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Determination of Control Limits of Conditional Variance
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ABSTRACT

Purpose: The main theme of this study is to determine the optimal control limit of conditional variance
investigation by mathematical approach. According to the determination approach of control limit presented
in this study, it is possible with only one parameter to calculate the control limit necessary for budgeting
control system or standard costing system, in which the limit could not be set in advance, that’s why it has
the advantage of high practical application.

Methods: This study followed the analytical methodology in terms of the decision model of information
economics, Bayesian probability theory and Taguchi’s quality loss function concept.
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Conclusion: The results of this study will be able to contribute not only in practice of variance investigation
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Results: The function suggested by this study is as follows; ¢ <

requiring in the standard costing and budgeting system, but also in all fields dealing with variance investigation
differences, for example, intangible services quality control that are difficult to specify tolerances (control
limit) unlike tangible product, and internal information system audits where materiality standards cannot

be specified unlike external accounting audits.

Key Words: Conditional Variance Investigation, Control Limit Policy, Taguchi's Quality Loss Function,
Decision Making of Information Economics, Bayesian Probability Theory

® Received 4 August 2021, 1st revised 23 August 2021, accepted 7 October 2021

t Corresponding Author(cklim@tu.ac.kr)
(© 2021, Korean Society for Quality Management

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0)  which permits unrestricted non-Commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.
# o] =H-L 20199 R AR (WS AYo R A=A AT XY ol ATEAS[2019S1A5B5A07089281 ]



468 J Korean Soc Qual Manag Vol. 49, No. 4: 467-482, December 2021

A EARE BULRAAE Bt FRAPIAY B ik
(variance)= APAe] R SEEZA/YADS} AT 28 AARAAL D)) AL ofulsh= v, Ho]
o MALE AT FolH o]o] WA ¢ 5 % Aol zAlE EAS) RAlREL B 5 oleh Al
FAbE ARh e e A ge] 2R E R DEE BE A0S ZAE 28 Addel MEY $AY Ao
W o) 2 A5 2AEA B AL AHE vSuo] o] Tl el v ET Al BAZ AAB ok, uebd A
ol AN oftd el 2afob) rtsh 2 el ek T YRl Aol A 50 o1

J2~Elo] AL zpo]|ZALe] Ut} A}

=

2. Aol A B conirol el SHE SR 19 $A40 AR, T T B
ol7} 2] Aalzl el elel Wl Hole wolv 2aje] SJAAA S VRl A, ol TR, FAF,
ARAZY 7L SARA 5 AR/ ol Rolol 485 gl wAA oJxa4 Aol A FA4
AR 5837, AEA AFREPAL 58 TTA Y So] B @A P A ol FeHe
2 A7) o) A AR o] F e (materiality) WEIIEDE Vg AAFOZA, AT Bl
SlbaAe] AA oA ek, e EEAZPAIZToI kA 2ge] A, A Asunit 34YS e

BAROE $FUUH AAH( priord) 71FE o] 94 @or] meb] AuH oz BYY Y= HARAE 5
A3 A Rk % el Ae] Auist Aol olstol Aelo] Arhd o) i ATiE w-ge] A/t Apo] e
sk ol el ostn o

al
EE Tt diFEAlE tEE B3] AIE okl A Afo] Aol ek dAtE A|EA R o] Folnt o=
=il Q—EVQ.—O«E FAHY Y #YE el 7I2E T FAA LFE LHEsks 20, 30 AAO] 608 S A g
A}, o]EHORE Apo|RAF GAMAARE flete] ohkdt S EAslth o d FE FElaE 2Y
(Magee and Dickhaut, 1978), 7|tv]-& A3}l 2J3F wlzH %H(Markowan control) ®¥(Dittman and
Prakash, 1978; 1979), &% oAPAAE Y3} wo|= & FHFRIFHWFA], 1991), 4718 2 & (Henig,

1993) S-o] A=l on, Axo] a3 agency paradigm)ol| A ¢] xFo]ZAF QJAFA A 28 (Baiman and Demski,
1980a, 1980b; Lambert, 1985; Young, 1986)¢] /= o] o]& 7|22 4 7} 714S& AA S 2 #HestA
AL gk BAA A HONA, 1994; vl -3 1995)S HoFr] % SkQlth H 2ol B3] 1d
I} AYE Y3 gjeto A R A& (fuzzi set)S ©]-&(Zebda, 1984; Oz and Reinstein, 1995)3FAY Hjo|= &5
ial W2E -5 Z7A o2l 7kt AdgH(belief functions)E -8-8(Srivastava and Liu, 2003)3hH= 5 354
AT vk o] FolA|aL Qith
a2y o] A7t AlAERL Sl ol AR -
7] o1g7] wiell et Ao
R Bt I S R o s R
o] 582 4 9= AoRRIAE T F v A olaL ARHS T)Fo] EAlHA] BeEThe

sk opu2t 574]75. %é‘%ﬂoﬂfﬂ Zﬂ ]3} A= 3 #EY }(20 30 %—)2 HEAE B

D dudos AN IR T9H AGTAL Fgatel, ARANNE e Eole] 9L WAL FZEANGE AIF)
Vi e ele 31 5 AR 48 ke Ad Aol ATLANE G



Pai & Lim : Determination of Control Limits of Conditional Variance Investigation: Application of Taguchi's Quality Loss Concept 469

= g, 2Ake] ) En])0] Bk S At

= AL oy AE o]= F ks AV Q) v AEA

9 A(materiality) 7]% 9QA— A mjE Fi=
q o

Zol
Ao sata AT, dFe 4dH e

_l&

o
R
o
Y

>~1
ﬂ;
off

A7} o;r_LE] E%%yw/\wo]ur AN 2Bl A Zfo] AL QALAA F])Fo] Hi= BEFHAIE

Zﬂ/\]é‘W Fab7] wizoll, tiF-Ee] At BEdA =F 2 AR E G Afo] Ak oAb Aol

Al FF o] A 1%?7] “H-Er o AA7MAE # A =9 =A% T AFA e
31% Zo] Apdoltt.

2 A Eod?«] FAS =557] AsfiM= B Ao

.
ol
=

oo ol oF
N )
o o W &
2o 1o =
o o
N T
2 o
(o3
>~
>
it
oxl
Hn
o o
e
o
(o
Xl
o
J
r°1'

_&

o

2
oo ofh
o o
a2 4
i

Ho
5=
)
o i

o,
M
1%
)
i)
iy
o
i)
=
=

=
web] B QT 9 2AL, Aol 2A} SAb Yol Yol A
87 ALYl E 3
+o4 HEe #

[e]
e TAHG Bl Aol F5ee HelFE d gk

it
tlo

A7V HANE y, FEAE T ¥, (T—d, T+d) T 2014) FL5 887
g dold ) AnA} o AFL HAb % FE(EE A B o9l v go] B AelA, y= 19
Taylor #5370 9% tAe] SUF5E thest o] 28342 £E9T

1o
-
)
o
fr
oxl
1o
_O‘L
k=
<

)
o
1

Ly) =—(y—1)° (2. 2)

2) A FAEATTE Y AN AN RuEX] = FAYTEY] FA 83 =2 wolEodX 3 JtK(Taguchi and
Clausing, 1990).



470 J Korean Soc Qual Manag Vol. 49, No. 4: 467-482, December 2021

A 7] oz “AAA 9] gho] RRAIRNE O HApL 45 4L AR A7t 0ojd E42 glv el
= 718 sholA Sl ol 2xkA o SAbstE FAEAFFE A

Ty AEAY FAENRFE R o] FAEETFE AN §8eAE Holus 45 72 58
Ao w pFate]l Al ARAAY Al 28-S wAShE HE-S AEshe Ao BAN, dibato|u A7katele] 2
A A FbdekA] G A Aprte (= dlitate])7t wAEtH AL =8 83 887k Akel 1A oy
ZAPE B ad A ApollA] dhs WA Wk dtt o8 fEiA b9 880t dof Tt LR de
@A (control limit7h T2 AshAok B0k, 2 ARTANAE BEAT &9 Wl (£d) el w2 Bl
gF A B Al A = A AZE vl ASAA @ol HRA (A B REA7D7F AR T ¢ fls Aol o
HhA o],

Ak vkl 2ol Arpae s A Bl A 2kl 7t ”“35}
o ofaf wejgAe] WMelE Hojupof 2AM]E-S
"ol Al (out-of control state)2 2H1E ¢ 2 A g w9
v A EA S We Apelrh BAEk, 51838 2AME oA

o

HIAZA Alaglom Qlsto] BT & Q= 54 713HE

)

mlo

2L

it

=)

z}o] ZAH conditional variance investigation)
el 2AMS 8 HaL, o 2AF Ay} BAE
= FAFoRA FIHAHQ HES AE8HA "
G/ HER ZAHES glo} ojufo= wheko
& aejstolof gt o] & A HE YERH o

=)
e

23} 2.
Table 2. Loss Matrix of Investigation 1
loss matrix in control state out—of control state
investigation investigation cost investigation cost+ adjustment cost
no investigation no cost(0) opportunity cost
47 gl AR ofel e ul gL J15u e, MEAA99De A= olF ZA b5k Ahgal
i, ARG e N8 E A A(constant) T 0E =05 Afste] FApE SER FAHE AbEA
ZA2& & vt vk 1y 713]H] 8- AR H|2ALS] JHE sk dE|E WRle] AR wet gt
A= Al v gelth, 2 Bl el W7 § RS nzale) ool AXIL o) ek B4 S Qi £
24 713u)go vl A1) Wolo] i Rolth. wekA HY ATolA AN S FEA BelRAE AR R
Sgolet= o] &A1 Suj7t Qo 11y 7)3|n]gof tigh 7hAo] dddo] glokes HolA AFA AE 7hsd ol
Agga % 5 oot

2.2 A FEEA g9 713uE

TR FAEDN G SJebd FAELRT Lly) = — (y— 1)?A b7 9] FRA5ZA(EAA
T FU7AERNA AAD7 e F2A7E, aldA /oA A

=
of y— 1T, F A7pAe](BE diiato)E pebal Fr)shd Alel

(z) = d%':rZ (2. 3)

&~



Pai & Lim : Determination of Control Limits of Conditional Variance Investigation: Application of Taguchi's Quality Loss Concept 471

A A A //// O
W d S ///////, S S s

—d 0 d T

Figure 1. Opportunity Cost of Taguchi’s Quality Loss Concept
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Table 3. Determination of Control Limit

5)[14)(
3.4406
3.5794
3.7189
3.8591
4.0000
4.1415
4.2835
4.4259
4.5689
4.7122
4.8559

0.2906
0.2794
0.2689
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(k+1)

™|~
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1.90
2.00
2.10

5)[14)(
2.0000
2.1214
2.2454
2.3716
2.5000
2.6302
2.7620
2.8954
3.0300
3.1659
3.3028

0.5000
0.4714
0.4454
0.4216
0.4000
0.3802
0.3620
0.3454
0.3300
0.3159
0.3028

(k+1)

™|~

1.5000
1.6500
1.8000
1.9500
2.1000
2.2500
2.4000
2.5500
2.7000
2.8500
3.0000

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00

)
eu)

QECE R EN

A9 2 (analytical methodology)S W},

®
xr
!
)

0

e

Il

o
1H

e

N

rJ
o

s, o

o ey ANt HE

A 7]

il

3

pud

Ao || X &=

2l aglo] ¥

Lo

OF B AT FeRYoErY

]
B
=

"
N

SEEEEE R

<]

Al AR

s

e

3

_?4

3}7]

]

0
o

ofpy

ujs} 7ol

t:yl.

at}. A%

=8

[e)
F

k714e] o)

3]
pud

of i

=
= 74

of glem, 1 A717F o

AR A A7k

s

s =

=
=

Al 0] 7] 5=

47N 2ol A A

%
vl

A1 A
=170

[e) A=}
- 1



Pai & Lim : Determination of Control Limits of Conditional Variance Investigation: Application of Taguchi's Quality Loss Concept 481

2 A7) U F shhs Aol 2At AN ARFATH RN ANk S vlad] o
Aaow A ol gk, o= 4 A2 %%71% #e)79) ﬂw wm ohle} A
2|
=

=
NS B A B B8

whebA 2 ?i?ﬁﬂ% A7k A e FE7E B ARt SATE Do A Aol ek ope} Aol E
Chs B ok o % 99 AlE Saueeh 92 s E3AH @S A ofdy o] Aus
FARE wokehert el SAAret '] T84 Vel SAE 7 fle Ul AEAISE AL ol A o] A4
AE Sk 38T & & Aon

AEAOR, & AN T ATl ARl - AR g7 E L gl S AIAQN ARRHAIE =
Fohes &hvf, 1 s AAES A5 ¢ e S AN E Hogo v, 218 Aol2AE A%
wejge] AAel i@ ol 2AE &8 AlAste] ARA A& 7|3E Fvhs Aol & A7e] F85 9
o7} 4 Ao

REFERENCES

Ahn, Namsu, Sangwon Park, Jongmok Chae, Youngwoo Lee and Byeongin Oh. 2013. Suggestion of Using Defense
Quality Score based on Taguchi Loss Function in Korea Defense Area. Journal of the Korean Society for
Quality Management 41(3):443-456. https://doi.org/10.7469/JKSQM.2013.41.3.443

Albright, T. L. and P. R. Roth. 1992. The Management of Quality Costs: An Alternative Paradigm. Accounting Horizons
6:15-27.

Amihud Dotan Mordechai 1. Henig. 1993. The Value of Multiple Testing in Cost Variance Investigation. Management
Accounting Research 4(3):217-229.

Chung, Jong Hee and Yong Bin Lim. 2020. Efficient Designs to Develop a Design Space in Mixture Response Surface
Analysis. Journal of the Korean Society for Quality Management 48(2):269-282.

Dittman, David A. and Prem Prakash. 1978. Cost Variance Investigation: Markovian Control of Markov Processes.
Journal of Accounting Research 16(1):14-25.

Dittman, David and Prem Prakash. 1979. Cost Variance Investigation: Markovian Control versus Optimal Control.
The Accounting Review 54(2):358-373.

Kim, M. W. and W. M. Liao. 1994. Estimating Hidden Quality Costs with Quality Loss Functions. Accounting Horizons
8:8-18.

Kim, Sang-Ik. 1999. A Performance Measure for Parameter Design with Several Quality Characteristics. Journal
of Korean Society for Quality Management 27(3):67-78.

Kwon, Oh-Hun, Koo, Pyung-Hoi, and Kwon, Hyuck—-Moo. 2016. Taguchi-based Robust Design for the Footwear
Outsole Pelletizing machine cutter. Journal of the Korean Society for Quality Management 44(4):935-949.

Oz, E. and A. Reinstein. 1995. Investigation of Cost Variances: A Contrast Between the Markovian and Fuzzy Set
Approaches to Accounting Decision Making. in P.H. Siegel, De Korvin and K. Omer, eds. Applications of Fuzzy
Sets and the Theory of Evidence to Accounting, Greenwich, Connecticut: JAI Press Inc.

Pai, Hoo Seok and Chae Kwan Lim. 2020. An Analytical Approach to Derive the Quality Loss Function with



482 J Korean Soc Qual Manag Vol. 49, No. 4: 467—-482, December 2021

Multi-characteristics by Taguchi’s Quality Loss Concept. Journal of Korean Society for Quality Management
48(4): 535-552. https://dx.doi.org/10.7469/JKSQM.2020.48.4.535

Pai, Hoo Seok and Chung, Myung Hwan. 1995. The Determination and Evaluation of Optimal Control Limits for
Variance Investigation in the Agency Model. Korean Accounting Review 20(2):1-24.

Pai, Hoo Seok. 1991. Determination of Optimal Control Limits in the Variance Investigation Decision Model. The
Journal of Business and Economics 7:187-197.

Robert P. Magee and John W. Dickhaut. 1978. Effects of Compensation Plans on Heuristics in Cost Variance
Investigations. Journal of Accounting Research 16(2):294-314.

Srivastava, R. P. and Liping Liu. 2003. Applications of Belief Functions in Business Decisions: A Review. Information
Systems Frontiers 5(4):359-378.

Taguchi, G. 1986. Introduction to Quality Engineering: Designing Quality into Products and Processes. Tokyo: Asian
Productivity Organization.

Taguchi, G. 1987. System of Experimental Design. Dearborn, Michigan: American Supplier Institute.
Taguchi, G. and D. Clausing. 1990. Robust Quality. Harvard Business Review (January-February):65-75.

Tong, Seung Hoon. 1991. Parameter Design under Multiple Performance Characteristics. M.S. Thesis, Dept. of
Industrial Engineering, Korea Advanced Institute of Science and Technology.

Zebda, A. 1984. The Investigation of Cost Variances: A Fuzzy Set Theory Approach. Decision Sciences, 15:359-388.

ey

WA A AE AT HAe TALE FHEsH o, v A S| AASE FAH BA| AR TEAL
(CISA) A2 S 7k Qi) A oiehal AT} 22 A on, dA ghs| st 337 g shio
A 7re] Folth, B Foke A7 A, HRAIARAAL BAA A, AN okl A
SolH, o] g3l =wa AX 2 AXME 3 2 E Y otk thekgt I3 R&D AFgell zolst
A=

QAF A gl Management Science AF 0.2 798t WAL E FH 55190, A4 sHUgL FE54HY
st} w42 A2 Folth =8 AT B4 ok F279, Supply Chain Management, Logistics, 6749,
Au 2=, FLAY TolH, dFduSHY s, ey, ardds) ddoz dEsieleon, |

A A9 ok thel 88 JAAe Fasta k.



