Review Ewha Med J 2017;40(1):9-16
. https://doi.org/10.12771/emj.2017.40.1.9
Article pISSN 2234-3180 » eISSN 2234-2591

AAPE 7k AP e} Az %)

573N

oLt 59 e
Statistical Methods: Reliability Assessment and Method Comparison

Kyoung Ae Kong

Clinical Trial Center, Ewha Womans University Mokdong Hospital, Seoul, Korea

The reliability of clinical measurements is critical to medical research and clinical prac- Received December 29, 2016
tice. Newly proposed methods are assessed in terms of their reliability, which includes Accepted January 4, 2017
their repeatability, intra- and interobserver reproducibility. In general, new methods

that provide repeatable and reproducible results are compared with established meth- Corresponding author
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ods used clinically. This paper describes common statistical methods for assessing reli- Clinical Trial Center, Ewha Womans University
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and the kappa statistic. These methods are more appropriate for estimating reliability E-mail: kkong@ewha.ackr

than hypothesis testing or simple correlation methods. However, some methods of
reliability, especially unscaled ones, do not clearly define the acceptable level of error
in real size and unit. The Bland-Altman plot is more useful for method comparison
studies as it assesses the relationship between the differences and the magnitude of
paired measurements, bias (as mean difference), and degree of agreement (as limits
of agreement) between two methods or conditions (e.g, observers). Caution should
be used when handling heteroscedasticity of difference between two measurements,
employing the means of repeated measurements by method in methods comparison
studies, and comparing reliability between different studies. Additionally, indepen-
dence in the measuring processes, the combined use of different forms of estimating,
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should be emphasized when assessing reliability and method comparison studies. Reproducibility of results; Agreement;
(Ewha Med J 2017;40(1):9-16) Method comparison
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Fig. 1. Intraclass correlation coefficient and Pearson's correlation co-
efficient as indices for intra- or interobserver reliability. ICC, intraclass
correlation coefficient; correlation coefficient, Pearson's correlation
coefficient.
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Fig. 2. Graphical presentation of agreement. A case where the greater
magnitude of measurements has the greater difference.
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Fig. 3. Graphical presentation of agreement. A case where an in-
crease in the variability of the differences is based on an increase in
the magnitude of measurements.
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Fig. 4. Measurements of pulmonary nodule size using two radiologi-
cal methods (shown is a Bland-Altman plot).
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=100 x 2a/(2a+ b +¢)

Table 1. Agreement between observers A and B on binary measurements

Observer B
Observer A — - Total
Positive Negative
Positive a b a+b
Negative c d c+d
Total a+c b+d N
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T2 SR= Chamberlain @/d Y2 (Chamberlain’s percent
positive agreement) 2, T+ B7HF 8% QAo 2 mhdor wREZr
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Aliretet,

Chamberlain’s percent positive agreement=100%a/(a+b+c)
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UL = Pl o] Q5] UX[BHE RS Tef3)
X R who] ol By ARG THEE o Rt
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Koch [19]= 0.80 Bt =H #2] k=3 UX](almost perfect),
0.61-0.80-2 A3t 27]9] U] (substantial), 0.41-0.60-2 25
St =719] YX](moderate), 0.21-0.40-2 A= Ak°] LX|(fair),
0.0-0.20-2 2F7F] UX|(slight), 0 OJok= YA]= LE5(poor) 2
=, Fleiss [20]= 0.75 OJARE 2 28 (excellent), 0.4-0.75=
ol e YR|oA F23 AlC|(fair to good), 0.40 DITR 4] ¢k
S-(poor) 22, Altman [21]-2 0.8 o2 THQ- ZE(very good),
0.6-0.82 £8(good), 0.4-0.6+= AZ(moderate), 0.2-0.4
= ot H&(fair), 0.2 UJTRZ EA] %3(poor) 22 =75
[2.5]. 7Hit SAFO= s PEES EOIX] Y= T Fhakgo]
0 o2k AF7HE(EY tdAe] tigh 414 A5 Ux[sHA]|
220l tieh A7 SJurt gloja] Jekao g2 AlgishA] ¢kv|
=OH[5], = ICCO thahA{= upd7 x0T,

o] ofg] W= o] f0i7 e, ok Hx 7k W T
Aol A Ho= FEHor JXq Ao g IHE 4= Q7= 5t
I o g3 7] BYUx= 55| A2t AY = ok=H, ol<t
22 Aol tigh a2l 2UR|2] H=of wt 7R |E
SliA Aiksk= Zo] 715 7hik S AIZ (weighted kappa)©lEH 2].
Table 201 7F5A1E F5k= AIE ARSI T wgo] U=|5k
= U el (e, 1, k, )< 7AE 1= Rofshal, &Y
She] QISk= THER1 (b, g, 1, e, j, 0= 7FSAIE 0.75 =,
7 "ol A2z g ok= F-9(c, h, i, n)= 7FAIE 0.5
Fofoitid, e Uxleat <o ot Yxle-2 7+ 7]
W B = QA0 oot UX| BIEof 7FER|E Hoke thad
-0 210 g Akt

e

N
|~

=

m

(a+f+k+p)x1.0
Tt 01219 = [+(b+g+1+e+]j+0) X 0.75 /nz
+(c+h+i+n)x05

Table 2. Agreement between methods A and B on measurements with
four-category results

Method B
Method A — - Total
Definite  Probable Possible Absent
Definite  a (1.0) b (0.75) ¢ (0.5) d (0.0) Al
Probable e (0.75) f(1.0) g (0.75) h(050r0) A2
Possible i (0.5) j(0.75) k (1.0) 1(0.750r0) A3
Absent  m(00) n(050r0) 0(0.750r0) p(1.0) A4
Total B1 B2 B3 B4 N

Number in parentheses indicates the weight used for calculation of
the weighted kappa.

S0l oJet dA&
{(A1 x B1) + (A2 x B2) + (A3 x B3) 4+ (A4 x B4)} x 1
{ (A1 x B2) + (A2 x B3) + (A3 x B4) }
+(A2 x B1) + (A3 x B2) + (A4 x B3)
% 0.75
+{(A1 x B3) + (A2 x B4) + (A3 x B1) + (A4 x B2)} x 0.5

TR WA - 9 O AN

[

Weighted kappa =

HolH, 53] &9 BE o] 719 HEE TR 9 ¥l
7o A7 4= ATH 2],

7hit SAGE AT = E 7HA] F2lsiop & Aol girt. A
A2 Zh 2] AlA|| ok Q¥ E-(prevalence of true positivity)©l
0Ot 19 77K TR AHORX| AL 00f] 717k A= ZH ol
W71 "ol A= o= o] AARH AZEE vwE = 2]
S A3t} Eot T F7RHE= = HARE) 7F et AEC] Hl
= giHT Mz oE wQ] Fhrpgio] v & o] Qltt. wEhA
7hit SAFE YA F2 YA TE Z=52 A A

Sh, ShS ) B 2719 98 Y VIS Y 1Y

Al g ool IRt RS §F A9 Ee Al W oldel vt
B =2Jo] o|20JZ] 7 (multiple ratings)Ol= Fleiss [221°] 7}
Tt SAZFE olgE 4= Utk Fleiss?] 7hik= Cohen?] 7HIteR=
2] BE AP 5t TRl Q5] sgTHE otok gkt
= 7P8S 2 QAT o, ZF TR E MR TRE Rt 9
3l BTk 7H9-5 TP 23], B WAL TR B¢
o Cohen®| Z7hif2h= THEth= 2142 #7|&e SEAIRE, LRk
2= A T ovdel FrP L g7IeE 9ol theh Fhute] shgo =
Fleiss®] 7hihE ARSI 9100, STATA 5 Ol AR&Sh= S
u7|A| 2 2A 4 QlEt

4 £

Arg7HA] oJe} ZRloIA HARY Blaet A= g7to] S5k
ARGEE SA R RS BN AE|EL AR
2 A= 7H S AREShe Lol AAL At siAlof FE{o]
a1 71=2Q1 o] got Ao Al ofFAl A2 4 Sl 7t
AR F7H O] g Aljbgg lesto] 2ot B VRIS
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