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Introduction  
The inter-rater reliability of measurements can be performed by several approaches. The Kappa coefficient 
was firstly introduced by Cohen (1960) to evaluate the agreement between two raters, and then generalized 
and revised by different researchers [1]. For qualitative data (two or more categories) and two or more raters, 
the Fleiss’ Kappa (Fleiss’K), based on the concept that observed agreement is adjusted for the chance 
agreement, is spite of it not allowing for missing data, is largely used [2 - 4]. In the peer-reviewed literature, 
some doubts on assessment of the uncertainties of Fleiss’K emerged. In particular, it has been stated that 
the standard error given in Fleiss et al. (1979) [2] should be used for quantifying precision of Fleiss’ K only 
for testing the hypothesis of zero agreement among raters. If this assumption of no agreement is not 
satisfied, a different variance formula has been proposed to be used in any statistical inference procedure 
[1]. In the peer-reviewed literature, several studies do not report confidence intervals of inter-rater reliability 
coefficients [5, 6] or Authors did not consider the assumption on the variance equations implemented in 
commercial statistical softwares, causing a misuse of standard error by Fleiss to quantify the precision of 
Fleiss’ K [1]. 
 
Aims 
To compare 95% confidence interval methods for inter-rater reliability according to Fleiss’ K variance 
formulas proposed by Fleiss et al. (1979) [2] and Gwet (2021) [1] among a group of obstetricians’ visual 
interpretation of intrapartum cardiotocographs (CTGs). 
 
Methods 
This study evaluates the performance of two different methods for constructing a 95% confidence interval 
according to different variance formulas available in the literature: the equation introduced by Fleiss et al. 
(1979) and a newer one proposed by Gwet (2021). The first one has been implemented in the R package 
“rel” and in SPSS software, the second one in the newer R package “irrCAC”. These approaches were used 
to retrospectively analyse the overall agreement in a real world dataset, including fifty-three intrapartum fetal 
CTG records evaluated by four independent obstetricians at the University of Parma. CTGs classification 
was performed according to fetal CTG guidelines proposed by the International Federation of Gynecology 
and Obstretrics (FIGO) [7], which aim to predict neonatal acidemia of the patterns and categorizes CTGs as 
normal, suspicious and pathological. The classification of Fleiss’ K coefficients was based on cut-off values 
provided for Cohen’s kappa (from poor to excellent agreement) [8]. 

 Fleiss’ K 
coefficient  

se (K)  95%CI  

Gwet (2021) 
varianceunweighthed 

0.429 0.023 0.382-0.476 

Gwet (2021) 
variancelinear weights 

0.523 0.023 0.505-0.600 

Fleiss (1979) 
variance 

0.429 0.042 0.347-0.511 

Table 1. Fleiss’ Kappa coefficients, standard error (se) and 95% confidence interval constructed by using the variance 
formulas, unweighted and linear-weighted, proposed by Gwet (2021) and by Fleiss et al. (1979).  
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Results 
The percentage of CTGs classified as normal was 11.1%, 13.2%, 17% and 18.5% for rater 1, 2, 3 and 4, 
respectively. Number of records indexed as suspicious and pathological showed a larger variability among 
wives, ranging between 14% and 30% for suspicious CTGs and between 52.8% and 69.8% for pathological 
cardiotocographs. According to cut-off values proposed for Cohen’s kappa and transferred to Fleiss’ K, the 
inter-rater agreement obtained by the three models was moderate (Table 1). The standard error computed 
by the equation proposed by Gwet (2021) was 0.023 for both, the unweighted and the linear-weights-
adjusted se (K), while it was 0.042 according to multi-rater Fleiss’ equation (1979). A smaller 95% confidence 
interval width was obtained by performing K statistics through Gwet’s equation (0.382-0.476 and 0.505-
0.600, respectively for raw and weighthed coefficients), when compared to the one computed by the Fleiss’ 
variance formula (0.347-0.511).   
 
Conclusions 
The performance of two approaches to measure the Fleiss’ Kappa (according to Fleiss, 1979, and Gwet, 
2021) showed inter-rater reliability coefficients of moderate agreement. A smaller 95% confidence interval 
width was obtained by performing K statistics through Gwet’s equation, when compared to the one computed 
by the Fleiss’ variance formula. In order to provide valid confidence intervals, that consider the assumption 
on hypothesis testing, and are comparable with other studies in the literature, researchers should consider 
specific characteristics and formulas of commercial softwares.   
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