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THE ANIMAL WELFARE INDICATORS

Three main features

• VALIDITY

• FEASIBILITY

• RELIABILITY: inter-observer reliability (IOR)

The animal welfare 
indicators

CATEGORICAL ANIMAL-BASED

Vieira et al. (2018)
Meagher (2009)
Martin and Bateson (2007)



THE CONCORDANCE AMONG OBSERVERS

Giammarino et al. (2021)
Meagher (2009)

Animal-based welfare indicators can be dichotomous, 
trichotomous and four-level variables

The IOR is evaluated analyzing the concordance between 
observers

The concordance is implemented through the agreement 
indexes

In this study the concordance between three observers 
for dichotomous variables and the concordance between 
two observers for four-level variables was evaluated



DATA COLLECTION

AWIN (2015)
Battini et al. (2021)

Udder asimmetry is a dichotomous variable: scores 0 and 1

Data collected by three observers in nine extensive dairy 
goats farms

The farms were grouped in three samples representing 
three different alpine pasturesScore 0 Score 1



DATA COLLECTION

Battini et al. (2019)

Ear-posture and eye-white are four-level 
variables: scores 1,2,3,4

These indicators are not present in 
animal welfare protocols

Data collected by two observers in three 
dairy cattle farms

Score 1

Score 2

Score 3

Score 4



STATISTICAL ANALYSIS

All the agreement indexes 
were implemented using 
Microsoft Excel and R 
Commander

The choice of the indexes 
implemented was based on 
the type of variable and on 
the number of observers

The observed agreement (P0) 
was implemented

McHuge (2012)
Shweta et al. (2015)



AGREEMENT INDEXES FOR UDDER ASIMMETRY

TWO OBSERVERS THREE OBSERVERS

π (Scott, 1955) α (Krippendorff, 1970)
Cohen’s K (Cohen, 1960) Fleiss’K (Fleiss, 1971)

Kc (Cohen, 1960) S (Quatto, 2004)
K PABAK (Byrt et al., 1993) γ(AC1) (Gwet, 2008)

G (Holley and Guilford, 1964)
H (Holsti, 1969)

α (Krippendorff, 1970)
Γ (Hubert, 1977)

J (Janson and Vegelius, 1978)
B (Bangdiwala, 1985)

Δ (Andrès and Marzo, 2004)
S (Quatto, 2004)

γ(AC1) (Gwet, 2008)

Not all the 
agreement 
indexes are 

suitable in the 
presence of three 

observers

Krippendorff’s α, 
Quatto’s S and 
Gwet’s γ(AC1) 

are also suitable 
in the presence 

of three 
observers

Fleiss’K is only 
implemented in 

the presence of a 
number of 

observers greater 
than two

Giammarino et al. (2021)

Table 1. Agreement indexes implemented for udder asimmetry 
in the presence of two and three observers.



AGREEMENT INDEXES FOR EARPOSTURE AND EYEWHITE

UDDER ASIMMETRY 
WITH TWO OBSERVERS

EARPOSTURE AND EYEWHITE 
WITH TWO OBSERVERS

π (Scott, 1955) Cohen’s K (Cohen, 1960)
Cohen’s K (Cohen, 1960) Kc (Cohen, 1960)

Kc (Cohen, 1960) G (Holley and Guilford, 1964)
K PABAK (Byrt et al., 1993) α (Krippendorff, 1970)

G (Holley and Guilford, 1964) S (Quatto, 2004)
H (Holsti, 1969) γ(AC1) (Gwet, 2008)

α (Krippendorff, 1970)
Γ (Hubert, 1977)

J (Janson and Vegelius, 1978)
B (Bangdiwala, 1985)

Δ (Andrès and Marzo, 2004)
S (Quatto, 2004)

γ(AC1) (Gwet, 2008)

Giammarino et al. (2021)

Table 2. Agreement indexes implemented for udder asimmetry and earposture 
and eyewhite in the presence of two observers.

Not all the 
agreement 
indexes are 

suitable for four-
level variables

Some agreement 
indexes can be 

also implemented 
in the case of four-

level variables



FORMULAS IMPLEMENTED

• Closed formulas of the agreement 
indexes implemented

• Microsoft Excel and R Commander



AGREEMENT RESULTS FOR UDDER ASIMMETRY

• Krippendorff’s α and Fleiss’K show 
signs of the PARADOXICAL 
BEHAVIOUR for the alpine pastures 
1 and 2

• For the alpine pasture 3 the above 
mentioned indexes are not affected 
by the paradox behaviour

• Gwet’s γ(AC1) and Quatto’s S show 
the best agreement results for all 
the alpine pastures

Table 3. Concordance results for udder asimmetry and the presence of three observers.

Feinstein and Cicchetti (1990)

AGREEMENT INDEXES ALPINE PASTURE 1 ALPINE PASTURE 2 ALPINE PASTURE 3

P0 86% 92% 94%

Krippendorff’s α -0.07 0.52 0.68

Fleiss’K -0.07 0.51 0.68

Quatto’s S 0.73 0.85 0.88

Gwet’s γ(AC1) 0.84 0.91 0.93



AGREEMENT RESULTS FOR EARPOSTURE AND EYEWHITE

EARPOSTURE LACTATING EYEWHITE LACTATING

AGREEMENT INDEXES FARM1 FARM 2 FARM 3 AGREEMENT INDEXES FARM1 FARM 2 FARM 3

P0 88% 81% 78% P0 63% 62% 80%

Cohen’s K 0.76 0.70 0.69 Cohen’s K 0.49 0.50 0.67

Corrected Cohen’s K 0.86 0.82 1.00 Corrected Cohen’s K 0.62 0.69 0.80

Holley and Guilford’s G 0.84 0.75 0.71 Holley and Guilford’s G 0.51 0.49 0.74

Krippendorff’s α 0.76 0.70 0.69 Krippendorff’s α 0.49 0.50 0.67

Quatto’s S 0.84 0.75 0.71 Quatto’s S 0.51 0.49 0.74

Gwet’s γ(AC1) 0.86 0.77 0.74 Gwet’s γ(AC1) 0.56 0.53 0.77

• Cohen’s K and Krippendorff’s α did not show the paradox behavior for lactating cows

• Gwet’s γ(AC1) gave the best agreement results, as well as Quatto’s S and Holley and 
Guilford’s G

• Only in the farm 2 for eyewhite the results obtained for S and G indexes are a little 
lower than those conferred by Cohen’s K and Krippendorff’s α

Table 4. Agreement results for earposture and eyewhite considering the lactating cows.

Feinstein and Cicchetti (1990)
Giammarino et al. (2021)



AGREEMENT RESULTS FOR EARPOSTURE AND EYEWHITE

EARPOSTURE DRY EYEWHITE DRY

AGREEMENT INDEXES FARM1 AGREEMENT INDEXES FARM1

P0 75% P0 58%

Cohen’s K 0.62 Cohen’s K 0.41

Corrected Cohen’s K 0.80 Corrected Cohen’s K 0.46

Holley and Guilford’s G 0.67 Holley and Guilford’s G 0.43

Krippendorff’s α 0.62 Krippendorff’s α 0.41

Quatto’s S 0.67 Quatto’s S 0.43

Gwet’s γ(AC1) 0.70 Gwet’s γ(AC1) 0.48

• Cohen’s K and Krippendorff’s α did not show the paradox behavior for dry cows

• Gwet’s γ(AC1) gave the best agreement results, as well as Quatto’s S and Holley and 
Guilford’s G

• For ear-posture the Corrected Cohen’s K overestimated the P0

Table 5. Agreement results for earposture and eyewhite considering the dry cows.

Feinstein and Cicchetti (1990)
Giammarino et al. (2021)



CONCLUSIONS

Some agreement indexes 
are affected by the 

paradox effect

The Corrected Cohen’s K 
did not confer reliable 

results

Gwet’s γ(AC1) gave the 
best agreement results, 
as well as Quatto’s S and 
Holley and Guilford’s G



Thanks for your attention


