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Abstract

The aim of this study was to assess the feasibility and test-retest reliability of the Welfare Quality® Animal Welfare Assessment
Protocol for Growing Pigs. Twenty-three German pig farms were visited repeatedly by the same trained observers; each farm being
visited six times during two fattening periods. The entire protocol assessment was carried out during each farm visit, ie a Qualitative
Behaviour Assessment (QBA), behavioural observations (BO), a Human Animal Relationship test (HAR) and different individual param-
eters (IPs), eg bursitis and tail-biting. Test-retest reliability was evaluated by a Wilcoxon signed rank test (W) and by calculation of
the Smallest Detectable Change (SDC) and Limits of Agreement (LoA). The QBA presented non-satisfactory agreement between farm
visits. However, good agreement, in general, was found for the BO. For the HAR, no reliability could be detected. Most IPs were of
acceptable agreement, with the exception of bursitis and manure on the body. Bursitis showed great differences, which can be
explained by difficulties in the assessment when the animals moved around or their legs were dirty. The disagreement in the
parameter manure on the body can be explained by seasonal effects. Disagreement was further found concerning the parameters
coughing, sneezing, pleuritis, pneumonia and milkspots. Feasibility was good; both observers could be well-trained to fulfil the protocol.
Furthermore, the time needed for an assessment did not exceed 6 h. The parts of the protocol that proved to be insufficiently reliable
need to be addressed in the future in order to enhance and improve the objective measurement of animal welfare.
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Introduction
The Welfare Quality® Animal Welfare Assessment protocols
are considered feasible, valid and reliable measurement
methods to determine animal welfare (Velarde 2007). These
protocols are based on four main principles — Good feeding,
Good housing, Good health and Appropriate behaviour, which
is also the constitutional definition of animal welfare. In terms
of a top-down process, these principles are divided into twelve
subcriteria, which are then measured by a set of approximately
30 predominantly animal-based parameters to be estimated
on-farm. After assessment of the parameters on-farm, the
measures are usually expressed as percentages of affected
animals. A dimensionless number between 0 and 100 is calcu-
lated from these percentages utilising different mathematical
methods, eg decision trees (Magerman 1995) as well as I-
Spline functions (Curry & Schoenberg 1966) and Choquet
Integrals (Grabisch & Roubens 2000). This is carried out first
at the sub-criteria and then at the principle level. Depending
on the numbers obtained (the closer to 100 the better) the
farms are scored and labelled as excellent, enhanced, accept-
able or not classified (Welfare Quality® 2009). 

The basic requirements of all such measurement tools are
validity, feasibility and reliability. Validity characterises the
amount a given measurement method actually assesses what
it is supposed to measure and the relevance of that method.
Feasibility describes good cost-effectiveness and applica-
bility (Velarde 2007). Reliability refers to the repeatability
of measures under consistent conditions (Carlson et al
2009). Reliability consists of inter-observer reliability,
intra-observer reliability and test-retest reliability. Inter- and
intra-observer reliability can be influenced by the training
of the assessors, whereas test-retest reliability refers solely
to the method used (Velarde 2007). Inter-observer reliability
describes the need to be independent of the results produced
by different observers (Wirtz & Caspar 2002). Intra-
observer reliability is defined as the extent of agreement
that the same observer reaches from the repeated assess-
ment of video clips or pictures, ie the same objects under
exactly the same conditions (Martin & Bateson 2007). Due
to minor changes, this tends not to be the case when
assessing farms or animals repeatedly as, typically, there are
other individuals on the farms. However, if the same indi-
viduals are being assessed, there may well be individual
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changes, such as weight gain or loss or changes in
pregnancy status. Therefore, intra-observer reliability in the
case of welfare assessment is often thought of as being part
of the test-retest reliability (Temple et al 2012a), due to the
fact that it cannot be assessed under field conditions. For a
good test-retest reliability, the method tested should
basically attain the same results when the same object is
observed despite minor changes (Windschnurer et al 2009).
However, major changes should be detected by the meas-
urement tool. It becomes obvious that consistency over time
is a basic requirement for reliable and feasible measuring.
Prior to inclusion in the Welfare Quality® protocol, most
parameters were tested for their feasibility, validity and reli-
ability in pre-studies (Forkmann & Keeling 2009). However,
due to the fact that these protocols are relatively new and
under continuous improvement and revision, studies on the
feasibility, validity and reliability of the entire protocols in
their on-farm use are rare. Therefore, the aim of the present
study was to analyse the test-retest reliability of the Welfare
Quality® Animal Welfare Assessment Protocol for Growing
Pigs and, thus, is an important contribution towards the eval-
uation of reliability and feasibility of the entire protocol. To
the authors’ knowledge, the only study emphasising the test-
retest reliability of the animal-based measures included in
the Welfare Quality® Animal Welfare Assessment Protocol
for Growing Pigs is that of Temple et al (2013), who
compared the results of protocol assessments carried out on
15 Spanish, intensive, conventional farms at an interval of
approximately 12 months. The present study contributes
greatly to the present knowledge since 23 German growing
pig farms were visited six times at an interval of less than six
months. According to Knierim and Winckler (2009), welfare
assessments for certification purposes supposedly need to
take place over a period of six months or more due to feasi-
bility. Therefore, results still need to be reliable within this
time-frame and should not be sensitive to slight environ-
mental changes. However, they still need to be representa-
tive of the situation on the farm (Winckler et al 2007).
Moreover, as the Welfare Quality® Protocols aim at being
valid internationally and since previous studies have
revealed a country effect (Temple et al 2011c), it is of great
importance to study the situation in different countries.
Furthermore, in the study by Temple et al (2013), some
parameters had prevalences close to 0 and low variability in
the two repeated visits, which hampered their estimation of
reliability. Thus, further studies are needed to evaluate the
reliability and importance of these parameters. 

Materials and methods

Data collection
Data collection took place between January 2013 and January
2014 on 23 German growing pig farms in Lower Saxony and
Schleswig Holstein courtesy of two observers, one visiting
the farms in Lower Saxony repeatedly and the other those in
Schleswig Holstein repeatedly. The pigs on the farms were
housed either conventionally or according to the guidelines of
the German animal welfare label ‘Tierwohllabel’ of the

German animal welfare organisation ‘Deutscher
Tierschutzbund eV’ (Tierschutzbund 2013). The size of the
farms ranged from 250 to 1,500 pigs per farm. Pigs were fed
ad libitum and kept indoors on fully or partially slatted floors
except for two farms where outdoor access to a fully slatted
area was provided. The number of pigs per pen ranged from
9 up to 100, the average space allowance was 1.05 m² per pig
ranging from 0.8 to 1.35 m² per pig. The animals were
crossbred, including German Landrace, Large White, Danish
Landrace, Danish Yorkshire, Duroc and Pietrain; the exact
lineage varied from farm-to-farm.
Each of these farms was visited six times by the same
observer during two consecutive fattening periods. During
each, three assessments took place: the first protocol assess-
ment two weeks after the pigs had entered into the growing
barn, at an approximate average weight of 40 kg (farm
visit 1, 13 [± 2] weeks of age), the second in the middle of
the fattening period at an average weight of 75 kg (farm
visit 2, 18 [± 2] weeks of age) and the third assessment two
weeks prior to the beginning of sales to the slaughterhouse,
at an average weight of 100 kg (farm visit 3, 23 [± 2] weeks
of age). While data were collected, no major changes in
management on the farms occurred. 
The observers had been trained officially by members of the
Welfare Quality® project group and reached good
agreement during training, whereas training sessions on
each parameter were carried out until at least 80% of the
observers reached a consensus. Observer agreement was
further tested twice during the data collection period by the
evaluation of video sequences and pictures. At all times,
more than 85% of the pictures and videos were evaluated
alike and therefore good agreement attained.

Protocol assessments
The Welfare Quality® Animal Welfare Assessment
Protocol for Growing Pigs consists of four different parts:
a Qualitative Behaviour Assessment (QBA), behavioural
observations (BO), a Human Animal Relationship test
(HAR) and the assessment of different individual param-
eters (IP), which are described in detail below. At each
farm visit, an assessment was carried out using the entire
Welfare Quality® protocol.
Qualitative Behaviour Assessment (QBA)

In the protocol, the QBA was included as the animal-based
measure for the evaluation of positive emotions. This is a
free behavioural observation method, meaning that the
observer looks at the animals without any restrictions. It
was carried out at four to six observation points on the farm
for a total surveillance time of 20 min. The number of pigs
under surveillance ranged from 80 to 240 animals. A visual
analogue scale of 125 mm was assigned to each of 20 given
adjectives: 1) active; 2) relaxed; 3) fearful; 4) agitated; 5)
calm; 6) content; 7) tense; 8) enjoying; 9) frustrated; 10)
bored; 11) playful; 12) positively occupied; 13) listless; 14)
lively; 15) indifferent; 16) irritable; 17) aimless; 18) happy;
19) distressed; and 20) sociable). A mark was set as to
whether the observer found the term to be absent (0 mm) or
dominant (125 mm) for the animals under study. After the
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assessment on-farm, the length (mm) on the visual analogue
scale was measured with a ruler for each of the adjectives.
Thus, for each farm visit in our study, one score in mm for
each adjective was recorded by each observer.
Behavioural observations (BO)

After the QBA, BO (assessments) in the form of instanta-
neous scan sampling were performed at three other view-
points, thus on a total number of pigs ranging from 120 to
180. First, the pigs in the pens under surveillance were
chased up and then had 5 min time to calm down. During
this time, their coughing and sneezing was counted. The
animals were then scanned for a total time of 10 min at each
viewpoint. A scan was made every 2 min and the pigs sorted
into the categories: positive social behaviour, negative
social behaviour, pen investigation, use of enrichment
material, other active behaviour or resting. 
The results of the BO were expressed as performed
behaviour as a percentage of the total active behaviour. Total
active behaviour constituted all possible behaviours except
resting. Thereby, positive and negative social behaviour
were expressed together since total social behaviour and
negative social behaviour was also presented individually.
Human Animal Relationship test (HAR)

In the following protocol assessment, ten randomly chosen pens
were entered and, initially, the reaction of the animals towards
the observer was evaluated using the HAR. The number of pigs
under surveillance ranged from 100 to 400. Therefore, after
entering the pen and walking around it in one direction, the
observer stood still in the middle of the pen for 30 s.
Subsequently, he walked around the pen in the other direction
and analysed the reaction of the animals, ie whether they fled or
showed a panic response. For the HAR, the percentage of pens
with a panic response from the total observed pens per farm was
taken into account for further analysis.
Individual parameters (IP)

Subsequently, 100 to 150 of the pigs in these pens were
scored for a variety of IP, eg wounds, manure on the body,
tail-biting and bursitis, whereby only one side of the pigs
was considered. The IPs were either scored using a three-
point scale (0 = absent, 1 = light impairment, 2 = strong
impairment) or else a two-point scale (0 = absent,
2 = present). The complete list of parameters, their defini-
tions and the slotting criteria are presented in Table 1. The
mortality rate and the percentages of animals affected by
pneumonia, pleurisy, ascites and pericarditis as registered
by the slaughterhouse were requested from the farmer as
well as whether management procedures such as tail-
docking and castration had been carried out. 
The IPs were analysed as percentages of animals sorted into the
corresponding category (eg bursitis category 0: 50%, bursitis
category 1: 40%, bursitis category 2: 10%). In the comparison of
the single categories of a parameter (eg bursitis category 0,
bursitis category 1 and bursitis category 2) each category was
treated as a single variable, ie the agreement of bursitis category
0 between the farm visits was compared independently of the
agreement of the categorisation into bursitis category 1 or 2.

Ethical statement
The authors declare that the experiments were carried out in
strict accordance with international animal welfare guide-
lines. The institution to which the authors are affiliated does
not have research ethic committees or review boards (in
consultation with the animal welfare officer of the Christian-
Albrechts-University, Kiel, Germany). Therefore, the study
applied the following: the German Animal Welfare Act
(German designation: TierSchG), the German Order for the
Protection of Animals used for Experimental Purposes and
other Scientific Purposes (German designation:
TierSchVersV) and the German Order for the Protection of
Production Animals used for Farming Purposes and other
Animals kept for the Production of Animal Products
(German designation: TierSchNutztV). No pain, suffering or
injury was inflicted on the animals during the experiments. 

Evaluation of feasibility
Feasibility was defined according to Velarde (2007), Temple
et al (2011a) and Blokhuis et al (2013), ie the overall protocol
should require little input from the farmers, should be easy to
perform in practical conditions without expert knowledge on
the part of the observer and should not be time-consuming.

Statistics and agreement parameters
Results were compared at parameter level without further
aggregation to sub-criteria or principle scores. Agreement at
criterion or principle score would be untrustworthy without
acceptable agreement at the fundamental level of assess-
ment. Furthermore, all results are expressed at total farm
level, which is reasonable since the samples of animals are
taken randomly to give an overview of the assessed farm
(Welfare Quality® 2009). In the case of the BO, this means
that independently of the three viewpoints, all behavioural
scans made during that farm visit were considered for the
calculation of percentages. In the case of the HAR, the
percentage of pens reacting with a panic response out of the
ten pens evaluated was calculated. For the IP, the percentage
of all evaluated animals on that farm was considered. The
values of the recorded parameters in percent, respectively,
in mm of each farm visit were then compared and evaluated
for their test-retest reliability. Thereby, a comparison of the
visits at same age classes of the two fattening periods was
carried out, ie farm visit 1 of the first fattening period to
farm visit 1 of the second fattening period, farm visit 2 of
the first fattening period to farm visit 2 of the second
fattening period and farm visit 3 of the first fattening period
to farm visit 3 of the second fattening period. This was done
to take into account that the age of the animals had been
considered an influencing factor on many measurements in
previous studies (Temple et al 2012b, 2013).
For statistical analyses, different agreement parameters were
calculated either using the statistic programme SAS 9.2
(SAS Institute 2008) or R (Version 2.11.1) (SAS Institute
2008). A Wilcoxon signed rank test (W) was carried out with
the procedure Proc npar1way in SAS 9.2 (SAS Institute
2008) to test for significant differences between the
compared farm visits. The agreement parameters Smallest

Animal Welfare 2016, 25: 447-459
doi: 10.7120/09627286.25.4.447

F1729_Paper_Template.qxd  07/10/2016  12:03  Page 449

https://doi.org/10.7120/09627286.25.4.447 Published online by Cambridge University Press

https://doi.org/10.7120/09627286.25.4.447


450 Czycholl et al

© 2016 Universities Federation for Animal Welfare

Table 1   Quantitative animal-based measures with scoring scale and definition (Welfare Quality® 2009).

Animal-based measure Score Definition

Body condition 0 Good body condition

2 Thin: visible spine, hip, pin bones

Bursitis 0 No evidence of bursae/swelling

1 One/several small bursae on the same leg or one large bursa

2 Several large bursae on the same leg or one extremely large or eroded bursa

Manure on the body 0 < 20% of body surface soiled with faeces

1 20–50% of body surface soiled with faeces

2 > 50% of body surface soiled with faeces

Huddling 0 Pig lying with < 50% of its body on top of another pig

2 Pig lying with > 50% of its body on top of another pig

Shivering 0 No vibration of any body part

2 Vibration of any body part

Panting 0 Normal breathing

2 Rapid breath in short gasp

Wounds 0 < 4 lesions on all zones of the body

1 4–10 lesions on one or more zones on the body

2 ≥ 10 lesions on two zones or one zone > 15 lesions

Tail-biting 0 No evidence of tail-biting

2 Evidence of tail-biting

Lameness 0 Normal gait or slight lameness or abnormality in gait

1 Severely lame, weight-bearing on affected limb

2 No weight-bearing on one limb or unable to walk

Pumping 0 No evidence of laboured breathing

2 Laboured breathing

Scouring 0 No liquid manure visible in pen

1 Some liquid manure in some areas of pen

2 All faeces visible inside pen are liquid

Skin condition 0 All skin of normal colour and texture

1 0–10% has abnormal colour or texture

2 > 10% of skin has abnormal colour or texture

Hernia 0 No hernia/rupture

1 Small hernia/rupture

2 Hernia/rupture touching the floor or with bleeding lesion

Twisted snout 0 No evidence of twisted snout

2 Evidence of a twisted snout

Rectal prolapse 0 No evidence of rectal prolapse

2 Evidence of rectal prolapse

Coughing n Number of coughs per observation point

Sneezing n Number of sneezes per observation

Human Animal Relation 0 ≤ 60% showing a panic response

2 > 60% of the pigs fleeing, facing away or huddled in corner of pen

Negative social behaviour % Aggressive behaviour or any behaviour with a response from the disturbed
animal or any tail in mouth behaviour

Positive social behaviour % Sniffing, nosing, licking and moving gently away from the animal without an
aggressive or flight reaction from this individual

Pen investigation % Sniffing, nosing, licking all features of pen

Use of enrichment material % Exploration towards straw and other suitable enrichment material

Resting % Non-active behaviour, animals are lying and not performing anything else
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Detectable Change (SDC) and Limits of Agreement (LoA)
were calculated with the IRR package (Gamer et al 2012) for
R (Version 2.11.1) (Venables & Smith 2010). 
Wilcoxon signed rank test (W)
W is a non-parametric paired difference test. As in the
present study, carried out with the help of the W, testing for
statistical significance is a useful tool for reliability assess-
ment (Gelman & Stern 2006) and often used in animal
welfare studies (Temple et al 2011b, 2013). W assesses
whether the ranks of the population means differ (Koehler
et al 1996). In the given study, significant differences in
compared farm visits were interpreted as unacceptable
agreement as this is a clear indicator of disagreement.
However, the reverse conclusion that non-significant differ-
ences represent good agreement cannot be automatically
drawn as non-significant differences do not necessarily
indicate reliable agreement. As significant differences
indicate that there is insufficient agreement and as no addi-
tional information would be gained by the presentation of
P-values, only significance or its absence are presented
here. A P-value ≤ 0.05 was considered as significant.
Agreement parameters

SDC and LoA are both an expression of the measurement
error σ²(error), which is achieved from the simple one-way
model according to Shrout and Fleiss (1979):
xijk = µ + αi + εijk ,
with xijk being the measured value, µ the general average
value, αi the random effect of the difference between the 23
farms and εijk as the general error term.
SDC was calculated according to de Vet et al (2006) using
the formula:
SDC = 1.96 × √2 × (σ²[error])
It indicates the smallest change in the score that can be
detected with the method above the measurement error
(Donoghue & Stokes 2009). The measurement unit of the
SDC was in accordance with the measurement unit of the
parameters under surveillance. Thus, in the present case, it is
expressed in percent. Based on the interpretation of the simple
agreement coefficient in de Vet et al (2006), an SDC less than
or equal to 0.1 was interpreted as acceptable agreement.
The LoA, which was first introduced by Bland and Altman (1986),
was also calculated according to de Vet et al (2006) by the formula:
LoA = mean of the differences ± 1.96 × (√2 × σ²[error]).
The LoA calculates the range of the difference between two
sets of measures and in this study was expressed as relative
frequency between –1 and 1. The direction of –1 would be
differences according to higher values obtained at the farm
visit during the second fattening period and the direction of
1 would be due to higher values achieved in the first
fattening period. Again, interpretation was based on the
simple agreement coefficient of de Vet et al (2006) and,
thus, an interval between –0.1 to 0.1 was interpreted as
acceptable agreement. With the Bland and Altman (1986)
plot of the LoA, namely the plot of difference between the
means of two measurements against the average prevalence
helps to determine the range of errors (de Vet 2005).

Interpretation of W, SDC and LoA

As non-significant differences are not automatically to be
equated with agreement (Wirtz & Caspar 2002), acceptable
agreement was only assigned if the W produced results in accor-
dance with the agreement parameters. Furthermore, for accept-
able test-retest reliability, it was expected that W, SDC and LoA
would be acceptable in all three comparisons of the two
fattening periods (farm visit 1, farm visit 2 and farm visit 3). 

Results
The average time for a complete protocol assessment was
315 min (5 h and 15 min) with a range of 270 to 360 min.
The QBA took a fixed time of 20 min plus the time to walk
between 4–6 observation points. The same can be said for
the time of the BO, which was fixed at 10 min per observa-
tion point plus the initial time between chasing the animals
and allowing them to calm down for 5 min, during which
coughing and sneezing was assessed. This made a total time
of 45 min plus the time for the distance between three obser-
vation points. The HAR took about 90 s per pen. The obser-
vation time for the IP in the pens varied widely, depending
on the dimensions of the pen, the number of animals and
their reaction towards the observer, which influenced how
fast the animals could be assessed. In our study, the time
varied between 10–20 min per pen. Additional time of about
90 s per pen was needed to measure the width and length of
the pen and to test the drinkers. Again, there was additional
time for the distances between the ten pens, which depended
on the layout of the farm. Moreover, especially during the
first farm visit, time was needed for a first meeting with the
farmer for an interview about general information of
management procedures and layout of the farm which took,
on average, 25 min with a range of 15–60 min.
Qualitative Behaviour Assessment (QBA)

The average values and the associated standard deviations
obtained by each observer are presented in Table 2(a) and the
results of the significance testing with the W and the corre-
sponding agreement parameters are shown in Table 2(b).
None of the adjectives presented agreement in any of the
compared farm visits. Even if the comparison of the third farm
visit showed non-significant differences, such as for the term
active, SDC and LoA indicated non-satisfactory agreement. 
Behavioural observations (BO)

On average, similar percentages of animals were sorted into
dedicated behavioural categories (Figure 1) during the farm
visits. This agreement could also be obtained using the calcu-
lation of the agreement parameters for each compared farm
visit (Table 3), which achieved acceptable to good values for
all behavioural categories, with the exception of the category
pen investigation. Although no significant differences were
obtained in all three comparisons, the agreement parameters
did not suggest acceptable agreement for this category. 
Human Animal Relationship test (HAR)

For the comparison of farm visit 1 during the first fattening
period, an average of 17.8 (± 19.1)% of the pens on the
farms showed a panic response compared to 23.8 (± 17.6)%
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Table 2   Mean values (mm) (a) and presentation of significance testing with the Wilcoxon signed rank test (W) and
agreement parameters Smallest Detectable Change (SDC) and Limits of Agreement (LoA) (b) of farm visits 1, 2 and
3 of the two fattening periods for the adjectives of the Qualitative Behaviour Assessment (QBA).

* Significant differences (P < 0.05); s: non-significant differences: ns

(a) Fattening period 1 Fattening period 2

Adjective 1 2 3 1 2 3

Active 69.9 (± 31.0) 71.8 (± 17.4) 64.7 (± 17.1) 73.7 (± 11.2) 82.3 (± 11.6) 66.5 (± 14.1)

Relaxed 58.1 (± 31.6) 60.8 (± 22.4) 58.2 (± 22.0) 54.9 (± 16.7) 49.4 (± 20.3) 54.6 (± 17.2)

Fearful 14.5 (± 5.2) 10.9 (± 4.2) 4.3 (± 6.8) 10.2 (± 5.4) 10.8 (± 4.9) 11.6 (± 2.0)

Agitated 19.5 (± 13.0) 22.5 (± 15.8) 15.5 (± 12.9) 20.8 (± 13.8) 31.8 (± 13.4) 29.8 (± 8.1)

Calm 51.5 (± 23.8) 53.6 (± 19.1) 57.3 (± 20.5) 56.3 (± 17.1) 44.7 (± 19.7) 53.7 (± 16.8)

Content 61.5 (± 18.1) 60.5 (± 15.6) 60.5 (± 13.3) 56.2 (± 7.1) 55.6 (± 14.3) 57.4 (± 7.6)

Tense 22.2 (± 9.8) 23.4 (± 9.1) 19.9 (± 9.0) 17.7 (± 10.7) 25.4 (± 9.0) 26.4 (± 6.8)

Enjoying 37.2 (± 16.0) 30.9 (± 14.7) 31.8 (± 13.3) 37.5 (± 14.8) 33.4 (± 12.2) 37.0 (± 11.6)

Frustrated 23.5 (± 2.5) 21.2 (± 5.5) 20.3 (± 2.7) 10.4 (± 2.0) 14.4 (± 0.8) 19.7 (± 0.8)

Bored 25.9 (± 11.7) 28.7 (± 3.6) 24.7 (± 5.4) 16.5 (± 4.1) 11.2 (± 4.0) 15.2 (± 4.2)

Playful 34.1 (± 18.0) 37.0 (± 15.0) 31.3 (± 13.3) 30.3 (± 15.6) 22.7 (± 9.9) 22.1 (± 10.4)

Positively occupied 55.8 (± 21.4) 51.5 (± 23.7) 51.7 (± 16.2) 53.9 (± 13.1) 61.1 (± 13.1) 59.4 (± 6.9)

Listless 22.5 (± 4.7) 23.4 (± 5.3) 21.9 (± 6.5) 11.3 (± 4.6) 12.8 (± 1.9) 35.1 (± 2.8)

Lively 51.3 (± 17.0) 46.8 (± 16.5) 31.3 (± 15.6) 50.6 (± 16.4) 55.6 (± 14.8) 54.6 (± 13.8)

Indifferent 21.2 (± 16.6) 19.1 (± 6.2) 22.6 (± 6.6) 17.5 (± 5.1) 14.2 (± 4.6) 22.6 (± 7.5)

Irritable 20.1 (± 2.8) 16.7 (± 1.9) 16.8 (± 2.3) 11.5 (± 1.7) 20.7 (± 0.7) 26.6 (± 0.6)

Aimless 26.8 (± 3.4) 28.7 (± 0.6) 27.3 (± 1.3) 24.2 (± 2.2) 18.1 (± 0.5) 26.5 (± 0.5)

Happy 52.3 (± 7.6) 50.4 (± 10.4) 50.6 (± 1.6) 54.8 (± 2.4) 35.1 (± 2.0) 52.7 (± 2.8)

Distressed 4.9 (± 2.4) 5.1 (± 4.0) 3.0 (± 1.4) 3.1 (± 2.1) 3.5 (± 0.6) 6.1 (± 0.5)

Sociable 69.4 (± 21.2) 61.6 (± 20.0) 55.7 (± 18.7) 61.1 (± 12.3) 63.8 (± 14.1) 59.1 (± 16.8)

(b) W* SDC LoA

Adjective 1 2 3 1 2 3 1 2 3

Active s s ns 0.46 0.34 0.37 –0.50 to 0.46 –0.34 to 0.37 –0.39 to 0.38

Relaxed ns s s 0.55 0.54 0.49 –0.46 to 0.63 –0.46 to 0.63 –0.47 to 0.52

Fearful s ns s 0.17 0.21 0.29 –0.16 to 0.18 –0.20 to 0.23 –0.29 to 0.33

Agitated ns s s 0.35 0.40 0.41 –0.38 to 0.36 –0.46 to 0.40 –0.47 to 0.39

Calm s s s 0.36 0.41 0.51 –0.37 to 0.41 –0.35 to 0.49 –0.49 to 0.54

Content s s s 0.34 0.33 0.24 –0.24 to 0.42 –0.28 to 0.39 –0.20 to 0.26

Tense s s s 0.36 0.39 0.19 –0.38 to 0.38 –0.39 to 0.42 –0.20 to 0.17

Enjoying ns s s 0.25 0.28 0.25 –0.25 to 0.25 –0.30 to 0.28 –0.30 to 0.20

Frustrated s s ns 0.33 0.22 0.24 –0.25 to 0.38 –0.13 to 0.26 –0.22 to 0.26

Bored s s s 0.36 0.36 0.25 –0.23 to 0.42 –0.22 to 0.42 –0.22 to 0.28

Playful s s s 0.36 0.25 0.22 –0.38 to 0.38 –0.27 to 0.24 –0.26 to 0.18

Positively occupied ns s s 0.35 0.41 0.30 –0.39 to 0.35 –0.48 to 0.38 –0.40 to 0.26

Listless s s s 0.31 0.18 0.23 –0.22 to 0.37 –0.11 to 0.21 –0.22 to 0.25

Lively ns s s 0.44 0.39 0.47 –0.49 to 0.46 –0.45 to 0.40 –0.53 to 0.45

Indifferent s s ns 0.44 0.24 0.23 –0.37 to 0.50 –0.20 to 0.26 –0.22 to 0.27

Irritable s s s 0.30 0.22 0.30 –0.28 to 0.37 –0.22 to 0.23 –0.33 to 0.29

Aimless ns s ns 0.35 0.28 0.26 –0.31 to 0.40 –0.23 to 0.33 –0.26 to 0.26

Happy s s ns 0.22 0.17 0.15 –0.24 to 0.22 –0.19 to 0.12 –0.17 to 0.13

Distressed ns ns ns 0.11 0.09 0.11 –0.10 to 0.11 –0.09 to 0.11 –0.12 to 0.10

Sociable s ns s 0.41 0.36 0.28 –0.36 to 0.49 –0.38 to 0.37 –0.28 to 0.32
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in the second fattening period. During farm visit 2, panic
was seen in 12.1 (± 15.1)% of the pens in fattening period 1
and 14.8 (± 28.6)% of the pens in fattening period 2. For the
oldest animals during farm visit 3, the panic reaction
decreased to a prevalence of 8.4 (± 14.7)% in the first and
14.8 (± 23.6)% in the second fattening period. This trend of
disagreement could also be documented by the agreement
parameters, though the differences were tested to be non-
significant (farm visit 1: W: ns, SDC: 0.48, LoA: –0.52 to
0.46; farm visit 2: W: ns; SDC: 0.63 LoA: –0.62 to 0.60;
farm visit 3: W: ns, SDC: 0.40, LoA: –0.48 to 0.40).
Individual parameters (IP)

The parameters poor body condition, panting, twisted snout
and rectal prolapse did not occur at all and the parameters
huddling, lameness category 2, shivering, scouring, skin
condition category 2 and hernia category 2 were observed
only with a prevalence of less than 0.1%. An assumption
about the reliability of these parameters was assumed to be
meaningless due to their low prevalence and, therefore, reli-
ability parameters were not calculated.

The remaining parameters, however, were recorded with a
prevalence of, on average, greater than 0.5%. The mean
prevalence of the parameters during the farm visits at
different average weights of the pigs are presented in
Table 4(a) and the corresponding results of W, SDC and LoA
for these parameters can be found in Table 4(b). Acceptable
to good agreement was detected for most of the parameters.
The Bland and Altman (1986) plot of the LoA for hernia
category 1 is shown in Figure 2 as an example. Here, the good
agreement becomes visible, since the differences between all
compared farm visits (each represented by one circle) are
values within a small range around 0. However, W, SDC and
LoA for manure on the body and bursitis of all categories
indicated non-satisfactory agreement. This is visualised by
the Bland and Altman (1986) plot for bursitis in Figure 3(a)
and (b). Bursitis of category 2 proved to be more reliable than
category 1 as can be seen by the smaller range of the differ-
ences. The same could be said for the category 2 of manure,
which was of better agreement than category 1 but still unac-
ceptable. While wounds of category 2 showed good
agreement, wounds of category 1 did not present acceptable

Animal Welfare 2016, 25: 447-459
doi: 10.7120/09627286.25.4.447

Figure 1

Behavioural observations (BO): mean percentages of animals sorted into dedicated behavioural categories expressed as a percentage of
the total active behaviour in the comparison of two fattening periods (1 and 2) for each of three farm visits (1, 2 and 3).

Table 3   Behavioural observations (BO): results of the Wilcoxon signed rank test (W; non-significant: ns; significant: s)
and the calculation of the agreement parameters Smallest Detectable Change (SDC) and Limits of Agreement (LoA)
in the comparison of two fattening periods with each three farm visits (1, 2 and 3).

Behavioural category W SDC LoA

1 2 3 1 2 3 1 2 3

Social behaviour ns ns ns 0.08 0.07 0.09 –0.09 to 0.03 –0.07 to 0.04 –0.09 to 0.07

Negative social behaviour ns ns ns 0.02 0.02 0.02 –0.01 to 0.02 –0.01 to 0.02 –0.01 to 0.01

Use of enrichment material ns ns ns 0.07 0.08 0.04 –0.04 to 0.04 –0.07 to 0.07 –0.01 to 0.03

Pen investigation ns ns ns 0.14 0.14 0.12 –0.14 to 0.14 –0.14 to 0.14 –0.13 to 0.11
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Table 4   Mean (± SD) prevalence (%) (a) and results of a Wilcoxon signed rank test (W), Smallest Detectable Change
(SDC) and Limits of Agreement (LoA) (b) of individual parameters (IPs) that occurred on average with a prevalence
of greater than 0.5% in two fattening periods with each of the three farm visits (1, 2 and 3).

* As these parameters were retrieved from the slaughterhouse, comparison was only possible between the two fattening periods and
not between each farm visit. † s = significant (P < 0.05); ns = non-significant differences.

(a) Individual
parameter

Category Mean (± SD) prevalence (%) in fattening period 1 Mean prevalence (± SD) (%) in fattening period 2
1 2 3 1 2 3

Bursitis 0 67.4 (± 16.3) 50.5 (± 22.3) 43.1 (± 21.4) 52.2 (± 20.5) 47.9 (± 20.7) 43.6 (± 18.5)
1 30.0 (± 16.1) 46.2 (± 19.9) 50.5 (± 17.1) 45.6 (± 18.3) 46.1 (± 18.4) 55.2 (± 16.0)
2 0.7 (± 3.5) 3.1 (± 2.5) 6.4 (± 5.6) 2.2 (± 1.8) 6.0 (± 5.1) 5.6 (± 4.7)

Manure 0 93.4 (± 14.3) 89.1 (± 23.5) 80.4 (± 29.5) 77.0 (± 26.6) 74.2 (± 23.7) 67.7 (± 29.3)
1 5.6 (± 4.5) 8.9 (± 8.4) 14.2 (± 11.1) 27.2 (± 18.9) 20.6 (± 18.2) 24.7 (± 23.7)
2 0.6 (± 4.1) 1.8 (± 0.7) 3.7 (± 3.1) 3.5 (± 3.3) 5.2 (± 4.0) 7.5 (± 7.3)

Lame 0 99.3 (± 1.7) 99.2 (± 6.5) 99.2 (± 3.0) 99.7 (± 1.7) 99.6 (± 2.3) 99.2 (± 3.6)
1 0.5 (± 0.4) 0.5 (± 0.3) 0.7 (± 0.6) 0.3 (± 0.1) 0.4 (± 0.3) 0.6 (± 0.3)

Wounds 0 90.6 (± 11.8) 93.7 (± 11.4) 94.0 (± 10.1) 91.5 (± 8.7) 93.3 (± 10.3) 91.9 (± 12.5)
1 7.6 (± 7.6) 5.5 (± 3.9) 4.8 (± 3.6) 6.7 (± 6.2) 6.3 (± 4.8) 6.9 (± 6.3)
2 1.6 (± 1.5) 0.5 (± 0.4) 1.1 (± 0.8) 1.0 (± 0.3) 0.4 (± 0.3) 1.1 (± 0.8)

Tail-biting 0 98.2 (± 9.6) 97.7 (± 3.4) 98.2 (± 2.7) 98.4 (± 6.0) 97.2 (± 6.6) 96.7 (± 11.5)
2 1.8 (± 1.6) 2.1 (± 1.6) 1.7 (± 1.1) 1.6 (± 0.7) 2.8 (± 2.0) 2.8 (± 1.5)

Skin condition 0 99.1 (± 8.3) 99.2 (± 6.6) 99.5 (± 1.5) 99.5 (± 2.8) 99.3 (± 3.9) 99.6 (± 0.4)
1 0.8 (± 0.2) 0.7 (± 0.7) 0.5 (± 0.1) 0.5 (± 0.3) 0.6 (± 0.3) 0.4 (± 0.4)

Hernia 0 99.5 (± 2.3) 99.3 (± 6.7) 99.6 (± 2.6) 99.4 (± 2.5) 99.4 (± 2.9) 99.5 (± 2.5)
1 0.5 (± 0.1) 0.6 (± 0.1) 0.4 (± 0.3) 0.5 (± 0.5) 0.6 (± 0.3) 0.5 (± 0.5)

Coughing n 1.8 (± 1.0) 2.9 (± 1.5) 1.8 (± 1.8) 0.8 (± 0.2) 1.1 (± 1.0) 2.2 (± 2.1)
Sneezing n 1.1 (± 1.1) 0.7 (± 0.3) 0.6 (± 0.2) 1.1 (± 0.7) 0.5 (± 0.3) 0.5 (± 0.4)
Pneumonia* % 9.8 (± 9.1) 8.2 (± 8.4)
Pericarditis* % 1.7 (± 0.9) 2.1 (± 1.8)
Pleuritis* % 3.9 (± 2.9) 3.9 (± 5.5)
Milkspots* % 7.2 (± 2.1) 4.7 (± 2.2)

(b) Individual
parameter

Category W† SDC LoA
1 2 3 1 2 3 1 2 3

Bursitis 0 s s s 0.42 0.47 0.37 –0.17 to 0.50 –0.45 to 0.52 –0.42 to 0.38
1 s s s 0.39 0.39 0.24 –0.49 to 0.13 –0.46 to 0.40 –0.24 to 0.26
2 s s ns 0.17 0.17 0.19 –0.09 to 0.03 –0.20 to 0.12 –0.15 to 0.16

Manure 0 s s ns 0.40 0.39 0.52 –0.24 to 0.49 –0.21 to 0.49 –0.48 to 0.56
1 s s ns 0.27 0.32 0.36 –0.42 to 0.12 –0.42 to 0.17 –0.45 to 0.32
2 ns ns ns 0.19 0.13 0.20 –0.18 to 0.12 –0.13 to 0.07 –0.22 to 0.21

Lame 0 ns ns ns 0.02 0.03 0.03 –0.01 to 0.01 –0.02 to 0.01 –0.02 to 0.02
1 ns ns ns 0.01 0.02 0.03 –0.01 to 0.01 –0.01 to 0.01 –0.01 to 0.02

Wounds 0 ns ns ns 0.12 0.12 0.10 –0.12 to 0.12 –0.12 to 0.10 –0.05 to 0.11
1 ns ns ns 0.12 0.11 0.10 –0.11 to 0.12 –0.11 to 0.11 –0.11 to 0.05
2 ns ns ns 0.07 0.03 0.04 –0.05 to 0.05 –0.02 to 0.02 –0.02 to 0.02

Tail-biting 0 ns ns ns 0.09 0.06 0.10 –0.09 to 0.07 –0.03 to 0.03 –0.07 to 0.10
2 ns ns ns 0.09 0.06 0.10 –0.07 to 0.09 –0.04 to 0.02 –0.10 to 0.07

Skin condition 0 ns ns ns 0.05 0.06 0.01 –0.04 to 0.02 –0.05 to 0.04 –0.01 to 0.01
1 ns ns ns 0.05 0.05 0.01 –0.03 to 0.02 –0.04 to 0.04 –0.01 to 0.01

Hernia 0 ns ns ns 0.02 0.05 0.02 –0.01 to 0.01 –0.05 to 0.03 –0.01 to 0.01
1 ns ns ns 0.02 0.03 0.02 –0.01 to 0.01 –0.02 to 0.02 –0.01 to 0.01

Coughing n s s ns 0.23 0.38 0.45 –0.11 to 0.30 –0.28 to 0.48 –0.48 to 0.49
Sneezing n ns s ns 0.17 0.14 0.13 –0.13 to 0.17 –0.11 to 0.12 –0.11 to 0.11
Pneumonia* % s 0.17 –0.12 to 0.17
Pericarditis* % s 0.04 –0.03 to 0.02
Pleuritis* % ns 0.11 –0.11 to 0.10
Milkspots* % s 0.16 –0.13 to 0.17
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Figure 2

Bland and Altman (1986) plot of the
Limits of Agreement of hernia, category
1 assessed at three visits for each of
two fattening periods. White circles
indicate the comparison of results of
Farm visit 1, black circles of Farm visit 2
and grey circles of Farm visit 3.

Figure 3

Bland and Altman (1986) plot of the Limits
of Agreement of bursitis, category 1 (a)
and 2 (b), assessed at three visits for each
of two fattening periods. White circles
indicate the comparison of results of Farm
visit 1, black circles of Farm visit 2 and grey
circles of Farm visit 3.
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agreement in terms of the fixed limits; however, they did
show a clear tendency towards it. The parameters coughing
and sneezing also presented unacceptable agreement, with
sneezing being closer to the acceptability limit. 
The results of pneumonia, pleuritis and milkspots, which
were obtained from the slaughterhouse, also presented
insufficient reliability. 

Discussion

Statistics and agreement parameters
A combination of significance testing (W) and two
agreement parameters (SDC and LoA) were used for the
assessment of reliability. As each statistical method has its
own strengths and weaknesses, other studies have advised
the use of several parameters and their interpretation
together (Dohoo et al 2003; de Vet et al 2006). 
Usually, reliability parameters, such as the Spearman Rank
Correlation Coefficient and the Intraclass Correlation
Coefficient, should also be used for an interpretation of relia-
bility. The problem with reliability parameters is, however, that
they are strongly dependent on the variance of the objects
under study (Wirtz & Caspar 2002; de Vet et al 2006). This was
exactly the case in this study. Therefore, the values and the
interpretation of these reliability parameters would have been
strongly biased. In further test-retest studies, farm samples with
a greater variance would have to be taken into account.

Explanatory power of test-retest reliability
Low test-retest reliability can basically be due to three reasons
(Temple et al 2013). Firstly, due to real differences between
two visits. This was, however, excluded from the study as far
as possible since no major changes on the assessed farms
occurred. To further minimise possible influencing changes, a
control for age effects was implemented when testing relia-
bility by testing it within the same production stage. Still, there
can be unknown and unpredictable time effects that cannot be
diminished. Secondly, they can be caused by the sensitivity of
a measure to routine procedures and minor changes, eg in the
case of growing pig farms, changes in the age and weight of
pigs. Inconsistency over time was definitely observed in this
study since other animals were observed in the consecutive
fattening periods. However, according to Knierim and
Winckler (2009), the general feasibility of welfare assessment
tools has to be carried out at longer time intervals of greater
than six months in order to be useful for certification proce-
dures. Therefore, in order to be a useful tool in terms of animal
welfare assessment, the method must not be sensitive to minor
changes (Temple et al 2013). The third main reason for a lack
of reliability is variability due to methodological restrictions.
The exact reason for the disagreement cannot be determined,
but whatever the exact reason for a low test-retest reliability for
a parameter, it means that the particular parameter is not
suitable for the assessment in its present form.
The statement of Knierim and Winckler (2009) that the time
interval should be greater than six months also led to the
study design with the assessments in two consecutive
fattening periods, since the results needed to be constant
during this time in order to provide for feasibility.

Protocol assessments
The prevalence of the different parameters of the Welfare
Quality® protocol obtained during the assessments were
mostly in accordance with those found in previous studies
(Temple et al 2011a). This was valid for the mm length of
the adjectives of the QBA, for the percentages either of
animals sorted into a certain category in terms of the BO or
of pens on a farm with a flight reaction (HAR) as well as the
percentage of affected animals in terms of the different IP.
This statement is also valid for the time needed. The broad
range for the time needed for the completion of one protocol
assessment was mainly due to the distances between the
different observation points and was therefore dependent on
the layout of the evaluated farm. Protocol assessments could
be fulfilled easily within a day in all cases. Thus, it was
possible to carry out the assessments in a feasible manner
(Knierim & Winckler 2009). Moreover, the working routine
in the farms was not disturbed and the time needed with the
farmer was very short. This made implementation under
practical conditions easy. These findings are in complete
agreement with the results of other studies, eg Kirchner et al
(2014), who stated a good acceptance of the Welfare
Quality® protocols among farmers. Moreover, within three
days assessors from different backgrounds could be trained
to show accordance in protocol assessments.
Qualitative Behaviour Assessment (QBA)

In general, the adjectives of the QBA did not agree in any of
the three comparisons of farm visits. Even if the comparison
of farm visit 3 indicated non-significant differences such as
for the term active, SDC and LoA clearly indicated
disagreement. As mentioned above, the results of W, SDC
and LoA always have to be interpreted together. Moreover,
at all times, significant differences were found for all three
comparisons (except for the adjective distressed), which is a
clear indicator of disagreement. The only exception to this
was the term distressed, which presented non-significant
differences in all three statistical criteria and SDC and LoA
around the acceptability limit of 0.10. At all times, low
millimetre scores on the VAS were assigned to the term
distressed. This fact becomes logical when looking in detail
at the meaning of distressed which, in terms of the protocol,
is interpreted as a pig not only being unhappy but in a crisis
situation. Therefore, agreement was probably achieved by
the fact that very low scores were awarded at all times, indi-
cating the absence of that term on the assessed farms. A
study of farms with a broader variation in this adjective
would be needed for a more meaningful assessment of reli-
ability of the term distressed.
The direct comparison of mm length did not indicate
acceptable test-retest reliability. The comparison of mm
length was also carried out by Wemelsfelder and Millard
(2009), who assessed inter-observer reliability of the
QBA by the calculation of Kendall’s Tau as a reliability
parameter and came to the conclusion of good reliability.
However, they tested the reliability based on video
sequences, which might have provided a better reliability
than the assessment on-farm. 

© 2016 Universities Federation for Animal Welfare
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Behavioural observations (BO)

Acceptable to good agreement was found in the analysis of
the percentages assigned to the dedicated behavioural cate-
gories in terms of BO. Non-significant differences were
found between farm visits for the category pen investiga-
tion, but SDC and LoA only narrowly made it into the
category of acceptable agreement. The explanation for this
lies in practical experience showing behavioural pen inves-
tigation and other active behaviour to change in a very short
time, thereby making them hard to differentiate. The present
study is, to the authors’ knowledge, the first to reveal this
problem. It was taken into account in the congregation of
parameters since pen investigation was not given as much
weight as the use of enrichment material when calculating
scores for the dedicated criterion (Welfare Quality® 2009).
For this reason and due to the fact that acceptability limits
were only narrowly exceeded, the general reliability of the
BO can still be interpreted as good.
Human Animal Relationship test (HAR)

The HAR revealed non-satisfactory agreement during all
compared farm visits. Mean prevalence and observations
on the farms during data collection indicated an effect of
age, since the prevalence of a panic response was clearly
higher in young pigs and then decreased in the following
visits with increasing weight and age. However, since the
visits were compared at the same average weights, ie the
same age classes of pigs, this effect alone cannot have
caused the low agreement. Apparently, the outcomes of the
HAR are subject to effects by minor changes, which was
also stated by de Passillé and Rushen (2005). They not
only pointed out this excessive sensitivity towards minor
aspects but also questioned whether the HAR really allows
differentiation between farms of good and poor animal
welfare. To analyse the exact effects on the outcomes of
the HAR, the effects should be estimated statistically via
appropriate models in further studies. However, the test-
retest reliability of this parameter is insufficient.
Individual parameters (IP)

Ambiguous results were found in terms of the different IPs.
Some IPs occurred only rarely or not at all, thus making an
assumption about their reliability meaningless. To make
assumptions on the relevance of these rarely observed IPs, the
Welfare Quality® Animal Welfare Assessment Protocol for
Growing Pigs should be tested on a broader range of different
farms with a greater variation, ideally internationally. If they
are proven to be irrelevant due to low prevalence, they can be
excluded from the protocol, thereby increasing feasibility as
the time needed for the assessments could be shortened
(Knierim & Winckler 2009). Further, an assumption about
mortality was not possible since, in terms of the protocol, this
parameter is assessed as mortality during the last 12 months. In
the present study, the value assigned for mortality remained the
same over the two consecutive fattening periods.
The test-retest reliability of many IPs, ie lameness, tail-
biting, skin condition, hernia, pericarditis and wounds was
good with the exception of wounds of category 1. Wounds of
category 1 narrowly exceeded the acceptability limit in the

comparison of farm visits 2 and 3. This is probably due to the
fact that wounds tend to be received at the beginning of the
fattening periods by fights in order to establish a rank order
in the newly arranged groups (Meese & Ewbank 1973).
These fights can be of differing severity and length
depending on the aggressiveness of individual group
members (D’Eath 2002). Since other individuals and group
compositions were assessed during two fattening periods,
this might explain the differences observed. Furthermore, the
slotting criteria for wounds are somewhat complicated as
presented in Table 1. Nevertheless, as wounds of category 2
were well within the ranges of acceptability and category 1
only narrowly exceeded these borders, this parameter can
still be interpreted as acceptable. This is especially valid as
category 2 implies more relevant constraints in welfare and
is thus attributed a greater weight in the final congregation of
this parameter (Welfare Quality® 2009).
The IPs bursitis and manure on the body presented insuffi-
cient reliability. In terms of bursitis, this can be explained
by the fact that it is defined in the Welfare Quality®
protocol as a swelling in the region of the joints and
assessed mostly visually. In unclear cases of bursitis, it was
proposed during training to palpate the legs to elucidate the
findings. This was, however, often not possible especially
when the animals were moving around quickly. These
assessment difficulties that arise as a result of animals
moving quickly, being dirty or when buildings are rela-
tively dark were also described by Veissier et al (2013).
Furthermore, it has to be considered that other causes of
swelling in the joint region, eg haematoma or bacterial
infection leading to increased synovial fluids in the joints
(Plonait et al 2004) — which have to be borne in mind as
differential diagnoses — cannot be differentiated accu-
rately through mere visual assessment. Temple et al (2013)
also stated insufficient reliability for this parameter. In
contrast, Forkmann and Keeling (2009) found good relia-
bility. However, they used the five-scale scoring system for
bursitis of Lyons et al (1995) and, therefore, it is not
directly comparable with this study which utilised a three-
point scale as per the terms of the Welfare Quality®
protocol (Veissier et al 2013). Although bursitis category 2
was of slightly better agreement, thus indicating a clearer
definition, it can be concluded that the parameter is
incapable of assessing comfort around resting in its present
form. To this end, either clearer slotting criteria or other
parameters have to be detected. The insufficient reliability
of the parameter manure on the body is most likely caused
by seasonal effects. It is a well-known fact that pigs in
conventional housing systems tend to wallow in their own
dung on hot days in order to cool down. This effect of
seasonal changes was also stated by Huynh (2005) and
Temple et al (2013). Therefore, this parameter is unreliable
in its present form and incapable of assessing comfort
around resting. More suitable parameters have to be found
in the future, especially since both animal-based parame-
ters congregated for the assessment of the criterion
‘comfort around resting’ have proved to have an insuffi-
cient test-retest reliability.

Animal Welfare 2016, 25: 447-459
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Insufficient agreement was further detected in the parameters
coughing and sneezing, whereby sneezing presented slightly
better agreement. However, both parameters seem to be
subject to minor changes, such as seasonal effects and thus
are not sufficiently reliable. A correlation between these
parameters and data from the slaughterhouses, such as
pneumonia should be subject to further analysis. This could
answer the question as to whether the parameter coughing is
actually needed for a reliable welfare assessment or whether
pathological findings in the lungs and treatment data, ie use
of antibiotics during a fattening period, would be a more
appropriate way of assessing the health of respiratory organs.
Pneumonia, pleuritis and milkspots were the subject of
disagreement between the two farm visits. As the data for
these parameters were obtained from the slaughterhouse,
only the results of one fattening period could be compared
to the other and not the different visits at different ages. Low
repeatability could be caused by unclear definitions and
slaughterhouse assessments (Olsen et al 2007; Hoischen-
Taubner et al 2011). This would imply that a clear defini-
tion, which is internationally valid, could provide an
improvement of reliability.

Animal welfare implications
The results of the present study are an important contribution
towards the enhancement and advancement of the Welfare
Quality® Animal Welfare Assessment Protocol for Growing
Pigs and thus of considerable interest in the pursuit of an
objective measurement of the welfare status of farm animals.

Conclusion
The aim of the present study was to draw conclusions regarding
the feasibility and test-retest reliability of the Welfare Quality®
Animal Welfare Assessment Protocol for Growing Pigs.
Feasibility of the protocol proved to be satisfactory. As for the
test-retest reliability, insufficient reliability was found in terms
of the QBA. BO, in the form of instantaneous scan sampling as
a parameter for the assessment of social and other behaviour,
generally provided good reliability. This is valid despite the fact
that the category pen investigation lay, to some extent, outside
the defined limits of acceptable reliability, which should be
taken into account at interpretation. The HAR was subject to
minor changes between farm visits, thus it was not capable of
reliably assessing the human animal relationship. The majority
of IPs presented good reliability, exceptions were bursitis,
manure on the body and coughing and sneezing as well as the
parameters retracted from the slaughterhouse. Some IPs
occurred only rarely or not at all, thus rendering assumptions on
their reliability meaningless. To test the relevance of these IPs,
further studies of a farm sample with a greater variance, ideally
internationally, are needed. This would have the further
advantage of making reliability assessment easier. In general,
many welfare parameters included in the ‘Welfare Quality®
Animal Welfare Assessment Protocol for Growing Pigs’ proved
to be sufficiently feasible and reliable. However, the present
study also revealed there still to be a considerable number of
challenges to be addressed in further studies on the Welfare
Quality® protocols in order to achieve a constant improvement.
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