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CONSTRUCTION OF WELFARE CRITERIA FOR HORSES ACCORDING TO THE
WELFARE QUALITY® APPROACH
Introduction
In accordance with the Welfare Quality® (WQ) approach, an integration model has been
constructed for the calculation of scores for welfare criteria for horses, based on expert
opinion. A total of 10 experts were consulted during four 1-day sessions. Similar to the
consultation of experts in previous projects that were part of WQ, experts were asked to
assign scores to predefined situations and/or outcomes on virtual farms. These scores
were then processed in agreement with the mathematical methodology that was
developed within WQ (Botreau, 2008; Bonde et al, 2009). This report describes the
methods proposed to calculate criterion-scores for horses.
Comprehensive descriptions of the welfare criteria, and of the various (animal- and/or
environment-based) measures underlying each criterion are provided elsewhere (see
Welfare Monitoring System Horses – assessment protocol version 2.0).
Below, for each criterion, the method for the construction of scores is described.

1. Criterion 1: Absence of prolonged hunger
MEASURES
Poor body condition
Classification: 0 = Very poor or poor, 1 = Moderate, 2 = Good.
The % of horses with a poor or very poor body condition and the % of horses with a
moderate body condition are first combined in a weighted sum, and then transformed
into an index that varies between 0 and 100 as follows:
I = 100 – [2(% moderate) + 3(% very poor or poor)]/3
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 1), as follows:
Coefficients:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
0.2728151601
-0.0034101895
0.0000717011
-2247.6311658916
84.5589821896
-1.0569872582
0.0044616055
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Index = I
then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

When I≤80
When I≥80

Figure 1. Calculation of the score for Poor body condition according to the % horses that are moderately
poor and the % horse that are very poor or poor.

Wear pattern incisors: feed intake
Classification: 0 = normal, 1 = abnormal
The % of horses with abnormal wear pattern incisors is transformed into an index that
varies between 0 and 100 as follows:
I = 100 – % abnormal
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 2), as follows:
Coefficients:
COEF
a1
b1

VALUE
0.0000000000
0.5693682727

Wageningen UR Livestock Research – Calculation of scores

4

c1
d1
a2
b2
c2
d2

-0.0062657212
0.0000820194
-1516.8642499847
57.4517777263
-0.7172958403
0.0030446449

Index = I
When I≤80
When I≥80

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Figure 2. Calculation of the score for Abnormal wear pattern incisors.

Inspection of horse teeth
Classification: 0 = At least once a year, 1 = Less than once a year, 2 = no inspection.
The % of horses with less than once a year and the % of horses with no inspection of the
teeth are first combined in a weighted sum, and then transformed into an index that
varies between 0 and 100 as follows:
I = 100 – [3(% less than once) + 5(% no inspection)]/5
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 3), as follows:
Coefficients:
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COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
1.2336045441
-0.0154200568
0.0001352760
283.8976422471
-9.4125569877
0.1176569617
-0.0004192116

Index = I
When I≤80
When I≥80

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Figure 3. Calculation of the score for Inspection of horse teeth.

Feed intake
Different situations with regard to feed intake are represented in a decision tree (21
outcomes, A – U). Each individual horse in the sample receives a score according to the
feed intake situation. The measure “Feed intake” at farm level is the average outcome
score of all horses in the sample.
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INTEGRATION OF MEASURES INTO CRITERION SCORE
For the integration of the four measures underlying Criterion 1 (see above), a Choquet
integral was calculated, with 14 parameters (m):
Choquet integration
m1
0.3736
m2
0.0278
m3
0.1303
m4
0.3995
m12
0.3333
m13
0.3833
m14
0.6767
m23
0.1267
m24
0.3033
m34
0.3267
m123
0.3561
m124
0.7952
m134
0.7744
m234
0.3786

2.

Poor body condition
Wear pattern incisors
Inspection teeth
Feed intake

Criterion 2: Absence of prolonged thirst

MEASURE
Water provision
Different situations with regard to water provision are represented in a decision tree (16
outcomes, A – P). Each individual horse in the sample receives a score according to the
water provision situation. The score for Criterion 2 at farm level is the average outcome
score of all horses in the sample.

3. Criterion 3: Comfort around resting
MEASURE
Comfort around resting
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Different situations with regard to comfort around resting are represented in a decision
tree (18 outcomes, A – R). Each individual horse in the sample receives a score
according to the comfort around resting situation. The score for Criterion 3 at farm level
is the average outcome score of all horses in the sample.

4. Criterion 4: Thermal comfort
MEASURE
Climate
Different situations with regard to climate are represented in a decision tree (16
outcomes, A – P). Each individual horse in the sample receives a score according to the
climate situation. The score for Criterion 4 at farm level is the average outcome score of
all horses in the sample.

5. Criterion 5: Ease of movement
MEASURE
Ease of movement
Different situations with regard to ease of movement are represented in a decision tree
(22 outcomes, A – V). Each individual horse in the sample receives a score according to
the ease of movement situation. The score for Criterion 5 at farm level is the average
outcome score of all horses in the sample.

6. Criterion 6: Absence of injuries
MEASURES
Patches of white hairs
Classification: 0 = Normal, 1 = Abnormal.
During the welfare assessment on-farm, the presence of white hairs is recorded in each
horse at five locations on the body. Following a quantitative rule which takes the total
presence of white hairs into account, an individual horse receives one of two final scores
with regard to the presence of white hairs: 0 = Normal, or 1 = Abnormal.
Experts were asked to define an Alarm threshold for the % horse with white hairs (i.e. %
Abnormal).
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A Warning threshold for this measure was defined as (Alarm threshold)/2.

Wounds
Classification: 0 = Normal, 1 = Moderately wounded, 2 = Severely wounded
During the welfare assessment on-farm, the presence of wounds is recorded in each
horse at five locations on the body. Following a quantitative rule – based on a decision
tree – which takes the total presence of wounds into account, an individual horse
receives one of three final scores with regard to the presence of wounds: 0 = Normal, or
1 = Moderately wounded, 2 = Severely wounded.
The % of moderately wounded horses and the % of severely wounded horses are first
combined in a weighted sum, and then transformed into an index that varies between 0
and 100 as follows:
I = 100 – [1(% moderate) + 3(% severe)]/3

This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 4), as follows:
Coefficients:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
0.1964022151
0.0018343760
0.0000129238
-8932.9659032198
315.4775403427
-3.7073553594
0.0145587655

Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Wageningen UR Livestock Research – Calculation of scores

9

Figure 4. Calculation of the score for Wounds according to the % horses that are moderately wounded
and the % horses that are severely wounded.
Using the curve presented in Figure 4, the index for Wounds (x-axis) corresponding with a score of 20
(y-axis) is used as the Alarm threshold, and the index for Wounds corresponding with a score of 40 is
used as the Warning threshold.

Lameness
Classification: 0 = Normal, 1 = Moderately lame (irregular, stiff), 2 = Severely lame
(clear evidence of lameness)
The % of moderately lame horses and the % of severely lame horses are first combined
in a weighted sum, and then transformed into an index that varies between 0 and 100 as
follows:
I = 100 – [2(% moderate) + 5(% severe)]/5
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 5), as follows:
Coefficients:
COEF
a1
b1
c1
d1
a2

VALUE
0.0000000000
0.1263848002
0.0013530760
0.0000064387
-12262.8733399423
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b2
c2
d2

432.9336597062
-5.0904970039
0.0199744774

Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Using the curve presented in Figure 4, the index for Lameness (x-axis) corresponding
with a score of 20 (y-axis) is used as the Alarm threshold, and the index for Lameness
corresponding with a score of 40 is used as the Warning threshold.

Figure 5. Calculation of the score for Lameness according to the % horses that are moderately lame and
the % horses that are severely lame.

Length whiskers
Classification: 0 = Long whiskers, 1 = Short whiskers.
Experts were asked to define an Alarm threshold for the % horse with short whiskers
(i.e. % Abnormal).
A Warning threshold for this measure was defined as (Alarm threshold)/2.
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Hoof condition
Classification: 0 = No signs of neglect ion, 1 = Signs of neglect ion.
Experts were asked to define an Alarm threshold for the % horse with signs of neglect
ion of the hooves (i.e. % Abnormal).
A Warning threshold for this measure was defined as (Alarm threshold)/2.

Swollen legs
Classification: 0 = Normal, 1 = Swollen legs
Experts were asked to define an Alarm threshold for the % horse with swollen legs.
A Warning threshold for this measure was defined as (Alarm threshold)/2.

Safety
Safety is assessed at two levels: (i) at the level of the farm, and (ii) at the level of the
individual horse.
Safety at farm level (public area)
Classification: 0 = Safe (no or minor risk), 1 = Unsafe (moderate or large risk).
If the situation at farm level is classified as unsafe, the measure “Safety” is automatically
considered to have exceeded the Alarm level. If the situation at farm level is classified as
safe, observations with regard to the safety at horse level are taken into consideration
(see below). These latter observations will then determine whether or not the measure
“Safety” has exceeded either the Warning or the Alarm level.
Safety at horse level (horse area).
Classification: 0 = Safe, 1 = Unsafe.
Experts were asked to define an Alarm threshold for the % horses exposed to moderate
or large risks.
A warning threshold was defined as (Alarm threshold)/2

INTEGRATION OF MEASURES INTO CRITERION SCORE
The 7 measures underlying Criterion 6 (see above) are integrated into a Criterion score
based on the total number of “Alarms” and “Warnings” per farm. The total number of
Alarms and Warnings per farm were evaluated by the experts in terms of a score
between 0 and 100.
Establishing the total number of Alarms and Warnings per farm occurs in two steps:
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First, the measures “Wounds” and ‘Swollen legs” are combined in the sense that a single
Alarm or Warning is attributed based on the outcome of both Wounds and Swollen legs.
In this respect, the following rule is used (see Table 1).
Table 1. Single Alarm, Warning or no Alarm or Warning, based on the combination of the measures
Wounds and Swollen legs.

Wounds
A
W
O

Swollen legs
A
A
A
A

W
A
W
W

O
W
W
O

Secondly, the total number of Alarms and Warnings per farm is counted. An individual
farm may have a maximum of 6 Alarms. An individual farm without any problems in
terms of Criterion 6 will have no Alarms and no Warnings. In between are farms with
differential numbers of Alarms and Warning. Differential outcomes in terms number of
Alarms and Warnings were scored by experts.
An index is calculated as :
2


w k Nk
 100 
∑
0
k
=
I =
×  Ntot −
w2
 Ntot 












with Ntot = number of areas = 6
number of problems according to intensity
Nk
k= 0 no problems
k= 1 warnings
k= 2 alarms
weight of problems
wk
w0= 0
w1= 1
w2= 2
Then the index is transformed into a score according to I-spline functions as follows
(Figure 6).
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Figure 6. Calculation of scores for absence of injuries according to the proportion of areas for which
symptoms are above the warning or the alarm threshold

7. Criterion 7: Absence of disease
MEASURES
In total, 9 health measures are recorded in every individual horse in the sample. These 9
measures are distributed across 5 ‘Areas’, see Table 2.
Table 2: Distribution of health measures across 5 ‘Areas’

Area
1.
Respiratory system

2.

Skin and coat

3.
4.
5.

Eyes
Fat body condition
Skin irritation lower legs

Measure
Abnormal breathing
Coughing
Nasal discharge
Generalised skin problem
Coat condition
Rubbed and broken hairs in mane and
tail
Itchiness
Ocular discharge
Fat body condition
Skin irritation lower legs
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Ocular discharge
Classification: 0 = Normal, 1 = Dirty, 2 = Dirty – visible discharge
The % of horses with dirty eyes and the % of horses with dirty eyes as well as visible
discharge are first combined in a weighted sum, and then transformed into an index that
varies between 0 and 100 as follows:
I = 100 – [1(% dirty) + 2(% dirty – visible discharge)]/2
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 7), as follows:
Coefficients:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
0.4330327264
-0.0050945027
0.0000516509
-10188.2590090594
360.0186727302
-4.2355141028
0.0166415328

Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Using the curve presented in Figure 7, the index for Ocular discharge (x-axis)
corresponding with a score of 20 (y-axis) is used as the Alarm threshold, and the index
for Ocular discharge corresponding with a score of 40 is used as the Warning threshold.
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Figure 7. Calculation of the score for Ocular discharge according to the % of horses with dirty eyes and
the % of horses with dirty eyes as well as visible discharge.

Fat body condition
Classification: 0 = Normal, 1 = Fat, 2 = Very fat
The % of fat horses and the % of very fat horses are first combined in a weighted sum,
and then transformed into an index that varies between 0 and 100 as follows:
I = 100 – [2(% fat) + 5(% very fat)]/5
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 8), as follows:
Coefficients:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
0.5924517889
-0.0069700210
0.0000668484
-7934.7822835083
280.6435951793
-3.3016893986
0.0129873168
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Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Using the curve presented in Figure 8, the index for Fat body condition (x-axis)
corresponding with a score of 20 (y-axis) is used as the Alarm threshold, and the index
for Fat body condition corresponding with a score of 40 is used as the Warning threshold.

Figure 8. Calculation of the score for Fat body condition according to the % of fat horses and the % of
very fat horses.

Skin irritation lower legs
Classification: 0 = Normal, 1 = Moderate, 2 = Severe
The % of horses with moderate skin irritation and the % of horses with severe skin
irritation at the lower legs are first combined in a weighted sum, and then transformed
into an index that varies between 0 and 100 as follows:
I = 100 – [4(% moderate) + 15(% severe)]/15
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 9), as follows:

Wageningen UR Livestock Research – Calculation of scores

17

Coefficients:
COEF

VALUE
0.0000000000
0.0671880259
0.0045339365
-0.0000355281
-15188.4668411841
536.1306295852
-6.3020937565
0.0246963415

a1
b1
c1
d1
a2
b2
c2
d2
Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Using the curve presented in Figure 9, the index for Skin irritation at the lower legs (xaxis) corresponding with a score of 20 (y-axis) is used as the Alarm threshold, and the
index for Skin irritation at the lower legs corresponding with a score of 40 is used as the
Warning threshold

Figure 9. Calculation of the score for Skin irritation lower legs according to the % of horses with
moderate and the % of horses with severe irritation.

Abnormal breathing
Classification: 0 = Normal, 1 = Abnormal.
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Experts were asked to define an Alarm threshold for the % horses with abnormal
breathing.
A Warning threshold for this measure was defined as (Alarm threshold)/2.

Coughing
Classification: 0 = Normal, 1 = Coughing
Experts were asked to define an Alarm threshold for the % horses exhibiting coughing.
A Warning threshold for this measure was defined as (Alarm threshold)/2.

Nasal discharge
Classification: 0 = Normal, 1 = Nasal discharge
Experts were asked to define an Alarm threshold for the % horses exhibiting nasal
discharge.
A Warning threshold for this measure was defined as (Alarm threshold)/2.

Generalised skin problem
Classification: 0 = Normal, 1 = Skin problem
Experts were asked to define an Alarm threshold for the % horses with a generalised skin
problem.
A Warning threshold for this measure was defined as (Alarm threshold)/2.

Coat condition
Classification: 0 = Normal, 1 = Abnormal
Experts were asked to define an Alarm threshold for the % horses with an abnormal coat
condition.
A Warning threshold for this measure was defined as (Alarm threshold)/2.

Itchiness
Classification: 0 = Normal, 1 = Itching
Experts were asked to define an Alarm threshold for the % horses with signs of itching.
A Warning threshold for this measure was defined as (Alarm threshold)/2.

Wageningen UR Livestock Research – Calculation of scores

19

Rubbed and broken hairs in mane and tail
Classification: 0 = Normal, 1 = Moderate, 2 = Severe
The % of horses with moderately rubbed and broken hairs in mane and tail the % of
horses with severely rubbed and broken hairs in mane and tail are first combined in a
weighted sum, and then transformed into an index that varies between 0 and 100 as
follows:
I = 100 – [1(% moderate) + 5(% severe)]/5
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 10), as follows:
Coefficients:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
0.1776870082
0.0032104787
-0.0000241541
-13516.3520637968
477.2253097941
-5.6091134244
0.0219849553

Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Using the curve presented in Figure 10, the index for Rubbed and broken hairs in mane
and tail (x-axis) corresponding with a score of 20 (y-axis) is used as the Alarm threshold,
and the index for Rubbed and broken hairs in mane and tail corresponding with a score
of 40 is used as the Warning threshold.
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Figure 10. Calculation of the score for Rubbed and broken hairs in mane and tail according to the % of
horses with moderately rubbed and broken hairs in mane and tail the % of horses with severely rubbed
and broken hairs in mane and tail % of horses with moderate and the % of horses with severe irritation

INTEGRATION OF MEASURES INTO CRITERION SCORE
The 10 measures underlying Criterion 7 (see above) are integrated into a Criterion score
based on the total number of “Alarms” and “Warnings” per farm. Alarms and Warnings
are assigned to ‘Areas’ (see Table 2). As soon as the prevalence of at least one of the
measures underlying the same Area is beyond the Warning threshold, and the prevalence
of the other measures is lower than the Alarm threshold, a Warning is assigned to that
particular Area. As soon as the prevalence of at least one of the measures underlying the
same Area is beyond the Alarm threshold, an Alarm is assigned to that particular Area.
The total number of Alarms and Warnings per farm is counted. An individual farm may
have a maximum of 5 Alarms. An individual farm without any problems in terms of
Criterion 7 will have no Alarms and no Warnings. In between are farms with differential
numbers of Alarms and Warning. Differential outcomes in terms number of Alarms and
Warnings were scored by experts.

An index is calculated as :
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2


w k Nk
 100 
∑
k =0


I=
× Ntot −
w2
 Ntot 












with Ntot = number of areas = 5
number of problems according to intensity
Nk
k= 0 no problems
k= 1 warnings
k= 2 alarms
weight of problems
wk
w0= 0
w1= 1
w2= 2

Figure 11. Calculation of scores for absence of disease according to the proportion of areas for which
symptoms are above the warning or the alarm threshold

Then the index is transformed into a score according to I-spline functions as follows
(Figure 11).
Coefficients:
COEF
a1
b1

VALUE
0.0000000000
0.9933554026
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c1
d1
a2
b2
c2
d2

0.0005597151
-0.0000104544
0.1414784781
0.9943768428
0.0000412310
0.0000001091

Index = I
then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

When I≤40
When I≥40

Criterion 8: Absence of discomfort caused by use
MEASURES
Back muscles
Classification: 0 = Normal, 1 = Tense, 2 = Very tense
The % of horses with tense and the % of horses with very tense back muscles are first
combined in a weighted sum, and then transformed into an index that varies between 0
and 100 as follows:
I = 100 – [1(% tense) + 2(% very tense)]/2
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 12), as follows:
Coefficientse:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
0.2204026222
-0.0025929720
0.0000536342
-9144.5793485763
322.9702904655
-3.7996507882
0.0149440582

Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3
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Figure 12. Calculation of the score for Back muscles according to the % of horses with tense and the %
of horses with very tense back muscles.

Mouth corners
Classification: 0 = normal, 1 = abnormal
The % of horses with abnormal mouth corners is transformed into an index that varies
between 0 and 100 as follows:
I = 100 – % abnormal
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 13), as follows:
Coefficients:
COEF
VALUE
a1
0.0000000000
b1
0.2751174744
c1
-0.0032366762
d1
0.0000536508
a2
-9317.2611397861
b2
329.1196314990
c2
-3.8719956999
d2
0.0152252550
Index = I
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then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

When I≤85
When I≥85

Figure 13. Calculation of the score for Mouth corners according to the % of horses with abnormal mouth
corners.

Bars – fresh
Classification: 0 = normal, 1 = abnormal
The % of horses with abnormal bars (fresh wounds) is transformed into an index that
varies between 0 and 100 as follows:
I = 100 – % abnormal
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 14), as follows:
Coefficients:
COEF
a1
b1
c1

VALUE
0.0000000000
0.1600480990
0.0023575186
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d1
a2
b2
c2
d2

-0.0000189577
-14443.7958118913
509.9410817423
-5.9950664613
0.0235003523

Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Figure 14. Calculation of the score for Bars – fresh according to the % of horses with abnormal bars
(fresh wounds).

Bars – old
Classification: 0 = normal, 1 = abnormal
The % of horses with abnormal bars (old wounds) is transformed into an index that
varies between 0 and 100 as follows:
I = 100 – % abnormal
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 15), as follows:
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Coefficients:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
1.0087708291
-0.0113331575
0.0000914460
-3822.7669051068
135.9299570126
-1.5986412445
0.0063161836

Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Figure 15. Calculation of the score for Bars – old according to the % of horses with abnormal bars (fresh
wounds).

INTEGRATION OF MEASURES INTO CRITERION SCORE
For the integration of the four measures underlying Criterion 8 (see above), a Choquet
integral was calculated, with 14 parameters (m):
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Choquet integration
m1
0.8267
m2
0.6222
m3
0.9000
m4
0.4044
m12
0.3533
m13
0.5333
m14
0.2033
m23
0.4567
m24
0.1167
m34
0.1500
m123
0.1000
m124
0.1000
m134
0.1000
m234
0.1000

Back muscles
Mouth corners
Bars – fresh
Bars – old

Criterion 9: Expression of social behaviour
Different situations with regard to the expression of social behaviour are represented in a
decision tree (5 outcomes, A – E). These situations are:
• Full social interaction
• Nibble and groom
• Sniff (through grid,, half open door)
• Visual contact
• No visual or physical contact
Experts were asked to assign a score to each of these situations, on the assumption that
a horse is exposed to the situation for 24 hours.
Calculation of the scores for criterion 9 involves 2 steps:
For each individual horse the number of hours (with an accuracy of 1 hour), out of 24
hours, that the animal is exposed to each of the 5 situations is estimated.
Next, for each horse an individual score is calculated using the following formula:
Score = [(a.Score1) + (b.Score2) + (c.Score3) + (d.Score4) + (e.Score5)]/24
Where:
a = estimated number of hours in situation 1, b = estimated number of hours in situation
2, c = estimated number of hours in situation 3, d = estimated number of hours in
situation 4, e = estimated number of hours in situation 5.
Score 1 = average score assigned by experts to situation 1, Score 2 = average score
assigned by experts to situation 2, Score 3 = average score assigned by experts to
situation 3, Score 4 = average score assigned by experts to situation 4, Score 5 =
average score assigned by experts to situation 5
The score for Criterion 9 at farm level is the average of all individual scores of the horses
in the sample.
Wageningen UR Livestock Research – Calculation of scores

28

Criterion 10: Expression of other behaviours
MEASURES
Wear pattern incisors: crib biting
Classification: 0 = normal, 1 = abnormal
The % of horses with abnormal wear pattern incisors indicative of crib biting is
transformed into an index that varies between 0 and 100 as follows:
I = 100 – % abnormal
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 16), as follows:
Coefficients:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
0.3077518710
-0.0036206102
0.0000298551
-13751.9847059297
485.6719533667
-5.7137880776
0.0224226701

Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3
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Figure 16. Calculation of the score Wear pattern incisors: crib biting according to the % of horses with
abnormal wear pattern of the incisors indicative of crib biting.

Abnormal behaviours
Classification: 0 = normal, 1 = abnormal
The % of horses with abnormal wear pattern incisors indicative of crib biting is
transformed into an index that varies between 0 and 100 as follows:
I = 100 – % abnormal
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 17), as follows:
Coefficients:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
0.1289104971
-0.0015165941
0.0000251550
-14032.9520153890
495.4096060294
-5.8283487056
0.0228754785

Index = I
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When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3

Figure 17. Calculation of the score Abnormal behaviours according to the % of horses exhibiting
abnormal behaviours.

INTEGRATION OF MEASURES INTO CRITERION SCORE
For the integration of the four measures underlying Criterion 10 (see above), a Choquet
integral was calculated, with 2 parameters (m):
Choquet integration
m1
0.3086
Wear pattern incisors: crib biting
m2
0.2655
Abnormal behaviours

Criterion 11: Good human animal relationship
No valid and feasible measure available.

Criterion 12: Positive emotional state
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MEASURE
Visual horizon
Classification: 0 = Fully possible, 1 = Partially possible, 2 = Not possible
The % of horses with partial and the % of horses with full possibilities to broaden its
visual horizon are first combined in a weighted sum, and then transformed into an index
that varies between 0 and 100 as follows:
I = 100 – [2(% partially possible) + 2(% fully possible)]/2
This index is converted into a score between 0 and 100 with the use of a spline function
(Figure 18), as follows:
Coefficients:
COEF
a1
b1
c1
d1
a2
b2
c2
d2

VALUE
0.0000000000
1.2332692988
-0.0145090506
0.0001094942
-2232.5734364209
80.0299804888
-0.9415292007
0.0037448674

Index = I
When I≤85
When I≥85

then Score = b1 x I + c1 x I2 + d1 x I3
then Score = a2 + b2 x I + c2 x I2 + d2 x I3
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Figure 18. Calculation of the score for Visual horizon according to the % of horses with partial and the
% of horses with full possibilities to broaden its visual horizon.
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Correlation of Animal Based measures
In an attempt to simplify the horse welfare assessment at the farm correlation analysis has been
executed on animal based measures collected during a national experiment with 150 farms and
almost 3000 horses. This data has been collected between January and May 2010 with the first
version of the Welfare Monitoring System assessment protocol for horses (version 1.0, Dutch).
A Pearson correlation analysis on farm level revealed several significant correlations between the
animal based measures. However, none of the significant correlations has a biological logical
reason for omitting one or the other. For example: significant correlation between “lameness” and
“sensitivity of back muscles” (0.388) can be expected but by leaving for instance “lameness” out,
one would miss a serious indication for a welfare risk. It was concluded that a data driven
simplifying of the assessment protocol for horses (version 1.0) is not feasible.

**

High BCS

.023

HAT avoid

.182*

Hoof condition

.410** .233**

NOT avoid
Rubbed mane & tail
Stereotypies
White hairs
Wounds (cuts)
Bars
Mouth corners
Nasal discharge
Incisors
Coat condition
Ocular discharge

.181

-.304**
1
.103

.181* -.304**
.023 .058 .103

1

.198*
.074

.069

.074

1

.198*
-.042

-.085

.070

.037

.111

-.021

.264**

-.171*
-.065 -.017

.033

.086

.102

-.112 -.209*
1
.085

-.047 .223**
-.011 .121

.028

-.156 -.292**
-.119 -.018 .204*

.085

1

-.110

-.011

-.110

1

-.030 .229** .216**
.132 .010 .076

.098

.093

.069

.098

-.478** -.333** -.003
-.006 -.082 -.068
.174* .263** -.082

.006

-.171*
.070
.037

-.017 .223**
.033 .028
.086 -.156

.049

-.036

.111

.088

-.031

-.021

.429** .288** .056
-.136 -.050 .269**
.188* .235** -.003

.004
-.085

.198*
.027

.102 -.292** -.018 .216** .076 -.431**
.169* -.134 .204* .198* -.107 .225**
.095 -.225** -.156 .102 .280** -.542**
.246** .136 .032 .227** -.112 .115

.127

.048

.304**

-.068

Ocular discharge

.004

.002

.390** .340**
-.051 .020

Coat condition

-.031

.264** -.209*
-.065 -.047

.082
.104

Incisors

-.036

.071

-.112

Nasal discharge

.104

-.172*
.023

.071

Mouth corners

.056

.082

.069

.079

.080

-.192
-.052 .093

Bars

.088

.006

.023

.235** .289**
.181* -.015

*

-.136

.188*
-.050 .235**
.269** -.003

-.125

**

Wounds (cuts)

-.051 .429**
.020 .288**

-.278 -.229
-.057 -.043

**

.037

.181* -.478** -.006 .174* .390**
-.015 -.333** -.082 .263** .340**
.002 -.003 -.068 -.082 .049

-.042 -.172*
.037 -.052
-.192*
1

White hairs

1

.182* .410** -.278** -.057 .235**
.023 .233** -.229** -.043 .289**
.058 .069 -.125 .080 .079

Stereotypies

-.042

.388
-.070

Rubbed mane & tail

*

NOT avoid

.023

-.042

Skin irregularities

-.070

Hoof condition

.388**
1

Low BCS

Skin irregularities

HAT avoid

High BCS

Lameness

1

Low BCS

Back muscles

Lameness

Measures

Back muscles

Table 3. Pearson correlation animal based measures on farm level.

.121

.040

-.232**
1
.136

.040 -.232**
.015 -.030 .132 .136
-.119 .229** .010 -.004

-.113

.058

.025

.015

-.066

.032

-.113

.198* .102 .227**
-.107 .280** -.112
.225** -.542** .115

-.156

.058
-.066

-.051
.006

.125
.062

.014

-.004 -.431**
.028 .014 -.016 -.020
1
.122 .118 .229**
.122
1
-.006 .412**

-.016

.118

1
.028

.127

.198* .027 .048
.169* .095 .246** .304**
-.134 -.225** .136 -.068

.025

-.139

.109

1

-.032

.107

.039

-.020 .229** .412**
-.051 .006 -.139

-.032

1

.043

.107

.043

1

.230**
.046

.125

.039

.230**

.046

1

.062

-.006

.109

**. Correlation is significant at the 0.01 level (2-tailed).*. Correlation is significant at the 0.05 level (2-tailed).
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Validity of Animal Based measures
Table 4. References used to verify the validity of the animal based measures used in the Welfare
Monitoring System Horses – assessment protocol version 2.0.

Animal based
measures

Breathing frequency

References
1

Breathing manner
White hairs
Wounds
Generalized skin problem
Rubbed and broken hairs
mane and tail
Itchiness
Coat condition
Body Condition Score
Back muscles
Ear hairs 1
Length whiskers
Ocular discharge
Nasal discharge
Wear pattern incisors
Mouth corners
Bars
Hoof condition
Lameness
Coughing
Human Approach Test

1

Novel Object Test 1
Dry lying places
Feeding lumps 1
Consistency of manure

1

Evans et al., 1977; Geor et al., 1995; Hodgson and Rose, 1994;
Murray et al., 2010; Pritchard et al., 2006; Pritchard et al., 2005
Evans et al., 1977; Geor et al., 1995; Hodgson and Rose, 1994;
Murray et al., 2010; Pritchard et al., 2006; Pritchard et al., 2005
Murray et al., 2010; Sloet van Oldruitenborgh-Oosterbaan and
Knottenbelt, 2001
McGowan et al., 2010; Mejdell et al., 2010; Murray et al., 2010;
Sloet van Oldruitenborgh-Oosterbaan and Knottenbelt, 2001
Sloet van Oldruitenborgh-Oosterbaan and Knottenbelt, 2001
Eriksson et al., 2008; Pilsworth and Knottenbelt, 2004; Sloet van
Oldruitenborgh-Oosterbaan and Knottenbelt, 2001; van der Rijt et
al., 2008
Fadok, 1995
Sloet van Oldruitenborgh-Oosterbaan and Knottenbelt, 2001
Carroll and Huntington, 1988; Christie et al., 2006; Coenen, 1998;
Ellis, 2004; Johnson et al., 2009
Lesimple et al., 2010; Murray et al., 2010
Stull, 1999
Ahl, 1986; Von Rotz and Friess, 1995
Barnett et al., 2004
McGorum and Dixon, 2007
Dixon, 2000; Van Lancker et al., 2007; Waran, 2002
Baker and Easley, 2005; Tell et al., 2008; Van Lancker et al., 2007
Baker and Easley, 2005; Tell et al., 2008; Van Lancker et al., 2007
Doughty et al., 2009; Florence and McDonnell, 2006; Kummer et
al., 2009; Schüle and Appelbaum, 2003; Turner, 2003; Waran,
2002
Broster et al., 2009; Burn et al., 2010a, b; Murray et al., 2010;
Pritchard et al., 2005; Winkelsett and Vervuert, 2008
McGorum and Dixon, 2007
Hausberger and Muller, 2002; Keeling et al., 1999; Waiblinger et
al., 2006; Waiblinger et al., 2002
Visser et al., 2001; Wolff et al., 1997
Burn et al., 2009; dos Santos et al., 2009; Smith et al., 1996;
Zeyner et al., 2004

Full References
Ahl, A. S. 1986. The role of vibrissae in behavior: A status review. Veterinary Research
Communications 10: 245-268.
Baker, G. J., and J. Easley. 2005. Equine Dentistry. 2 ed. Elsevier Saunders, London.

1

These measures are not (yet) included in the full Welfare Quality model (version 2.0), but need to be
registered at the farm when applicable.
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Intra-observer reliability
Reliability between two trainers (veterinarians) for their assessment scores for 54 horses has been
assessed on the animal based measures of the Welfare Monitoring System assessment protocol for
horses (version 2.0). This study has been executed in July 2011.
Conclusion is based on the % of agreement between trainers for 108 observations (each horse is
assessed twice) and the Cohen’s kappa parameters. A kappa value of 0.00-0.20 is regarded as
‘slight’(-), 0.21-0.40 as ‘average’ (±), 0.41-0.60 as ‘moderate’ (+), 0.61-0.80 as ‘substantial’ (++)
and 0.81-1.0 as ‘excellent’ (+++) (Burn et al., 2009). For a number of measures the population of
54 horses was regarded as too homogenous for conclusive reliability ratings, these are depicted
with a ‘?’.
Table 5. intra-observer reliability for animal based measures of the Welfare Monitoring System
assessment protocol for horses (version 2.0).

Animal based
measures

Breathing frequency 2
Breathing manner
White hairs
Location 1
Location 2
Location 3
Location 4
Location 5
Wounds
Location 1
Location 2
Location 3
Location 4
Location 5
Location 6
Location 7
Location 8
Location 9
Generalized skin problem
Rubbed and broken hairs
mane and tail
Itchiness
Coat condition
Body Condition Score
Back muscles
Ear hairs 2
Length whiskers
Ocular discharge
Nasal discharge
Wear pattern incisors
Feed intake
Crib-biting
Mouth corners
Bars
Hoof condition
Lameness
Coughing

%
agreement

Probability

Conclusion

N/A
-0.014

0.510

++
?

96
97
87
98
98

0.644
0.555
0.733
0.954
-0.011

0.011
0.067
<0.001
<0.001
0.506

?
?
++
++
?

89
78
96
89
77
89
91
82
100
98
90

0.408
0.299
0.317
0.398
0.451
0.600
0.716
0.593
1.000
-0.009
0.541

0.021
0.017
0.215
0.024
<0.001
<0.001
<0.001
<0.001
0.022
0.505
0.001

+
±
?
±
+
+
++
+
?
?
+

99
70
78
93
94
83
99

-0.005
0.485
0.442
0.294
-0.029
0.657
0.662

0.502
<0.001
<0.001
0.148
0.531
<0.001
0.124

?
?
+
+
±
?
++
?

82
94
86
90
99
76
100

0.644
0.221
0.685
0.037
-0.005
0.400
1.000

<0.001
0.262
<0.001
0.447
0.502
<0.001
0.002

++
?
++
?
?
+
?

75
97

Kappa
value

2

These measures are not (yet) included in the full Welfare Quality model (version 2.0), but need to be
registered at the farm when applicable.
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Animal based
measures

Human Approach Test 2
Novel Object Test 2
Dry lying places
Feeding lumps 2
Consistency of manure 2

%
agreement

Kappa
value

Probability

Conclusion

0.729
0.738
0.622

<0.001
<0.001
0.123

85

0.760

<0.001

++
++
?
?
++

87
83
99
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Inter-observer reliability
Reliability within two trainers (veterinarians) for their assessment scores for 54 horses. To test for
the within reliability all 54 horses have been assessed twice. For the assessment of the animal
based measures the Welfare Monitoring System assessment protocol for horses (version 2.0) has
been used. This study has been executed in July 2011.
Conclusion is based on the % of agreement within a trainer (for one measure) and the Cohen’s
kappa parameters for the other measures. A kappa value of 0.00-0.20 is regarded as ‘slight’(-),
0.21-0.40 as ‘average’ (±), 0.41-0.60 as ‘moderate’ (+), 0.61-0.80 as ‘substantial’ (++) and 0.811.0 as ‘excellent’ (+++) (Burn et al., 2009). For a number of measures the population of 54 horses
was regarded as too homogenous for conclusive reliability ratings, these are depicted with a ‘?’.
Table 6. inter-observer reliability for animal based measures of the Welfare Monitoring System
assessment protocol for horses (version 2.0).

Animal based
measures

Breathing frequency 3
Breathing manner
White hairs
Location 1
Location 2
Location 3
Location 4
Location 5
Wounds
Location 1
Location 2
Location 3
Location 4
Location 5
Location 6
Location 7
Location 8
Location 9
Generalized skin problem
Rubbed and broken hairs
mane and tail
Itchiness
Coat condition
Body Condition Score
Back muscles
Ear hairs 3
Length whiskers
Ocular discharge
Nasal discharge
Wear pattern incisors
Feed intake
Crib-biting
Mouth corners
Bars
Hoof condition
Lameness
Coughing

%
agreement
87
N/A
N/A

N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Kappa
value

Probability

Conclusion

N/A
-0.014

0.510

++
?

0.644
0.555
0.777
0.954
-0.011

0.011
0.067
<0.001
<0.001
0.506

?
?
++
+++
?

0.556
0.737
-0.025
0.649
0.735
0.800
0.687
0.756
1.000
1.000
0.750

0.003
<0.001
0.524
<0.001
<0.001
<0.001
<0.001
<0.001
0.022
0.078
<0.001

+
++
?
++
++
++
++
++
?
?
++

-0.005
0.642
0.368
0.471
0.599
0.162
-0.014

0.502
<0.001
0.007
0.047
0.066
0.050
0.510

?
?
++
±
+
?
?
?

0.682
-0.380
0.601
0.650
-0.005
0.492
0.481

<0.001
0.544
<0.001
0.010
0.502
<0.001
0.083

++
?
++
?
?
+
?

3

These measures are not (yet) included in the full Welfare Quality model (version 2.0), but need to be
registered at the farm when applicable.
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Animal based
measures

Human Approach Test 3
Novel Object Test 3
Dry lying places
Feeding lumps 3
Consistency of manure 3

%
agreement

Kappa
value

Probability

Conclusion

-0.038
0.243
-0.130

0.638
<0.001
0.509

N/A

0.800

<0.001

?
±
?
?
++

N/A
N/A
N/A
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