
Additional file 2: Formulae after removing the observer effect 

If an agreement analysis has been performed (following the cookbook of Section 2.1.6 in the main 

paper), and the observer variation has been deemed negligible, then the observer effect should be 

removed from the random model for the measurements, and formulae for the LOAM, confidence 

intervals, and estimates should be adjusted accordingly. In the following, we restate the relevant 

formulae under the one-way random model with subject effect only. That is, we assume the 

measurements now follow the model 

𝑌𝑖𝑗𝑘 = 𝜇 + 𝐴𝑖 + 𝐸𝑖𝑗𝑘 , 

where 𝜇 is the overall mean, and 𝐴𝑖  and 𝐸𝑖𝑗𝑘  are random variables following zero-mean normal 

distributions with variances 𝜎𝐴
2 and 𝜎𝑊

2 , respectively, for 𝑖 = 1, … , 𝑎, 𝑗 = 1, … , 𝑏, and 𝑐 = 1, … , 𝑘. Note 

that we (as opposed to the main paper) immediately consider the model for the case with multiple 

measurements per observer. In the case of only one observation per observer per subject, this is the 

special case with 𝑐 = 1. 

Assuming the above model, the difference, 𝐷𝑖𝑗𝑘 = 𝑌𝑖𝑗𝑘 − �̅�𝑖⋅⋅, has variance  
𝑏𝑐−1

𝑏𝑐
𝜎𝑊

2 , and the LOAM 

becomes 

±1.96√
𝑏𝑐 − 1

𝑏𝑐
𝜎𝑊

2 . 

The maximum likelihood/ANOVA estimate of 𝜎𝑊
2  is given by (see e.g. Chapter 4 of Searle et al. (1)) 

�̂�𝐸
2 = 𝑀𝑆𝑊, 

where 𝑀𝑆𝑊 =  𝑆𝑆𝑊/𝜈𝑊 for 𝑆𝑆𝑊 =  ∑ ∑ ∑ (𝑦𝑖𝑗𝑘 − �̅�𝑖⋅⋅)
2

 𝑐
𝑘=1

𝑏
𝑗=1

𝑎
𝑖=1 and 𝜈𝑊 = 𝑎(𝑏𝑐 − 1). The LOAM can 

then be estimated by 

±1.96√
𝑆𝑆𝑊

𝑎𝑏𝑐
. 



Note that this estimate is identical to the one in the main paper as 𝑆𝑆𝑊 = 𝑆𝑆𝐵 + 𝑆𝑆𝐸, while the 

following confidence intervals are not. 

An exact asymmetric confidence interval is easily found for 𝜎𝑊 by utilizing that �̂�𝑊
2  follows a scaled 

𝜒2-distribution with 𝜈𝑊 degrees of freedom (see e.g. Chapter 4 of Searle et al. (1)). This can then be 

transformed into the following exact 95% confidence interval for the LOAM: 

(1.96√
(𝑏𝑐 − 1)𝑆𝑆𝑊

𝑏𝑐 𝜒0.975;𝜈𝑊

2 , 1.96√
(𝑏𝑐 − 1)𝑆𝑆𝑊

𝑏𝑐 𝜒0.025;𝜈𝑊

2  ), 

where 𝜒𝛼;𝜈𝑊
2  is the 𝛼-quantile for the 𝜒2-distribution with 𝜈𝑊 degrees of freedom. If one prefers a 

symmetric (but approximate) confidence interval, this can be obtained by application of the statistical 

delta method: 

1.96√
𝑆𝑆𝑊

𝑎𝑏𝑐
± 1.962√

�̂�𝑊
2

2𝑎𝑏𝑐
. 

For formulae regarding ICCs see ICC(1) for Case 1 in McGraw and Wong (2).  
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