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Assessment of Intra- and Inter-
Observer Variability

Jun-Bean Park

Seoul National University Hospital
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study design
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selection bias
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information bias
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causal inferences
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Dohoo I, Martin W, Stryhn H. (2012) Methods in Epidemiologic Research, VER Inc.
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Elctr (validity)

AALEO| MES X o= 2O 755 L0OrLt
Z=5HA gHgst=210f et s
M=t (accuracy)

— AM=2|x (reliability)

8 A0 w2 AAF Aopr HofLp YAz Al Lt
EfLI=X[0f| Cliet s

EfS O M| =H, AAA ZF HO| S8

Ha = (precision), Xjedd (reproducibility),
HI2 /M (repeatability)

Concordance = test-retest reliability



A Both accuracy A Both accuracy B Accuracy only
and precision and precision

_—

True value True value

C Precision only D Neither accuracy C Precision only D Neither accuracy
nor precision nor precision

g

True value True value




aAaL EfZE 7=

=3 SEf
Z AL A1} AS oS A
QF M a b a+b
=88 c d C+
PSPS| a+c b+d a+b+c+d

0| ZH e (Zh=M, sensitivity) =a / (a +¢)

E 0| & (E 0|/, specificity) =d / (b + d)

Q| %M (R, false-positive rate) = b / (b + d)
S (HA S, false-negative rate) = ¢/ (a + ¢)
78 & (prevalence)=(a+c)/(@a+b+c+d)

QFM 0]| = £ (positive predictive value) =a/(a + b)
2 0J = £ (negative predictive value) =d / (c + d)

J



ME|E (HUE, H4Y, uEA)

— Reliability, precision, reproducibility,
repeatability

7F 2= AAF = O 2™¥AE S
Pl Al E0FLE ZX[SF=71?

L} tH0| (intra-observer variation)2}
{t $HO| (inter-observer variation)
random error)7} =9 H AMzZ|E Y

124
mi
O 53
Ras

Kt (systematic error)8t Q= 82 A Z|
A Ol2
T AAO-



Systematic Error vs Random Error

* Systematic errors are repeated in the same way throughout an investigation, such
as using a balance incorrectly in the same way for each measurement. This can be
corrected. Precision describes how repeatable they are.

Random error cannot easily be corrected as it affects measurements different

PO®E

———— Lt L

Systematic error None

Random Error No None




Accurate
Precise

Not Accurate
Precise

Accurate Not Accurate
Not Precise Not Precise
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Mz|e =7 gty

e HO| Mol A
— 21X|=& (agreement percent)

— 7tnt S7|2F (kappa statistics, kappa value)

— AO|0M =2| &r2tA|3= (Spearman’s rank correlation
coefficient)

e

intra-class correlation coefficient,

|
Sop b

=

z

ic |

X

0

O

|
|
e

J|>+ II'I ~
O
=

-EMH = § (Bland-Altman plot)
M Al I|0j& (Pearson’s) AtZHA| = HASHR| %S,

*
e
>+
I
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2HEEKL 2 Ll = K|
Ll 30 (a) yA() 37
=3 3(c) 60 (d) 63
A 33 67 100

2t
no
>t
o Hl
1
W
@)
+
(@)}
@)
1
\o)
@)

7ta 7|0 €KX[= =[(30 +7)(30 +3)] /100 =[(37)(33)] / 100 = 12.2
7hd 7|0 X[ E =[(3 +60)(7 + 60)] / 200 = [(63)(67)] / 100 = 42.2
MAH| 7|CH L K| E=12.2+42.2=54.4
7t SA =

=[(ZEE LX) - (Ao oJsl 7|CHE L X[ E)1/

[100% - (0] 2|5 7|CHEl LUX|2)]

=(90 - 54.4) [ (100 - 54.4) = 0.78




Kappa statistics

Value of k Strength of agreement
<0.20 Poor
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Good
0.81-1.00 Very good

Altman DG. (1991) Practical Statistics for Medical Research, p 404.



Intra-class correlation coefficient (ICC)

2

O,
¢ ICC= ———;
O, + O o
0,2 = Between-subject variance
0.2 = Within-subject (measurement error) variance

o ZAI}AM 2 kappa valuell =<




Between vs. within subject variance

Intraclass Correlation
Coefficient

¢
- Within subject

.,

|
. > Between

' subjects

TE Session 1)




Bland-Altman plot

STATISTICAL METHODS FOR ASSESSING AGREEMENT
BETWEEN TWO METHODS OF CLINICAL MEASUREMENT

J. Martin Bland. Douglas G. Altman

Department of Clinical Epidemiology and Social Medicine, St. George's Hospital Medical
School. London SW17 ORE:; and Division of Medical Statistics, MRC Clinical Research
Centre, Northwick Park Hospital, Harrow, Middlesex

SUMMARY

In clinical measurement comparison of a new measurement technique with an established one
1s often needed to ' L

investigations arefoften analysed inappropriately. notably by using correlation coefficients
The use of correlation 1s misleading. An alternative approach, based on graphical techmques
and simple calculations, 1s described, together with the relation between this analysis and the
assessment of repeatability.

(Lancet, 1986; i: 307-310)




Bland-Altman plot

Intra-observer and Inter-observer
variability assessed by the Bland-Altman
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Badagliacca, R, et al. (2015) JACC: CV Imaging



Bland-Altman plot

+ 7 HAZRE =1 Ejo}

— H}O|O{A (bias)2} tHO| (variation)



Bias & variation

- HIO|O{A (bias)

ZMHo| WFXoZ (on average) YLX|5t=7}2,

- O

T 3 AMHO| 2 SHUEL 52 /942 %S
ol= Ago| U7}

T EYU Koo BRE 0|8

- HHO| (variation)
— ZXHo| 7| X o 2 (for an individual) Yx|3}
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« HIO|O{A = X}O|Q HA = -2.1 |/min

- ZX| oA
mean difference + 2 standard deviations
= -2.1-(2x38.8), -2.1 + (2 x 38.8)
= -79.7, 75.5 |/min

 The mini meter may be 80 I/min below or 76
|/min above the large meter. This is not
acceptable for clinical purposes, but not

immediately apparent from the scatterplot (nor
from the correlation coefficient).




Interpretation of Bland-Altman plot

« Bland-Altman plotE &HIAM o 2 H|ZAIMO
£ oM. of2ff M| EE= =0,
- 5 SdH Ao|of| XM SYUX| (bias)”| HOiLl 2

- A2 SN, SR FRY Y2 SE5| 2717 0= Y
M HZO[X[, SA4X 2&0]| OfH.
Y | -
- 0| QUETI?
o« =X

=38 ALO|2] Xto| 7 Bw 0| S7retof Whet X = (B
ZHOFR| =) ABEO| Ql=T}?

— HEAM (variability)o]| dgj= MHHoz Ut
2

* Bias 4 2|2 20{% §&=7t Bw 0| AZO| L2t & HXK|



1 I Bland-Altman plot

30 35 40

Mean of TEST1 and TEST2

Mean of TEST1 and TEST2

[E=R(EOR (™=

+1.96 5D

1.7

-1.96 5D

[E=R(EOR (%=

+1.96 S0

—> Example 1: Case of a proportional error.

— Example 2: Case where the variation of at
least one method depends strongly on the
magnitude of measurements.

— Example 3: Case of an absolute systematic
error
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. sysuse auto, clear
(1978 Automobile Data)

. batplot mpg turn, title(Agreement between mpg and turn) info valabel(make) notrend xlab(26(4)3
» ) moptions(mlabp(9))

Mean difference = -1B.35135135135135

Limits of agreement = (-36.88690235522478,.1841996525220715)

Averages lie between 26.800 and 38.009

Agreement between mpg and turn

3/74 = 4.05% outside the limits of agreement
Mean difference -18.351
95% limits of agreement (-36.887, 0.184)
Averages lie between 26.000 and 38.000

10
|

VW Diesel ®
Datsun 210 ®

0
1

-10
1

-20
I

E
3
i
o))
a
E
®
Q
c
o
o)
=
(]

-30
|
o208 o9

[ ]
Linc. Continental ®

-40
1

I T
30 34
Average of mpg and turn
Points outside limits labelled by make




Which approach to be used?

Summary of Indices or Graphic Approaches Most Frequently Used for the Assessment of
Validity and Reliability

Mostly Used to Assess...
Type of Variable Index or Technique Validity | Reliability
Categorical Sensitivity / Specificity ++
Youden's J statistic ++ +
Percent agreement + ++
Percent positive agreement + ++
Ordinal correlation coefficient (Spearman) + +
Kappa statistic + ++
Continuous Scatter plot (correlation plot) + ++
Linear correlation coefficient (Pearson) + +
Intra-class correlation coefficient + ++
Mean within-pair difference + ++
Coefficient of variation + 4+
Bland-Altman plot ++ +

Modified from Szklo M, Nieto FJ. Epidemiology Beyond the Basics, 2™ Ed. (2007)






Most scientists regarded the new streamlined

peer-review process as ‘quite an improvement.’

Hote =E0AM =
MEZ dAMES| Y/
HIH & &S cutoff
value XX& AI236}0]

= A5t S LICt. Intra-
observer 22 inter-
observer variability 7}
0| cutoff value ELC} 2
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Measures of reliability

Popular measures of

Popular measures of

Intra-class correlation
coefficient (ICC)

Limits of Agreement (LoA):
Bland-Altman plot
- 2 measurements

Pearson'’s r correlation
coefficient

Root mean square error
(RMSE)
- 2 Oor more measurements

Coefficient of Variation (CV)




RMSE (root mean square error)

A
Bias = (M- 0)

jw=]

zZ
0=
1|k
oM
N
1>



RMSE (root mean square error)

The error between simulation results and field
data, which is calculated by using the repeated
measure ANOVA.

This is also known as the within-subject standard
deviation, which represents the within-subject
variation from test to test, averaged over all
subjects, reflecting absolute reliability.



Interpretation of RMSE

The difference between a subject’s measurement

and the true value would be expected to be less
than 1.96 x RMSE for 95% of observations.

Another useful way of presenting measurement
error is sometimes called the repeatability, which
is V2 x 1.96 x RMSE. The difference between two
measurements for the same subject is expected
to be less than ¥2 x 1.96 x RMSE for 95% of
observations.

[Bland & Altman, 1996]
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MAZH 3Kl AT ESTHE 0|8310] RV-EFE £ A, intra-
observer variability2} inter-observer variabilityS H 7}

HyE:
1) id: EA} 1L HS
2) analyzer: ZtEA LEHD (ex. ZHEKXF 1, 2HEK} 2)

=
3) time: 2&X} L 24 =AM (ex. A HE| &4, &+ HE M)
4) EFp: RV-EF



anova EFp analyzer / id|analyzer time analyzer#time, repeated(time)

Number of obs 00
| Root MSE

R-squared

2.23959| Adj R-squared

Source

Partial SS

df

MS

Model

analyzer

idlanalyzer

3279.67075

10.8993571
3267.02896

40

81.9917688

10.8993571
85.9744462

time

analyzer#time

Residual

.257599598
0

95.2993423

.257599598

5.01575486

Total

3374.97009

57.2028829
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« RMSE = 2.24%
« 1.96 x RMSE = 4.39%

« Repeatability = V2 x 1.96 x RMSE = 6.21%

O|'H A0j| A RV-EF7}
5% 2= BEO0|H X|=
gt e AL=

‘delsii=l, 2
=x%|o| x}0|7} 6%
ME 8 + APLE




Take home message

1. ZAMH B A EFRE / MEE

Bl 58 8 (2): JHA / Z0HAE =4

4. A



Thank you for your attention!
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