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Abstract

This research paper introduces the application and implementation of medical decision metrics that classifies
medical decision-making into four different metrics using statistical diagnostic tools, such as confusion matrix,
normal distribution, Bayesian prediction and Receiver Operating Curve(ROC).

In this study, the metrics are developed based on cross—section study, cohort study and case-control study
done by systematic literature review and reformulated the structure of type I error, type II error, confidence
level and power of detection.

The study proposed implementation strategies for 10 quality improvement activities via 14 medical decision
metrics which consider specificity and sensitivity in terms of « and 3.

Examples of ROC implication are depicted in this paper with a useful guidelines to implement a continuous
quality improvement, not only in a variable acceptance sampling in Quality Control(QC) but also in a supplier
grading score chart in Supplier Chain Management(SCM) quality.

This research paper is the first to apply and implement medical decision—making tools as quality
improvement activities. These proposed models will help quality practitioners to enhance the process and
product quality level.

Keywords: Medical Decision Statistics, Quality Improvement Tools, Confusion Matrix, normal
Distribution, Bayesian Prediction, ROC, Specificity, Sensitivity, Variable Acceptance
Sampling, Supplier Grading Scoring.
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(Row)2 2JAFA A (Decision) = A8 2K Test
Result), A& dlZ(Test Prediction)S YEFITE <Table
1> 1— pE DY (True Positive, TP), 25(Hit),
HE=@Power of Detection)o]il B& 7 (False
Negative, FN), A<(Miss), #2%F 22xHType I
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<Table 1> 2 x2 Confusion Matrix

Presence
f Di
of Disease e Do Total
Test Result
TP P
T+ TP+ FP
P(T+|D+)=1—-3 P(T+|D—)=a
N TN
T— FN+ TN
P(T—|D+)=23 P(T—|D-)=1—a
Total TP+ FN FP+ TN
Sensitivity — R 0 el AFA #(Outcome) F5o ol Ay A}
TP+ FN (1-8)+p (Experimental Case)®} thZ=+-(Control, Placebo)2-
FNR = FN p @) o] IpAL AIZES FA8] BANER8] 2 A5
TPHEN (1=p)+0 RE RRdE 94 AT axoxE AT
(Case-Control Study)7} At} m3k A Al ¢
Hool Xz feof A3k 9 T AR F
_ o Dol Aot} #BEZS AR dukel
™ ) (Cross—Sectional Study)7} 1
—
Specificity = TP+ IN at(—a) 4) <Table 1>¢] &(Column)< e% 9 e AA]
#o 72 PRow)S AFLAY FHAEET b
3w o] BAGA 18 190 7AL B sgol 22 1H]T A9 919 374 /gl et 98
PPV(Positive Prediction Value, ¥del5%), AE% = A el dEln, Ads 248 A ded
’ FHo= A A AW
(Precision)e] 1, 13 2€2 NPV(Negative Prediction TelAel s SlRmE A, @) 2an 98
#As 3 ZITE AFAAY  d5 HEE

Value, 2345 %)olth. 7 of|5%9] H](%)9 AH(-)=
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_ FP o«
OR= FN 3
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TPX TN (1—p)x(1—a)

T FPXFN ap 13

2 HA 3ol BANA 138 193 18 292 HA}
% ZE(Post-Test Probahility)¢!  LR+(Positive
Likelihood Ratio, ¥/d7FsH)e]la thzbide] a4 A]
18 293 28 192 AAF $& gE<20 LR-(Negative
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o, AAL FowA 4o wAE A 1 gE
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o]& <Table 1> 9J&l FAIHH 2/(14)-17)2 2t
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Specificity7} w1~ & A5 F (14234 LR+ &
79 Sensitivity 7} AX 22 A A A7} Positive(F4)
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2.2 AMEEER g o3

<Figure 1>& A& ¥Normal Probability
Distribution) %, #¥(Distribution)= °]24 o= 714
b 8t Bygor AA| doly et gEXR R 7k
HaA <Table 1> 72L& £22 ago=z ¥FAET
I ZEAR] 8 TR ARESH] wliel REEA] AL
| A A AA-E AAEioF gtk EE(Probability)

[e)
= yEa HEE 103 v Adival HEE
_ TP_ _Sensitivity _ (1—p) = Cased] 7iFolt 71 A7} T8 A9 o s}
LR+ = —== = (14)
FP 11— Specificity 7] 98l AA| MFEE Pro]l FE= %9 28 ok
LR— — %: —i:f’;ns?tév?w _B (15) A ol@ tigHel EHQ <Table 1>3 4]
pecificity  « (1)-(120& 280 93 7]stetzel #&<l <Figure
_ TP+ TN S Al =00 sl [$) 74 2] 2] 3L 0]
Accuracy = TP ENT FP+ TN 1> AgEFFR oldistd  APAAA ]
Proportion(ZA]2] H]), Ratio(#F2 £/ A= t&
_ (=-p)+0-a) (16) 3 o ol A o uhol slelz =
(1_ﬁ)+ﬁ+a+(1_a) D, Rate(t}2 FFH = o2 ")l Zols A
b l B TP+ FN o 4= ot Wb LR-+= Ratio’} o Rate® A
Tevalence = rp f EN+ FP+ TN aloF k.
_ 1-=p)+8
- (1-p)+B+at+tl—a) an
10 ¢ Decision Criteria
Probability /
(or # of f//
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/ TN: |1-« TP: 1-B
/"II’
FN:IB FP: |a
=
D- D+ Parameter

<Figure 1> Normal Probability Distribution
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<Figure 2> Properties of ROC
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FAISN A AEF QXK Sampling Error)$l o
Al FoldW AES] AV)E AA sof st o]
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R | EolAd & Zt= Specificity (2 A=
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<Figure 2>°14 xZ& FPQl 1-Specificity 22 TN
o] Specificity & % 3ht2 T 7}estnz Fak=
#3572 FAETE ROC 5 = A 4 (Upper
Left Corner)oll 4+ A7} BHY A%
(Performance)©] © $-4~8HSuperior) JetiHolm A
Ao CHL Low Sensitivity LowFP(or High
Specificity), D¥-& High Sensitivity High FP(or Low
Specificity) ©.2 F+ A& Ale] AUCZF 7} 5+ &
o] HXHH(Best Cutoff)o] ¥ T}

2.4 Bayes °©|&9°] <3t o]3j

<Tdle 1>V P(D+), P(D—)E ARSEPrhor
)

Probebility), P(7—|D+), P(T+|D+), P(T—|D—),
P(T+|D—)E  $5(likdihood, P(T— ND+),

P(T+ND+), P(T-ND-), P(T+ND—-)= %

A&&E(Joint  Probebility), P(D+|7—), P(D—|T-),
P(D+|T+), PDO—|T+)E AFEEE(Posterior

Probability) 2 #]o] x|t of|&(Baysian Prediction)el 3
fegin=

Diffusion Matrixol] tj$t Bayes 34 <47] 47
ago® FASH <Figure 3>¥ 2T

<Figure 3>91A FoAR=(Given) AFHEHE(Prior
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Probability)# -=(Likelihood) 2 7 A(Columm)e} &, ) 4| )= P(T—ND+)
2 =185 (Joint Probability) 1, I} I IVE T8+ P(T—ND+)+P(T—ND-)
% oZ8e=(Find) 2 HRow)9] AHFEHE(Posterior P(D+)P(T—|D+) (19
Probebility) & AAR=] ik s Wl vz T PD+)P(T=D+)+ P(D—)P(T=1D-)
. 3 y P(T+ ND-)
<F 3>8 o] 43l <Table 1>9] ™o]x|¢t o= - =
e | e 4-.!] ]. PD=|T+) P(T+ND+)+P(T+ND—)
(Bayesian Prediction) 2] A& E-(Posterior
Probability)< 21(18)~(21)3} 7t} = PP ID) (20)
ObabIity/~= = = P(DH)P(T+|D+)+ P(D—)P(T+|D-)
P(T—ND-)
P(D—|T—) = _ P(T+ND+)
P(T— ND+)+P(T—ND-—) P(D+IT+) = Pt nD O+ P(Tr N D)
PD-)P(T— D) 1 P(D+)P(T+|D+)

~ P P(r—1DH+PDO)P(T—D-) 1)

- PO+)P(T+|D+)+P(D—)P(T+|D—)

D+ D—
T—|D+ ! T—1|D
P(T— N D+) il
P(T—ND-—)
il
T+|D+ v T+ |D—
P(T+ ND+)
P(T+ND—)

[ +0: Prior Probability = Area = P(D+)

I: Joint Probability = Prior Probability X Likelihood = Column Area X Proportion of Column
Area = P(T— ND+)=P(D+)P(T—|D+)

O: Joint Probability = P(7T+ N D+)=P(D+)P(T+|D+)
M+IV: Prior Probability = P(D—)

I: Joint Probability = P(7— ND—)=P(D—)P(T—|D—)
IV: Joint Probablity = P(7+ ND—)=P(D+)P(T+|D-)

I _ Each Areaof Row
I +I1  7Zotal Areaof Row

Posterior Probability = P(D+|7—) =

il

P(D+|T+)= 1
O+ Iv

v

<Figure 3> Understanding of Bayes Formula
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49 wdow A% gulelds] vttt <Table 2>¢lX ol AEHH k= AdAeIE

olydt AF7Mde BAVMEE WYEoe]
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3171 913l o]oll thdt Negationg! #AF7Hd H, 2l #9
A& s Ak APl digk HAgelA= 270

=
T
<8

ol AZY A o, B 5 Hyoll W3t False PositiveS!
a FFo=(Significance Level) 7+ 11gf3tc}. ulela]

<Table 2> MEHAAL A, LA, A= B2
UHd 22 FAEAEgY duddy 22 o5
Sloll A= An|R}, FApel]l gk EAI7F g5 AlZztbele s
olo] )3} False Negative 2721 87} o oA #

D;G
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a=5%7 28" B=10% Xt ZHA A o
AT ol 23 AAINA wl F717F 1A ZeEw
THARD w=r=rbg o] oS St sk TR ALk
QA N A QNAEI S F7] 43+ Hieto]
= A 714

9o A7)E 8735
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J# 2B AGNNE o, BE FA 1HE 5 oo .
7 ek SAe AARAel Al aAlold,
<Table 2> Meaning of « and [ for Statistical Techniques
_ FP: o(H,—H,) FN: B(H,—~H,)
Use Object - 0 ! - B\H, 0
Meaning Interest Meaning Interest
FA->EA _ B} 3
RESTIN N B4 rze 2YA-H -
—] =
w4 Lot coept—Reject e 5= 10% P =T 5]
a=5%
e = A 54 No Problem—Problem
s A A AL AR A RAE R
7Ry _
r}i WA A | No Improvement—Improvement | ZH|Z} 24 5% < WA H—7 A i AR} AAA A
B MddE—r A4
e Cemalcs *
S A Random Cause—Assignable AR} AR A oA ECIP =]
v = Cause
Wi _
A H BIPY AR k= WA 4 BAA| A7
Negative—Positive
R atE e ] TR TS
AE5A [ Nonequivalence—Equivalence THA 7] 2 rAI7 o] HEUeE 2| AlgIAF SI7F B
w4 °ee DEAAET ISARS 2HAREAY | adlA AL fElakl e
ANA (1-p)E 2A §A
_ 1 AR QS
HAA ES i b R At
i A Innocent—Guilty ] e A= A
ATk 50Tk - AR 714
A7} = °H B g A2 7k 0 B otk ATk
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47149l e 99k elE, maZege] gielner
S 99 PITA 5 EAU AT AAE nEs

= oo BRI AARATE A4S Bas 2n
PelA] g2 meishs SAHe] ko] Wasolo}
Fh}

g HuHA, AL
b
1)

Upper Specification Limit), &&2] /33 7o)
2ASTE T2 AH(YAREA) SehHtALSL: Lower

Specification Limit, 28352 7|5 +3]-82F2] %

Z9+A(LSL™USL) &

3EF7F 3

Adted AEdd el = S48 (Acceptable

Limit), A%
AR e =l A

o] A (Cutoff)o] €

oA 1

Hit Qo= 71721 (Critical Value),

] g7 (Control Limit)7F ROC

.

l 3
T4 my, ), x, °l ]
n=12,+2)/(mp,—my))*, 1‘7: ((myZ;+mpz,))/(Z, + Z,)) %‘
)

A 2 mp=a,+ 2=

1
A 3 my=a,—2,—— A Z,=Vn(my—=,)/cE

FriEstal EEGTTEERS of88te] Fr=a
=
=

oA 4

ol g3sle] ROC CurveE #F+

<Figure 4>2] (b)ollAl sFhtAQd 749 ROCY TP
9} FPE o= vAlE t&3 2t

A L FoR AEY AdERd A (g a),
AR (my. B), 2 °l ol s
17:((Z“+Z,)/(mpfm\))z(r , ,r,‘:((m‘\Z,+171FZ'»)/(Z'»+Zf))'§‘
TR

GA 2 mp=1,-2,— =N 2= Va(r,—mp) )0 E

oA 3 mV:x_,+ ”%Oﬂ/\ﬂ Z, = \/ﬁ(mv a:i)/aa
FEdtil BFEATEERE o838l F,=a

& T3h

@A 40 TP¢ FPE o]&3ste ROC Curved: 2t

A,

<Figure 4>°llA gtA USLS] e+
7|12, HEPEEel o, 0] Aol o] uwhet
Sensitivity TP:= #AAXW  1-Specificity FP%= 7%t}
shehtAQl LSLRI A skt atg=|, shghr]7h4,
veleteiel o, o Aebilo] Aol wet Sensitivity TP
= AL Specificity TN Zfopxit), &A1 74
sk FAWEA, Astdt 71244, Aedekeed
Zroldol we}l Sensitivity TPE A2l 1-Specificity
FPE Atk ROCO HAHAEH(Best Cutoff)
<Figure 4>¢llAe} o] At 25 HAE](Upper Left
Corner)oll Al 7Fd 7178 X3EAI9] o] #Hr) o] Ak
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(c) ROC Bilateral Specification
<Figure 4> ROC Under Bilateral Specification

<Table 3> Discrimination Number by Supplier Grade

Scoring
Lot
. Accept Reject
Scroing
Less than 3rd Grade 19 2
4th™5th Grade 9 18
6th™7th Grade 6 B
More than 8th Grade 4 41
Total 3B o)
<Table 4> Cutoff by TP and FP
Cutoff Values TP FP
4 0.50 0.02
6 0.74 0.20
8 0.89 0.59

10

<Figure 5> ROC Curve
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