Contents

1 Introduction ..............oiiiiiiiii i 1
1.1 Precision, Accuracy, and AZreement ............c.eeevveeeeeeeeeeennns 1
1.2 Traditional Approaches for Continuous Data ........................ 3
1.3 Traditional Approaches for Categorical Data ........................ 4

2 Continuous Data ........... ... 7
2.1 BasicModel.... ..o 7
2.2 Absolute Indices .......oooiiiiiiiii 7

2.2.1  Mean Squared Deviation ...............c..ooiiiiiiiiiiin 7
2.2.2  Total Deviation Index ............cooiiiiiiiiiiiiiiiiinn 8
2.23  Coverage Probability...................oo 10
2.3 RelativeIndices ... 11
2.3.1 Intraclass Correlation Coefficient ..................cc.euunn. 11
2.3.2  Concordance Correlation Coefficient ....................... 12
2.4 Sample COUNterparts ............ceeeeiiuiieeeeeiiiiieeennineen.. 15
2.5 Proportional Error Case ...........coooiiiiiiiiiiiiiiiiii 16
2.6 Summary of Simulation Results ...l 16
2.7 Asymptotic Power and Sample Size .....................oL 17
2.8 EXamples.....ooo 17
2.8.1  Example 1: Methods Comparison........................... 17
2.8.2  Example 2: Assay Validation.......................ooo 18
2.8.3  Example 3: Assay Validation......................oooo 21
2.8.4  Example 4: Lab Performance Process Control ............. 25
2.8.5 Example 5: Clinical Chemistry and
Hematology Measurements That Conform
tO CLIA Criteria......oovviiiiii e 28
2.9  Proofs of Asymptotical Normality When Target
Values Are Random ...........oooiiiiiiiiiiiiiiiiii 37
2.9.1 CCC and Precision Estimates ..............ccceuuuuuunnnnnn. 37
292  MSD EStMAE ... uuue e 39
293  CPESHMALE ......uuen e 40
2.9.4  Accuracy Estimate ... 41



xii Contents
2.10 Proofs of Asymptotical Normality When Target
Values Are Fixed.........coooiiiiii 42
2.10.1 CCC and Precision Estimates ...........c..oooeeeeeiiiinnnn. 42
2.10.2 MSD EStMAte...ooovuntiiieieeiii e 43
2.10.3 CPEStMALe ...ooviiiiiii et 44
2.10.4  Accuracy Estimate ..........cccooiiiiiiiiiiiiiiiiii 45
2.11 Other Estimations and Statistical Inference Approaches ............ 45
2.11.1 U-Statistic for CCC .....iviiiiiiiiiic i 46
2112 GEEfor CCC.....oiiiiiiiiiiii i 47
2.11.3 Mixed Effect Model for CCC .........ccooiiiiiiiiiiiiinnn. 48
2.11.4 Other Methods for TDI and CP ............ccooeeiiiiinnn 48
2,12 DISCUSSION . ¢ttt ettt et e e et e e e e e 49
2.12.1 Absolute Indices ...........coviiiiiiiiiiiiiii 49
2.12.2 Relative Indices Scaled to the Data Range.................. 49
2.12.3  Variances of Index Estimates Under Random
and Fixed Target Values .............ccocvviiiiiiiiiiinn, 50
2.12.4 Repeated Measures CCC ........ooviiiiiiiiiiiieeiinnnn. 50
2.12.5 Data Transformations ..............cceeiiiiiieennnnnnnn. 51
2.12.6 Missing Data .......oooiiiiiiiiiii 51
2.12.7  Account for Covariants ..............c.ceeeiiiiiiiieeenninnnn. 52
2.13 A Brief Tour of Related Publications ................coocovviiiie... 52
3 Categorical Data .....................iiiii 55
3.1  Basic Approach When Target Values Are Random .................. 55
311 Data StrUCtUIe ..ottt 55
3.1.2  Absolute Indices .........ccooiiiiiiiiiiiii 56
3.1.3  Relative Indices: Kappa and Weighted Kappa.............. 57
3.1.4  Sample Counterparts..........o.ueeeeeeeriiiieeeennnunnneee.. 59
3.1.5  Statistical Inference on Weighted Kappa ................... 59
3.1.6  Equivalence of Weighted Kappa and CCC ................. 60
3.1.7  Weighted Kappa as Product of Precision
and Accuracy Coefficients............ccevviiiiieniinn. 61
3.1.8  Intraclass Correlation Coefficient and Its
Association with Weighted Kappa and CCC ............... 62
3.1.9  Rater Comparison Example ..................oooiiiit. 63
3.2 Basic Approaches When Target Values Are Fixed:
Absolute Indices ........veeieii 64
3.2.1  Sensitivity and Specificity ..........ccoviiiiiiiiiiiiii. 64
3.2.2  Diagnostic Test Example ...........ccoooiiiiiiiiiiii... 66
3.3 DISCUSSION . ¢ttt ettt ettt e e e e 66
3.4 A Brief Tour of Related Publications ................ccocvviiiioo... 68
4 SampleSizeand Power........................... 71
4.1 The General Case ........coeeuiuuiiteeteiiii e 71
4.2 The Simplified Case ........ooviuiiiiiiiiiiiiiii e 72
4.3  Examples Based on the Simplified Case...............ooeeeiiinnnn. 72



Contents
5 A Unified Model for Continuous and Categorical Data .................
5.1  Definition of Variance COmMpONents ..............ooeeeeeevnnenneen...
5.2 Intrarater Precision ..............ooiiiiiiiiiiiiii i
5.3 Interrater Areement ..........ueeeeerinniiieeeeai e,
5.4  Total-Rater AGreement ...........coovviiiiiiiiiiiiiieeenniiieee..
5.5 Proportional Error Case ..........ccoovviiiiiiiiiiiiiiiii e
5.6  Asymptotic Normality ..........oooiiiiiiiiiiiiiiiiiiiii e,
57 TheCasem =1 ..o
5.7.1  Other Estimation and Statistical Inference Approaches....
5.7.2  Variances of CCC and Weighted Kappa fork =2.........
5.8  Summary of Simulation Results ...,
5.9 EXAMPIES ..ot
5.9.1 Example 1: Methods CompariSon..............ccceevvunnn.
5.9.2  Example 2: Assay Validation..............coooeeeeiiiiinnnn.
5.9.3 Example 3: Nasal Bone Image Assessment
by Ultrasound Scan ............ccoviiiiiiiiiiiiiiiii e,
5.9.4  Example 4: Accuracy and Precision
of an Automatic Blood Pressure Meter .....................
510 DISCUSSION. .. ttuttttittt et et
5.10.1 Relative or Scaled Indices ................coooiiiiiin...
5.10.2  Absolute or Unscaled Indices .................cooooiiinnit.
5.10.3 Covariate Adjustment.............oeeviuiiiiiiiiiiiennn...
5.10.4 Future Research Topics and Related Publications..........
6 A Comparative Model for Continuous and Categorical Data ..........
6.1  General Model ...t
6.2  MSD for Continuous and Categorical Data ..........................
6.2.1  Intrarater Precision..............c.ooooiiiiiiiiiiin..
6.2.2  Total-Rater Agreement ..............c.eeeviiiiiieeeennnnnnn.
6.2.3  Interrater AGreement.........oovvuuuuiieeiiiiiiieeeeennnnnnns
6.2.4  Categorical Data ..ot
6.3  GEEEStimation..............ooiiiiiiiiiiiiiiiiiiiii
6.4  Comparison of Total-Rater Agreement with Intrarater
Precision: Total-IntraRatio ...
6.4.1  When One or Multiple References Exist....................
6.4.2  Comparison to FDA’s Individual
Bioequivalence with Relative Scale .........................
6.4.3  Comparison to Coefficient of Individual Agreement.......
6.4.4  Estimation and Asymptotic Normality......................
6.5  Comparison of Intrarater Precision Among Selected
Raters: Intra—IntraRatio.................oooiin
6.5.1  Estimation and Asymptotic Normality......................
6.6  Summary of Simulation Results ...,



Xiv Contents
6.7  EXaAMPIES ..ottt 128

6.7.1  Example 1: TIR and IIR for an Automatic
Blood Pressure Meter ..........oooviiiiiiiiiiieiiinennn... 128

6.7.2  Example 2: Nasal Bone Image Assessment
by Ultrasound Scan ..o, 129

6.7.3  Example 3: Validation of the Determination

of Glycine on a Spectrophotometer System ................ 129
6.7.4  Example 4: Individual Bioequivalence...................... 131
6.8 DISCUSSION....uuitiittt i 136
T WOrkshop ... 139
7.1 Workshop for Continuous Data .............cccoiiiiiiiiiiiiiie... 139
7.1.1 TheBasicModel (m=1)............oiiiiiiiiiiiiiiiiiat, 140
7.1.2  Unified Model ... 143
7.1.3  TIRandIIR..... ... 147
7.2 Workshop for Categorical Data ..o, 149
7.2.1 TheBasicModel (m=1)............oiiiiiiiiiiiiiiiiiaas, 149
7.22  Unified Model ... 150
723 TIRandIIR..........cooiiiiii 151
7.3 Individual Bioequivalence.............ooouveeeiiiiiiiiiieiiniiiee... 152
References........ ... 153
Index ... o 159



2 Springer
http://www.springer.com/978-1-4614-0561-0

Statistical Tools for Measuring Agreement
Lin, L.; Hedayat, A.S.; Wu, W,

2012, XV, 161 p., Hardcover

ISEMN: 278-1-4614-0561-0



	Contents



