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ABSTRACT

This study focuses on assessing inter-observer reliability (IOR) between two observers in the
case of trichotomous and four-level animal-based welfare indicators assessed at individual level.
The Body Condition Score (BCS) and Knee calluses (KNC) were chosen as trichotomous indica-
tors; data were collected in fourteen intensively managed dairy goat farms in Italy (ITF1 to ITF7)
and Portugal (PTF1 to PTF7) and in extensively managed dairy goat farms exploiting three
alpine pastures (AP1, AP2 and AP3) in Italy. The Ear posture (EP) and Eye white (EW) were
chosen as four-level indicators; data were collected in three intensively managed dairy cattle
farms (F1, F2 and F3) in Italy. The performance of the most documented agreement indices was
compared. In the case of trichotomous indicators, Scott's n, Cohen’s K, Cohen’s K:, Cohen's
weighted K and Krippendorff's « were affected by the paradox effect: when the concordance
rate (Pp) was high, they sometimes gave very low or even negative values (e.g. Pogcs.r3) =
74%; Scott's m=0.05; Cohen’s K=0.09; Krippendorff's o =0.06; Pogcs-aps) = 74%; Scott's © =
—0.12; Cohen’s K = Krippendorff's « = —0.11). Bangdiwala's B, Gwet's y(AC;) and Quatto’s
weighted S were not affected by this phenomenon and provided values very close to P, (e.g.
Pownc-prer) = 88%; Bangdiwala’'s B = Gwet's y(AC;) = 0.85; Pogcs-ap1) = 82%; Bangdiwala’s B =
Gwet's p(AC;) = 0.79). In the case of four-level indicators, Cohen’s K and Krippendorff's o were
not affected by the paradox behaviour. However, Cohen’s Kc in some cases exceeded the
observed P, (e.g. Pogpr3) = 78%; Cohen’s Kc = 1). Gwet's y(AC;) showed the best results for
four-level indicators (e.g. Pogpr1y = 88%; Gwet's y(AC;) = 0.86), followed by Quatto’s S and
Holley and Guilford’s G (e.g. Pogp-r1y = 88%; Quatto’s S = Holley and Guilford’s G=0.84). To
evaluate IOR between two observers, Bangdiwala’s B, Gwet’s y(AC;) and Quatto’s weighted S are
suggested for trichotomous indicators, while Gwet's y(AC;), Quatto’s S and Holley and Guilford’s
G are suggested for four-level indicators.
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HIGHLIGHTS

e Scott’s 7, Cohen’s K, Cohen’s K¢, Cohen’s weighted K and Krippendorff's o can be affected by
a paradox behaviour.

e Bangdiwala’s B, Gwet's y(AC;) and Quatto’s weighted S are suggested to evaluate IOR
between two observers for trichotomous indicators.

e Gwet's y(AC;), Quatto’s S and Holley and Guilford’s G are suggested to evaluate IOR between
two observers for four-level indicators.

Introduction

Received 20 November 2023

Animal-based welfare indicators are considered the
most suitable for a comprehensive welfare assessment,
as they are based on evaluations made on the animal
itself (EFSA 2012; De Rosa et al. 2015). Animal-based

indicators currently included in welfare assessment
protocols are mainly dichotomous variables [e.g. udder
asymmetry in the Animal Welfare Indicators (AWIN)
assessment protocol for goats;
0=absence of asymmetry; 1= presence of asymmetry

welfare scores:
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(AWIN 2015a); coughing in the Welfare Quality®
assessment for pigs; scores: 0 =no evidence of cough-
ing; 2=evidence of coughing (Welfare Quality®
2009a)]. However, trichotomous and four-level indica-
tors are also found. Examples of trichotomous animal-
based welfare indicators are the foot pad dermatitis in
the Welfare Quality® Assessment protocol for poultry
[scores: 0 =feet intact, no or minimal proliferation of
epithelium; 1 =necrosis or proliferation of epithelium
or chronic bumble foot with no or moderate swelling;
2 =swollen (dorsally visible); Welfare Quality® 2009b]
and the bursitis in the Welfare Quality® assessment for
pigs [scores: 0=no evidence of bursae; 1=one or
several small bursae on the same leg or one large
bursa; 2 =several large bursae on the same leg, or
one extremely large bursae, or any bursa that is
eroded (Welfare Quality® 2009a). Among the four-level
indicators included in welfare assessment protocols, it
is possible to find the body and head lesions in the
AWIN welfare assessment protocol for sheep [scores:
0=no lesions; 1=minor lesions; 2=major lesions;
3 =myiasis (AWIN 2015b)], and the lesions at mouth
corners in the AWIN welfare assessment protocol for
horses [scores: 0=no lesion; 1=hardened spots;
2 =redness; 3=open wounds; (AWIN 2015c)]. Other
examples of trichotomous and four-level animal-based
welfare indicators can be found in published literature
(e.g. Buczinski et al. 2016; Munoz et al. 2017; Navarro
et al. 2020; Nannarone et al. 2024).

The inclusion of animal-based welfare indicators
into welfare assessment protocols implies that such
indicators must be valid, feasible and reliable (Vieira
et al. 2018). Reliability needs to be assessed both
when an observer performs the welfare assessment on
the same subjects several times (intra-observer reliabil-
ity) and when different observers perform the welfare
assessment on the same subjects contemporarily and
independently one from the other (inter-observer reli-
ability; IOR) (Martin and Bateson 2007). To assess the
IOR, the level of agreement among the observers is
calculated processing the scores assigned by the
observers to each variable using different statistical
indices, defined as agreement indices. If the percent-
age of agreement (i.e. concordance rate, Py) among
observers is low, the reliability of the indicator will be
equally low; therefore, the indicator will not be suit-
able to assess animal welfare properly and it will need
to be redefined (De Rosa et al. 2009).

In published literature, the agreement indices
belonging to the Kappa statistics are the most imple-
mented ones for the evaluation of IOR of trichotom-
ous and four-level categorical animal-based welfare
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indicators assessed at individual level. Even though it
is not our purpose here to give an exhaustive litera-
ture review, we intend to provide some examples.
Cohen’s K (Cohen 1960) was implemented both by
Pedersen et al. (2011) when assessing the reliability of
a three-level faecal consistency in growing pigs, and
by Buczinski et al. (2016) when evaluating the IOR for
four-level indicators (namely rectal temperature,
cough, ocular discharge, nasal discharge, and ear posi-
tion) in pre-weaned dairy cattle. Cohen’s weighted K
(Cohen 1968) was instead implemented both by Vieira
et al. (2018) who evaluated the IOR of BCS and Knee
calluses (KNC) in dairy goats, and by Munoz et al.
(2017) who evaluated the IOR of the trichotomous
indicators fleece conditions and hoof overgrowth, of
the four-level indicator foot-wall integrity, and of a 5-
level BCS, in dairy ewes. Thomsen and Baadsgaard
(2006) evaluated the IOR of the trichotomous indica-
tors lameness and cutaneous lesions in dairy cattle
using  prevalence-adjusted, bias-adjusted kappa
(PABAK) (Byrt et al. 1993). Czycholl et al. (2019)
assessed the reliability of the Horse Grimace Scale (a
combination of different animal-based welfare indica-
tors evaluated using a 3-level assessment scale), of 4-
level integument alterations assessed in various parts
of the body of the horse, and of a 5-level BCS, con-
temporarily using Cohen’s K, Cohen’s weighted K and
PABAK.

However, the Kappa statistics are sometimes
affected by a paradoxical behaviour (Feinstein and
Cicchetti 1990) and other agreement indices have
therefore been proposed in literature (Giammarino
et al. 2021). A critical issue is that, when assessing the
reliability, a part of the agreement among the observ-
ers might be due to chance, being defined as ‘chance
agreement’. During the evaluation of the agreement
among observers, the rate of agreement due to
chance (P.) must be removed from the rate of the
observed agreement (P,) (Gwet 2001). To assess the
agreement among observers properly, it is essential to
determine the most appropriate way to calculate the
rate of agreement due to chance (Gwet 2001). For this
purpose, many chance-corrected agreement indices,
used in the case of the presence of two observers, are
proposed in the literature. For example, Scott (1955)
assumed that the chance agreement is related to the
classification probabilities of the subjects within the
same category by the two observers. Cohen (1960)
criticised this assumption, since the classification of all
the subjects within the same category means that the
chance agreement is equal to 1 and that the IOR is 0.
Therefore, Scott's © (Scott 1955) is suitable only when
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the level of agreement between the observers in
assigning the subjects to the same category is poor,
so that the rate of agreement due to chance results
lower. Chance agreement calculation of Cohen’s K
(Cohen 1960) differs from that of Scott’s x; indeed, for
the implementation of the rate of agreement due to
chance, Cohen considered the number of times that
the observers assign the subjects to each of the con-
sidered categories. Despite this, Cohen’s K is character-
ised by the same problems that affect Scott’s n: when
the observers assign all the subjects to the same cat-
egory, the chance agreement will be equal to 1.
Consequently, when the agreement due to chance is
high, Cohen’s K assumes a low value, despite a high
observed P, As stated by Feinstein and Cicchetti
(1990), this is due to the unbalanced marginal distri-
butions within the concordance matrix. According to
Bennet et al. (1954), the chance agreement can also
be considered as the inverse of the number of catego-
ries. Subsequently, this principle was proposed by
Holley and Guilford (1964) by means of the Holley and
Guilford’s G, and later by Falotico and Quatto (2010)
by means of Quatto’s S (2004), these indices being
closely related to each other. As Holley and Guilford’s
G and Quatto’s S, Gwet’s y(AC;) (Gwet 2008) considers
the number of the categories that characterises the
variable, but the implementation of the chance agree-
ment is different and more complex. According to
Gwet (2008), not only the number of categories char-
acterising the variable, but also the frequency with
which the scores are attributed to each subject by
each involved observer, must be considered.

The choice of the agreement indices is not only
linked to the number of categories which characterises
the variable under analysis, but also to the number of
observers involved during the evaluation process
(Gisev et al. 2013). For this reason, it is crucial to calcu-
late agreement indices which can estimate the con-
cordance between two or more observers properly,
conferring reliable agreement results (Gwet 2001) and
guaranteeing the possibility of including new animal-
based welfare indicators in welfare assessment proto-
cols (Vieira et al. 2018).

In a previous study, Giammarino et al. (2021) identi-
fied Bangdiwala's B (Bangdiwala 1985) and Gwet's
(AC;) (Gwet 2008) as the best agreement indices to
evaluate the IOR between two observers in the case
of dichotomous categorical animal-based welfare indi-
cators. With this study, we aimed at identifying the
best indices for measuring the agreement between
two observers, and calculating the related confidence
intervals, when evaluating trichotomous and four-level

animal-based welfare indicators. To do so, we selected
two trichotomous animal-based indicators, namely the
BCS and KNC from a prototype (Battini et al. 2016;
Can et al. 2016) and a modified (Battini et al. 2021)
Animal Welfare Indicators (AWIN) welfare assessment
protocol for goats (AWIN 2015a), and two four-level
animal-based indicators from published literature
(Battini et al. 2019), namely the EP and EW in dairy
cows, and we used them as examples to test the per-
formance of the most documented agreement indices
proposed in the literature.

Materials and methods
Dataset

Trichotomous animal-based welfare indicators

A prototype of the AWIN welfare assessment protocol
was applied by two observers in seven intensively
managed dairy goat farms in ltaly (ITF1, n=49; ITF2,
n=37; ITF3, n=43; [TF4, n=30; ITF5, n=30; ITF6,
n=34; [TF7, n=39) and in seven intensively managed
dairy goat farms in Portugal (PTF1, n=48; PTF2,
n=38; PTF3, n=25; PTF4, n=39; PTF5, n=32; PTF6,
n=38; PTF7, n=35) between January and March 2014
(Battini et al. 2016; Can et al. 2016). The two Italian
observers had different background and experience
with dairy goats, as one was an animal scientist with
more than three years of experience with dairy goats,
while the other was a veterinarian without any experi-
ence with dairy goats. On the other hand, the two
Portuguese observers had both a veterinary back-
ground but different level of experience, as one had
more than three years of experience with dairy goats,
while the other was just graduated from a veterinary
school (Vieira et al. 2018). From the application of this
prototype, we used the data collected for two trichot-
omous welfare indicators assessed at individual level,
namely the BCS and KNC.

In addition, further BCS data to be used in the cur-
rent study were obtained from the application of a
modified AWIN protocol for goat welfare assessment
(Battini et al. 2021) by two observers in extensively
managed dairy goat farms exploiting three alpine pas-
tures (AP1, n=44; AP2, n=70; AP3, n=46) in ltaly
between June and August 2021. In this case, the
observers were students enrolled in the second year
of the MSc in Animal Science and of the MSc in
Science and Technologies of Forest Systems and
Territories at the University of Turin (ltaly). Both
observers had no previous experience with dairy
goats. Before data collection, the observers received a
common training on goat welfare assessment,



including both theoretical and practical sessions, given
by one author of the original AWIN welfare assess-
ment protocol for goats kept in intensive or semi-
intensive production systems (AWIN 2015a). They also
received, as training material, both the original AWIN
welfare assessment protocol for goats (AWIN 2015a)
and a publication on the application of the AWIN wel-
fare assessment protocol for goats under semi-exten-
sive conditions (Battini et al. 2021).

Each goat was assigned to one of three mutually
exclusive and exhaustive categories. For BCS: very thin
goat=—1; normal goat = 0; very fat goat = 1; for
KNC: no lesions, hair loss or skin thickening = 0; skin
damage with/without hair loss and reddened skin, but
no enlargement of any joint = 1; skin damage with
hair loss, and enlargement of at least one joint, show-
ing a thick callus = 2.

Four-level animal-based welfare indicators

In the current study, we used data from 219 photos taken
from March to June 2018 in three intensively managed
dairy cattle farms (F1, n=126; F2, n=42; F3, n=51)
located in Italy. Each photo was scored by two observers
for EP and EW. Following the classification proposed by
Battini et al. (2019), each cow was assigned to one of four
mutually exclusive categories. Considering EW: eye white
clearly visible = 1; eye white barely visible = 2; eye white
not visible, with eye normally open = 3; half-closed eye =
4. Considering EP: ears held up = 1; ears held horizontally
= 2; ears held back along the head = 3; ears held down-
wards = 4. The observers were students of the MSc in
Animal Production Sciences and Technologies of the
University of Milan (ltaly), one graduating while the other
just graduated. The observers had no previous experience
with dairy cows, and they received specific training to
score a set of sample photos.

Agreement measures

A rough measure of the reliability is the concordance
rate (Pg), which is given by the ratio between the sum
of the concordant cases and the total number of obser-
vations (Bajpai et al. 2015). P, is expressed as a percent-
age, and it is implemented creating an agreement
matrix, where the rows and columns represent the total
marginal distributions, obtained summing the frequen-
cies of the scores assigned by each observer to the vari-
able of interest during the IOR evaluation (McHugh
2012). However, this measure does not consider the
chance agreement (P.). For this reason, to obtain a
proper IOR estimation, the use of agreement indices,
which also consider the P, is mandatory.
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A summary of the most documented agreement
indices for trichotomous and four-level animal-based
welfare indicators in the case of the evaluation per-
formed by two observers is reported in Table 1. In par-
ticular, to evaluate the IOR between two observers for
trichotomous indicators, the most documented agree-
ment indices in the literature are: Scott’s n (Scott 1955),
Cohen’s K (Cohen 1960), Cohen’s K- (Cohen 1960),
Holley and Guilford's G (Holley and Guilford 1964),
Cohen’s weighted K (K*) (Cohen 1968), Krippendorff's o
(Krippendorff 1970), Hubert's I" (Hubert 1977a), Janson
and Vegelius" J (Janson and Vegelius 1978),
Bangdiwala’s B (Bangdiwala 1985), Andrés and Marzo's
A (Andrés and Marzo 2004), Quatto’s S (Quatto 2004),
Gwet's y(AC;) (Gwet 2008) and Quatto’s weighted S (S*)
(Marasini et al. 2016). Holsti's H (Holsti 1969), even if
suitable to assess the IOR of trichotomous variables in
the presence of two observers, was not considered in
the current study, as this index does not consider the P,
and, therefore, we considered it unable to confer reli-
able agreement results (Giammarino et al. 2021). To
evaluate the IOR between two observers for four-level
indicators, the most documented agreement indices in
the literature are: Cohen’s K, Cohen’s K., Holley and
Guilford’s G, Krippendorff's o, Quatto’'s S and Gwet's
1(AC;). An exhaustive explanation of each of the above-
mentioned indices, as well as their closed formulas of
variance estimates, are reported by Giammarino et al.
(2021). However, in the current paper, some modifica-
tions and implementations were adopted, as detailed in
Appendix A and briefly summarised here below. In par-
ticular, the formula for Janson and Vegelius’ J is calcu-
lated differently from what reported in Giammarino
et al. (2021) as, for variables characterised by more than
two categories, the development of the formula for this
index changes (Janson and Vegelius 1982). Moreover,
the closed formulas for Cohen’s weighted K [not consid-
ered in Giammarino et al. (2021), as this index can be
implemented in the presence of ordinal variables, but
not in the presence of categorical variables] and for
Andrés and Marzo’s A are not reported in Appendix A,
as they were too complex to be implemented manually
for trichotomous variables (their implementation was
possible in R software, only). Finally, the closed formula
for Quatto’s weighted S is included in Appendix A, as
this index can be adopted to evaluate the IOR for
ordinal variables only, and therefore it was not consid-
ered by Giammarino et al. (2021).

Confidence intervals for agreement indices

For a proper estimation of the agreement between
observers, the calculation of confidence intervals
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Table 1. Agreement indices implemented for each animal-based welfare indicator.

Variable

Agreement index

References for the
agreement index

Confidence
intervals

References for the
confidence
intervals

R packages?

R functions?

BODY CONDITION
SCORE and KNEE
CALLUSES
(trichotomous
animal-based
welfare indicators)

EAR POSTURE AND
EYE WHITE (four-

level animal-based
welfare indicators)

Scott’s

Cohen’s K

Cohen’s Kc

Holley and
Guilford's G

Cohen’s weighted K

Krippendorff's o

Hubert’s T'

Janson and
Vegelius’ J

Bangdiwala’s B

Andrés and

Marzo’s A

Quatto’s S

Gwet's y(AC;)

Quatto’s weighted S

Cohen’s K

Cohen’s Kc

Holley and
Guilford’s G

Krippendorff's o

Quatto’s S

Gwet’s y(AC;)

Scott (1955)

Cohen (1960)

Cohen (1960)
Holley and Guilford
(1964)

Cohen (1968)

Krippendorff (1970)

Hubert (1977a)
Janson and
Vegelius (1978)

Bangdiwala (1985)

Andrés and Marzo
(2004)

Quatto (2004)

Gwet (2008)

Marasini et al.

(2016)

Cohen (1960)

Cohen (1960)

Holley and Guilford
(1964)

Krippendorff (1970)

Quatto (2004)

Gwet (2008)

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Bootstrap®

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Bootstrap®

Bootstrap®

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Bootstrap®

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

Closed formula
variance
Bootstrap

of

Scott (1955)

Altman (2000)

Altman (2000)

Gwet (2001)

Cohen (1968)

Altman (2000)

Janson and
Vegelius (1982)

Janson and
Vegelius (1982)

Bangdiwala (1985)

Andrés and Marzo

(2004)

Quatto (2004)

Gwet (2008)

Marasini et al.

(2016)

Altman (2000)

Altman (2000)

Gwet (2001)

Altman (2000)

Quatto (2004)

Gwet (2008)

library(boot)

library(irr)
library(agrmt)
library(raters)
library(ved)
library(boot)

library(boot)

library(boot)

library(vcd)
library(boot)

library(irr)
library(boot)

library(boot)

library(boot)

library(boot)
library(vcd)

library(boot)
library
(DeltaMAN)

library(irr)
library(agrmt)
library(raters)
library(boot)

library(boot)
library(irrCAC)

library(irr)
library(agrmt)
library(raters)
library(boot)

library(irr)
library(agrmt)
library(raters)
library(vcd)
library(boot)

library(boot)

library(boot)

library(irr)
library(boot)

library(irr)
library(agrmt)
library(raters)
library(boot)

library(boot)
library(irrCAC)

boot_result
var(boot)
boot.ci
boot_result var(boot)
boot.ci
confint(res.k)

boot_result var(boot)
boot.ci

boot_result var(boot)
boot.ci

boot_result
var(boot)
boot.ci
confint(res.k)
boot_result
var(boot)
boot.ci
kripp.alpha
boot_result
var(boot)
boot.ci
boot_result
var(boot)
boot.ci
boot_result
var(boot)
boot.ci
agreementplot(xtab)
boot_result
var(boot)
boot.ci
Delta
boot_result
var(boot)
boot.ci
concordance
boot_result
var(boot)
boot.ci
gwet.acl
boot_result
var(boot)
boot.ci
wlin.conc
boot_result
var(boot)
boot.ci
confint(res.k)

boot_result
var(boot)
boot.ci
boot_result
var(boot)
boot.ci
boot_result
var(boot)
boot.ci
kripp.alpha
boot_result
var(boot)
boot.ci
concordance
boot_result
var(boot)
boot.ci
gwet.acl

®Bootstrap: for Cohen’s weighted K, Bangdiwala’s B, Andrés and Marzo's A, and Quatto’s weighted S the formula of variance is too complex to be imple-

mented manually. Consequently, for the above-mentioned indices, the confidence intervals were calculated through the Bootstrap Method, only.



(inference on the estimated parameter) for each index
is recommended. To create the confidence intervals, it
is necessary to calculate the variance for each index,
which gives information about the variability of the
values assumed by the index itself.

For all the agreement indices, the variance esti-
mates and the confidence intervals were implemented
by the Bootstrap Method, which is a resampling tech-
nigue that guarantees reliable confidence intervals
(DiCiccio and Efron 1996). At this regard, one of the
most useful and easiest method is the Bootstrap t-
Method proposed by Efron (1979), which is a general-
isation of the Student’s t-Method.

When it was possible, adopting a 95% confidence
limit and 1.96 as a constant (that is, for Scott's m,
Cohen’s K, Cohen’s K. Holley and Guilford's G,
Krippendorff's o, Hubert's T', Janson and Vegelius’ J,
Quatto’s S and Gwet's y(AC;)), confidence intervals
were also implemented using closed formulas of vari-
ance estimates. An exhaustive explanation of the
closed formulas used in the current paper for the cal-
culation of the variance for each of the implemented
agreement indices is reported by Giammarino et al.
(2021). However, in the current paper, some modifica-
tions and implementations were adopted, as detailed
in Appendix B and briefly summarised here below. In
particular, the closed formulas of variance estimates
for Cohen’s weighted K, Bangdiwala’s B, Andrés and
Marzo’s A and Quatto’s weighted S were not included
in Appendix B, as they were too complex to be imple-
mented manually. The same difficulty was already
reported by Giammarino et al. (2021) when consider-
ing the manual calculation of the variance estimates
for Bangdiwala’s B in the case of dichotomous animal-
based welfare indicators; on the contrary, for Andrés
and Marzo's A the variance estimates were easier to
be calculated manually in the case of dichotomous
rather than trichotomous indicators (Andrés and
Marzo 2004). When the closed formulas of variance
estimates were too complex to be implemented
manually (i.e. for Cohen’s weighted K, Bangdiwala’s B,
Andrés and Marzo’s A and Quatto’s weighted S), confi-
dence intervals were calculated using the Bootstrap
Method, only.

For some agreement indices (i.e. for Cohen's K,
Cohen’s weighted K, Quatto’s S, Gwet's y(AC;), and
Quatto’s weighted S) specific functions are available in
R Commander that allow the confidence intervals to
be easily calculated (Table 1). Therefore, for the
above-mentioned agreement indices, the confidence
intervals were also calculated using R functions.
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Statistical analyses

Both Microsoft Excel (2019) and R Commander (version
R x 64 4.2.2) were used to calculate the values of the
agreement indices and their respective confidence
intervals. Due to the complexity in calculating the
agreement values using closed formulas in Microsoft
Excel, Cohen’s weighted K and Andrés and Marzo's A
were implemented in R Commander, only. For the
same reason, the confidence intervals for Cohen'’s
weighted K, Bangdiwala’s B, Andrés and Marzo’s A and
Quatto’'s weighted S were implemented in R
Commander, only. Moreover, in R Commander the
Bootstrap Method was developed to calculate the val-
ues of all the agreement indices and their respective
confidence intervals, implementing scripts specifically
created for each index. Specific packages and R func-
tions were also used to calculate the values only (i.e.
Krippendorff's o, Bangdiwala’s B and Andrés and
Marzo’s A), or both the values and their respective
confidence intervals (i.e. Cohen’s K, Cohen’s weighted
K, Quatto’s S, Gwet's y(AC;) and Quatto’s weighted S)
of some agreement indices. A summary of all the R
packages and functions implemented for each agree-
ment index is reported in Table 1.

In R software, for Bangdiwala’s B the agreement
chart was also created using specific packages and
functions, which are reported in Table 1. Indeed, the
B-statistic proposed by Bangdiwala (1985) derives from
a graphical representation, which easily identifies the
level of agreement between two observers (Munoz
and Bangdiwala 1997; Bangdiwala et al. 2008). In par-
ticular, the agreement chart allows the reader for an
immediate visual evaluation of the agreement
between observers, which could result easier when
compared to the implementation and subsequent
interpretation of the B index.

Results
Trichotomous animal-based welfare indicators

Agreement measures for Body condition score and
Knee calluses
The values of the agreement indices obtained for BCS
and KNC are reported in Tables 2 and 3, respectively.
The concordance rate (Py) was the same for all the con-
sidered indices, except for Cohen's weighted K and
Quatto’s weighted S; in the latter cases, the concordance
rate (Py*) showed higher values when compared to Py.
In some cases [i.e. for BCS: ITF3, ITF5, ITF7, PTF4,
AP1, and AP2 (Table 2); for KNC: ITF2 and PTF2 (Table
3)], Scott’s w, Cohen’s K, Cohen’s K., Cohen’s weighted


https://doi.org/10.1080/1828051X.2024.2367681
https://doi.org/10.1080/1828051X.2024.2367681

944 (&) B.TORSIELLO ET AL.

K and Krippendorff's « showed very low agreement
values when compared to the obtained P, and Py*.
The same indices even resulted in null or negative val-
ues in some cases [i.e. for BCS: ITF4, PTF3, and AP3
(Table 2); for KNC: ITF4, ITF5, ITF6, ITF7, PTF5, and
PTF7 (Table 3)l. When Py was equal to 100% [i.e. for
KNC: ITF3 and PTF4 (Table 3)], the above-mentioned
agreement indices were not computable. Moreover, in
some cases [i.e. for BCS: ITF1, PTF1, PTF6, and PTF7
(Table 2); for KNC: PTF1, PTF3, and PTF6 (Table 3)],
Cohen’s K¢ exceeded the P, values.

Except for BCS in ITF7, in all the cases in which Pq
was < 95% Andrés and Marzo’s A showed higher
agreement values than Hubert's I'. Andrés and
Marzo’s A was not computable when the Py was equal
to 100% [i.e. for KNC: ITF3 and PTF4 (Table 3).
Analysing the cases in which Scott's n, Cohen’s K,
Cohen’s K, Cohen’s weighted K and Krippendorff's o
conferred very low agreement results if compared to
their respective Py and Py*, it can be seen that Andrés
and Marzo's A, Hubert's I' and Janson and Vegelius' J
were able to give higher agreement results (Tables 2
and 3). However, in all the cases, Hubert's I', Andrés
and Marzo's A and Janson and Vegelius’ J conferred
agreement results that were lower and further from P,
when compared to those obtained implementing
Bangdiwala’s B, Gwet's y(AC;), Quatto’s weighted S,
Holley and Guilford’s G and Quatto’s S.

Bangdiwala’s B, Gwet’s y(AC;) and Quatto’s weighted
S resulted in very similar values each other; such

values were very close to the obtained Py and Py*. In
all cases, values for Holley and Guilford’s G and
Quatto’s S were identical.

Confidence intervals for Body condition score and
Knee calluses

The values of the confidence intervals obtained for
the trichotomous indicators and implemented in
Microsoft Excel using the closed formulas of the vari-
ance estimates and in R Commander using the
Bootstrap Method and specific R functions are
reported in Table 4 (BCS) and Table 5 (KNC). In most
of the cases, we observed a substantial agreement
between the confidence intervals obtained using the
closed formulas of variance and those obtained using
the Bootstrap Method. However, the closed formulas
are built on an approximate calculation of the variance
(DiCiccio and Efron 1996) and are sometimes difficult
to be implemented manually [i.e. in the case of
Cohen’s weighted K, Bangdiwala's B, Andrés and
Marzo’s A and Quatto’s weighted S for both BCS (Table
4) and KNC (Table 5)]. Moreover, in some cases [i.e. for
BCS: the formula for Cohen’s Kc in ITF4 and PTF3
(Table 4); for KNC: the formula for Cohen’s K¢ in ITF3,
ITF4, ITF5, ITF6, ITF7, PTF4, PTF5, PTF7 (Table 5); for
KNC: the formulas for Scott's 7=, Cohen's K, and
Krippendorff's o in ITF3 and PTF4 (Table 5)] the closed
formulas were not able to give any number. On the
contrary, the Bootstrap Method allowed to calculate
the confidence intervals for all the considered

Table 2. Values of the concordance rate and of the agreement indices obtained for Body condition score (BCS) for the three
alpine pastures and for the fourteen intensively managed Italian and Portuguese dairy goat farms.

Agreement Index

n Po Po* T K Kc G K o r J B A s WAC) S
TF1 49  84%  91% 0.53 0.55 091 076 0.51 054 044 064 081 071 076 080 079
TF2 37  78%  88% 043 0.43 046  0.68 0.40 044 030 053 075 060 068 073 073
PR3 43 74%  87% 0.05 0.09 020 062 0.12 006 022 045 072 034 062 070 071
TF4 30 90%  95%  —0.04 0 NC. 085 0 —002 063 078 090 074 085 090 089
TF5 30 83%  92% 0.19 021 040 075 021 020 043 063 081 063 075 081 0.81
TF6 34  82%  90% 0.68 0.68 072 074 0.68 069 040 058 073 071 074 076 077
TF7 39 74%  87% 0.26 027 043 062 032 027 022 044 069 017 062 069 071
PTF1 48  98%  99% 0.95 0.95 1 0.97 0.96 096 092 093 09 088 097 097 098
PTF2 38 9%  96% 0.72 0.72 080 0.8 0.72 073 070 079 089 078 088 091 091
PTF3 25  96%  98%  —0.02 0 NC. 094 0 0 084 091 096 083 094 096 09
PTF4 39 8%  91% 035 035 039 073 035 036 040 058 077 060 073 079 080
PTF5 32  88%  94% 0.59 0.59 074 081 0.59 060 055 068 083 070 081 085  0.86
PTF6 38  97%  99% 091 091 1 0.96 0.92 091 089 093 097 08 09 097 097
PTF7 35  97%  99% 0.89 0.89 1 0.96 0.89 089 089 092 09 087 096 097 097
APT 44 8%  91% 0.26 0.26 036 073 0.29 027 039 059 079 050 073 079 080
AP2 70  73%  86% 0.04 0.05 008 059 0.07 005 020 042 069 022 059 068 069
AP3 46  74%  87% —0.12 —0.11 —0.15 061 —008 —011 021 046 071 027 061 070 071

n = sample size; P, = concordance rate for all the indices, except for K* (Cohen’s weighted K) and S* (Quatto’s weighted S); Po* = concordance rate for
Cohen’s weighted K and Quatto’s weighted S; m = Scott’s m; K = Cohen’s K; Kc = Cohen’s K¢; G = Holley and Guilford’s G; K* = Cohen'’s weighted K; a
= Krippendorff's o; I' = Hubert’s T'; J = Janson and Vegelius' J; B = Bangdiwala’s B; A = Andrés and Marzo's A; S = Quatto’s S; y(AC;) = Gwet's
VAC); S*
ITF6 = Italian farm 6; ITF7 = Italian farm 7; PTF1 =Portuguese farm 1; PTF2 = Portuguese farm 2; PTF3 = Portuguese farm 3; PTF4 = Portuguese farm 4;
PTF5 = Portuguese farm 5; PTF6 = Portuguese farm 6; PTF7 = Portuguese farm 7; AP1 =alpine pasture 1; AP2 =alpine pasture 2; AP3 =alpine pasture 3;

N.C. = not computable.

Quatto’s weighted S; ITF1=Italian farm 1; ITF2=Italian farm 2; ITF3=ltalian farm 3; ITF4 =ltalian farm 4; ITF5=Italian farm 5;
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Table 3. Values of the concordance rate and of the agreement indices obtained for knee calluses (KNC) for the fourteen inten-

sively managed Italian and Portuguese dairy goat farms.

Agreement Index

n Po Po* 7 K Ke G K o r J B A s J(AC,)  S*

TF1 49 94%  97% 063 063 072 091 063 064 077 085 093 083 091 093 093
TF2 37 78%  89% 009 012 026 068 013 010 030 054 076 049 068 075 076
ITF3 43 100%  100% NG NG NG 1 N.C. NC 1 1 1 NC 1 1 1

ITF4 30  97%  98% —002 O NC. 095 0 0 087 093 097 085 095 097 09
TF5 30  77%  88% —0.10 0 NC. 065 0 —008 026 051 077 057 065 074 074
ITF6 34 8%  93% —008 0 NC. 078 0 —006 048 069 085 070 078 084  0.83
TF7 39 92%  96% —004 0 NC. 088 0 —003 071 083 092 08 08 092 091
PTF1 48  88%  94% 064 065 1 081 067 065 055 070 085 075 081 085 086
PTF2 38 8%  91% 029 029 042 072 032 030 038 059 079 055 072 079 079
PTF3 25 92%  96% 063 063 1 088  0.64 064 069 081 091 075 088 091 091
PTF4 39  100%  100% NG NG NG 1 N.C. NC 1 1 1 NC 1 1 1

PTF5 32 97%  98% —002 0 NC. 095 0 0 088 093 097 086 095 097 09
PTF6 38  95%  97% 088 088 1 092  0.89 088 080 085 092 082 092 093 094
PTF7 35  94%  97% —002 0 NC. 091 0 —001 078 087 094 08 091 094 094

n = sample size; P, = concordance rate for all the indices, except for K* (Cohen’s weighted K) and S* (Quatto’s weighted S); Po* = concordance rate for
Cohen'’s weighted K and Quatto’s weighted S; m = Scott’s m; K = Cohen'’s K; Kc = Cohen’s K;; G = Holley and Guilford's G; K* = Cohen’s weighted K; o
= Krippendorff's o; I' = Hubert's T'; J = Janson and Vegelius’ J; B = Bangdiwala’s B; A = Andrés and Marzo's A; S = Quatto’s S; y(AC;) = Gwet's
Y(AC;); S* = Quatto’s weighted S; ITF1=Italian farm 1; ITF2=Italian farm 2; ITF3 =ltalian farm 3; ITF4=Italian farm 4; ITF5=Italian farm 5;
ITF6 = Italian farm 6; ITF7 = Italian farm 7; PTF1 =Portuguese farm 1; PTF2 = Portuguese farm 2; PTF3 = Portuguese farm 3; PTF4 = Portuguese farm 4;
PTF5 = Portuguese farm 5; PTF6 = Portuguese farm 6; PTF7 = Portuguese farm 7; N.C. = not computable.

agreement indices (with very few exceptions), confer-
ring more accurate results (DiCiccio and Efron 1996).
For some agreement indices (i.e. Cohen’s K, Cohen’s
weighted K, Quatto’s S, Gwet's 9(AC;) and Quattos’
weighted S), R functions are available for confidence
intervals calculation. In all the cases, the confidence
intervals obtained using R functions were close (and in
some cases identical) to those obtained using the
Bootstrap  Method. Indeed, the R functions
‘concordance’ and ‘wlin.conc’ were developed to calcu-
late the confidence intervals for Quatto’s S and Quatto’s
weighted S starting from the Bootstrap Method.
Considering the above-mentioned issues, we
decided to rely on the Bootstrap Method to describe
the differences in the results obtained for confidence
intervals among the considered agreement indices.
For all the farms and alpine pastures, the confidence
intervals obtained for Holley and Guilford’s G and
Quatto’s S were identical. Furthermore, in all the con-
sidered cases, Bangdiwala's B, Gwet's y(AC;) and
Quatto’s weighted S showed the narrowest confidence
intervals, followed by Quatto’s S (Tables 4 and 5).
Considering BCS, the confidence intervals obtained
for Scott's m, Cohen’s K, Cohen’s K., Cohen's weighted K
and Krippendorff's o were wide, with few exceptions
recorded (i.e. in ITF4, PTF1, PTF3, PTF6, and AP3, in
which negative values were also found). Wide confi-
dence intervals were also often found for Andrés and
Marzo’s A. Janson and Vegelius’ J and Hubert's T" were
characterised by confidence intervals with similar width,
except in AP1.
The confidence intervals results obtained for KNC
showed the same trend as that observed for BCS.

Finally, even using the Bootstrap Method, in few
cases the confidence intervals calculated for Scott's m,
Cohen'’s K, Cohen'’s weighted K, Krippendorff's o [i.e. for
KNC: ITF3, PTF4 (Table 5)], Cohen Kc [i.e. for BCS: ITF4,
PTF3 (Table 4); for KNC: ITF3, ITF4, ITF5, ITF6, ITF7, PTF4,
PTF5, PTF7 (Table 5)], and Andrés and Marzo’s A [i.e. for
KNC: ITF3, PTF4 (Table 5)] did not return any number.

Bangdiwala’s agreement chart for Body condition
score

To provide examples of Bangdiwala’s agreement charts,
three cases were considered. The charts were developed
for the BCS recorded in the three alpine pastures, and
are shown in Appendix C. Within the chart, the agree-
ment is defined as the proportion between the black
areas inside the chart and the remaining part of the
matrix, which is represented by the total marginal distri-
butions of the rows and columns.

Four-level animal-based welfare indicators

Agreement measures for Ear posture and Eye white
Differently from what was observed in the case of the
considered trichotomous indicators (BCS; KNC), in all
the cattle farms, Cohen’s K and Krippendorff's «
showed agreement values not far from P, for both EP
and EW (Table 6). On the other hand, in some circum-
stances, Cohen’s K- coincided with Py (EW-F3) or, as
already observed for BCS and KNC, even exceeded P,
(EP-F2, EP-F3, EW-F2), therefore showing anomalous
values. As for BCS and KNG, also for the four-level indi-
cators (i) Quatto’'s S and Holley and Guilford’s G
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Table 4. Values of the confidence intervals for the agreement indices obtained for Body condition score (BCS) implemented
using closed formulas, Bootstrap-t Method, and R functions in the three alpine pastures and in the fourteen intensively managed
Italian and Portuguese dairy goat farms.

Confidence intervals

Trichotomous variables (BCS) Agreement indices By closed formulas By Bootstrap-t Method By R functions
ITF1 n 0.24; 0.83 0.26; 0.84 N.A.
(n=49) K 0.26; 0.83 0.28; 0.83 confint(res.k): 0.29; 0.80
Kc 0.63; 1.18 0.71; 1.11 N.A.
G 0.55; 0.96 0.60; 0.91 N.A.
K* N.C. 0.24; 0.79 confint(res.k): 0.24; 0.79
o 0.25; 0.83 0.28; 0.84 N.A.
r 0.39; 0.50 0.13; 0.72 N.A.
J 0.58; 0.70 0.41; 0.85 N.A.
B N.C. 0.69; 0.94 N.A.
A N.C. 0.49; 1.02 N.A.
S 0.56; 0.95 0.60; 0.91 concordance: 0.60; 0.88
YAC;) 0.67; 0.93 0.67; 0.94 gwet.acl: 0.66; 0.94
S* N.C. 0.66; 0.93 wlin.conc: 0.66; 0.91
ITF2 T 0.07; 0.78 0.10; 0.79 N.A.
(n=137) K 0.08; 0.78 0.12; 0.76 confint(res.k): 0.12; 0.74
Kc 0.32; 0.60 —0.01; 0.78 N.A.
G 0.41; 0.94 0.48; 0.88 N.A.
K* N.C. 0.08; 0.74 confint(res.k): 0.07; 0.73
o 0.22; 0.66 0.14; 0.76 N.A.
r 0.23; 0.38 0.00; 0.59 N.A.
J 0.46; 0.60 0.25; 0.80 N.A.
B N.C. 0.58; 0.91 N.A.
A N.C. 0.29; 0.97 N.A.
S 0.45; 0.90 0.48; 0.88 concordance: 0.47; 0.88
Y(AC;) 0.55; 0.91 0.56; 0.91 gwet.acl: 0.55; 0.92
S* N.C. 0.55; 0.90 wlin.conc: 0.51; 0.88
ITF3 T —0.45; 0.54 —0.23; 0.33 N.A.
(n=43) K —0.38; 0.55 —0.16; 0.35 confint(res.k): —0.17; 0.34
Kc —0.19; 0.60 —0.54; 0.92 N.A.
G 0.36; 0.88 0.43; 0.80 N.A.
K* N.C. -0.14; 0.37 confint(res.k): —0.14; 0.37
o —0.43; 0.55 —0.21; 0.34 N.A.
r 0.16; 0.28 —0.07; 0.46 N.A.
J 0.39; 0.51 0.20; 0.68 N.A.
B N.C. 0.57; 0.87 N.A.
A N.C. —0.16; 0.80 N.A.
S 0.40; 0.83 0.43; 0.80 concordance: 0.41; 0.83
(AC;) 0.53; 0.87 0.54; 0.88 gwet.acl: 0.53; 0.88
S* N.C. 0.57; 0.85 wlin.conc: 0.56; 0.84
ITF4 T -1.18; 1.10 —0.08; 0.01 N.A.
(n=30) K —1.07; 1.07 0.00; 0.00 confint(res.k): 0.00; 0.00
Kc N.A.N. N.A.N. N.A.
G 0.64; 1.06 0.69; 1.00 N.A.
K* N.C. 0.00; 0.00 confint(res.k): 0.00; 0.00
o —1.09; 1.05 —0.48; 0.35 N.A.
r 0.54; 0.72 0.27; 0.96 N.A.
J 0.69; 0.87 0.54; 1.01 N.A.
B N.C. 0.79; 1.00 N.A.
A N.C. 0.59; 0.88 N.A.
S 0.60; 1.10 0.69; 1.00 concordance: 0.65; 1.00
Y(AC;) 0.78; 1.02 0.78; 1.02 gwet.acl: 0.77; 1.00
S* N.C. 0.77; 1.01 wlin.conc: 0.78; 1.00
ITF5 n —0.47; 0.85 —0.27; 0.69 N.A.
(n=30) K —0.42; 0.84 —0.23; 0.68 confint(res.k): —0.24; 0.66
Kc —0.11; 0.91 —0.51; 1.30 N.A.
G 0.48; 1.02 0.55; 0.95 N.A.
K* N.C. —0.23; 0.69 confint(res.k): —0.24; 0.66
o —0.36; 0.76 —0.23; 0.70 N.A.
r 0.33; 0.52 0.05; 0.76 N.A.
J 0.54; 0.72 0.37; 0.87 N.A.
B N.C. 0.66; 0.97 N.A.
A N.C. 0.39; 0.84 N.A.
S 0.50; 1.00 0.55; 0.95 concordance: 0.55; 0.95
YAC;) 0.65; 0.97 0.66; 0.99 gwet.acl: 0.65; 0.98
S* N.C. 0.67; 0.96 wlin.conc: 0.66; 0.96
ITF6 T 0.45; 0.92 0.46; 0.93 N.A.
(n=134) K 0.45; 0.91 0.45; 0.92 confint(res.k): 0.46; 0.91

(continued)
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Table 4. Continued.

Confidence intervals

Trichotomous variables (BCS) Agreement indices By closed formulas By Bootstrap-t Method By R functions
Kc 0.62; 0.82 0.42; 0.90 N.A.
G 0.48; 0.99 0.55; 0.93 N.A.
K* N.C. 0.44; 0.93 confint(res.k): 0.43; 0.92
o 0.46; 0.92 0.48; 0.92 N.A.
r 0.32; 0.48 0.06; 0.71 N.A.
J 0.50; 0.66 0.29; 0.83 N.A.
B N.C. 0.53; 0.92 N.A.
A N.C. 0.51; 1.04 N.A.
S 0.50; 0.97 0.55; 0.93 concordance: 0.56; 0.91
(AC;) 0.58; 0.94 0.58; 0.93 gwet.acl: 0.56; 0.95
S* N.C. 0.59; 0.95 wlin.conc: 0.57; 0.93
ITF7 n —0.14; 0.66 —0.05; 0.61 N.A.
(n=39) K —0.11; 0.66 —0.03; 0.60 confint(res.k): —0.05; 0.59
Kc 0.13; 0.73 —0.08; 0.97 N.A.
G 0.34; 0.89 0.40; 0.83 N.A.
K* N.C. 0.04; 0.63 confint(res.k): 0.03; 0.62
o —0.12; 0.66 —0.05; 0.64 N.A.
r 0.15; 0.29 —0.08; 0.47 N.A.
J 0.37; 0.51 0.20; 0.66 N.A.
B N.C. 0.52; 0.86 N.A.
A N.C. —0.50; 0.80 N.A.
S 0.39; 0.84 0.40; 0.83 concordance: 0.38; 0.81
YAC;) 0.51; 0.87 0.51; 0.87 gwet.acl: 0.50; 0.88
S* N.C. 0.56; 0.87 wlin.conc: 0.54; 0.86
PTF1 T 0.87; 1.04 0.86; 1.04 N.A.
(n=48) K 0.87; 1.04 0.86; 1.04 confint(res.k): 0.87; 1.00
Kc 0.91; 1.09 1.00; 1.00 N.A.
G 0.89; 1.05 0.91; 1.03 N.A.
K* N.C. 0.87; 1.04 confint(res.k): 0.87; 1.00
o 0.86; 1.06 0.87; 1.04 N.A.
r 0.86; 0.97 0.76; 1.07 N.A.
J 0.87; 0.99 0.81; 1.06 N.A.
B N.C. 0.90; 1.03 N.A.
A N.C. 0.82; 0.94 N.A.
S 0.77; 1.17 0.91; 1.03 concordance: 0.91; 1.00
(AC;) 0.92; 1.02 0.92; 1.02 gwet.acl: 0.92; 1.00
s* N.C. 0.93; 1.02 wlin.conc: 0.93; 1.00
PTF2 T 0.42; 1.03 0.41; 1.10 N.A.
(n=38) K 0.42; 1.02 0.41; 1.07 confint(res.k): 0.43; 1.00
Kc 0.62; 0.97 0.41; 1.09 N.A.
G 0.71; 1.05 0.76; 1.01 N.A.
K* N.C. 0.41; 1.07 confint(res.k): 0.43; 1.00
o 0.43; 1.03 0.41; 1.07 N.A.
r 0.63; 0.77 0.41; 0.99 N.A.
J 0.72; 0.86 0.57; 1.01 N.A.
B N.C. 0.78; 1.02 N.A.
A N.C. 0.62; 0.94 N.A.
S 0.66; 1.11 0.76; 1.01 concordance: 0.76; 1.00
YAC;) 0.81; 1.01 0.81; 1.01 gwet.acl: 0.80; 1.00
S* N.C. 0.81; 1.01 wlin.conc: 0.79; 1.00
PTF3 T —2.02; 1.98 —0.04; 0.03 N.A.
(n=25) K -1.92; 1.92 0.00; 0.00 confint(res.k): 0.00; 0.00
Kc N.AN. N.AN. N.A.
G 0.79; 1.09 0.82; 1.07 N.A.
K* N.C. 0.00; 0.00 confint(res.k): 0.00; 0.00
o —1.54; 1.54 —1.34; 0.59 N.A.
r 0.73; 0.95 0.55; 1.10 N.A.
J 0.80; 1.02 0.75; 1.07 N.A.
B N.C. 0.88; 1.04 N.A.
A N.C. 0.77; 0.92 N.A.
S 0.66; 1.22 0.82; 1.07 concordance: 0.82; 1.00
(AC;) 0.88; 1.04 0.88; 1.04 gwet.acl: 0.87; 1.00
S* N.C. 0.87; 1.04 wlin.conc: 0.87; 1.00
PTF4 n —0.09; 0.79 —0.03; 0.79 N.A.
(n=39) K —0.08; 0.79 —0.02; 0.76 confint(res.k): —0.03; 0.73
Kc 0.21; 0.57 —0.14; 0.86 N.A.
G 0.49; 0.97 0.55; 0.91 N.A.
K* N.C. —-0.01; 0.75 confint(res.k): —0.03; 0.73
o -0.07; 0.79 —0.03; 0.79 N.A.
r 0.32; 047 0.07; 0.67 N.A.

(continued)
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Table 4. Continued.

Confidence intervals

Trichotomous variables (BCS) Agreement indices By closed formulas By Bootstrap-t Method By R functions
J 0.51; 0.65 0.33; 0.81 N.A.
B N.C. 0.61; 0.94 N.A.
A N.C. 0.36; 0.81 N.A.
S 0.51; 0.95 0.55; 0.91 concordance: 0.54; 0.88
YAC;) 0.64; 0.94 0.65; 0.94 gwet.acl: 0.64; 0.95
S* N.C. 0.66; 0.94 wlin.conc: 0.65; 0.91
PTF5 T 0.21; 0.97 0.25; 0.99 N.A.
(n=32) K 0.22; 0.97 0.23; 1.00 confint(res.k): 0.24; 0.95
Kc 0.47; 1.02 0.26; 1.21 N.A.
G 0.58; 1.04 0.65; 0.98 N.A.
K* N.C. 0.23; 0.99 confint(res.k): 0.24; 0.95
o 0.26; 0.94 0.24; 0.99 N.A.
r 0.46; 0.64 0.18; 0.87 N.A.
J 0.59; 0.77 0.42; 0.94 N.A.
B N.C. 0.67; 1.00 N.A.
A N.C. 0.49; 0.87 N.A.
S 0.57; 1.06 0.65; 0.98 concordance: 0.63; 0.95
(AC;) 0.71; 0.99 0.72; 0.99 gwet.acl: 0.70; 1.00
S* N.C. 0.73; 0.98 wlin.conc: 0.72; 0.96
PTF6 T 0.74; 1.08 0.71; 1.13 N.A.
(n=38) K 0.74; 1.08 0.71; 1.13 confint(res.k): 0.74; 1.00
Kc 0.83; 1.17 1.00; 1.00 N.A.
G 0.86; 1.06 0.88; 1.04 N.A.
K* N.C. 0.80; 1.11 confint(res.k): 0.75; 1.00
o 0.73; 1.09 0.71; 1.13 N.A.
r 0.82; 0.97 0.70; 1.09 N.A.
J 0.86; 1.00 0.81; 1.06 N.A.
B N.C. 0.90; 1.03 N.A.
A N.C. 0.78; 0.93 N.A.
S 0.74; 1.19 0.88; 1.04 concordance: 0.88; 1.00
YAC;) 0.91; 1.03 0.91; 1.03 gwet.acl: 0.91; 1.00
S* N.C. 0.91; 1.03 wlin.conc: 0.91; 1.00
PTF7 T 0.68; 1.10 0.64; 1.17 N.A.
(n=135) K 0.68; 1.10 0.63; 1.18 confint(res.k): 0.69; 1.00
Kc 0.79; 1.21 1.00; 1.00 N.A.
G 0.85; 1.07 0.87; 1.04 N.A.
K* N.C. 0.66; 1.15 confint(res.k): 0.69; 1.00
o 0.68; 1.10 0.67; 1.12 N.A.
r 0.81; 0.96 0.67; 1.11 N.A.
J 0.84; 1.00 0.77; 1.06 N.A.
B N.C. 0.88; 1.03 N.A.
A N.C. 0.79; 0.95 N.A.
S 0.72; 1.19 0.87; 1.04 concordance: 0.87; 1.00
(AC;) 0.91; 1.03 0.90; 1.03 gwet.acl: 0.90; 1.00
s* N.C. 0.91; 1.03 wlin.conc: 0.90; 1.00
AP1 i —-0.21; 0.73 —-0.11; 0.65 N.A.
(n=44) K —0.20; 0.72 —0.10; 0.64 confint(res.k): —0.10; 0.63
Kc 0.06; 0.66 —-0.23; 0.93 N.A.
G 0.50; 0.96 0.55; 0.90 N.A.
K* N.C. —0.05; 0.66 confint(res.k): —0.06; 0.64
o —0.71; 1.25 —0.08; 0.67 N.A.
r 0.33; 0.45 0.10; 0.67 N.A.
J 0.53; 0.66 0.36; 0.82 N.A.
B N.C. 0.66; 0.93 N.A.
A N.C. 0.11; 0.87 N.A.
S 0.52; 0.94 0.55; 0.90 concordance: 0.56; 0.90
YAC;) 0.65; 0.93 0.65; 0.93 gwet.acl: 0.65; 0.94
S* N.C. 0.67; 0.92 wlin.conc: 0.67; 0.92
AP2 T —0.33; 0.41 —0.19; 0.27 N.A.
(n=70) K —0.31; 0.42 —0.17; 0.27 confint(res.k): —0.17; 0.27
Kc —-0.17; 0.32 —-0.32; 0.47 N.A.
G 0.38; 0.80 0.43; 0.75 N.A.
K* N.C. —0.13; 0.29 confint(res.k): —0.14; 0.29
o —0.32; 0.42 —0.18; 0.28 N.A.
r 0.16; 0.24 —0.02; 0.38 N.A.
J 0.38; 0.46 0.23; 0.60 N.A.
B N.C. 0.56; 0.82 N.A.
A N.C. —0.26; 0.69 N.A.
S 0.43; 0.76 0.43; 0.75 concordance: 0.42; 0.74
(AC;) 0.55; 0.82 0.55; 0.82 gwet.acl: 0.55; 0.82

(continued)
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Trichotomous variables (BCS) Agreement indices

Confidence intervals

By closed formulas

By Bootstrap-t Method

By R functions

s* N.C. 0.58; 0.81 wlin.conc: 0.58; 0.81
AP3 i —0.67; 0.43 —-0.18; —0.05 N.A.
(n=46) K —0.65; 0.43 —0.19; —0.05 confint(res.k): —0.18; —0.04
Kc —0.46; 0.15 —0.24; —0.03 N.A.
G 0.35; 0.86 0.43; 0.80 N.A.
K* N.C. —0.15; —0.02 confint(res.k): —0.15; —0.01
o —0.66; 0.44 —-0.17; —0.04 N.A.
r 0.15; 0.27 —0.05; 0.44 N.A.
J 0.40; 0.52 0.24; 0.67 N.A.
B N.C. 0.57; 0.86 N.A.
A N.C. —0.24; 0.78 N.A.
S 0.40; 0.81 0.43; 0.80 concordance: 0.41; 0.80
YAC;) 0.54; 0.87 0.54; 0.86 gwet.acl: 0.54; 0.87
S* N.C. 0.56; 0.86 wlin.conc: 0.56; 0.83

n = sample size; © = Scott’s m; K = Cohen’s K; Kc = Cohen’s K;; G = Holley and Guilford’s G; K* = Cohen’s weighted K; o. = Krippendorff's o; ' =
Hubert's T'; J = Janson and Vegelius’ J; B = Bangdiwala’s B; A = Andrés and Marzo’s A; S = Quatto’s S; y(AC;) = Gwet's y(AC;); S* = Quatto’s weighted
S; ITF1 =Italian farm 1; ITF2 = Italian farm 2; ITF3 = Italian farm 3; ITF4 = Italian farm 4; ITF5 = Italian farm 5; ITF6 = Italian farm 6; ITF7 = Italian farm 7;
PTF1 =Portuguese farm 1; PTF2=Portuguese farm 2; PTF3 =Portuguese farm 3; PTF4=Portuguese farm 4; PTF5=Portuguese farm 5;
PTF6 = Portuguese farm 6; PTF7 = Portuguese farm 7; AP1=alpine pasture 1; AP2 =alpine pasture 2; AP3 =alpine pasture 3; N.C. = not computable
(i.e. the closed formula is too complex to be implemented manually); N.A.N. = not a number (i.e. the closed formula or the Bootstrap Method does not
return any number); N.A. = not available (i.e. no R function available to compute confidence intervals).

showed identical values and (ii) Gwet's y(AC;) con-
ferred the agreement results closest to P,,.

Confidence intervals for Ear posture and Eye white
As already observed for the trichotomous indicators,
also for the four-level indicators there was a substan-
tial agreement between the confidence intervals
implemented with the closed formulas of variance
estimates and the confidence intervals obtained using
the Bootstrap Method (Table 7). The confidence inter-
vals obtained using R functions (when available) were
also very close to those obtained using both closed
formulas and the Bootstrap Method.

In all the considered cases, the confidence intervals
obtained for Holley and Guilford’s G and Quatto’s S
were identical. In addition, also Cohen’s K and
Krippendorff's o showed very similar or identical confi-
dence intervals (Table 7).

All the agreement indices implemented for the
four-level indicators showed confidence intervals char-
acterised by similar widths (Table 7).

Discussion

Evaluation of IOR for trichotomous animal-based
welfare indicators

The BCS and KNC, which were chosen as examples of
trichotomous animal-based welfare indicators in the
current study, behave both like categorical variables
(variables that express values divided into pre-estab-
lished categories, which cannot be ordered) and
ordinal variables (variables which express countable
and orderable values) (Stevens 1946). For this reason,
all the indices used to evaluate the agreement

between two observers in the case of dichotomous
categorical indicators (e.g. udder asymmetry;
Giammarino et al. 2021) are also suitable to evaluate
the agreement between two observers in the case of
trichotomous categorical indicators. Exceptions are (i)
Cohen'’s weighted K and Quatto weighted S, which can
be used for ordinal variables, only; and (ii) K PABAK as,
according to Byrt et al. (1993), can be implemented
for dichotomous variables only, even if there are
examples of its use for trichotomous indicators
(Thomsen and Baadsgaard 2006).

As reported by Giammarino et al. (2021) in the case
of dichotomous animal-based indicators and the pres-
ence of two observers, also for trichotomous indicators
Scott’'s w, Cohen’s K and Krippendorff's o gave very
low agreement results in some of the Italian and
Portuguese farms and in all the alpine pastures, if
compared to the obtained P, (Tables 2 and 3). This
phenomenon was identified by Feinstein and Cicchetti
(1990) for the Kappa statistics (Cohen 1960; Fleiss
1971; Hubert 1977b), being defined as ‘paradox
behaviour, which occurs when, despite a high Py,
some indices confer low agreement values. The main
explanation of this effect was already highlighted by
Kraemer (1979), who showed the problem of the
prevalence, defined as the frequency attribution of a
subject to the same category by the observers. If the
prevalence is high, the lack of variability in assigning
the variables to the categories makes the marginal dis-
tributions unbalanced within the concordance matrix
(Feinstein and Cicchetti 1990). This leads to an
increase of P, which, in some cases, results in negative
values of Cohen'’s K, as observed in the current study
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Table 5. Values of the confidence intervals for the agreement indices obtained for knee calluses (KNC) implemented using
closed formulas, Bootstrap-t Method, and R functions in the fourteen Italian and Portuguese dairy goat farms.

Confidence intervals

Trichotomous variables (Knee calluses) Agreement indices By closed formulas By Bootstrap-t Method By R functions
ITF1 T 0.23; 1.04 0.20; 1.11 N.A.
(n=49) K 0.23; 1.04 0.20; 1.13 confint(res.k): 0.25; 1.00
Kc 0.48; 0.96 0.15; 1.20 N.A.
G 0.77; 1.04 0.81; 1.01 N.A.
K* N.C. 0.21; 1.10 confint(res.k): 0.25; 1.00
o 0.20; 1.08 0.22; 1.10 N.A.
r 0.71; 0.82 0.53; 0.99 N.A.
J 0.79; 0.91 0.69; 1.01 N.A.
B N.C. 0.85; 1.01 N.A.
A N.C. 0.71; 0.94 N.A.
S 0.71; 1.1 0.81; 1.01 concordance: 0.82; 1.00
Y(AC;) 0.85; 1.01 0.86; 1.01 gwet.acl: 0.86; 1.00
S* N.C. 0.85; 1.01 wlin.conc: 0.84; 1.00
ITF2 T —0.48; 0.66 —0.25; 0.47 N.A.
(h=137) K —0.43; 0.66 —0.18; 0.45 confint(res.k): —0.21; 0.45
Kc -0.19; 0.71 —0.50; 1.05 N.A.
G 0.41; 0.94 0.48; 0.88 N.A.
K* N.C. —0.17; 0.46 confint(res.k): —0.18; 0.45
o —0.44; 0.64 —0.23; 0.47 N.A.
T 0.23; 0.38 —0.03; 0.61 N.A.
J 0.47; 0.61 0.29; 0.76 N.A.
B N.C. 0.61; 0.92 N.A.
A N.C. 0.12; 0.86 N.A.
S 0.45; 0.90 0.48; 0.88 concordance: 0.43; 0.88
WAC;) 0.59; 0.91 0.59; 0.93 gwet.acl: 0.58; 0.93
S* N.C. 0.61; 0.91 wlin.conc: 0.60; 0.91
ITF3 T N.A.N. N.A.N. N.A.
(n=43) K N.A.N. N.A.N. confint(res.k): N.A.N.
Kc N.A.N. N.A.N. N.A.
G 1.00; 1.00 1.00; 1.00 N.A.
K* N.C. N.AN. confint(res.k): N.A.N.
o N.AN. N.AN. N.A.
r 0.94; 1.06 1.00; 1.00 N.A.
J 0.94; 1.06 1.00; 1.00 N.A.
B N.C. 1.00; 1.00 N.A.
A N.C. N.AN. N.A.
S 0.79; 1.21 1.00; 1.00 concordance:1.00; 1.00
Y(AC;) 1.00; 1.00 1.00; 1.00 gwet.acl: 1.00; 1.00
S* N.C. 1.00; 1.00 wlin.conc: 1.00; 1.00
ITF4 T —2.01; 1.98 —0.03; 0.02 N.A.
(n=30) K —1.93; 1.93 0.00; 0.00 confint(res.k): 0.00; 0.00
Kc N.AN. N.AN. N.A.
G 0.82; 1.08 0.86; 1.04 N.A.
K* N.C. 0.00; 0.00 confint(res.k): 0.00; 0.00
o —1.78; 1.78 —1.33; 0.59 N.A.
T 0.77; 0.96 0.62; 1.11 N.A.
J 0.84; 1.02 0.79; 1.07 N.A.
B N.C. 0.90; 1.03 N.A.
A N.C. 0.81; 0.94 N.A.
S 0.70; 1.20 0.86; 1.04 concordance: 0.85; 1.00
WAC;) 0.90; 1.04 0.90; 1.03 gwet.acl: 0.90; 1.00
S* N.C. 0.89; 1.03 wlin.conc: 0.89; 1.00
ITF5 7 —0.83; 0.62 —0.17; —0.02 N.A.
(n=30) K —0.65; 0.65 0.00; 0.00 confint(res.k): 0.00; 0.00
Kc N.A.N. N.A.N. N.A.
G 0.35; 0.95 0.43; 0.87 N.A.
K* N.C 0.00; 0.00 confint(res.k): 0.00; 0.00
o —0.71; 0.55 —0.18; 0.02 N.A.
r 0.17; 0.35 —0.11; 0.57 N.A.
J 0.42; 0.60 0.24; 0.76 N.A.
B N.C. 0.61; 0.92 N.A.
A N.C. 0.37; 0.77 N.A.
S 0.40; 0.90 0.43; 0.87 concordance: 0.40; 0.85
Y(AC;) 0.55; 0.93 0.55; 0.94 gwet.acl: 0.54; 0.94
S* N.C. 0.57; 0.90 wlin.conc: 0.55; 0.89
ITF6 T —0.97; 0.81 —0.15; —-0.01 N.A.
(n=34) K —0.81; 0.81 0.00; 0.00 confint(res.k): 0.00; 0.00
Kc N.AN N.AN. N.A.

(continued)
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Trichotomous variables (Knee calluses)

Agreement indices

Confidence intervals

By closed formulas

By Bootstrap-t Method

By R functions

ITF7
(n=39)

PTF1
(n=48)

PTF2
(n=38)

PTF3
(n=25)

PTF4
(n=39)

VB -HR 3 QA

PAC)

()
*

x~

G)

VISR FAXXAYE BB FAaXXA

VAC)

NS - ﬁmgxk:ﬁ{;

P(AC;)

VBT R FAaXXXA QY

V(AC)

—~ =R FOZIxA Y

0.54; 1.02
N.C.
—0.86; 0.74
0.40; 0.56
0.61; 0.77

0.60; 0.97
0.00; 0.00
—0.24; 0.11
0.14; 0.79
0.46; 0.91
0.73; 0.97
0.55; 0.85
0.60; 0.97
0.70; 0.99
0.70; 0.97
—0.08; 0.01
0.00; 0.00
N.A.N.
0.76; 1.00
0.00; 0.00
—0.50; 0.35
0.41; 0.99
0.66; 0.99
0.84; 1.01
0.71; 0.92
0.76; 1.00
0.83; 1.01
0.82; 1.01
0.39; 0.94
0.41; 0.93
1.00; 1.00
0.67; 0.96
0.43; 0.93
0.37; 0.96
0.27; 0.83
0.49; 0.90
0.74; 0.96
0.58; 0.87
0.67; 0.96
0.73; 0.96
0.75; 0.96
—0.08; 0.72
—0.10; 0.70
—0.26; 1.04
0.54; 0.91
—0.05; 0.73
—0.10; 0.72
0.05; 0.69
0.33; 0.82
0.64; 0.93
0.25; 0.84
0.54; 0.91
0.64; 0.94
0.65; 0.93
0.10; 1.30
0.11; 1.24
1.00; 1.00
0.72; 1.04
0.13; 1.24
0.10; 1.24
0.31; 1.03
0.56; 1.05
0.79; 1.03
0.58; 0.89
0.72; 1.04
0.78; 1.05
0.79; 1.03
N.A.N.
N.AN.
N.A.N.
1.00; 1.00
N.A.N.
N.AN.
1.00; 1.00
1.00; 1.00

N.A.
confint(res.k): 0.00; 0.00

N.A.

concordance: 0.56; 0.96
gwet.acl: 0.70; 0.99
wlin.conc: 0.70; 0.97
N.A.

confint(res.k): 0.00; 0.00
N.A.

N.A.

confint(res.k): 0.00; 0.00

N.A.

concordance: 0.73; 1.00
gwet.acl: 0.83; 1.00
wlin.conc: 0.80; 1.00
N.A.

confint(res.k): 0.40; 0.90
N.A.

N.A.

confint(res.k): 0.43; 0.91

N.A.

concordance: 0.66; 0.94
gwet.acl: 0.73; 0.97
wlin.conc: 0.74; 0.95

N.A.

confint(res.k): —0.09; 0.67
N.A.

N.A.

confint(res.k): —0.05; 0.69

N.A.

concordance: 0.53; 0.92
gwet.acl: 0.63; 0.95
wlin.conc: 0.64; 0.91
N.A.

confint(res.k): 0.18; 1.00
N.A.

N.A.

confint(res.k): 0.19; 1.00

N.A.

concordance: 0.70; 1.00
gwet.acl: 0.78; 1.00
wlin.conc: 0.78; 1.00
N.A.

confint(res.k): N.A.N.
N.A.

N.A.

confint(res.k): N.A.N.
N.A.

N.A.

N.A.

(continued)
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Table 5. Continued.

Confidence intervals

Trichotomous variables (Knee calluses) Agreement indices

By closed formulas

By Bootstrap-t Method By R functions

B
A
S
P(AC;)

(%
*

PTF5
(n=32)

UB>m-HR 3OXXA

P(AC)

PTF6
(n=38)

NS~ ﬁmgxkaﬁ

NS =R >§_mﬁx><=l V;e;

=

G)

PTF7
(n=35)

VAC)
S*

N.C. 1.00; 1.00 N.A.

N.C. N.AN. N.A.

0.78; 1.22 1.00; 1.00 concordance: 1.00; 1.00

1.00; 1.00 1.00; 1.00 gwet.acl: 1.00; 1.00

N.C. 1.00; 1.00 wlin.conc: 1.00; 1.00
—2.00; 1.98 —0.03; 0.02 N.A.
—1.93; 1.93 0.00; 0.00 confint(res.k): 0.00; 0.00

N.A.N. N.A.N. N.A.

0.83; 1.07 0.86; 1.04 N.A.

N.C. 0.00; 0.00 confint(res.k): 0.00; 0.00
—1.78; 1.78 —1.32; 0.59 N.A.

0.79; 0.96 0.64; 1.10 N.A.

0.84; 1.02 0.80; 1.06 N.A.

N.C. 0.91; 1.03 N.A.

N.C. 0.82; 0.94 N.A.

0.71; 1.20 0.86; 1.04 concordance: 0.86; 1.00

0.91; 1.03 0.91; 1.03 gwet.ac1: 0.90; 1.00

N.C. 0.90; 1.03 wlin.conc: 0.89; 1.00

0.72; 1.04 0.71; 1.06 N.A.

0.72; 1.04 0.72; 1.06 confint(res.k): 0.72; 1.00

0.84; 1.16 1.00; 1.00 N.A.

0.78; 1.06 0.82; 1.03 N.A.

N.C. 0.73; 1.05 confint(res.k): 0.74; 1.00

0.72; 1.04 0.71; 1.07 N.A.

0.72; 0.87 0.54; 1.05 N.A.

0.78; 0.92 0.66; 1.03 N.A.

N.C. 0.82; 1.03 N.A.

N.C. 0.73; 0.91 N.A.

0.70; 1.15 0.82; 1.03 concordance: 0.80; 1.00

0.84; 1.02 0.84; 1.03 gwet.acl: 0.84; 1.00

N.C. 0.86; 1.02 wlin.conc: 0.85; 1.00
—1.42; 1.37 —0.04; 0.01 N.A.
—1.35; 1.35 0.00; 0.00 confint(res.k): 0.00; 0.00

N.A.N. N.A.N. N.A.

0.76; 1.07 0.80; 1.03 N.A.

N.C. 0.00; 0.00 confint(res.k): 0.00; 0.00
—-1.25; 1.23 —0.84; 0.55 N.A.

0.70; 0.86 0.50; 1.04 N.A.

0.79; 0.95 0.70; 1.03 N.A.

N.C. 0.87; 1.02 N.A.

N.C. 0.71; 091 N.A.

0.68; 1.15 0.80; 1.03 concordance: 0.79; 1.00

0.86; 1.02 0.86; 1.03 gwet.acl: 0.86; 1.00

N.C. 0.85; 1.02 wlin.conc: 0.84; 1.00

n = sample size; = = Scott’s m; K = Cohen’s K; Kc = Cohen’s K;; G = Holley and Guilford’s G; K* = Cohen'’s weighted K; « = Krippendorff's o; I’ =
Hubert's T; J = Janson and Vegelius’ J; B = Bangdiwala’s B; A = Andrés and Marzo’s A; S = Quatto’s S; y(AC;) = Gwet’s y(AC;); S* = Quatto’s weighted
S; ITF1 =Italian farm 1; ITF2 = Italian farm 2; ITF3 = Italian farm 3; ITF4 = Italian farm 4; ITF5 = Italian farm 5; ITF6 = Italian farm 6; ITF7 = Italian farm 7;

PTF1 =Portuguese farm 1;

PTF2 =Portuguese farm 2; PTF3=Portuguese farm 3; PTF4=Portuguese farm 4; PTF5=Portuguese farm 5;

PTF6 = Portuguese farm 6; PTF7 =Portuguese farm 7; N.C. = not computable (i.e. the closed formula is too complex to be implemented manually);
N.A.N. = not a number (i.e. the closed formula, the Bootstrap Method or the R function does not return any number); N.A. = not available (i.e. no R

function available to compute confidence intervals).

for AP3 (Table 2). Although the paradox effect was
preliminarily studied for the Kappa statistics, Scott's ©
and Krippendorff's o are affected by the same prob-
lem, sometimes giving negative values (Tables 2 and
3), as also observed by Giammarino et al. (2021) in the
case of dichotomous indicators. For both Scott’s = and
Cohen’s K, when the observers assign all the subjects
to the same category, the chance agreement is equal
to 1, producing low agreement results, despite a high
Py (Gwet 2001). Krippendorff's o« can be implemented
to evaluate the IOR for both ordinal and categorical
variables characterised by two or more categories, and
in the presence of two or several observers

(Krippendorff 2011). Despite considering both the level
of agreement and disagreement between the observ-
ers (Krippendorff 2011), Krippendorff's o follows the
same statistical approach of Scott's = and Cohen’s K,
suffering from the paradox behaviour too
(Giammarino et al. 2021). Moreover, when the P, was
equal to 100% (Table 3), Scott's n, Cohen’s K and
Krippendorff's o were not computable, being both the
Py, and the P, equal to 1, giving a ratio of 0/0 (see
Appendix A in Giammarino et al. 2021).

In the case of trichotomous indicators, Cohen’s
weighted K, which is an extension of Cohen’s K for
ordinal variables, was affected by the paradox
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behaviour too. Specifically, while implementing the P,
for Cohen’s weighted K, the linear weights proposed
by Cicchetti and Allison (1971) are used, as they are
less sensitive than the quadratic weights to the num-
ber of categories of the variable (Brenner and Kliebsch

Table 6. Values of the concordance rate and of the agree-
ment indices obtained for ear posture (EP) and eye white
(EW) for the three intensively managed italian dairy cattle
farms.

Agreement Index

n Po K Ke G o S 9(AC)

EAR POSTURE

EP-F1 126 8% 076 086 084 076 084 0.86
EP-F2 42 81% 070 082 075 070 0.75 0.76
EP-F3 51 78% 069 1 0.71 069  0.71 0.72
EYE WHITE

EW-F1 126 63% 049 062 051 049 051 0.52
EW-F2 42 62% 050 069 049 050 049 0.49
EW-F3 51 80% 067 080 074 067 074 0.76

n = sample size; P, = concordance rate; K = Cohen’s K; Kc = Cohen’s
K G = Holley and Guilford’s G; « = Krippendorff's o; S = Quatto’s S;
(AC;) = Gwet's y(AC;); EP =Ear posture; EW =Eye white; F1=Farm 1;
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1996). Furthermore, during the implementation of
Cohen’s weighted K, both the level of agreement and
disagreement between observers are considered,
improving in some cases the performance of Cohen’s
K. Indeed, the agreement values conferred by Cohen’s
weighted K were higher than those given by Cohen'’s K
(Tables 2 and 3) but, in any case, very low if compared
to Po*, confirming the presence of the paradox behav-
iour also for this index. As observed for Scott's m,
Cohen’s K and Krippendorff's o, also Cohen’s weighted
K was not computable when the observed Py* was
equal to 100%, for the same reasons explained for the
former indices. Moreover, in all the considered cases,
the concordance rate (P,*) obtained for Cohen’s
weighted K was different and higher than the concord-
ance rate (Py) obtained for Cohen’s K (Tables 2 and 3).
This occurs because Cohen’s weighted K is imple-
mented using a different matrix, in which both the
level of agreement and disagreement between observ-
ers is considered; on the contrary, in the classic matrix

F2=Farm 2; F3=Farm 3.

Table 7. Values of the confidence intervals for the agreement indices obtained for ear posture (EP) and eye white (EW) imple-
mented using closed formulas, Bootstrap-t Method, and R functions in the three intensively managed italian dairy cattle farms.

Four-level variables (EP-EW)

Agreement indices

Confidence intervals

By closed formulas

By Bootstrap-t Method

By R functions

EP-F1 K 0.65; 0.87
(n=126) Kc 0.78; 0.94
G 0.73; 0.95
o 0.65; 0.87
S 0.74; 0.94
9(AC,) 0.78; 0.93
EP-F2 K 0.51; 0.89
(n=42) Kc 0.68; 0.96
G 0.51; 0.98
o 0.51; 0.89
3 0.57; 0.92
9(AC,) 0.60; 0.92
EP-F3 K 0.53; 0.85
(n=51) Kc 0.84; 1.16
G 0.49; 0.94
o 0.52; 0.86
S 0.55; 0.87
9(AC,) 0.57; 0.88
EW-F1 K 0.37; 0.61
(n=126) Kc 0.53; 0.71
G 0.35; 0.68
o 0.37; 0.61
3 0.41; 0.61
9(AC,) 0.40; 0.64
EW-F2 K 0.31; 0.69
(n=42) Kc 0.53; 0.86
G 0.20; 0.79
o 0.30; 0.70
3 0.32; 0.67
9(AC,) 0.28; 0.70
EWF3 K 0.48; 0.85
(n=51) Kc 0.66; 0.94
G 0.52; 0.96
o 0.48; 0.86
S 0.58; 0.90
9(AC,) 0.61; 0.90

0.66; 0.87 confint(res.k): 0.66; 0.87
0.76; 0.94 N.A.

0.77; 0.92 N.A.

0.66; 0.87 N.A.

0.77; 0.92 concordance: 0.77; 0.92
0.79; 0.92 gwet.acl: 0.79; 0.93
0.52; 0.88 confint(res.k): 0.52; 0.88
0.61; 0.99 N.A.

0.59; 0.90 N.A.

0.53; 0.88 N.A.

0.59; 0.90 concordance: 0.59; 0.90
0.61; 0.91 gwet.acl: 0.60; 0.92
0.53; 0.85 confint(res.k): 0.53; 0.85
1.00; 1.00 N.A.

0.55; 0.87 N.A.

0.51; 0.86 N.A.

0.55; 0.87 concordance: 0.56; 0.84
0.57; 0.87 gwet.acl: 0.57; 0.87
0.38; 0.60 confint(res.k): 0.38; 0.60
0.49; 0.73 N.A.

0.40; 0.62 N.A.

0.37; 0.60 N.A.

0.40; 0.62 concordance: 0.40; 0.62
0.41; 0.63 gwet.acl: 0.41; 0.64
0.31; 0.69 confint(res.k): 0.31; 0.68
0.45; 0.92 N.A.

0.30; 0.68 N.A.

0.30; 0.69 N.A.

0.30; 0.68 concordance: 0.30; 0.68
0.29; 0.69 gwet.acl: 0.29; 0.70
0.49; 0.84 confint(res.k): 0.50; 0.84
0.64; 0.92 N.A.

0.60; 0.88 N.A.

0.51; 0.84 N.A.

0.60; 0.88 concordance: 0.58; 0.87
0.62; 0.90 gwet.acl: 0.61; 0.90

n = sample size; K = Cohen’s K; Kc = Cohen’s K;; G = Holley and Guilford's G; o = Krippendorff's o; S = Quatto’s S; y(AC;) = Gwet's y(AC;); EP =Ear
posture; EW = Eye white; F1 =Farm 1; F2=Farm 2; F3 =Farm 3; N.A. = not available (i.e. no R function available to compute confidence intervals).
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only the level of agreement is considered, as the
agreement is based only on a categorical scale.

The paradox behaviour was also highlighted in the
current study through the implementation of the con-
fidence intervals (Tables 4 and 5). Generally, the best
agreement indices are those characterised by confi-
dence intervals with a narrow width (Giammarino
et al. 2021), as the values assumed by the indices are
not dispersed in the sample. Wide confidence intervals
were obtained for Scott's m, Cohen’s K, Cohen’s
weighted K and Krippendorff's « in many cases for
both BCS (Table 4) and KNC (Table 5). However, in
some cases, these indices showed very narrow confi-
dence intervals (e.g. BCS in AP3; Table 4). This is due
to the paradox effect, as the negative values assumed
by the above-mentioned indices in AP3 and the lack
of variability in assigning the subjects to the catego-
ries, paradoxically produce confidence intervals charac-
terised by negative extremes. As already highlighted
by Giammarino et al. (2021) in the presence of dichot-
omous indicators, in most of the intensively dairy goat
farms in the current study, for both BCS and KNC the
confidence intervals were wide for Scott's n, Cohen’s
K, Cohen’s weighted K and Krippendorff's o, even
when the paradox behaviour did not occur. Moreover,
when the values assumed by Scott's mn, Cohen’s K,
Cohen’s weighted K and Krippendorff's « were not
computable, also the confidence intervals for these
indices were not computable, as all the possible val-
ues assumed by these indices during the Bootstrap
resampling resulted in ‘not a number'.

While reading the published literature on this topic,
we highlighted the paradox behaviour in some studies
for dichotomous (Vieira et al. 2018; Munoz et al. 2017)
and trichotomous (Vieira et al. 2018; Pedersen et al.
2011) animal-based welfare indicators, in the case of
an evaluation performed by two observers. When con-
sidering trichotomous indicators, for example in Vieira
et al. (2018), this problem occurred during the evalu-
ation of IOR for BCS and KNC, the same variables used
in our study. These Authors assessed the IOR by com-
puting Cohen’s weighted K. Signs of paradox were
prominent for KNC (Po* = 91%; Cohen’s weighted
K=0.27) and evident also for BCS (Py* = 79%;
Cohen’s weighted K=0.46) in the ltalian farms eval-
uated by Vieira et al. (2018). Pedersen et al. (2011)
evaluated the IOR of faecal consistency, a trichotom-
ous categorical indicator used to assess welfare in
grow-finishing pigs. The concordance was evaluated
among three pairs of observers (AB; AC; BC) by com-
puting Cohen’s K which, in one case, was affected by
the paradox behaviour (Poag = 61%; Cohen’s K=0.24).

To solve the paradox problem, Cohen proposed the
Cohen’s Kc as an alternative to the original Cohen’s K
but, as highlighted in the current study, also Cohen’s
Kc is affected by the paradox behaviour, conferring
low agreement results in all the alpine pastures, and
in some of the Italian and Portuguese farms both for
BCS and KNG, if compared to P, (Tables 2 and 3). In
particular, the computation of Cohen’s K¢ is based on
the maximum Kappa (Ky), defined as the proportion
of the standardisation of the difference between the
maximum value of Py (Pgmax) and the value of P, and
the difference between the maximum value of Kappa
(K=1) and the value of P.. The maximum value of
Kappa is reached when the values outside the diag-
onal of the matrix are equal to 0, and the total mar-
ginal distributions are equal each other (Giammarino
et al. 2021). However, if the marginal distributions are
unbalanced, the maximum value of Kappa will not be
equal to 1 (Cohen 1960). Cohen’s Kc is given by the
ratio between Cohen’s K and Ky, so that this index is
strongly influenced by the values assumed by both of
them. In the case of trichotomous indicators, the val-
ues assumed by Cohen’s K were low while the values
assumed by Ky were high, resulting in Cohen’s Kc
which significantly improved the performance of
Cohen’s K in most of the considered cases, especially
when considering BCS results (Table 2). The negative
value of Cohen’s K¢ in AP3 is due to the negative
value obtained by Cohen’s K, which is involved in
Cohen'’s K¢ calculation, as previously explained. In sev-
eral cases, for both BCS and KNC, Cohen’s K- was not
computable, as the values assumed by Cohen’s K and
Kw were equal to 0. As already observed for Scott's =,
Cohen’s K, Cohen’s weighted K and Krippendorff's ¢,
also the confidence intervals for Cohen’s K- were wide
in most cases, even when no paradox behaviour was
detected (Tables 4 and 5); moreover, when the value
of Cohen’s K- was not computable (Tables 2 and 3), it
was not possible to obtain the confidence intervals for
this index, as all the possible values assumed by
Cohen’s K¢ inside the sample during the application of
the Bootstrap resampling resulted in ‘not a number’.

Andrés and Marzo (2004) also tried to overcome
the limitations of the Kappa statistics by means of
Andrés and Marzo's A. This index was initially created
in the case of 2 x 2 tables (dichotomous variables and
the presence of two observers). Andrés and Marzo's A
fits quite well for the IOR evaluation in the case of
dichotomous indicators and the presence of two
observers (Giammarino et al. 2021), but its perform-
ance gets worse when dealing with trichotomous indi-
cators, especially in the presence of concordance rates



lower than 75% (Tables 2 and 3). In particular, in most
of the considered cases, Andrés and Marzo’'s A
improved the performance of Cohen’s K, especially
when the latter index was affected by the paradox
behaviour. The confidence intervals based on the
Bootstrap resampling for Andrés and Marzo's A were
wide in several cases.

The values obtained for Andrés and Marzo's A were
similar to those obtained implementing Hubert's T.
The latter index conferred low agreement values if
compared to P, especially when the P, was lower
than 85% (Table 2). This phenomenon was also identi-
fied by Giammarino et al. (2021) for dichotomous indi-
cators, with Hubert’'s T" resulting in better agreement
results when the Py was higher than 80%.

In the case of trichotomous indicators, Janson and
Vegelius’ J overcame the problems which affect
Hubert's T'. For this reason, differently from what was
observed in the case of dichotomous indicators
(Giammarino et al. 2021), Janson and Vegelius' J con-
ferred better agreement results than those given by
Hubert's T" for trichotomous indicators in the current
study. The confidence intervals obtained for Hubert's
I' and Janson and Vegelius’ J were in most of the con-
sidered cases characterised by similar widths (Tables 4
and 5).

As already reported by Giammarino et al. (2021)
for dichotomous indicators and the presence of two
observers, Bangdiwala’s B and Gwet's y(AC;) were
not affected by the paradox behaviour, and these
indices, together with Quatto’s weighted S, conferred
the best agreement results for trichotomous indica-
tors in all the considered cases, followed by Quatto’s
S and Holley and Guilford’s G (Tables 2 and 3).
Moreover, Bangdiwala’s B, Gwet's y(AC;) and Quatto’s
weighted S showed the tightest confidence intervals
in all the cases, confirming their goodness in evalu-
ating IOR for trichotomous indicators, again followed
by Quatto’s S and Holley and Guilford’s G (Tables 4
and 5). For Bangdiwala’s B the agreement between
the two observers for BCS is easily seen from
Appendix C, where the agreement charts obtained
for the three alpine pastures are reported as
examples.

Quatto (2004), Marasini et al. (2016) and Gwet
(2008), proposed Quatto’s S, Quatto’s weighted S and
Gwet's y(AC,), respectively, as alternative agreement
indices to solve the problems of the paradox behav-
iour. These indices are based on a new implementa-
tion of P,, which considers the number of categories
that characterises the variables under analysis. This
different calculation method leads to a reduction of
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the chance agreement, solving the problem of para-
dox. Quatto’s S defined P, as the sum of the proba-
bilities in assigning randomly a couple of values to
the same variable, so that P, is given by the ratio
between 1 and the number of the response catego-
ries (Falotico and Quatto 2010). Quatto’s S follows
the same statistical approach of Holley and Guilford’s
G in the calculation of P, this is the reason why
Quatto’'s S and Holley and Guilford’s G conferred
identical results in all the cases considered in the
current study (Tables 2 and 3). Holley and Guilford’s
G was initially created in the case of 2x2 tables
(Gwet 2001), but this index can be also extended to
evaluate the IOR of variables characterised by a
number of categories > 2.

Quatto’s weighted S is an extension of Quatto’s S to
evaluate IOR for ordinal variables in the presence of
two or more observers, and a number of categories >
2. Indeed, Quatto’s S is suitable to evaluate IOR for
categorical variables characterised by any number of
categories and the presence of two or more observers
(Quatto 2004). For all the cases considered in the cur-
rent study, and according to an ordered scale, the
concordance rate (Py*) obtained for Quatto’s weighted
S was different from that obtained for all the other
agreement indices, but equal to that obtained for
Cohen’s weighted K; indeed, the percentage of
observed agreement for these two indices is calcu-
lated using the same matrix, where both concordant
and discordant pairs are considered (Marasini et al.
2016). Moreover, the implementation of P. for
Quatto’s weighted S also considers the number of the
categories which characterises the variables but, differ-
ently from Quatto’s S, it is developed using the linear
weights, for the same reasons explained when com-
puting the P. for Cohen’s weighted K. However, in the
presence of ordinal variables, it is necessary to high-
light that the efficiency of the agreement indices in
calculating the concordance among the observers, is
related to the subjectivity during the selection of the
weights.

In the implementation of P, Gwet's y(AC;) differs
from Quatto’s S and Quatto’s weighted S, specifying
that the expected agreement occurs when at least
one observer classifies randomly a variable into a pre-
established category (Gwet 2008).

Evaluation of IOR for four-level animal-based
welfare indicators

The number of indices implemented to evaluate the
agreement between the observers is limited for EP
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and EW, if compared with those involved in the evalu-
ation of IOR for BCS and KNC because, in our study,
these two four-level indicators behave only as categor-
ical variables and are characterised by a number of
categories > 3.

The paradox effect was not detected for the four-
level indicators in the current study (Table 6). Indeed,
having a higher number of categories which character-
ises the variables, the possibility of choice for the
observers to assign each variable to a category is
higher and the prevalence decreases (Byrt et al. 1993).
This leads to a lower unbalance of the marginal distri-
butions within the concordance matrix and conse-
quently to the reduction of P, which implies a lower
probability of the presence of the paradox behaviour
(Feinstein and Cicchetti 1990).

Despite the paradox behaviour was not detected in
the current study for EP and EW, we highlighted signs
of paradox in some published studies when four-level
indicators were evaluated by two observers. For
example, in Buczinski et al. (2016) the reliability of the
categorical four-level indicators rectal temperature,
cough, nasal discharge, eye discharge and ear position
were evaluated by two observers on pre-weaned dairy
cows. The concordance was calculated using Cohen’s
K, which demonstrated to be affected by the paradox
behaviour for most of the analysed indicators. Indeed,
this index showed very low or even negative agree-
ment results if compared to Py for cough (P, = 78%;
Cohen’s K=0.10), nasal discharge (P = 62%; Cohen’s
K=0.24), eye discharge (P, = 63%; Cohen’s K=0.11)
and ear position (P, = 85%; Cohen’s K=-0.04). In
particular, for eye discharge and ear position the
observers classified the variables into three and two
categories only, respectively, even though four differ-
ent categories were available. This led to a minor het-
erogeneity in classifying each variable into the
categories, producing a higher prevalence and a major
unbalance of the marginal distribution within the con-
cordance matrix, resulting in an increase of P, and in
the presence of the paradox behaviour. The paradox
behaviour was also detected in Munoz et al. (2017) for
the foot-wall integrity, an ordinal four-level indicator
used to assess welfare in dairy ewes. The concordance
was calculated between three pairs of observers (AB;
AC; BC) using Cohen’s weighted K, showing the para-
dox behaviour in all the cases (Popag = 90%; Cohen'’s
weighted K=0.47; Poac = 97%; Cohen’s weighted
K=0.21; Pggc = 95%; Cohen’s weighted K= 0.55).

To better understand the role of P, and marginal
distributions on the paradox behaviour of Cohen’s K
and Krippendorff's o for four-level indicators, starting

from the real matrices we had on EP in F1 and EW in
F2, we created three fictitious matrices in each case,
and then we calculated the agreement indices and
the related confidence intervals (Appendix D). We
observed that, when having unbalanced marginal dis-
tributions, Cohen’s K and Krippendorff's « were
affected by the paradox behaviour, conferring low
agreement results despite high Py values [EP-F1
Forced matrices 1, 2 and 3; EW-F2 Forced matrices 2
and 3 (Appendix D)]. In such cases, the confidence
intervals were wide for the above-mentioned indices
(Appendix D). Only in one case [EW-F2 — Forced matrix
1 (Appendix D)], where the heterogeneity in assigning
the scores to the variables was higher (as it was the
case of the real data presented in the current study),
which resulted in more balanced marginal distribu-
tions inside the concordance matrix, the paradox
behaviour was not found. On the other hand, even
forcing the matrices, Gwet's 79(AC;), followed by
Quatto’s S and Holley and Guilford's G, conferred the
best agreement results (Appendix D), confirming the
results obtained with the real data.

In the case of four-level indicators, Cohen’s K¢
improved the agreement results obtained with
Cohen’s K both for EP and EW (Table 6). However, in
some cases, it exceeded the agreement between the
observers, conferring identical or even higher agree-
ment results if compared to P, (Table 6). This was
already reported by Giammarino et al. (2021) for
dichotomous animal-based indicators and the pres-
ence of two observers, and it was also observed for
the trichotomous indicators analysed in the current
study (Tables 2 and 3). The same problem was also
observed when forcing the matrices of four-level indi-
cators [EP-F1 Forced matrix 3; EW-F2 Forced matrix 1
(Appendix D).

As already demonstrated for dichotomous
(Giammarino et al. 2021) and trichotomous (current
study) indicators, our results show that Gwet's y(AC;)
conferred the best agreement results also for four-
level indicators (Table 6), confirming the ability of this
index to fit well in the presence of variables character-
ised by different number of categories when the
evaluation is performed by two observers. Only in EW-
F2 Gwet's y(AC;), as well as Quatto’s S and Holley and
Guilford’s G, gave a slightly lower agreement values
than those conferred by Cohen’s K and Krippendorff's
o (Table 6). Indeed, the higher possibility of choice for
the observers to assign the scores produced very bal-
anced, and sometimes equal, marginal distributions,
resulting in a higher agreement for the latter indices.
Following Gwet's y(AC;), Quatto’s S and Holley and
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Guilford’s G also gave the highest agreement results
during the evaluation of IOR for four-level indicators.

The confidence intervals results obtained with the
Bootstrap Method showed that, although Gwet's y(AC;)
was characterised by the tightest confidence intervals,
followed by Quatto’s S and Holley and Guilford's G, the
differences between the confidence intervals for all the
implemented indices were negligible (Table 7). This phe-
nomenon, differently from what was observed in the
case of trichotomous indicators, is due to the lack of the
paradox behaviour (Feinstein and Cicchetti 1990) for
Cohen'’s K and Krippendorff's «, producing a reduction of
the dispersion of the possible values assumed by the
indices within the sample, and confidence intervals char-
acterised by widths similar to those conferred by Gwet's
7(AC;), Quatto’s S and Holley and Guilford’'s G. However,
when analysing the results obtained with the forced
matrices, it is observed that when Cohen's K and
Krippendorff's « were affected by the paradox behaviour,
their confidence intervals sometimes resulted in negative
values [EP-F1 Forced matrix 3; EW-F2 Forced matrix 2
(Appendix D)]; such results confirm those obtained with
both dichotomous (Giammarino et al. 2021) and trichot-
omous (current study) indicators.

Considering Cohen’s K, in one case, when the
value of the index was equal to 1 (i.e. EP-F3; Table 6),
the confidence intervals obtained with the Bootstrap
Method were also equal to 1 (Table 7), due to a reduc-
tion of variability of all the possible values assumed
by Cohen’s K¢ in the sample.

EP and EW could be promising animal-based indica-
tors to be included into the animal welfare protocols.
Unfortunately, the low P, observed in some cases
among the observers for EW (i.e. 63% and 62% for EW-
F1 and EW-F2, respectively; Table 6) suggests that a
reduction of the number of categories (e.g. dichotomous
variable; 0 =Eye white not visible; 1=Eye white visible)
would improve the reliability for this indicator. Indeed,
the high number of categories which characterises the
variable could lead in some cases to a reduction of the
concordance rate among the observers, as the possibility
of choice for the observers in assigning the scores to
the variables increases. Reducing the number of catego-
ries, the Py increases, as the possibility of choice for the
observers in classifying the variable into a specific cat-
egory is lower.

Conclusions

From the obtained results, it is evident that not all the
agreement indices available in the literature are suit-
able to evaluate the IOR between two observers for
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trichotomous or four-level animal-based welfare indi-
cators assessed at individual level.

Bangdiwala’s B, Gwet’s y(AC;) and Quatto’s weighted
S are promising for a proper evaluation of IOR in the
case of trichotomous indicators and the presence of
two observers, proving to be a valid alternative to
Scott’s m, Cohen’s K, Cohen’s K., Cohen’s weighted K
and Krippendorff's o, which are sometimes affected by
the paradox behaviour. In the presence of two observ-
ers, Bangdiwala’s B and Gwet's y(AC;) can be used for
trichotomous indicators which behave only as categor-
ical variables, while Quatto’s weighted S (using linear
weights) is suggested to evaluate IOR for trichotomous
indicators which behave only as ordinal variables. All
these three agreement indices are suitable to evaluate
IOR for trichotomous indicators which behave both as
categorical and ordinal variables, and in the presence
of two observers. However, it is important to specify
that, in the presence of indicators that behave both
ways, the observers can choose to consider them as
categorical or as ordinal variables, which will imply the
use of different agreement indices.

Gwet's y(AC;), Quatto’s S and Holley and Guilford’s
G confer the best agreement results also during the
evaluation of IOR between two observers in the case
of four-level indicators. Five-level animal-based welfare
indicators are also present in welfare assessment pro-
tocols (AWIN 2015b, 2015¢, 2015d; Welfare Quality®
2009b) as well as in published literature (Thomsen
et al. 2008; Croyle et al. 2018). The results obtained in
this study for four-level indicators can also be
extended to categorical variables characterised by a
higher number of categories, in the presence of two
observers.

With the real data used in this study, the paradox
behaviour was not detected for four-level indicators.
However, as highlighted in some studies reported in
published literature, and as also seen forcing the
matrices in the current study, the paradox behaviour
can also affect four-level indicators, despite the pres-
ence of a high number of categories.

Furthermore, considering any number of categories
which characterises the variable under analysis,
Quatto’s weighted S is a reliable index to evaluate IOR
for ordinal indicators.

For some agreement indices, closed formulas of
variance were too complex to be implemented manu-
ally. Our results show that the Bootstrap Method is
valid and represents an easiest and more accurate
alternative to the closed formulas of variance for the
estimation of the confidence intervals of all the agree-
ment indices.
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Further studies will be required to identify which
agreement indices should be used for a proper evalu-
ation of IOR in the presence of a number of observers
greater than two.
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