Measures of agreement
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Agreement

Agreement between measurements refers to the degree of concordance between two (or
more) sets of measurements. Statistical methods to test agreement are used to assess
inter-rater variability or to decide whether one technique for measuring a variable can
substitute another.

Agreement

Concordance
Reproducibility




Methods Used to Measure Agreement

The statistical methods used to assess agreement vary depending on the type of variable

being studied and the number of observers between whom agreement is sought to be

assessed.
Type of variable Number of observers between Method used for assessing
whom agreement is to be assessed agreement
Categorical (nominal) 2 Cohen’s kappa
>2 Fleiss' kappa
Categorical (ordinal) 2 Weighted kappa
>2 Fleiss' kappa

Continuous

Two or more observers or technigues

Intra-class coefficient
Bland-Altman plot with limits of agreement
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Bland—Altman plots

When two instruments or techniques are used to measure the same variable on a

continuous scale, the Bland—Altman plots can be used to estimate agreement. This plot
- is a scatter plot of the difference between the two measurements (Y-axis) against the
average of the two measurements (X-axis). Thus, it provides a graphical display of bias

(mean difference between the two observers or techniques) with 95% limits of
agreement.

Limits of agreement = mean observed difference * 1.96 X standard deviation of observed
differences
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Limits of agreement = mean observed difference * 1.96 X standard deviation of
observed differences
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Theoretical types of scatter

Example Homoscedastic scatter

% Difference

Example of heteroscedastic scatter
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File Edit View Format Tools Statistics Graphs Tests Sample size Window Help
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-] B us | X; X |E l@ ._|A‘ A ‘&"!5 Outlier detection..
Arial V] Distribution plot > | A A @ I!e'e‘
... Savedtests and graphs i g Variables Regression )
WE T-tests ?
Y Fites ¢ T 0 | E | F | 6
L |i Savedtests and graphs Rank sum tests ) C
Variance ratio test (F-test).. 19
ANOVA > [8
(Crosstabs ) [g
Survival analysis ’ 1
Meta-analysis ’ i
Serial measurements... 7
Reference intervals > 18

Agreement & responsiveness > Bland-Altman plot with multiple measurements per subject...
ROC curves > Comparison of multiple methods..
Create tables ) Mountain plot..

14 36.20 36 Deming regression..

15 36.00 35, Passing & Bablok regression...

Coefficient of variation from duplicate measurements...




Bland-Altman plot

First method:

L.Ear.C

Second method:

forehead_C

Filter:
I

Graph

Flot against (X-axis): Mean of both methods

(@) Plot differences
() Plot differences as %
() Plot ratios

Options

Maximum allowed difference between methods:

Drawv line of equality (difference=0)
95% CI of mean difference

95% CI of limits of agreement
Draw regression line of differences

95% Confidence Interval

Subgroups...

OK

Cancel
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Method A L.Ear.C

Method B  forehead C
celsius

Differences

Sample size 39

Arithmetic mean -0.5182

95% CI -06215 to -0.4149

F {(Hgp: Mean=0) =<0.0001

Lower himit -1 1427

95% CI -1.3208 to -0.9647

Upper limit 0.1063

95% CI -0.07/177 to 0 2843

Regression Equation vy = 19 54584 + -0 5526 x

FParameter Coefficient SE t P 95% CI

Intercept 19 5454 2 9489 6 6281 =0 0001 13.5704 to 25 5204
Slope -0.5526 0.08121 -6.8043 <0.0001 -0.7172 1o -0.3880

Coefficient of Repeatability 1.1882
5% CI 0.9733 to 1.5256
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Correlation re b=l paired samplgeftest
Variable Y Sehead C

e celshy Mean diff€rence -0.5182
Palr ed T teSt Variable X LEarc afidard deviation of differences 0.3186
iirr':gl':ﬁf)'iewefﬁdem . 086?: Standard error of mean difference 0.05102
. Significance level P<0.0001 9525 Cl of difference -0.6215 10 -0.4149
Correlatlon 95% Confidence interval for r 0.760™Q 0.9290 Sl 10157
o= Scgue? Jiadtag Degrees of Freedom (DF) 38
Two-tailed probability P < 0.0001

Linear regression

Regression Equation

y = 17.3828 + 0.5405 x

Parameter Coefficient | Std. Error 9% Cl t P
Intergep 17.3828 1.7575 13.82181020.9438  9.8907  <0.008
Bfope 0.5105 0.04806 0.4131t00.6078 10.6219  <0.0001

Analysis of Variance




Passing and Bablok Regression

Passing and Bablok regression analysis is a statistical procedure that allows valuable

- estimation of analytical methods agreement and possible systematic bias between them. -

It 1s robust, non-parametric, non sensitive to distribution of errors and data outliers.

y= a+ bx
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i S MedCalc - negative.sav
File Edit View Format Tools 5Statistics Graphs Tests Sample size Window Help
S R X B g Summany statistics..

Owtlier detection...
5 rY L

Arial ~ | 10 Distribution plot ‘ A" A ‘ @

Correlation

Regression

T-tests

Fank sum tests

Variance ratio test (F-test)...

ANOVA

Crosstabs
Survival analysis
Meta-analysis

Serial measurements...

Feference intervals

Eland-Altman plot...

Agreement & responsiveness Bland-Altman plot with multiple measurements per subject...

ROC curves Comparison of multiple methods...

Create tables Mountain plot...
Deming regression...

Coefficient of variation from duplicate measurements...




Regression Equation

y = 15.555556 + 0.555556 x
systematic differences

Intercept A 15.5556
95% CI 15.95956 to 18.1007
Proportional differences
Slope B 0.9556
95% CI 0.4861 to 0.5556
Random differences
Residual Standard Deviation (R5D) 01772
+ 1.96 RSD Interval -0.3472 to 0.3472
'Linear model validity
7 Cusum test for linearity Mo significant deviation from lineanty
L (P=0.23)
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Vanable Y L.Ear.C

Variable X forehead C

celsius
Sample size 200
Kendall's Tau 0.554
significance level P<0.0001
95% Confidence Interval for Tau® 0.480 to 0.621

? BC; bootstrap confidence interval (500 iterations; random number seed: 978).







Lin's concordance correlation coefficient (CCC)

The concordance correlation coefficient measures the agreement between two variables,
e.g., to evaluate reproducibility or for inter-rater reliability.
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File Edit View Format Tools Statistics Graphs Tests Sample size
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Summary statistics...
Outlier detection...
Distribution plot

Correlation
Regression

T-tests
FRank sum tests
Variance ratio test (F-test)...

ANOVA

Crosstabs

Survival analysis
Meta-analysis

Serial measurements...

Reference intervals

Method comparison & evaluation

Agreement & responsiveness
ROC curves

Create tables

16 36.00
17 37.10
10 2R NN

Variable Y forehead C
celsius
Variable X L.EarC
Sample size 200
Concordance correlation coefficient 0.2259
095% Confidence interval 01798 to 0.2710
Pearson p (precision) 0.7083
Bias correction factor Cy, (accuracy) 0.3189
Concordance correlation coefficient ? x
Variable Y: Options
| e | |:| Logarithmic transformation ¥
Variable X: [ ] Logarithmic transformation X
| L.Ear.C v|
Filter:
| v]
0 | 0K | ‘ Cancel
> Intraclass correlation coefficient...
> Concordance correlation coefficient...
5 Inter-rater agreement (kappa)...
25 61 Cronbach's alpha...
36.22 Responsiveness...
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