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Abstract

Consistency over time is a basic requirement for welfare assessment schemes since consistency must not depend, for example, on the
day it is carried out. This study analysed the consistency of the indicators of the Animal Welfare Indicators (AWIN) protocol for horses
(Equus caballus) over time. Given the multi-dimensionality of animal welfare, the AWIN protocol includes a variety of indicators evalu-
ating, eg the health status or the behaviour of the animals. Fourteen establishments keeping horses in Germany were visited four times
each (day 0, day 3, day 42, day 90). For the evaluation of reliability and agreement between the different visits, ie across time, the
reference visit on day 0 was compared to the other visits via calculation of Spearman’s rank correlation (RS), intra-class correlation (ICC),
smallest detectable change (SDC) and limits of agreement (LoA). The indicator, Qualitative Behaviour Assessment (QBA) was analysed
by Principal Component Analysis (PCA). Most of the indicators demonstrated sufficient consistency over time. Indicators that were incon-
sistent included parts of the Horse Grimace Scale, outcomes of behavioural tests, the presence of swollen joints as well as the indica-
tors hoof neglect, alopecia on the legs and water cleanliness. The QBA was consistent for the period of 42 days, but not for 90 days.
Overall, those indicators with insufficient consistency over time require to be revised or replaced in future welfare assessment schemes.
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Introduction
Welfare is generally acknowledged to be a multi-dimensional
concept made up of good health and biological functioning,
natural behaviour and emotional state. Hence, for the accurate
assessment of welfare, multiple indicators are required since
a single indicator is insufficient to measure all these different
aspects (Fraser 2008; Blokhuis et al 2013; Czycholl et al
2015). In general, animal-based indicators, which are also
outcome-based indicators, are considered the most useful in
terms of assessing the true welfare state during on-farm
welfare assessments (Blokhuis et al 2013). In contrast,
management- and resource-based indicators constitute a risk
assessment of the surroundings and the possible attainment of
a good welfare state for the animals. However, the measure-
ment of animal-based indicators poses the greatest challenge
as regards feasibility, reliability and validity. For example,
behavioural observations to assess animals’ lying behaviour
are more time-consuming and require better trained assessors
than simply assessing the size of the resting area (Velarde &
Geers 2007). Hence, a major issue in animal welfare science
continues to be the suitability of animal-based indicators for
the purposes of a welfare assessment.
Although generally important for all species in animal welfare
assessment, animal-based indicators are probably especially

important when it comes to an assessment of equine welfare
since the use of this species, not to mention the husbandry
conditions, show great variation, eg ranging from leisure horses
(Equus caballus) to working equids and food production (Dalla
Costa et al 2017). Animal-based indicators allow comparison
between different husbandry conditions and make it possible for
objective comparison to take place (Dalla Costa et al 2014).
In 2015, a welfare assessment protocol for horses was
developed within the framework of the Animal Welfare
Indicators (AWIN 2015) project, amongst others. Welfare
was defined as a multi-dimensional concept to be measured
by a variety of predominantly animal-based indicators.
Resource- (eg water provision) or management-based (eg
exercise) indicators were only included if no feasible,
reliable and valid animal-based indicator was revealed for a
certain aspect of animal welfare. However, research
concerning the feasibility, reliability and validity of the
included indicators remains an ongoing process. Some
single indicators were assessed for feasibility, reliability and
validity before inclusion in the respective protocols. For
example, Dalla Costa et al (2014, 2016b) validated the
Horse Grimace Scale as a tool to assess pain by comparing
horses in pain to control groups without pain or receiving
analgesia. Dai et al (2015) validated the fear tests by
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comparing the outcomes to those of infra-red thermography
and Dalla Costa et al (2015) tested different Human Animal
Relationship Tests with regard to their feasible, reliable and
valid use in horses. Concerning the AWIN protocol in
general, Dalla Costa et al (2016a) provides an overall
description of the application of the AWIN protocol and a
general estimate of feasibility and validity based on expert
and stakeholder opinion. Also, the completed and published
protocols were tested for feasibility in on-farm studies
(Dalla Costa et al 2017; Czycholl et al 2018). Overall, these
studies suggest that feasibility and validity (at least for most
of the indicators) are given. Czycholl et al (2019a) further
addressed the inter-observer reliability of the AWIN
protocol demonstrating it to be sufficient for most of the
indicators. However, until now, the consistency of the entire
protocol over time or of most of the single indicators has not
been thoroughly tested (Dalla Costa et al 2015).
Nevertheless, consistency over time is a basic requirement
of welfare assessment systems. Only with a degree of
consistency over time can comparability between farms be
assured (Knierim & Winckler 2009). Therefore, in the
present study, we analysed the consistency of all included
AWIN protocol indicators for horses over time, in different
time-periods up to 90 days. The aim was to supplement pre-
existing knowledge on the AWIN protocol for horses and
explore the potential for different indicators to reliably
assess certain aspects of welfare.

Materials and methods

Ethical statement
Animal disturbance was kept to a minimum, in accordance
with the nature of the AWIN protocol, with the study
designed to be readily incorporated into each establishments’
normal routine. The authors declare that the ‘German Animal
Welfare Act’ (German designation: TierSchG 2006) and the
‘German Order for the Protection of Animals used for
Experimental Purposes and other Scientific Purposes’
(German designation: TierSchVersV 2013) were applied. No
pain, suffering or injury were inflicted on the animals during
the time-frame of the experiment. 

Study animals
Data collection took place between December 2016 and
May 2017 on 14 equine establishments in Germany. These
all took part on a voluntary basis after being invited by their
breeding association or the University of Kiel. All the study
horses were kept in accordance with the national guidelines
for equine husbandry (BMELV 1995), although conditions
varied greatly between establishments. Sizes ranged from
14 up to 120 horses with four establishments classifying
themselves as mainly breeding stables, three (mainly) as
sport stables (dressage and showjumping) and seven as
pension stables, ie containing mostly leisure horses. A
variety of breeds were kept throughout and German
Warmbloods (such as Trakehner, Holsteiner, Hannoverian)
made up approximately two-thirds of the total sample,
which is typical for Germany. 

Welfare assessment
The same well-trained observer carried out all assessments
with training having taken place prior to the start of the study
via a three-day course organised by the developers of the
AWIN protocol for horses. Training was based around video
footage material and pictures and took place in various
equine establishments until a robust scoring consensus for
each indicator and assessment was attained amongst partici-
pants and protocol developers. Protocol assessments were
carried out in strict accordance with the instructions
presented in the AWIN protocol for horses (AWIN 2015),
where a detailed description of the entire procedure can be
found. An abridged version of the indicators and scores may
be found in Table S1 (see supplementary material to papers
published in Animal Welfare: https://www.ufaw.org.uk/the-
ufaw-journal/supplementary-material).
The AWIN protocol for horses is divided into two levels:
a first-level welfare assessment which is only performed
on a sample of the animals and functions as a quick
overview and a second-level assessment which is carried
out on every single animal. This includes additional indi-
cators; some of which are assessed in greater detail (eg not
only visually but also via palpation). In the present study,
both levels were performed at the same establishment: the
first on the first day and, irrespective of the outcome, the
second the following day. Each of the 14 establishments
was visited four times by the same observer, with visit 1
on day 0, visit 2 on day 3, visit 3 after 42 days and visit 4
after 90 days. This produced a total of 56 first-level
protocol assessments and 56 second-level protocol assess-
ments, in which a total of 1,055 and 1,582 horses were
observed, respectively. The results of visit 1 were classed
as the reference visit and compared to those of visits 2, 3
and 4 for each of the (two) levels, separately.

Data analysis
Since the aim of welfare assessment tools tends to be to
aid the detection of welfare status, on-farm (Blokhuis
et al 2013), the results here are expressed at farm level,
thus as continuous data, ie showing the percentages of
affected animals sorted into the respective scores for each
indicator. An approach wholly in accordance with the
AWIN protocol (AWIN 2015) that saw each score of each
indicator treated as a separate variable.
For the assessment of consistency over time, visits 2, 3 and
4 were compared to the reference visit (visit 1). For compar-
ison, a combination of different reliability, ie Spearman’s
rank correlation coefficient (RS) and intra-class correlation
coefficient (ICC) and agreement parameters, ie smallest
detectable change (SDC) and limits of agreement (LoA)
were used and interpreted together. For interpretation, it was
determined that all parameters had to reach the respective
pre-defined thresholds for acceptability (de Vet et al 2006).
The RS is a non-parametric measure of rank correlation, for
which values can range between –1 and 1. In accordance with
the suggestions of Martin and Bateson (2007), an RS equal to
or greater than 0.4 was interpreted as an acceptable correla-
tion and RS equal to or greater than 0.7 as a good correlation.
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For the ICC, the following one-way model was calculated in
accordance with Shrout and Fleiss (1979): 
xjk = µ + αj + εjk

with xjk being the measured value, µ the general average
value for each assessed indicator score, αj the random effect
of the difference between the study objects (farm visits) and
εjk the general error term. Then, the variance of the same
object (visits) was put in proportion to the total variance using
the following formula in accordance with de Vet et al (2006):

with σ² representing the variance of the study objects (visits)
and the residual variance, respectively. As proposed by
McGraw and Wong (1996), an ICC equal to or greater than
0.4 was interpreted as acceptable reliability and an ICC
equal to or greater than 0.7 as good reliability.
The SDC is an expression of the measurement error, which
is derived from the previous formulae (de Vet et al 2006)
and depicts the smallest change that can be detected despite
the measurement error:
SDC = 1.96 × √2 × (σ²[visits] + σ²[residual])
The values of the SDC are the same as the measurement unit
of the assessed indicators, ie percentages in this study. A
deviation of up to 10% was interpreted as acceptable
agreement and values smaller than or equal to 5% as good
agreement.
The LoA were also calculated according to de Vet et al
(2006) by the formula:
LoA = mean ± 1.96 × (√2 × σ²[residual])
It calculates the range of the difference between two sets of
measurement values (first- and second-level protocols).
Interpretation was again based on the simple agreement
coefficient of de Vet et al (2006) and therefore an interval
smaller than or equal to –10 to 10% was interpreted as
acceptable and –5 to 5% as good agreement.
A Principal Component Analysis (PCA) was performed
for the analysis of the Qualitative Behaviour Assessment
(QBA), which is one of the additional indicators of the
second-level protocol. The QBA consists of 13 descrip-
tors: aggressive, alarmed, annoyed, apathetic, at ease,
curious, friendly, fearful, happy, looking for contact,
relaxed, pushy and uneasy. A value (in mm) was attained
for each horse, for each descriptor. These were aggregated
to farm level. For the PCA, a correlation matrix was used,
and no rotation applied. Separate PCAs were conducted
for the adjectives for the four different visits. For the eval-
uation of consistency over time, the factor loadings of
Principal Components 1 and 2 (PC1 and PC2) of the
different visits were compared by the calculation of
Spearman’s rank correlation coefficients. This procedure
is advised for analysis of the QBA by the developers of
this methodology (Wemelsfelder & Lawrence 2001;
Wemelsfelder & Millard 2009).
All statistical analyses were carried out using SAS® 9.4
(SAS Institute 2008). 

Results
Only those indicator scores demonstrating presence of that
specific welfare issue are presented. A number of the indicator
scores were only observed very rarely (eg strained nostrils and
flattening of the profile, score 2 of the Horse Grimace Scale,
score 1 of the Body Condition Score (BCS), genital discharge,
water points not functioning properly, as well as some of the
integument alterations, ie alopecia, skin lesion, deep wound or
swelling in different regions of the body). Hence, these scores
were excluded from further analysis. 

First-level protocol assessment
The median values in percent of affected animals for each
of the indicator scores (considered as separate variables)
for each of the four visits are shown in Table 1 (see supple-
mentary material to papers published in Animal Welfare:
https://www.ufaw.org.uk/the-ufaw-journal/supplemen-
tary-material). The comparison of the different visits for
the evaluation of consistency over time is shown in
Table 2 (see supplementary material to papers published in
Animal Welfare: https://www.ufaw.org.uk/the-ufaw-
journal/supplementary-material). To facilitate interpreta-
tion, the medians of the reliability and agreement
parameters of the different comparisons are included in
Figure 1. The indicators, stereotypies, ocular discharge,
box dimension, alopecia and deep wounds on the legs,
alopecia and skin lesion on the neck, alopecia and skin
lesion on the hooves, swelling on the head, skin lesion and
swelling on the midsection, skin lesion on the shoulder
and exercise demonstrated good consistency over time
within 90 days. The Horse Grimace Scale (especially those
indicators demonstrating only mild pain), the Avoidance
Distance Test, the Voluntary Human Approach Test and
swollen joints were of insufficient consistency over time
in all time-periods under evaluation. The other indicators
demonstrated inconsistent results in the sense that either
the agreement parameters were of acceptable values while
the reliability parameters were not (consistency of manure,
bedding cleanliness, social interaction, water cleanliness)
or vice versa (abnormal breathing, nasal discharge, water
functioning, skin lesion on the muzzle). 

Second-level protocol assessment
The median percent values of the affected animals for each of
the indicators in the assessment of the second-level protocol
are shown in Table 3 (see supplementary material to papers
published in Animal Welfare: https://www.ufaw.org.uk/the-
ufaw-journal/supplementary-material). The comparison of
the different visits for the evaluation of the consistency in the
different indicators over time is shown in Table 4 (see supple-
mentary material to papers published in Animal Welfare:
https://www.ufaw.org.uk/the-ufaw-journal/supplementary-
material). The medians of the statistical parameters are shown
in Figure 2. The results for the respective indicators are in
accordance with those of the first-level protocol. Exceptions
are the different BCS, for which the consistency over time in
all the evaluated time-frames improved. A closer look at the
additional indicators used in the second-level protocol shows
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Figure 1

Medians of the different statistical parameters: Spearman’s rank correlation coefficient (RS), intra-class correlation coefficient (ICC), smallest
detectable change (SDC), limits of agreement (LoA) for the different comparisons of farm visits for each indicator of the AWIN protocol for
horses (first-level assessment). LoA is expressed with lower and upper limits. Lighter colours indicate insufficient reliability.
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Figure 2

Medians of the different statistical parameters: Spearman’s rank correlation coefficient (RS), intra-class correlation coefficient (ICC), smallest
detectable change (SDC), limits of agreement (LoA) for the different comparisons of farm visits for each indicator of the AWIN protocol for
horses (second-level assessment). LoA is expressed with lower and upper limits. Lighter colours indicate insufficient reliability.
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that for coughing, lameness and lesions at the mouth corner,
the statistical parameters met the thresholds for acceptability,
while this was not the case for the results of the Forced
Human Approach Test.
The results of the QBA are presented in Figure 3. It shows
the scores of the different descriptors for PC1 and PC2 in the
different comparisons. Correlation between the farm visits
was high for the comparison of visit 1 with visit 2 (PC1:
RS = 0.96, PC2: RS = 0.74, see Figure 3[a]) and decreased
in the longer intervals of comparison (visit 1 to visit 3: PC1:
RS = 0.88, PC2: RS = 0.50, see Figure 3[b]); visit 1 to visit
4: RS = 0.87, PC2: RS = 0.13, see Figure 3[c]).

Discussion

First-level protocol assessment
The general prevalence of the single indicators is compa-
rable to those of other studies using the AWIN protocol for
horses (Dalla Costa et al 2017; Czycholl et al 2018). 
Those indicators meeting the pre-defined threshold limits of
acceptability in all four statistical parameters (stereotypies,
ocular discharge, box dimension, alopecia and deep wounds
on the legs, alopecia and skin lesion on the neck, alopecia
and skin lesion on the hooves, swelling on the head, skin
lesion and swelling on the midsection, skin lesion on the
shoulder and exercise) can be interpreted as sufficiently
constant over time within the 90 days and are able to be
considered acceptable for their inclusion as welfare assess-
ment tools. This is reinforced by the inter-observer relia-
bility of these indicators, which proved sufficient in
previous studies (Czycholl et al 2019a).
For some indicators, all four statistical parameters were
below the pre-defined threshold values, which can be inter-
preted as follows: all Horse Grimace scale scores indicating
mild presence of pain in the respective facial region
(score 1) were insufficiently consistent over time for all the
time-periods under evaluation. Further, the indicator, ears
pointing stiffly backwards of score 2 of the Horse Grimace
Scale was not reliable. This is supported by the poor inter-
observer reliability of these tests, which was insufficient to
infer their use (Czycholl et al 2019a) plus the fact that the
Horse Grimace Scale is only validated for severe acute pain
for < 48 h after a painful incident (Thatcher et al 2012;
Dalla Costa et al 2014). Hence, the indicators demon-
strating light affection of pain should be removed from the
protocol since they cannot be assessed reliably. The
indicator, ears pointing stiffly backwards is probably prone
to error due to multiple causes of this behaviour (Chamove
et al 2002). The Avoidance Distance Test was also insuffi-
ciently consistent over time in all evaluated time-periods.
Although slightly more consistent, the same is basically true
for the Voluntary Human Approach Test. Hence, these
behavioural tests are unsuitable for welfare assessment in
horses. This is in accordance with findings regarding the
inter-observer reliability of these tests in the study of
Czycholl et al (2019a), which also deemed them insuffi-
cient. Similarly, within behavioural tests in horses in

general, Visser et al (2001) also failed to detect long-term
consistency in a Novel Object and Handling Test. Jezierski
et al (1999) found inconsistency in the manageability of
young horses within six months and McCann et al (1988)
detected variances in heart-rate responses in repeated Novel
Object Tests. In other species, Czycholl et al (2019b)
detected that in pigs (Sus scrofa), five different behavioural
tests were of insufficient consistency over time as did Miller
et al (2006) for different behavioural tests in quails
(Coturnix coturnix). This can probably be explained by age
effects, learning effects, habituation effects and changes in
the motivational state of the animals (Jezierski et al 1999;
Visser et al 2001; Mieloch et al 2020).
BCS 3 and 4 were unreliable. This is almost certainly
because most horses were between both categories and an
exact scoring simply using visual inspection was not
possible (Czycholl et al 2018). Further, swollen joints
were of insufficient consistency over time in all evaluated
time-periods. However, as with BCS, this is most likely a
general problem with the scoring of this indicator given
previous reliability studies of the AWIN protocol
(Czycholl et al 2018, 2019a). 
Certain indicators demonstrated inconclusive results with
RS and ICC values exceeding threshold and SDC and LoA
not doing so (abnormal breathing, nasal discharge, water
functioning, skin lesion on the muzzle). This can be
explained by specific advantages and disadvantages of the
respective statistical parameters, ie according to de Vet et al
(2006), the parameters, RS and ICC are dependent on the
variance among the study objects for reliability (in this case,
visits 1–4). Hence, if the prevalence of the visits is very
similar, reliability might be underestimated, which occurred
for these indicators in the present study. This can be inter-
preted as merely a statistical flaw, with these indicators still
considered to present sufficient consistency over time in all
respective time-periods being evaluated. Of course, in the
long term, verification is needed through further studies,
carried out preferably internationally to enhance the vari-
ability of the prevalence of these indicators. The results for
the indicators, consistency of manure, cleanliness of the
bedding and possibilities for social interaction were also
inconclusive but, in so far as the reliability parameters, met
the threshold values, ie a moderate reliability was detected
without any exact agreement being detected by SDC and
LoA. Again, this can be explained by the nature of the statis-
tical parameters. Reliability implies a consistency of results
although despite no exact agreement. This means that
although the farms are not rated absolutely equally, the
ranking of the farms still remains the same (de Vet et al
2006). Of course, although this is not perfect in terms of
consistency over time, the most important issue as regards
welfare assessment would be that the general ranking of
specific establishments stays the same (Courboulay et al
2009), which would be the case for assessments with the
AWIN protocol. So, consistency over time within 90 days
can still be interpreted as sufficient.
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Figure 3

Qualitative Behaviour Assessment of the three different comparisons of visits for (a) visits 1 and 2, (b) visits 1 and 3 and (c) visits 1 and 4.
The adjectives’ position in the chart shows the factor loadings of the adjectives on the first two Principal Components (PC1 and PC2).
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Second-level protocol assessment
The results for the respective indicators are in agreement
with those of the first-level protocol. This was to be
expected given that a study comparing the outcomes of the
two levels revealed generally good agreement to be present
for most indicators (Czycholl et al 2018). For BCS 3 and 4,
reliability could be improved in comparison with the results
of the first-level assessment, supporting the hypothesis that
scoring by palpation is especially helpful for this indicator
and should be carried out in the first-level assessment
(Czycholl et al 2018). The new indicators, coughing,
lameness and lesions at the mouth corner were sufficiently
consistent over time within the 90 days and, given that they
were also proven to be of sufficient inter-observer reliability
(Czycholl et al 2019a), can therefore be recommended for
welfare assessment purposes. Moreover, these findings
suggest that if these indicators are present, they refer to
chronic problems. Coughing, as a clinical sign in acute
diseases (bacterial or viral infection), tends to be accompa-
nied by fever and general lethargy (Couetil et al 2007),
which were not observed in any horses in this study. More
often, coughing is associated with chronic lower airway
problems, such as recurrent airway obstruction. The preva-
lence of these chronic inflammations of the lower airways,
in which coughing can persist for months to years (Couetil
et al 2007), has been described for 14 to 35% of horses in
different studies (eg Wheeler et al 2002; Robinson et al
2010). Hence, it is a fairly common problem although these
horses are not generally seen as sick by the owners.
Lameness was more of a chronic problem and seen
commonly in horses aged 15 years or above due to a
reduced range of motion in joints and arthritic processes
(Ireland et al 2011). According to the AWIN protocol
(AWIN 2015), lesions at the mouth corner tend to be a sign
of incorrect riding or inadequate equipment. The owners are
most likely unaware of this problem, ensuring it persists
over time. In contrast, the Forced Human Approach Test
was of insufficient consistency over time in all time-periods
under evaluation. Again, this is probably a general problem
of behavioural tests (Miller et al 2006; Czycholl et al
2019b) making their use in welfare assessments question-
able (Czycholl et al 2019b). For the QBA, the PCA revealed
very good consistency over time in the comparison of visits
1 and 2 with a three-day interval in-between. Consistency
over time, however, decreased first to an initially still-
acceptable level after the time interval of 42 days. After the
largest time interval of 90 days, the correlation was high
between PC1 but very low for PC2. Regarding the factor
loadings of the adjectives loading highly positively on PC1,
it appears that adjectives describing a positive, relaxed
emotional state (at ease, curious, friendly, relaxed) were
highly positively loaded (using the definition of O’Rourke
& Hatcher 2013), whereas adjectives describing a negative,
stressed emotional state (aggressive, alarmed, annoyed,
apathetic, fearful, uneasy) were highly negatively loaded.
The loadings on PC2 were not straightforward: in visits 1
and 2, both negative descriptors (alarmed, annoyed, fearful,
uneasy) as well as positive descriptors (at ease, curious,

happy) were highly positively loaded. In visits 3 and 4,
more negative descriptors were highly positively loaded
(fearful, pushy, uneasy). It should be borne in mind that PC1
is usually a more general descriptor since it explains the
majority of the variance (O’Rourke & Hatcher 2013).
Moreover, in the use of QBA, PCA often reveals the valence
of the emotion on PC1 and the level of arousal on PC2
(Wemelsfelder & Millard 2009; Temple et al 2013). In the
present study, in accordance with this, PC1 describes the
valence of the emotion. However, PC2 is less straightfor-
ward. Hence, detecting the level of arousal is problematic as
regards consistency over time. A possible explanation for
these findings is that the emotional state might have
changed over the course of time, due, for example, to more
time being spent on pastures in spring and summer than in
winter. Another explanation might be that the QBA is not
robust over long time intervals, not capturing general
moods, but more faster changing emotions. Looking at the
use of QBA in horses, the finding that reliability was given
for PC1 but not for PC2 was also present in the inter-
observer reliability study of Czycholl et al (2019a). As the
present study was carried out with one of the observers
involved in that study, it might be that the observer was not
consistent in the use of the adjectives that were particularly
important for PC2. Interestingly, in the study of Minero et al
(2018) for which other observers were used, similar factor
loadings of the adjectives of PC1 were achieved compared
to those on PC1 here, while those loading highly on PC2
differed. In Temple et al’s (2013) study on growing pigs, the
authors found PC1 to be moderately correlated while PC2
was not of sufficient test-retest reliability. Nevertheless,
consistency over time is present over a time-period of
42 days. Further studies are needed to identify the exact
reasons and potential influencing factors. 

Overall contemplation of the AWIN protocol
Altogether, use of most of the indicators of the AWIN
protocol for horses was of sufficient consistency over time
within the 90 days, proving its potential as a reliable
welfare assessment tool. In considering other studies as
regards the feasibility, validity and reliability of the AWIN
protocol for horses, this study supports the hypothesis that,
overall, the AWIN protocol is a useful tool for a
harmonised welfare assessment, on-farm (Dalla Costa et al
2016a, 2017; Czycholl et al 2018, 2019a). Such a tool is of
interest not only scientifically but also to the various stake-
holders within the horse industry (Dalla Costa et al 2016a).
Moreover, veterinary authorities and administrative organ-
isations are also in need of such tools to help highlight
welfare issues (Dalla Costa et al 2016a). To date, controls
of farms by veterinary authorities often rely on resource-
or management-based indicators (European Food Safety
Authority [EFSA] 2012) and are not standardised in any
way. This leads to a certain arbitrariness and impenetra-
bility. This study, along with existing literature concerning
the AWIN protocol for horses (eg Dai et al 2015; Dalla
Costa et al 2015, 2016a, 2017; Czycholl et al 2017b, 2018,
2019a), reveals that this standardised approach might be
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possible with the AWIN protocol for horses. As in other
species, a focus on the improvement of one standardised
assessment method might be more purposeful and efficient
than the simultaneous development of multiple assessment
tools. In order to be feasible, Knierim and Winckler (2009)
stated that for the practical application of welfare assess-
ment tools, results should remain consistent within a
period of six months. This study proved most indicators at
both levels of the AWIN protocol to be consistent within
the 90 days. Hence, while working on the further improve-
ment of the robustness, sensitivity and specificity of
certain indicators, this is the time-frame that is advisable
for practical application to date. 

Animal welfare implications
Consistency over time is one of the basic requirements in
welfare assessment tools if they are to be feasible, eg for
objective and scientifically sound labelling purposes. This
paper evaluates the consistency of the use of the indica-
tors of the AWIN protocol for horses over time and thus
helps towards its revision and refinement by proving
consistency over time for many indicators but also by
detecting indicators (eg Horse Grimace Scale, behav-
ioural tests) that need revision, refinement or replacement
in the future. It thereby contributes towards the further
development and practical implementation of a feasible,
reliable and objective welfare assessment for horses. 

Conclusion
Although for most indicators sufficient consistency over
time was detected after the 90-day period, some problem-
atic indicators were also revealed, ie the Horse Grimace
Scale and the behavioural tests (Avoidance Distance Test,
Voluntary Human Approach Test, Forced Human
Approach Test) cannot be recommended for use as on-
farm welfare assessment tools. Further, the indicators,
swollen joints and BCS 3 and 4 were of insufficient
consistency over time in all time-periods under evalua-
tion. Palpation should be carried out for these indicators,
in addition to visual inspection. Moreover, the indicators,
hoof neglect, alopecia on the legs and water cleanliness
were of insufficient consistency over time in all evaluated
time-periods. However, this was most likely due to
genuine change in these indicators. Nevertheless, revision
of the scoring criteria for these indicators might help to
avoid oversensitivity in practical use. The QBA was only
consistent for the period of 42 days, but not for the
90 days. In general, this study demonstrates which AWIN
protocol indicators for horses are sufficiently consistent
over time within 90 days for a feasible welfare assessment
under practical conditions. For the problematic indicators,
revision or else replacement with more suitable alterna-
tives is required in the future to ensure that all aspects of
animal welfare are adequately assessed. 
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