR IR AR T - AUFFTRFE R T B RS HIFE L B E R AR
S R PR AT T RGBT RSB TR

9



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

K2 SERRIERERNE

BiZ THRE HHTER

1 RS HE TARRTARRINHEHEE FAATRRE
RIZEA , GIRREIAS > ABRERFRTHNEE
EHR - BIEEEREZ DY - T A B
T T (EIAS ©

2 REBNMHEZ  BYRARFEEMRTAR -

3 CREBRIEE  TBRWELNF  AREE B BURKENTE TIEEN
HIE S EETRER DM - 20 E RE FERITE A A BT

4 RATEKER G RBEEELBEEEERRetE . PREMRLIENZRSR  DUR
RETHOHAMEL - 1 - EEAMIEY  gitiegr TOWRERARHE -
W BRI B R o

Bt e

5 RRALIER | BEE (SENBBERER) R Do | B
REFAREBITCERTM  ERIEERRENE sfieliotGurrlal N
EE{%E%ZZ§$? . &D{EHE/)K%&EE%% Eﬁ{:t

B 1LERPIZ A% T E308 -

6 ERI(EHE i VERA B SIERRERSE - 1
BARRTARSRREREZHIE -

7 BREBHE  (a) MERLEEEET ARG BISIRILR TR
BHE ; (b) NINBEREL - BHAERBESE | () NARELERASRL
BREAELE » TGRS - AR BRI TR

8 MGETME 1 (a) ERAERER  SRARNNBEGT HRRLERE -

LUER - (b) ERAERRE - AREMZHREAEESE
SERE - TS RREE I -
3T AW EE

BN FIRETZAHRRARERIIRETT » B8 A i AL R RS LA P E B B 5 R B T
DABERGHZ FE HEME B RGN BRI R - HELETIE A T E IR S -
#3F# A% (Data Understanding) :

TR T E R AR R 20 R AR A 3 A RS TR AH B SCRR - BV 73 TR AL R
S SR UL T HY B B SR S - AW SRR RE I N BB - TE A B EHEER
RE ~ FERZNEERE - B ABRABYE - BB ER - BRIERIEE FEE
BT ERIR R - F R MTE B EGR YRR R E T BB R R BB S (FF RSB
3T
9% % M4 (Data Preparation) :

Aisei BRI A BUERT B R E A  IRBREIR R EIEAL - &
FHAH ~ #EHA « #; A (Extract-Transform-Load) @ #ERE A B & RHEEFEZ TS EE
BHETTERHESHE (AIER) - SRR TR = - R 2R ES R

10



NTU Management Review Vol. 33 No. 1 Apr. 2023

RSB E RN BIERR I - N HEE EFER RS - #E -
HPR A TR SR A T 2O SRR 1Y AT - ERHREN PR A0S & (boosting) K
&% (reducing) BT P 0 B B ELGT - 2 = IR B AR G R - g TR MRk
B BFERIEBHIHE - AWl AR EURR PR E (FEBILLE) B8V
BB LB - ST AR SRR AT B A [F T 2R AR R o AT 2

5 #7 1A (Modeling) :

I Feer BB B AR RS BT G G BEAE LIE N ZPEiEs e - tH%
RfEHEER R E AR BRI 22 - FEREARRAEER R - 2 DURHIRAS i
TERARY T IHEREE R 2 R R BB R TR 5 (partition) © FLEZLLT
2 (1) K30 (2) AT RERR R Ersh H A ek B e ek B R RURR MR RR % 5 BERERR
PR RS = R R 2 ARG B A AT BB B AR R T 58 - T S R i R AE T 3
ReHIERR - SRR A B R Y TR SR - AR D ERR IR BB B A A RO RERA (rh - 2
SERE e B E RE HE ) -

et (1) EEEER (K 2) ZEEHT -

F) = Bo+ S0, By Eiohixy B By EE RS (1)

fX) =Em=1Cn 1 (x € Ry) » HPRy, .. Ry REEBRIZERI D - (2)

L& R E R A EPE A EA AN F PR PRS2
—EFEHREE - A TR R AT B R RS E 2 P =it (3) -

predict = average(XN1% predict;) » H i Ntree{FERIAEEE - 3)

TE T 77 B AR BRI » PERSARPRBZE @A (Bootstrap) BT 77 T il
B FLUEAEA (sample replacement) /7R &> (undersized) HIFE RS T -
FEILIR T THHIER (R E (Breiman, 2001; More, and Rana, 2017) o AR5 R % 12 #2 5
HIFIRE R R Y E R (Out-of-Bag Data; OOB Data) » 1] F A #Fiii A Al T-#E1TE
ZERHG - RSB B2 B8 - 53 MSETRIMEEERMER A S
TAEBERUERR - BV —EE ST ET NS N BT R TR RIRERY - 18
55 ZFEELRI AT - FRAMEE R = E R TRS A A S B SR AR A
B IRBREE A B TIEESUEREETT B (teration) FIFR - FEERFAERLAR AL -
FE IR SIS 5 b ERERE B TR -
M A& 3F4E (Evaluation) :

AW e SR A Sl B 5 o3 SR B R AU R BL YRR AN - DU AR ER 72 (Root
Mean Squared Error, RMSE) K i K@ ¥R 7~ (Maximum Absolute Error, MAE) {F £y &

11



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

TUPERERTAREGRE - 7658 (4) B3 (5) T+ SERVEHERIA) - FoRas) - TS
AR S £ M P TR ERERT A » SERRARATT -
(1) B AR
RMSE = [BECCD o e S, NSRS - (@)
(@) BB |
MAE = max {|S; — S|} - (5)
BEE 15— (T SRR B (RS L TR BT BB PR - 208
FIBUB IS RLISTR] + S DS 2R R R S S B MR R ST T IS - TR E
RO - DR S S R T 4 T - BRI 2 -

B RO R SR R SR A i AR EA S
: Hrts R RO A
PRI IERUY

BUEE AR ARSI R T TR

BAFEERHEDR - ELEIEAAE AT

genenemeneaaanannne [ e e e e e e e e e e }--oeeeemeeenedes
: ofirfEf% 8 -5 (EF5 O FEF% B-10(4{E75 ofirfER% B -15(F-(EFS :

B2 EEEHERERE

i RS

IR A5 DLRE S S A KA B CE A R R U BR A MEREE AT - I DU
PRI B R R B R B R A - SRAG 2 R B YEE R~ STRCREMERE
FHd - DI H R R R R -

4 & (Deployment) :

AW Fe G R EE R A - 23 E BR e HOE AR - A& REE - B
I BRSO - BEEE - UREIRER - SPEER RS - HERE R R
AT o I - R B EAL E  EE E  ET R A B R SRR A - FE L2 DA
PR AU REFEAT AT PR 1T & 1 ol FH AR B B S B FE 2 - B T2 B Bk
(FLIE 3 “REEEA AR ) o Mfsk— 2SR EIIA (Script) -

12



NTU Management Review Vol. 33 No. 1 Apr. 2023

B B EE TERAYER ERERRECHEE HEERETE

HuRERR ATEREBBELEE il
= : BREEAR
sAtes TR masus s,
ERAG BREE EBARY e
LM s B
EEEEEBAS
EREARE FiEs

AmbRy

BUSSEER
ETHEREMNIR

BIURSEBRNE
EEER

B
EEGE

SREAEE
BARENER l
BERSE
ARDL T BEERER
mBls=

B
g
BRGENELE
BE
Vi

L o ATERENEE ‘ SRR |
AfRsA®R BAEE - BREDER RROERE
ERENER SNER BABIRN BENHR
ROBEB BEEEA
EHREF
4 bacL ] L
TERE povimter £ EEBERE
(33

3 REEEBIDMTIRR
EER N o s

= TR S B S
AW FEARIRFE R AR RS RERAERL - DUT Ry iR it B B SR A
sl 3t ETIEEE - ENEEZAR - X, RIS £ S ER
BEHFRIRER j RS - (AR 0801 -
% HEEA : BEAIE Eun Rt IR 5 . HEERREm (CL) ~ 18
FERBER (V)  &RER M) [EBEMEE (C; > Gy~ Cy)
FEALIERIPRG < FERZ N BLEAE B RLIRF A N SE T A (L7
FERGAL RS A - = A EIHERESE R B EB LA S 0 Eeia ez A B -
MR BIBLE « —(ERSRAER L ZER 3 (EfSFZ A\ B iR -
TR/ R < /D) —(TE RS A G - IBHEE R A e -

1 1 1
MCZXZZLUXU+ZZXUECLL+ZZXUEYL +Z XUEM]L ° (6)
j i J i J i J

i Jj
s. t.z DXy < a; i=12 .0 %)
J
(1) < ) Gy < u() =120 > ©)
J
12) < Z CojXi; < u(2) i=12 . )
J

13



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

13) < Z Cy;X;; < u(3) P=12, 0l (10)
J
ZXU =3 j=12,....] > (11)
i
in,-yi1 <2 i=12 .0 > (12)
i
in,-yi2 <2 i=12 .0 > (13)
i
EZXUn3s2 i=12 .0 > (14)
i
X,-j =1 if auditor(;) assign project( j) °
X, =0 otherwise

% HEER : B (6) BEESUEMF - Ak A=k X, R L, - F57 7 X, T b
CL~ Y~ MJ, S C, - BREXGELF CL, (HHEZERE) K Y, (BIFERE) SER
mHEA MU, (BRE ) EASIE C, (EEEER) BEREER -
FRBI = [RE (7) B8 NE 2R TIERE - HATRAR R d € L X, - #8TIFR
IR K ETEEREE o, K 5 TRHIZL (8) ~ (9) » (10) BFER N EFFE 2 R EEHE (T
BHEE - kAR C R X, b SHEEREELBER/IMERREER (1) -
12) ~ I3) 1 » | RMEREEER w(l) ~ uR) ~ u@3) HER : BREIZ (1) B 1| HEBL
JHH 3 (RGN BRE SR INHEITT - AR AUk X, 2 HEATRy 35 BRI (12) ~ (13) »
(14) WU E FotH R N ERFEIZ IR & ERIRE R BREAD » Frok A= X, TR b Y, - AHIF
NESREIZIB B E R AR R % 2 A - HE—RE - TEREEEEIET - BR
| tHEBS LA 3 (RS ERTT » BREIEC (12) ~ (13) ~ (14) BEEF RS/ MERIRFE TSR
M EREERRIEZ A B » 0k - AT/ MENRTEEE~ A B &g
A BT B E SRS - fEEH LTI - MEREIENZ RS ATHS -
X [FIHER N BFIREK -
Lo BB R SR B O R A5 4 -

14



NTU Management Review Vol. 33 No. 1 Apr. 2023

x4 HEBEREREE

R HERE
i ’,;"';‘-,"1\2\ ............ n{ﬁ*g*zké
j B N2 e m EEFH
c B2 e KBTI
D BB N2 crereenenns d T1ERE
L, £ IIERABTEE  EFRZEIFAVER T FEN
CL, £ i (IR A BRI B RN E
Y; £ i{ufe A BRI E R
MJ, MJ B 1850 B i IERABREEEERMER
I(1) FREHESE 1 R EFREHH
I2) RTEHMES 2 R L FEHBH
I(3) FNEMEE 3 FERIAY EFREHH
u(1) FRREHMESE 1 R T REBH
u(2) FREHESE 2 FRIR T REHH
u(3) REHMESE 3 FERIA T REBH
C, 5 jEETBEHE 1 R LEEHE
Cy 5 EEBENE 2 T EEHE
Cy 5 EETSEHE 3 FMIIMEERHE
D; iU A BHRIEREFI LIERE
a; i UERA BRIBREFNEATERE
X; B 180 o i (U A B BBWIBIKE j BET » A RAKEH

3 ARHTTEEIE

V9~ B ERBARE 2 SRR

Ry R B B A R L B2 9 (Domain) L IKGEAS - AT SRR IRRERZAT
FIEHRBIGRAFAIRELL - SR PR PR 2R =B i bR 8 2 P I B PR AR - (R E
FRER B RETA T (Penalty Term) » FfEHEERSIZAN I L/ER SFAIBER BB E (—E
SHEST) AR/ 3 AREAR - SRR TR ST B A SRR A SRR RAF (1
—EEEST) ARy el B SRR (WIS AN BZAZAII =K 18
/N ) ERA[E $OHEEEREAZ (T I B AG R - B (BB FHRE T
EEE - i H IR EET B AR E— 2 - WA CRIIRIR - SE R BORy T iak
IR ER - S EREEREERBIGR AR R o DUF R ook U (R PR ]
R - SEOERRFIERCE (7) B IERREETER 0 > EEERFIFRIE (7) U E R EEIRR
107 5 58 2= 7 P RO RE R PR e 1 - S IR R (E (1) =0 =Y 3 BIE% -
PATE 2SIt BAR TR DL 10° o Ryt 00 5W FE R BT FRAROR (B - AR RAIR (11)

Ty 0 o SEFERKEE AR (15)
15



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

2
1 1 1
Fitness = ) LiX;+ ) —CLX;+ ) —ViX;+ ) —MJ;X; =105 > X; =3
. o o o .
L L L l L

—C1(X) = GX) = G(X) = C4(X) = C5(X) = C6(X) — C7(X) (15)

() B { YidiX; <a,F/C(X) A0
Tr e otherwise , A//C,(X) #1000

HehC,(X) 1 (1) < cX; < u(1), AIC,(X) 70
a ’ otherwise , Hl/C,(X) 7 1000
HEp G (X) B 1(2) < Sicpiki < u(2), AC5(X) 750
S otherwise , Al/C5(X) /5 1000

I(3) < Yic3iX; <u(3), A€, (X) &0

HC,(X) Ry
+(0) otherwise , Al/C,(X) 1000

Hh () 5 { T X <2, A0C(X) 50

otherwise , A/ Cs(X) 2500

HC,(X) Ry Yi XYy <2, AllCs(X) 0
h 6 otherwise , I/ C¢(X) 73500
i Xi¥si < 2, HJC; (X) 50

Hep C,(X)F
(C otherwise , A/ C,(X) 2500

= A T
— - R
KPR LIS PR B R 105 4225 107 SR NESTEREEER - (R — REEY
T B TR A - ZOR RN 4 FERLTHS AT » % 5 I\ B EUTHS
Zkt -

16



NTU Management Review Vol. 33 No. 1 Apr. 2023

6, 000
4,996

5, 000
4, 000
3, 088
3, 000 2,535
1,803

2,000 1, 246 1,349 1, 296 1 203 023
1, 000 592 198 603

218 308 I 2 g I

ID1 D2 ID3 ID4 ID5 IDG ID7 D8 ID9 ID10 ID11 ID12 ID13 ID14 ID15 ID16 ID17 ID18 ID19 ID20

4 FEREBIHE
i ERABREREREN

&5 ERABELXER (H5D)
ERAE RBEETR  RTFE RIRE  EHONE  FARE

ID1 1 17 0 0 0
ID2 1 22 0 0 0
ID3 1 12 0 0 0
ID4 1 1 0 0 0
BAR TfEID EHEME  RXTHERH BT HaME
ID13 1 6.63 7 0.179556
ID10 2 6.63 6 0.028751
ID6 3 3.25 5 0.520413
ID6 4 3.25 5 0.612863
ID6 5 8.88 8 1.018804

it ERABHSERREBER

1155 6 ?&ﬁ%ﬁﬁ BRI DR IERZ A B BER RS BRI TAHR fﬁﬁ FE
12@1‘*&””‘ KGR BERE  MBEHRE - EHOINE - NN EillZE
JEUB T~ B S (S SRR AR AR f‘gf*&'w%:fﬂﬁ:ﬁ?ﬁﬂ’%ﬁﬁﬁ*ﬁﬂ’%
&%’EF&? : aﬁd’(*ﬁ‘*ﬂi%&)ﬁﬁgﬁi{’ﬁfrﬁﬂﬁ o WHTTE BRI RN 7 -

TE UG 1 AU [ A3 85 (Response Variable) S FERLIERNE » FREFESEEY « BLRE
T%fﬁﬁffﬁﬁﬁ IRITHEE FEHEE gil¥ER ©hEeiRE MERE EHOINE
NiEANTE  EillZ e ABEE  MEEE  (LIEEHE AR 313 [E8E -
5 P B DUE B AR B R ALE TR E S S B LIRIR - (EB A EIR R R S 8, X,
(B i(IFER N BREHHRIREE /(BT )  tHRI S22 CL (ga1 21 e i(E

17



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

&6 FUMARETOMTHRER

e BN FE9E EEEE HA{E /)&
RITEE T 18.08 6.88 26 1
EREE T 4.70 3.30 12 0
TERE AFEL 5.92 4.04 24 0
EHOSME AFE 7.02 5.93 25 0
HiZE A8 1.51 0.44 7 0
A EHES: ] AFE) 17.09 14.21 27 10
BEXE SR ) ' '
BEIRE AFE) 6.97 4.59 18 0
AR FE AFE 19.39 4.09 28 13
EfsEIE A8 7.93 4.49 16 2
HEEE AFEL 4.89 1.35 7 3
BRARITHE @ Z/8 - - - 3
B . 2. 1 1
—— f%%@m&r ] 6.08 06 0
ZRERKE x 5.54 1.69 9 1
AR TEHERUE =] 12.86 23.84 138 0.02

i B ABHEEREREN  BRAREHE 20 %  EREHNMBKENEREHIL 22,830 F
MEsteaE ~ EHTINES ) ~ FBREEERE Y RITFEE » BZEE) ~ fER
MJ GRS RIRITHHR ) -~ (EBEMEEEER] €~ | R D~ FEsE L, -

T RGPS BT RE LR RS R

7 8 Ty LhBg B VERR AL PR RERUAS SR - R [AFNBR / ML E R BeaE 2 - B SVR 1
BUFT CART #AUAH L - RF AU AT MR RERE HE 58 HH €81« DAGI SR EE EL 151 80% Fu Al
Bl SVR fEAUAHLEL » RF fE By RMSE #78 1.41 » SVR AU RMSE %55 1.56 * RF
fE AU H SVR 15 AU 1Y RMSE V&7 0.15 3 CART 5 5 1) RMSE #7955 1.50 + RF f& 4 H,
CART F&AIHY RMSE %/ 0.09 Bt ARk TEIHIMERERE 7 E S8 (m) S B e o3 R
BN e

ERNESEE R R ERE ANER AR EAE - rlpEE SR A e
FIFH I AT LIBIERH LA RE - AR R R A - MRS YE
HIFHERERZAERUE » AN R ERCE R U &R 3 A0 AT TR FERZ LA E AR
{BEEE ELERE - Rl B8 BRI - A7 PR FFEREEE R B8 (Permutation
Test) R HHEE S 8 o 1RHE LN B B RS TS B B i 26 AR T iR - 5%
EBHAERAK R EE EE R BT E e E NS ERIZEE
TR - DU E(LBZEAIRER: T - BSERERB B 22 % 9 Frn v FEfkaR
WRERE HY 2 BB SR -

18



NTU Management Review Vol. 33 No. 1 Apr. 2023

x7 WMEESBHERREE

Spearman\
Pearson L1 Bl @ BI [ [ el [ (o [ [12] [19]
ﬂhaiiﬁ 100 080 0.09 006 005 023 -032 0.18 -0.08 -0.39 -0.03 -0.24 0.19
£k %
&'*&Tﬁ 080 1.00 0.03 -015 -0.11 030 -035 033 005 -024 -0.03 -0.21 0.20
ABim=
mé{i}ﬂu 0.09 003 1.00 -0.16 -02 059 -033 -0.18 -0.26 0.29 -0.07 -0.17 0.56
ﬁg’iﬁ 0.06 -0.15 -0.16 1.00 05 -0.17 0.15 -0.16 006 0.2 0.03 -0.05 -0.18
ﬁa?;](é 005 -0.11 -020 05 100 -028 -025 -0.19 043 0.2 0.04 0.03 -0.10
ERESS
(6] 023 030 059 -017 -028 1.00 -0.32 -0.04 0.03 033 -005 -029 0.33
Hﬁﬁlﬁ -0.32 -0.35 -0.33 0.5 -025 -0.32 1.00 0.12 -0.27 -0.1 -0.04 0.06 -0.10
MV:[ESTE 0.18 033 -018 -0.16 -0.19 -0.04 0.12 1.00 -0.21 0.25 -0.02 0.19 0.10
[
ELIL[&Q] & -0.08 005 -0.26 0.06 043 003 -027 -021 100 0.02 0.03 -0.03 -0.18
BEEE
(0] -0.39 -024 029 020 020 033 -010 025 002 1.00 0.00 0.12 0.08
S=1
{ﬁ%[ﬁ%’]ﬁﬁ -0.03 -0.03 -0.07 0.03 0.04 -0.05 -0.04 -0.02 003 0.00 1.00 074 -0.20
HREH 0.24 -021 -017 -0.05 003 -029 0.06 0.19 -003 012 0.74 100 -0.18
X [12] . . . . . . . . . . . . .
I{;F[ﬁi)]& 019 020 056 -0.18 -0.10 0.33 -0.10 0.10 -0.18 0.08 -0.20 -0.18 1.00

i R ABREREBER S BHEHIL 22,830F

= BEROBIEIEBRE B RR S R

{E5E B RS2 BB RS - Rk AgAs R A E BRI - FMFEIR R
Hi &/ )k 17481 (Dispatching Rules) © % 10 AT RiE 30 i Bl AN [FRF M R fE R B B
5% HPRIREMEZEE (O BEEKA S - HERKE (D) ¥ - FEEAER
B (L) N - NESTEIBERE (V) ~ HHBREZERE (CL) e 5 (M) 851
NG HESUE (L) BREMERE - MEEGRR 1 #oriiaiez A& 11
B ANE 2 BeliE s (M) IS ANE 2 » HFER TIFER (L) Bty 5
MJ) BIFERZ AN E 15 5 (SR 1 #iBdiatez A B 1 MIfEfZ A & 3 I » WECTER
s ERE (V) BmEHIERZ A G 3 HREE TIEER (L) BNEEIBG &R (V) BIE

19



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

#x8 MMEHMAEERE LR

AlllAREHE LE I S RMSE MAE
60 RF 1.39 9502
SVR 1.55 10888

CART 1.47 9815

70 RF 1.39 7083
SVR 1.55 8142

CART 1.48 7346

80 RF 1.41 4794
SVR 1.56 5431

CART 1.50 4919

90 RF 1.43 2461
SVR 1.58 2798

CART 1.50 2529

it AR

x9 FREHGMEEHCEREH

ERMHF ERWRAR BB R
— IRITEFE
= ERERKY
= rER(E
g A EME
bl BRED HIRITHEE
AN EHOIMNE
+t BRFE
AN EEEYE]
ik BEiflxz
+ RIERTE
it ATREEE

RSN B 1 & [ RERSRAEC R A BB EBEHE G - BERENRE
o IR — 2 -

P9~ REEORIEE LB EORE R R

11 2 RS ORE iR i ARSI & (RIS Rk A AH R B RE (CL)
WREZAR - & 1R RMER DU RA] : 57 | REE - HRAHERESR (M)
Hy TSR 1 ERAE ) W BCEIEMEE | BAEBRAIRSIZERS 8 1 » AR 2 ThsRg

20



NTU Management Review Vol. 33 No. 1 Apr. 2023

#10 REEHHEBEFE (B2EH)
KEB/ WHAE CBRE WEAE BEaE tWeR MHZE BUAB ERE

EFEELilj i j (Y) (CL) (MJ) (©) (D) (L) BESREN

1 1 1 1 0 ] s 15
2 1 1 1 1 1 5 25
3 1 2 2 0 1 5 35
4 1 2 2 1 1 5 45

o 5 1 3 3 0 1 5 55 sos
6 1 3 3 1 1 5 55
1 2 1 1 0 2 7 10
2 2 1 1 1 2 7 20
3 2 2 2 0 2 7 30
4 2 2 2 1 2 7 40
1 1 1 1 0 1 5 15
2 1 1 1 1 1 5 05
3 1 2 2 0 1 5 35
4 1 2 2 1 1 5 45

6/10 ° ! 3 3 0 1 5 55 620
6 1 3 3 1 1 5 55
1 2 1 1 0 1 5 15
2 2 1 1 1 1 5 o5
3 2 2 2 0 1 5 35
4 2 2 2 1 1 5 45
1 1 1 1 0 1 5 15
2 1 1 1 1 1 5 25
3 1 2 2 0 1 5 35
4 1 2 2 1 1 5 45

6/15 ° ! 3 3 0 1 5 55 155
6 1 3 3 1 1 5 55
1 2 1 1 0 1 5 15
2 2 1 1 1 1 5 25
3 2 2 2 0 1 5 35
4 2 2 2 1 1 5 45

T AMREE

RAAERS 2 1 AR 3 INEERSIZ (s 1 1F 58 | AR GERIERER (M)
Y T Amek 2 B2 A B W ECEEMEE | S RIS 7 1 R 2 Y
TERZAERS 7 1F » B 3 MINEAUREIZERS 2 1 & 2 WER - AHREERE
(CL) KBRS 5 (M) 89 T sk 3 EiZ A& ) Al Bo R 1 AR AYTRE
FAAERS 8 1 ~ AR 2 ERIREILAERS 7 1 ~ 18FRFE 3 HURGRLAERS 3 1F -

21



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

£ 1 BEREASIEHRIRE (55)
REE EMSE BE 2F emwr wwme wmws L B

R

1 0 1 0 8 2 1 63 134
2 0 1 1 7 7 2 102 219
3 7 2 1 8 7 3 116 269
4 7 2 1 8 7 3 116 269
5 0 1 0 6 2 1 53 111
6 24 1 1 8 5 5 120 256
> BB ROR RS R

SZPRIA R FER Y R B I RS 22 N 2 - PR E B IR T R B R » pij i
B ENEE R B 6 (LFE1% B Bl 30 tHEB IR B S B - STHFEE A fE#AT
20 [ FERZ BB 2,000 FHAEFSIF » 43 AT IS 5 22 E IR A BT (87" 7 The Model
Generator Ran out of Memory™ ) -+ BIBLARWFFEEE R - DIBEE A EE K - &
12 I EL R EE (GA) ~ SRR FEF % (BPSO) ~ il 2253 # (L% (BDE)
=R A A TR E R B BRI HEAR I as S - DU E RS T R A
B KRG S -

FR B s A SR - R BIRR e T - FERR IR ERAE R ES - GA AU B
BPSO AR FRA(EBNE » BAUMERER N[ ; 17 BDE EAUGRARBAEE E7f - fRAIYE
MERMRBHEE T - d R B g5 %] - BDE AR HEEE AR E « HXIKF
Fs BPSO 1 K2 GA 1A o FEfsil 7 372 (8 e SEEMERE=R 71T » BDE FRAURYHERESR
meim o R DAERERIRRE B~ WaUm Sl AR RE R ~ PR vERE R = (BB e (5 S 1%
EFHEIRAY - BDE A ERE LSS SR (EFE AU SE AN 68 - Bk - BEFEET 6 (ifE
’% B 30 FREB5EL 20 (7 FEF% B 2,000 {FAE15 5 St A # R RERT - BDE A& RElEF]
BTEKAE - BDE R AL n] AU BUR &L (IP) SREREIZ HE BRI EMF K (£
fig - HEEIRESTEEME - R ZE 0T EE R E T EB R ERIRTT
Tk 2HERENRIEREE RES o 5k — 2B =AU I 2 H s R -

7S HERIR TR

Auest R T RAVESUE T - BIEMmMEARGE B (R 2) Bl
BEMEASEHEREZ (R 3) » s R RiEE AR - HE 1 X 2 BRERZERFT &
21 ) #i5 B 45 B (Managing for Results) 520 M KL FERZAE S (X Xy LijXy ) By
fHAR AR o BHRE 2 ¢ X 3 RS A FTA DUAH A% 22 (Organizational Learning) 7 =/

22



NTU Management Review Vol. 33 No. 1 Apr. 2023

& 12 ZREREEUREZ AR

wE R EBRE kw00 SRR mEE
6/5 26448219 393 3 96% 10
GA 6/10 28334912 887 8 92% 33
6/15 2824 1430 6 89% 122
918 - 903 6 92% 56
6/5 9968684 404 12 100% 0
BPSO 6/10 17827292 837 19 89% 83
6/15 5168 1460 186 89% 60
Fi518 - 900 72 93% 48
6/5 312 404 6 100% 0
BDE 6/10 827 877 13 90% 43
6/15 3409 1460 35 96% 62
FiofE - 914 18 95% 34
BDE 6/30 - 1270 72 - -
REUEIR 20/2000 - 474939694 403 - -
it AR
HRiRa WA W R EL T TR ¥
(a) B4 BEIEH ° © ° )
o REH T L S TR
OBRBEES | o . o .
(BB B T bLE Y. LS T RS
© @ ] ©

(D) P BRI REEa Wots % B TR THRH

OLE £+ 9:8:2

LT 4 KR LY ER T ;3

@ ZJ|MHAS O:uZBANAT O ZBMAINAMK

5 fErkIER
it AR

23



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization

TLFEEEEE - IRTH AR BHEY/E RN (Roussy, Barbe , and Raimbault, 2020; Gimba,
Jenkins, Saucedo, and Wright, 2018; Pace, 2002) o kH A% H A E SRAE A Ak (Zi Zj LijX;j
\ 7 Hh 3R T N RS R AT £ I (Andit Annrenticeship) R 1L 0 P 52 5 A 2Nk
Ty Xy g Cli+ By Xy g %+ TS Xy g MID i BB R - B
ZHIETRER -

AWFFeEg sl - MR B 1 HEAES - HiE 2 A (ZHEE ) ghFREE
RHIRERZAH G+ EE B RS R = ST H PR B S AR RUE RS R B - DIRE RSB B
s B RS EETRE R IRIR - S RPR B LRE AR RUE - AN SRR
B R R IR GRS BRE A B W IREE RS S (RIS RATETS - B
IRFIFERZ NMEAL = NS FE (DiXyYa <2, DiXyYie 2,3, XY < 2) @ HfET%/ N
R [FIF B et i & R E R RIS A B FAE - BURNEEER A BTEERA
BRE o IR LR ERTE%RE s - SRR B 5 8 R Y e o 2 RS A% AE ORI
B ITAEFRIR - S5 a5 R B PR A 2T G SR A& (Asare and McDaniel, 1996; Tan, Ng,
and Mak, 2002; Alissa et al., 2014) °

B e B2 7R ] DG S ERE R R AR B B A BB R SR RE T » S T R AEAN[F]
AR T - RERE R BT A B S RESE AR AR » ROEHLR
LB - EEFHEIREOR G B BT B I 2 — & BERT - BRI A
R TEIRK e » TR AN 5 BIRERZIR TiRAl « Akl - FEf% T8 AR AR B AT iR
TERERIR B AETTRE R HE] - PR —E KRR SRR » A - SR
BEREF HEES IR A B R EEETSE CGREEHSEAHE R
&) HHFERE H BT RE ST R A B2 & @M TR (TR EEH
RARITEIZ SRS ) -

th~ iS5

AR FELUE HFE e VRS Rt FE 0 SeBRE AR SGET A U7 ham DU RS AR 3
GRS » B AN S = RS TG IR T PR G 2 T B B S
% HE RS RGH R - (SRS RE DABLA IURS L LIF AR R AR - B
Bl b A Se BRI RERZ BB K i i FE RIS LB PR UE - TENRIE BRI N
FIAN BRI T - EEZRENS B b IR R - TR IR - IR
AU RE H BT F o FH AR B B i R L 2R -

R TARBTER - E4ABRBEE R FERENTEIGER - RHTRE S REEAR
I EFIZ= o LR B T ER » WSS RS B AR PR SR T B ] REL IR s e
EilfE{# (Breiman, 2001; Strobl, Malley, and Tutz, 2009) ° {FfEF%H L E HhfTH > DL
R E B A PR R AR R - SR — @I T - FMIhiERY - AR

24



NTU Management Review Vol. 33 No. 1 Apr. 2023

FRENEAR K i MU RIRFER & H TS R G - B R A EE
NEFIEAE » 53 Hr f AU 22 BiE e AR AR 3 8 B i 5 » AR (SR SRS IR A B -

TEEHEM T E - TS SRR - A BUE R EC B (R E BRI THY
RA#E[AZ (Balakrishnan, Lin, and Sivaramakrishnan, 2020) ° Bijfi[&] 5 A ~fERLIK ik
AImIERE SRS B KR ESCR N R E A RRBENGESR » BRFEEN
WA Z PR IR AR - B EERYE R TRTHY T EE R A AR 52 7 L
{LHESE -

TEMRFERR BT - B oA TR ME £ S B - AR R A B 5 A AN [F] 25
FHERIFEHE S AR  (HREAESE R AR EER AR T - FER TIF R
BB R EEAEI T RENE: - 2RI E B fHE M ey SiBrIaE T - DUERSE 52
BRERITiE » AT 2 Z NP  IRERHERS (Recurrent Neural Network,
RNN) + E#HAZIIE (Long Short-Term Memory, LSTM) 251 Fe 818 2 A B fE B 52
(Ulmer, Thomas, Campbell, and Woyak, 2021; Dahmen, Rekik, Soumis, and Desaulniers,
2020; Hochreiter and Schmidhuber, 1997) » i£—* DLGE BB AL AT FERZBUE - 12
WP F B8 B R R B AR DA S AR R A R B A TR RS HE -

HR - FE SRR E - ARG TSR IR - (EIRIBEES B REKK
R IREB TR AN E - DR M E fk ~ EFEH5 (Chychyla, Leone, and
Minutti-Meza, 2019) ~ FERZ B ARE ~ im0 EBECSUE ~ B ARFE (Francis and
Yu , 2009; Proell, Zhou, and Nelson, 2022; Blum, Hatfield, and Houston, 2022) ~ f&#% &
LM EE R EEEAEHE (A - BEE R 0 2020 5 BERUE - B
B E - 2021) - RAATREENL AN 2R - [LAh - 208 ORIIBE R BHR AL RS R
AMFERI T T AE AR Z E2 B E L] - R PTHEE PR HoE 28 i
M SEIRARAL - (HEH LRUEHGEEREE -

25



An Integrated Data-Drive Methodology for Auditor Performance Appraisals and Auditor Assignment
Optimization
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Appraisals and Auditor Assignment Optimization

Tzu-Chien Wang, Department of Business Administration, National Taiwan University

1. Purpose/Objective

With the expansion of related business groups and the impact of digitization on
financial industry in Taiwan, in recent years, financial holding companies often fail
in internal supervision and management due to problems of scheduling auditing-staff.
Although enterprises and corporate management organizations generally believe that
the large amount of data collected from the performance management system may have
great practical value for the audit departments, most of the existing studies only focus
on verifying the relevance between auditing performance and variables. Conversely,
our study emphasizes on the field application of financial control audit. Summarizing
from previously established models of audit performance evaluation, we discuss and
further establish the most optimal performance assessment model using machine learning
regression. Once identify some key factors, we use an integer planning method to
construct an optimal auditor assignment model to assist financial holding companies in
analyzing the existing audit workload and provide a better audit assignment mechanism to

facilitate human resource decisions.

2. Design/Methodology/Approach

To accurately estimate the audit performance of different auditors under different
tasks and to understand the best personnel assignment approach under different data
constraints, using audit data of financial holding companies in Taiwan, we integrate the
random forest technology and heuristic algorithm to construct an analysis model, which
could apply to evaluate the audit performance of internal auditors and optimally assign
audit tasks according to the required performance value.

Since these companies do not provide all the performance data of the assigned

personnel, to generate complete audit data for the assignment planning of senior
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supervisors, this study proposes an integrated two-stage data analysis model. First,
we apply random forest and machine learning regression technology to accurately
estimate and simulate the audit performance of all auditors under different tasks to
predict all values. In the second stage, based on the predicted values of auditors’
performance, we optimize task assignment by heuristic algorithms to avoid the
infeasibility of integer planning method in solving high-dimensional problems.
The outcome shows that in terms of the effectiveness, speed, and stability of
assignment, Binary Differential Evolution (BDE) performs better than Genetic
Algorithm (GA) and Binary Particle Swarm Optimization (BPSO). Therefore,
we recommend BDE algorithm for auditor assignment, as the results have well
demonstrated its far-better effectiveness of the heuristic approach when compared

with the conventional methods.

3. Findings

This study aims to compare two objectives from an active performance
evaluation model and an integrated performance evaluation model. Objective
one: the auditing department primarily concerns results (that is, result-oriented),
with its organizational goal to maximize the audit performance (). Objective two:
The auditing department adopts organizational learning to establish a continuous
learning mode among auditors to improve long-term performance (Roussy, Barbe,
and Raimbault, 2020; Gimba, Jenkins, Saucedo, and Wright, 2018; Pace, 2002). In
addition to maximizing performance by organizational goals (), it promotes Audit
Apprenticeship, strengthens departmental professional skills training, and assigns
appropriate tasks to auditors, which is a multi-objective equation .

The results indicate that this method could prioritize important characteristics
that affected the performance of auditors; compared with the single-objective
model, the multi-objective model will first consider the high-performance audit
portfolio, find out the audit variables that improve the performance value through
the overall model analysis, and carry out the audit task according to the level of
influence between the audit variables—assignments to maximize conversion of

audit performance values. For example, auditors with high audit qualifications and
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high professional license teaching hours are assigned to audit tasks with low levels
of complexity. Limiting the seniority of three people in the audit team allows
the team to have senior and junior auditors simultaneously (, ,). The existence of
auditors helps promote senior personnel’s growth, leading to junior personnel’s
development. Assignment methods show that audit experience, expertise, and
task complexity affect audit performance and assignments, which is a finding that
echoes current research findings (Asare and McDaniel, 1996; Tan, Ng, and Mak,
2002; Alissa et al., 2014).

Machine learning methods can improve the ability of audit-task scheduling model in
order to analyze critical factors and understand which combinations of audit specialties or
backgrounds perform best on tasks of varying complexity. When the number of auditors
and tasks solved increases to a certain number, the order of assignment of auditing tasks
could be summarized as dispatching rules. Thus, in the future, audit supervisors will be
able to follow the audit dispatch rules for task assignment, and the encouragement of
learning in organization will also have a positive effect. For example, priority should be
given to assigning auditors with professional training experience in their job qualifications
to the least complex tasks, and then assigning senior personnel with professional training

experience and financial background to the most complex tasks.

4. Research Limitations/Implications

In terms of research limitations, although this study proposes a balance mechanism
based on further distribution of input data, the audit performance data has the
characteristics of time migration. Also, the audit work process may affect the subsequent
audit performance. Therefore, an ideal model should be able to process sequence data
and construct a complete audit analysis model. Follow-up can refer to the work shift
scheduling model, Recurrent Neural Network (RNN), Long Short-Term Memory (LSTM),
and other related models of time series data (Ulmer, Thomas, Campbell, and Woyak, 2021;
Dahmen, Rekik, Soumis, and Desaulniers, 2020; Hochreiter and Schmidhuber, 1997), and
the audit data is further analyzed with a deep learning model, and long-term dependencies
in the sequence data are extracted to improve the prediction accuracy of the performance

evaluation model.
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In terms of research variables, this study assesses auditors’ tasks based on difficulty
and number of days required , thus it lacks descriptions of the nature of auditing
tasks, regulatory tasks (Chychyla, Leone, and Minutti-Meza, 2019), auditing unit size,
communication style, team culture, and individual characteristics (Francis and Yu,
2009; Proell, Zhou, and Nelson, 2021; Blum, Hatfield, and Houston, 2021), as well as
the independence of the audit works and the opinions of assessments (Lee, Chen, and
Tsai, 2020; Shiue, Yeh, and Chen, 2021); the analysis model constructs are incomplete.
Besides, the parameter changes do not significantly affect the model results, as the analysis
process of this study do not consider the self-adaptive mechanism to such changes in the
parameters. Future study can explore the adaptive parameters and further construct a more

complete model to improve the complete evaluation in practice.

5. Originality/Contribution

Compared with previous internal audit research, this study has the following
contributions. Given the trend of empirical research such as audit workforce planning,
internal audit variable discussion, and audit performance evaluation, this research
proposes an audit performance optimization model of integrated machine learning and
heuristic algorithm technology—an empirical study of audit performance management in
the financial industry. An integrative practical model is proposed by applying theoretical
perspectives on performance appraisals and auditing assignments from the past literature.
With the provided performance evaluation mode and audit-task scheduling mode, it
can solve the common audit management problems in an audit department of financial
holding companies (auditor performance forecast, audit task assignment, audit assignment
criteria). What’s more, we can systematically evaluate the performance of each auditor in
an enterprise. Both task performance and departmental review work planning optimization
are of substantial assistance. To provide a reference for the practical application of
management science methods in financial audit research, the data analysis model is

suitable for all audit departments in the financial industry.
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