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a b s t r a c t

Gait quality, that is, the way horses move according to functional and aesthetic principles, englobes many
traits that are scored by experts during breeding competitions. The experts can score a trait on a sub-
jective valuating (SV) scale or on a linear profiling (LP) scale representing the biological extremes of the
population. However, the reliability of the appraisal of gait quality traits has not been extensively
evaluated. In this study, seven breed experts appraised the walk and trot quality of 24 Franches-
Montagnes stallions presented in hand on a sand track. Inter-rater reliabilities of six traits (five SV and
one LP) at the walk and eight traits (five SV and three LP) at the trot were estimated with intraclass
correlation coefficients (ICCs). The inter-rater reliabilities were poor (ICC < 0.50). The scale anchoring
varied between experts, and the variance of scores was low. There were no systematic differences in
inter-rater reliability between LP and SV traits. Future studies should determine whether the inter-rater
reliabilities may be increased by a more precise definition of the scores within each trait to improve the
absolute agreement between experts, by a more uniform scale anchoring between experts, and by
decreasing the number of scale items. However, considering the inherent limitations of the human eye in
observing high-speed movement, the use of a field-applicable kinematic measurement system may
support breeding experts in the appraisal of gait quality traits in the future.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The breeding programs of many horse breeds particularly focus
on conformation [1,2] and gait quality [3], as these traits are most
likely associated with sports performance, health, and longevity.
Conformation and gait quality traits can already be observed in
young horses presented in hand, whereas information on sports
performance and other traits are available late in life (long gener-
ation interval [4]; peak performance at around 10 years old in many
equestrian sports [5]). Most of these traits are essentially appraised
visually by experts of the breed, and not measured. The visual
appraisal by an expert can be carried out using either subjective
valuating (SV) scores on a scale from “bad” to “good” or a linear
profiling (LP) scale, also called linear description. SV scores strongly
depend on the individual expert and may need to be adapted to the
horses presented at each competition, so that a ranking can be
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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made at the end of the day. With LP, an expert attributes a score on
a linear scale based on predefined biological extremes [6]. For
example, the gait quality trait “elasticity” may range from “stiff” to
“elastic.” Linear profiling is considered less subjective [6], and the
scores should be attributed in relation to the overall population.
However, both appraisal types (SV and LP) are scored on an item-
ized scale and based on an expert opinion, whichmay be influenced
by different types of biases (e.g., individual preferences, experience,
and reduced concentration because of fatigue).

Many breeding associations (e.g., Swedish Warmblood [7],
Belgian Warmblood [8], and Dutch Warmblood [3,9]) have
included traits describing gait quality (the manner in which
horses move according to aesthetic and functional principles),
such as stride length, cadence, rhythm, suppleness, elasticity,
and impulsion in their assessment protocols during breeding
competitions. Only stallions with the highest conformation and
gait quality scores will be allowed for breeding (licensing or
“K€orung” by a breeding federation). Furthermore, these scores
will be used in breeding value estimation, which is becoming an
important tool for breeders to select the best stallion for their
mares. The scoring of conformation and gait quality traits,
therefore, has a substantial impact on early breeding decisions,
and selection based on inaccurate information may lead to un-
wanted genetic bottleneck effects without the intended
breeding progress. Despite their importance in the selection
procedure of sports horses, the reliabilities of conformation and
gait quality traits by different experts have not been systemat-
ically evaluated, and there is only limited research on the reli-
ability and consistency of conformation traits. Druml et al.
[10,11] reported poor inter-rater reliabilities calculated with a
kappa (k) coefficient (0.06 < k < 0.49) between multiple experts
scoring SV conformation traits at the same time of either
Lipizzan stallions [11] or mares [10]. In contrast, the repeated
assessments of LP conformation traits of Pura Raza Espanol
horses in different competitions showed higher inter-rater re-
liabilities evaluated with intraclass correlation coefficients (ICCs;
0.96 < ICC < 0.99) [12]. Whether the substantial differences in
reliabilities are because of methodology (sample size, statistics,
and scaling) or the type of appraisal is unknown, as there are no
direct comparisons of the reliabilities between SV and LP scores
within a population using the same scaling and methodology.

The ability to reliably score gait quality traits in horses may
additionally be affected by the relatively low temporal resolution
capacity of the human eye (estimated by Dyson [13]) to follow, for
example, the footfall patterns of faster gaits such as the trot. This
limitation spurred the development of sequential photography by
Eadweard Muybridge in the 19th century to prove an aerial phase
at the trot [14,15]. The difficulty in assessing equine movement
patterns also concerns veterinary lameness examinations, for
which reliabilities were previously estimated [16e21]. These
studies report poor to moderate inter-rater reliabilities in lame-
ness scorings (minimum k ¼ 0.17 for 13 raters and 24 horses [17]
to maximum k ¼ 0.52 for 131 horses and 2e5 raters on average
[18]), whereas intrarater reliability was generally higher (mini-
mum k¼ 0.34 on 24 horses [17] to maximum k¼ 0.68 on 19 horses
[21]). The aim of the present study was to quantify the inter-rater
reliabilities of gait quality traits appraised by experts of the breed
in 24 Franches-Montagnes (FM) stallions presented in-hand on a
sand track and to evaluate the difference in inter-rater reliability
between traits appraised on an LP scale in comparison to an SV
scale. We hypothesized that the inter-rater reliabilities would be
in the same range as the reported inter-rater reliabilities from
lameness scorings, and that LP traits would have higher inter-rater
reliabilities than SV traits.
2. Materials and Methods

In this study, seven of nine official breeding judges appraised 24
stallions at the walk and trot on five SV scoresdground coverage,
overtracking, suppleness and relaxation, regularity and harmony, and
activity and impulsiondon a scale from score 1 (“unfavorable”) to
score 9 (“ideal”) and on four linear traits: walk (score 1 “short” to
score 9 “long”), trot (score 1 “short” to score 9 “long”), trot: impul-
sion (score 1 “little” to score 9 “much”), and trot: elasticity (score 1
“stiff” to score 9 “elastic”). All the traits were defined in Table S1.

The majority of the FM stallions (20) were from the Swiss Na-
tional Stud Farm (SNSF), whereas four old-type FM (RRFB) stallions
were from private owners (animal experiment permit number VD
3164). The 24 stallions were part of a large study describing the
morphologic variation in FM stallions using the horse shape space
model [22]. Our sample of 24 stallions was representative of the
variation of 194 stallions born between 1992 and 2013 (oldest
respectively youngest approved stallions at the SNSF at the time of
the scheduled appraisal, S1 File).

The stallions were presented in hand with a bridle, walked and
trotted in a delimited triangle on a sand surface by an experienced
handler (Fig. S1). The stallionswerefirst led away from the experts so
that the experts saw the stallions from behind, followed by the side
andfinally from the front. Thewhole evaluation lasted one and a half
hours for all 24 stallions, that is, approximately 3minutesper stallion.
The experts independentlyfilled out the scoring sheet for each horse
anonymously and received a coded designation (“#1” to “#7”). The
seven experts of the FM breed had the same background training.

The scores for each trait and gait were summarized for each
expert in violin plots to visualize the scale anchoring (frequency of
use for each score and effective range of scores). Furthermore, a
cross-correlation matrix was calculated between the experts over
all traits to investigate potential similarities in appraisals using the
R library Corrplot [23]. The inter-rater reliability was estimated
with an ICC for ordinal data. The ICCs were computed as two-way
random models, type “single measurement” and estimated for
both absolute agreement (the scores are equal for absolute agree-
ment, ICC(A,1)) and consistency (the rater scores of the same animals
are additively correlated but not equal, ICC(C,1)) [24] using the R
library irr [25]. The ICC was interpreted based on Koo and Li’s
publication [24], where ICC values lower than 0.5 were considered
as poor, between 0.5 and 0.75 as moderate, between 0.75 and 0.90
as good, and over 0.90 as excellent agreement [24]. All ICCs were
reported with their 95% confidence intervals. We also evaluated the
inter-rater reliability using Fleiss’ kappa for comparisons with
lameness evaluation studies.

3. Results

The summary statistics of all appraisal scores over all experts are
reported inTable1. Ingeneral, therewasapreference (representedby
themode) for a score of seven formost traits. Themean score ranged
from 6.37 to 6.82, and the mode was seven for all traits except for
suppleness and relaxation (SV) at the walk with a mode of six.

Therewere somedifferences in the scale anchoring dependingon
the experts (Fig.1A). Experts #2, #3, #4, and#5 preferentially scored
stallions on averagewith a seven. Expert #5had thenarrowest use of
the scale with a heavy preference for the score 7 (overall median,
except for two traits). Expert #7 used all scores relatively evenly
across all traits. The score 1 was exclusively attributed by Expert #7.
There were also individual similarities in scorings between experts
(Fig. 1B). Experts #2 and #3 showed the highest correlation to one
another, whereas Expert #5 had the lowest similarity to the other
experts (correlations between 0.31 and 0.53).



Table 1
Descriptive statistics (mean, standard deviation [SD], median, mode, minimum, and maximum) and inter-rater reliabilities of gait quality traits (subjective valuating [SV] traits
and linear profiling [LP] traits), estimated with intraclass correlation coefficients (absolute agreement ICC(A,1), consistency ICC(C,1), and their 95% confidence intervals [CIs]).

Trait Descriptive statistics Absolute agreement Consistency

Mean SD Median Mode Minimum Maximum ICC(A,1) Lo. CI Hi. CI ICC(C,1) Lo. CI Hi. CI

Walk
Ground coverage (SV) 6.80 1.04 7.00 7 3 9 0.49 0.31 0.69 0.56 0.40 0.74
Overtracking (SV) 6.82 1.27 7.00 7 1 9 0.42 0.24 0.62 0.51 0.35 0.70
Suppleness and relaxation (SV) 6.50 1.34 7.00 6 2 9 0.43 0.27 0.63 0.46 0.29 0.65
Regularity and harmony (SV) 6.59 1.38 7.00 7 1 9 0.40 0.24 0.59 0.44 0.27 0.63
Activity and impulsion (SV) 6.76 1.33 7.00 7 2 9 0.39 0.22 0.60 0.50 0.34 0.68
Walk (LP) 6.79 1.20 7.00 7 2 9 0.37 0.20 0.59 0.47 0.30 0.67

Trot
Ground coverage (SV) 6.71 1.08 7.00 7 3 9 0.45 0.27 0.65 0.55 0.38 0.73
Overtracking (SV) 6.38 1.27 6.00 7 2 9 0.37 0.21 0.57 0.44 0.28 0.64
Suppleness and relaxation (SV) 6.44 1.27 7.00 7 2 9 0.29 0.15 0.49 0.33 0.18 0.54
Regularity and harmony (SV) 6.57 1.22 7.00 7 2 9 0.30 0.15 0.50 0.38 0.22 0.58
Activity and impulsion (SV) 6.37 1.39 7.00 7 1 9 0.41 0.24 0.61 0.50 0.33 0.68
Trot (LP) 6.76 1.19 7.00 7 3 9 0.44 0.26 0.64 0.55 0.38 0.72
Trot: impulsion (LP) 6.41 1.32 6.50 7 1 9 0.36 0.20 0.56 0.42 0.26 0.62
Trot: elasticity (LP) 6.58 1.33 7.00 7 2 9 0.45 0.28 0.64 0.52 0.35 0.70
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The inter-rater reliability of the traits based on the ICC(A,1)
ranged from 0.29 to 0.49 for total agreement and from 0.33 to 0.56
for consistency (poor to moderate inter-rater reliability). The traits
at the walk (Table 1, 0.37 < ICC(A,1) < 0.49) were more reliably
assessed than those at the trot (Table 1, 0.29 < ICC(A,1) < 0.45). The
linearly scored trait walk (LP) had the lowest reliability among the
walk traits (ICC(A,1) ¼ 0.37), whereas the linearly scored traits trot
(LP) and trot: elasticity (LP) had among the highest reliabilities of
the traits scored at the trot (ICC(A,1) ¼ 0.44 and 0.45, respectively).
The SV trait ground coverage (SV) had the highest reliabilities at the
walk (ICC ¼ 0.49) and at the trot (ICC ¼ 0.45) but were still poorly
reliable. Fleiss’ kappa for more than two raters never exceeded 0.20,
also indicating poor inter-rater reliability (Table S2).

4. Discussion

For all appraisals, the median and mode of the traits were
between 6 and 7, with only few scores being below 5 or exceeding
8. The knowledge that the appraised horses were approved
breeding stallions that were judged to be of high quality as 3-year-
olds may have biased the experts to this anchoring toward higher
than average scores (bias because of previous knowledge). Intui-
tively, this low variance should lead to higher probabilities of
Fig. 1. (A) Violin plots of the scores given by each expert for the appraisal of 24 FM stallions a
represents the number of times a score was used. (B) Cross-correlation matrix of the exper
values below the diagonal.
having the same score across multiple experts (the chance
agreement increases) and, therefore, have higher reliabilities. ICCs
compare the variance within each stallion with the variance
across all stallions. Thereby, low ICC estimates indicate higher
variance of scores within animals (between raters/experts) than
between animals. However, a higher effective range of use of the
scale is not a sufficient indicator for high ICCs. The ICC depends on
the range of scores attributed by all experts in each trait. If only
one or two experts use the whole scale (score 1 to 9 for expert #7
and 2 to 9 for expert #1), these experts will be outliers and
decrease inter-rater reliabilities. In this study, the differences in
scale anchoring not only had an effect on the absolute agreement
(ICC(A,1); supported by the low k values < 0.2) but also on the
consistency (ICC(C,1)), indicating it was not a simple offset in the
values between experts. The cross-correlation matrix between
experts showed that the agreement in scorings differed between
pairs of experts. To increase reliabilities, the anchoring between
experts needs to be standardized (same range and median) by
more precisely defining the items on the score within each trait or
at least the extremes and the median of the population. This
should have the effect that the scale would be used more
comprehensively (potential increase in variance between ani-
mals) and that the experts would differ less in absolute values.
t the walk and trot. The middle line represents the median. The width of the violin plot
ts across all traits (LP and SV, at the walk and trot), with the corresponding numerical
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Decreasing the scale range to seven items may also improve the
distribution of scores, as with smaller scales raters tend to use the
extreme items on the scale more [26].

In this study on the FM breed, the reliabilities of the few linearly
scored traits, which the experts were more familiar with, were not
systematically higher than the traits that received a valuating score.
The reliability estimate for the linearly scored trait walk (LP) was
lower than those estimated for the walk traits that had a valuating
score,whereas the linearly scored trait trot: elasticityhad thehighest
reliability estimate, together with the trait ground coverage (SV).
Although LP traits might have the potential to be better than SV
traits [6], we cannot see a substantial improvement in reliability of
LP scores compared with SV scores based on our results. One po-
tential reason for the small differences in reliabilities using an LP
scale could be that the differences in scoringmethods (SV vs. LP) are
not sufficiently clear to the experts. In addition, the optimum scores
for the LP traits for gait quality are all fixed at the score 9, further
confusing the experts regarding the difference between scoring an
SV trait from “bad” to “good” or an LP trait such as impulsion from
“little” to “much,” if “much” impulsion is also the optimum score.

In comparison to reliability studies available on other breeds, the
poor inter-rater reliability of SV gait quality scores in our study was
consistent with poor inter-rater reliability in valuating scores of
conformation traits of 102 Lipizzan stallions appraised by a group of
eight experts (0.06 < k < 0.24) [11]. The study designwas similar to
the present study, that is, all experts appraised the same horses at
the same time. The results from the study on the Spanish Purebred
horse [12], in which experts have achieved excellent inter-rater
reliability (mean ICC ¼ 0.98) for linearly scored conformation
traits of 876 horses are not directly comparable to the present study,
as the reliabilities were estimated as pairwise comparisons of ex-
perts at different breeding competitions. At this time, because of the
differences in study design, it is not possible to conclude whether
the inter-rater reliabilities were higher in the Spanish Purebred
horse because of the appraisal type (LP) in comparison to the inter-
rater reliabilities of the Lipizzan horse (SV) or whether the sample
size played a considerable role in the results. A large-scale study
comparable to the Spanish Purebred horse is currently not possible
in the FMhorse, as each horse is linearly profiled only once in its life,
by a pair of experts transmitting one consensus score to the FM
breeding association. Further studies of reliabilities would be
beneficial in understanding the quality of LP and SV scores in equine
breeding schemes of different breeds. The studies could either be
designed to use available data from breeding federations on the
model of the Spanish Purebred horse study [12] or independently
gather experts outside the breeding competition season to appraise
the same number of horses at the same time (as was performed in
the present study and those on the Lipizzan horse [11]).

Our study had a relatively small sample size compared with the
abovementioned studies on conformation evaluations, yet has a
similar sample size as reliability studies on lameness assessments
(0.17 < k < 0.19 for 13 raters and 24 horses [17], k ¼ 0.41 for 3 raters
and 19 horses [21]). The reliabilities of gait quality traits in our
study based on the k statistics, all below 0.20, were similar or lower
than those reported for lameness assessments. The scales used in
lameness assessments usually have a detailed definition for each
degree of lameness (e.g., [16], also discussed in [13]), which is not
the case in the current scoring scales for gait quality (neither SV nor
LP). To determine the degree of lameness, veterinarians are trained
to observe specific aspects of locomotion, in particular, the move-
ment of the head and pelvis [27,28], and basically assess only one
trait during an examinationdlameness. FM breeding experts, in
contrast, have to assess several traits at the same time, and the trait
definition may not be sufficient to discriminate between different
degrees on a scale from 1 to 9. Although lameness assessments had
a slightly higher reliability than the ones reported in our study for
SV and LP traits, they remain in the range of poor (k < 0.40) to fair
(0.41 < k < 0.75) reliability for Fleiss k estimates. Some veterinar-
ians have stated that lameness detection itself is very challenging
[29]. The challenge is particularly high in cases of subtle lameness,
for which the reliability is often lower than when considering
horses with higher lameness degrees [30]. Scoring the gait quality
of horses on an itemized scale using quantitative traits such as the
ones presented in this study is expected to be similarly challenging
to diagnosing horses with subtle lameness on an itemized scale.
Although horses on both extremes of the spectrum should be easily
identified, the differences between horses of similar gait quality are
likely to be elusive. This is especially the case for prospective
breeding stallions, which have undergone strong preselection be-
forehand and would likely show smaller differences in quality
when being compared with one another.

Problematically, the stallion selection has potentially the largest
impact on the FM population, as only few stallions are selected for
breeding. A selection based on imperfect information may have
large consequences on genetic diversity in the long term. Therefore,
the low reliability of appraisals in our study is critical. The equine
veterinary community [31,32] has largely gathered around the
notion that field-applicable kinematic systems such as inertial
measurement units may improve lameness assessments, especially
in cases of subtle lameness, by contributing additional information
that cannot be detected by the naked eye [33]. Given the low re-
liabilities in this study, it may be beneficial to have access to ki-
nematic data related to gait quality of the horses presented in the
field to improve decision-making in the context of breeding se-
lections based on gait quality. However, the appropriate indicator
traits (equivalents of head nod or hip hike for lameness assess-
ments) would need to be defined in a kinematic study before the
wide-scale field implementation of a quantitative gait measure-
ment system.

5. Conclusions

In this study, the inter-rater reliability of scores for gait quality
traits based on absolute values seemed to be independent from the
type of scoring (linear traits did not have systematically and
noticeably higher inter-rater reliabilities compared with valuating
traits). Future studies would need to investigate whether expert
training, more precise trait definitions, and a scoring scale using
fewer items could improve the reliability of appraisal regardless of
the type (SV or LP). However, considering the low reliability of
lameness assessments by trained veterinarians, the improvement
may turn out to be only modest. Quantitative gait measurement
systems may provide new opportunities to define andmeasure gait
quality traits in the future.
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